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SUMMARY SHEET 

XWIRONMENTAL STATENENT 

BROWNS FERRY NUCLEAR PIANT U%tTS 1, 2, MID 3 

( ) Draft 
Tennessee Valley Authority 

( X )  Fina l  Environmental Statement Prepared by the 

1. (X ) Administrative Action ( ) Legislative Action 

2. mis action is the construction and operation of a three-unit nuclear 
pawer generating station in Limestone County, Alabama. 

3. Environmental impacts associated with the construction and operation 
of the Browns Ferry Nuclear Plant include: 

(1) Minute additions of radioactivity to the air and 

(2) Release of large quantities of heat /to the environment. 
(3) Change in approximately 840 acres of land for the plant 

site from farming to industrial use and easements on 
1,350 acres of land for transmission lines. 

(4) Release of mall. quantities of nonradioactive materials 
to the air and water. 

(5) Temporary stress on social infrastructure (schools, roads, 
housing, and s i m i l a r  services). 

(6) Stimulus to area economic development (jobs, attraction 
of visitors, etc.). 

(7) sone loss of aquatic organisms due to entrainment in 
condenser cooling water. 

water. 

No significant adverse environmental effects are expected to occur as 
a result of these impacts. 

4. To meet projected peak loads, TVA considered the following alternatives: 
(1) base-loaded coal-fired units and (2) nuclear-fueled units. The 
second alternative provides the lowest cost of generating power and 
the least environmental impact. The purchase of power in the quantities 
needed is not a realistic alternative. 

Alternative systems were considered for waste heat dissipation and 
reduction of releases of radioactive products from the plant. 

Alternative heat dissipation systems considered included: 

(1) Mechanical draft cooling towers 
(2) Natura3 draft cooling towers 
(3) sprw system 
(4) cooling lake 



SUMMARY SHEET (continued) 

Considering feasibility, environmental impact, and cost, the mechanical 
draft cooling towers represent the best balance and has been adopted t o  
meet proposed water temperature standards. 

Alternatives considered for  aupenting the original system t o  further 
reduce gaseous radioactive emissions included: 

(1) Hydrogen recombiners 
(2) mdrogen reconbiners in conbination with charcoal adsorbers 
(3) Solvent absorption system 
(4) Cryogenic dist-tion system 

Selection of hydrogen recambiners in canbination w i t h  six charcoal beds 
per unit was made as a result of balancing feasibil i ty,  environmental 
benefit, and cost. 

Demineralizers and evaporators were considered as alternate means 
t o  m t h e r  reduce radioactive liquid discharges. Consideration of 
feasibil i ty,  environmental benefit, and cost shows that the use of 
evaporators for this purpose represents the best balance and TVA is  
proceeding w i t h  plans t o  in s t a l l  this alternative. 

Comments have been received from the following agencies: 5 .  

Environmental Protection Agency 
Department of Transportation 
Alabama Development Office, State of Alabama 

Alabama Department of Conservation 
Alabama Historical Cammission 
State of Alabama, Depastment of Public Health 
Ccuuprehensive Health Department 
Bureau of Environmental Health 
Alabama Water Iqrovement Ccnnmission 
North  Central Alabama Regional Planning 

Tap of Alabama Regional Council of Governments 
Alabama Develqprment Office Coordinator 

and Development Canmission 

Department of Ccunmerce 
Department of Agriculture 
Depwtment of H e a l t h ,  Education, and Welfare 
Department of the Interior 
Atmic Energy Catmission 
Federal Power Cammission 
Department of Housing and Urban Development 
Department of the 

6. The draft statement was sent t o  the Council on Environmental Quality 
and made available t o  the p a l i c  on July 14, 1971. 
additions t o  the  d r a f t  was sent t o  t h e  Cwncil and made available t o  
the public on November 8, 1971. The final statement was sent t o  the 
Council and made available t o  t i e  public on September 1, 1972. 
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PREFACE 

This detailed statement of environmental considerations, 

prepared by the Tennessee Valley Authority, evaluates the effects on 

the environment of construction and operation of the Browns Ferry 

Nuclear Plant (Docket Nos. 50-259, 50-260, and 50-296) and is made in 

accordance with the National Environmental Policy Act of 1969 (NEPA; 

42 U.S.C. § §  4331 et seq). 

TVA, a corporate agency of the Federal government, and the 

Atomic Ehergy Commission, a regulatory agency of the Federal government, 

have agreed that TVA is the lead agency for the preparation and circu- 

lation of detailed statements of environmental considerations for TVA 

nuclear plants. AEC has concluded that this statement is adequate to 

support the proposed license to operate the plant. AEC's letter 

to this effect follows the preface. 

The Browns Ferry draft statement w&s circulated for review 

and comments by other government agencies and made available to the 

public on July 14, 1971. This was supplemented on November 8, 1971, 

with additional information responding to AEC's revisions to 10 CFR 

Part 50, made pursuant to the Calvert Cliffs decision (Calvert Cliffs' 

Coordinating Committee v. Atomic Energy Commission, 449 F.2d 1109 (D.C. 

Cir. 1971) ) . The draft and the supplement are included as part of t.hp 

final environmental statement as Volume 2 and 3, respectively. 
c 

Comments have been received on both the draft and the supple- 

ment. In preparing the final statement TVA consulted with the Environ- 

mental Protection Agency and AEC. 



On July 7, 1966, TVA filed an application for a construction 

permit for units 1 and 2. Construction Permit Nos. CPPR-29 and CPPR-30 

were issued on May 10, 1967, and construction started on May 17, 1967. 

Construction Permit No. CPPR-48 was issued on July 31, 1968, for unit 3, 

and construction began on August 1, 1968. The final safety analysis 

report and a request for authorization to onerate the three units were 

submitted to AEC on September 25, 1970. 

The TVA Board of Directors has determined that it is not 

practicable to reassess the basic course of action in the design and 

construction of the plagt. 

ways in which the plant w i l l  interact with the environment by reevalu- 

ating environmental consequences considered at the outset of the prodect. 

This process minimizes adverse environmental consequences that would 

affect the overall balance of environmental costs and benefits by 

studying and adopting appropriate alternatives. 

The environmental statement considers the 
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1.0 SUMMARY 

TVA as a resource development agency generates electric pawer 

as part of i ts  responsibility for the physical, social, and economic 

develupment of the Tennessee Valley region and as part  of the national 

defense. 

t o t a l  resource development program has been a major factor i n  the progress 

achieved by the Tennessee Valley region since 1933. 

and productivity have a l l  increased as the econCBqY has shifted from primarily 

agricultural t o  industrial. 

t o  the TVA paver system is a key element i n  continuing t o  provide an ample 

supply of e lectr ic i ty  t o  the region. 

An ample supply of l o w  cost electrical  energy together with a 

Employment, income, 

The addition of the Browns Ferry Nuclear Plant 

In carrying out i t s  responsibility, TVA has long used the type 

of interdisciplinary approach which the National Environmental Policy Act 

requires. 

were consulted early i n  project development. 

plant incorporated several features t o  lessen adverse environmental impacts. 

A s  par t  of TVA's continuing effort  and through the environmental review 

process, further provisions have been made t o  maintain a quality environment. 

These are summazized below i n  the discussion of the principal. ways i n  which 

the plant interacts with the environment. 

mental statement trace the environmental considerations and the manner i n  

which they were incorporated into TVA's decision-making process. 

I n  the case of Browns Ferry, Federal, state,  and local agencies 

The original design of the 

The three volumes of the environ- 

1. Principal ways i n  which Browns Ferry interacts with 

the environment - The principal ways i n  which the plant w i l l  interact with 

the environment axe: 

1. 

2 .  

3. 

Minute additions of radioactivity t o  the air and water. 

Release of large quantities of heat t o  the environment. 

Change i n  land use frm farming t o  industrial. 

c 
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(1) Radioactive releases - As a result of 
environmental considerations, the original plant design has been changed 

to incorporate provisions which w i l l  further reduce the release of radio- 

activity to the air and water. With regard to gaseous radioactive releases 

to the air, a system of hydrogen reconibiners and charcoal beds wKU be added 

which will reduce the radiation dose to an individual at the site boundary 

by a factor of 100 below the dose w i t h  the system as originally designed. 

Radioactivity in releases to the water of Wheeler Reservoir will also be 

reduced by a factor of approximately 100 below that with the original 

system by adding an evaporator to treat the liquid releases. With this 

extended treatment of gaseous and liquid effluents, environmental concentrations 

of radioactivity from the Browns Ferry Nuclear Plant will be so low as to be 

indistinguishable frm natural environmental radioactivity. 

if a person were to stand at the-site boundary continuously for a period 

of a year, he would receive a maximum dose of about two millirems from the 

operation of the plant. 

natural background radiation and is, in fact, less than the variations 

which occur in natural background radiation. 

percentage would, of course, be even smaller. 

operation of the plant to the population within 50 miles of the plant site 

is calculated to be about 0.01percent of the dose from natura3 background 

radiation. 

For example, 

T h i s  is less than two  percent of the dose f r m  

I n  actuality this dose and 

The total dose f r m t h e  

(2) Release of large quan tities of heat to 

the environment - A  diffuser system for releasing heat to Wheeler Reservoir was 

included in the original design for Brams Ferry. 'Use of this system to limit 

the temperature rise in the reservoir to 10% and the maximum temperature 
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0 t o  93 F was judged to  be adequate to  protect aquatic l i fe .  Reevaluation of 

these cri teria through the environmental review process has reaffirmed t h i s  

judgment. 

Alabama which lhit the temperature rise to  5% and the maximum teqerature 

t o  86%, a supplementary cooling system is required. After evaluation of 

the feasibility, environmental and econonic considerations of alternative 

systems for supplementary cooling, TVA selected mechanical draft cooling 

towers as the best way t o  meet the new standards. 

towers are estimated to  have a capital cost of $36 million and a t o t a l  

cost, including operation and maintenance, of $4.4 -on. 

However ,  i n  order t o  meet proposed new thermal standards for  

The mechanical draft 

From the t i m e  the plant goes into operation 

un t i l  the construction of the cooling towers is completed, TVA will use 

the difArser system t o  limit reservoir temperatures t o  the original the& 

design criteria. The cooling waterflow through the plant amounts t o  about 

10 percent of the mean annual flow of the Tennessee R i v e r  at this point. 

When aperating with the diff'users, water will be drawn fran and returned 

t o  Wheeler Reservoir, and i ts  temperature w i l l  be raised 25OF in passing 

through the plant's cundensers. 

water discharge t o  be mixed Wckly and w i l l  create no excessively warm 

surface strata. Under average flow conditions, the temperature of the 

reservoir will be increased not more than 2.5' t o  3.5%. 

review concluded that this  interim operation will adequately protect all 

water uses and aquatic l i fe .  

The diff'user system w i l l  cause the heated 

TVA's environmental 

After i t s  canpletion, the mechanical d r a f t  

cooling tower system w i l l  supplement the diff'user system t o  the extent 

required t o  comply wi th  the new standards. Tbe natural heat dissipation 
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capacity of the reservoir w i l l  s t i l l  be used as much as practicable. 

cooling tower system can be operated i n  the OF 2 ,  helper, or closed modes. 

In  the open mode the system will operate only on the diff’users and no water 

w i l l  be passed through the cooling towers. 

when reservoir conditions require cooling of the condenser water by passing 

it through the towers pr ior  t o  discharge. 

minimum heat releases, the plant w i l l  be operated i n  the closed mode which 

recirculates the cooling water through the towers. During the closed mode 

water will be withdrawn from Wheeler Reservoir only t o  replace evaporative 

losses and dr i f t  from the towers and the blowdown water which  is removed 

t o  control the quality of water recirculating i n  the system. 

that the cooling towers w i U  have t o  be used i n  the helper and closed modes 

about 28 percent of the time t o  m e e t  the new thermal standards. 

(3) 

The 

The helper mode w i l l  be used 

When reservoir conditions require 

It is  estimated 

i n  land use - The construction 

and operation of Browns Ferry w i l l  result in changing the use of the 840-acre 

t r ac t  f r o m  agriculture t o  a power plant s i te .  

concluded that the presence of the plant w i l l  be compatible with the surrounding 

axea and w i l l  have no significant adverse impact *on it. A recent TVA survey 

shows that the d u e  of land adjacent t o  the Browns Ferry site has generally 

increased a t  the same rate as that of other land i n  Limestone County. 

location of the plant a t  t h i s  site i s  compatible with the regional land use 

plan. Although the f a c i l i t y  will occupy certain amounts of space, the range 

of beneficial uses of the environment w i l l  not be curtailed. 

The environmental review has 

The 

2. Other topics discussed - The statement also dicusses 

other impacts, including the transportation of wclear  fuel and radioactive 



wastes and the radiological effects of accidents. 

radioactive materials associated with the operation of the plant was evaluated 

during the environmental review. 

can be accqlished with no significant adverse impact. 

exposure froan this source to people living along the transportation routes 

are calculated to be less than 0.005 percent of the natural background 

radiation dose. 

The transportation of 

It was concluded that the transportation 

Doses of radiation 

An assessment was also made of the radiological consequences 

of certain postulated accidents at the plant. 

radiation dose received by a person at the site boundary as a result of an 

It was found that the maximum 

accident would be within the limits established for normal plant operation. 

The estimated total dose to the pupulation within 50 

miles of the plant from each of the postulated accidents would be orders of 

magnitude smaller than that  fram naturaUy occurring radioactivity. 

the probability of occurrence is considered, the annual potential radiation 

exposure of the population from all the postula;ted accidents is even less 

and is w e l l  within naturally occurring variations in b a w a u n d  radiation. 

When 

3. Conclusion - After weighing the environmental costs 
and the technical, econaanic, environmental, and other benefits of the project 

and adopting alternatives which affect the overal l  balaace of costs and 

benefits by lessening environmental -acts, TVA has concluded that the 

overd l  benefits &.the Project far outweigh the monetary and environmental 

costs 
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2.0 RESKXEXS TO COMMENTS ON D W T  AND S- 

This section of the final environmental statement for the Browns 

Ferry Nuclear Plant contains TVA's responses t o  agency review camnents 

discussed on a topical basis. 

based on cmmercial operating dates of March 1973, December 1973, and 

July 1974 for units 1, 2, and 3, respectively. 

table which keys the responses t o  the cananents. 

and 3 is  still  valid unless otherwise noted and is  repeated in section 2.0 

only as required to respond t o  the cmments. 

The topical discussions consider and are 

Section 3.0 provides a 

Information in Volumes 2 
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2.1 Transportation of Nuclear Fuel and Radioactive Waste - About 
one quarter of the 764 Are1 assemblies in each of the three units' 

cores are expected to be replaced with new fuel assemblies on an annual 

cycle. As stated in Volume 3, this annual refueling cycle will involve 

about 200 tons of nuclear Ate1 shipped to and from the plant. Packaged 

low-level radioactive waste totaling about 300 tons annually will also 

be shipped fromthe plant to AEC-licensed disposal areas. 

Packaging for the low-level compressible waste material is 

designed to remain leakproof under normal transport conditions of tem- 

perature, pressure, vibration, rough handling, exposure to rain, etc. 

This packaging may release its contents in an accident. 

these materials normaUy fall under the classification of Low Specific 

Activity (LSA) as defined by AEC and considering the solid form of the 

vaste, the likelihood of significant exposure to people is extremely 

small. 

However, since 

1 

As stated in Volume 3, the packaging for a large quantity 

of radioactive material must be capable of withstanding, without loss 

of contents or shielding, the damage which might result Prom a severe 

accident. Test conditions for this Type B packaging are specified in 

the regulations and include tests for high-speed impact, puncture, 

fire, and immersion in water.* Adequate shielding must also be pro- 

vided to limit the exposure of transport workers and the general public. 

In addition, the package for irradiated fuel must have heat-dissipation 

capability to protect against overheating from radioactive decay heat. 

Nuclear criticality safety for both normal transport and accidental 

damage must also be provided for both new and irradiated fuel. 
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3 Truck accident s t a t i s t i c s  fo r  1969 show a r a t e  of 2.46 acci- 

dents per mill ion m i l e s  t ravel led.  h sed  on these data and assuming 

tha t  new fue l  and radioactive waste material shipments are made by 

t ruck using the  estimated annual shipment m i l e s  f o r  the  Srowns Ferry 

p lan t ,  t ruck accidents may be expected t o  occur about once every 1 0  

years. 

Spent fue l  shipnents are t o  be transported about 7 miles by 

a multiwheeled vehicle from the plant t o  the  nearest railhead a t  Tanner, 

Alabama, and by rail t o  Morris, I l l i n o i s ,  a distance of about 625 miles. 
4 I n  case of a t ransportat ion accident,  procedures 

r i e r s  w i l l  be required t o  follow w i l l  reduce the  consequences of an  

accident. 

packages from people and not i f ica t ion  of TVA and t h e  Department of 

Transportation. 

an intergovernmental program t o  provide equipped and t ra ined personnel. 

These teams, dispatched i n  response t o  c a l l s  fo r  emergency assis tance,  

can mitigate the  consequences of an accident. 

other special  precautions, such as routing; , speed l imitat ions , much 

lower speeds i n  heavily populated c i t i e s ,  and expert driving, a r e  a l s o  

fac tors  t h a t  help t o  minimize t h e  environmental risks. 

which car- 
I 

The procedures include segregation of damaged and leaking 

Radiological ass is tance teams are avai lable  through 

The e f f ec t  of various 

Selection of shipping routes  and shipping safeguards t o  be 

followed i n  t h e  t ransport  of nuclear fuel and radioactive waste are 

important considerat ions. 

1. Shipping routes  - mew fuel  w i l l  be shipped by 

t ruck;  spent fuel w i l l  be transported by t ruck  t o  Tanner, Alabama, and 

shipped by rail; and radioact ive w a s t e s  will be shipped by truck. These 



are t h e  most probable modes of transportation for shipment of radioactive 

material from Browns Ferry. 

nuclide inventory, and t he  environmental e f f ec t s  for these materials 

are discussed for t h e  probable transportation modes. 

for spent fuel and radioactive waste will be selected t o  avoid popula- 

t i on  centers as m c h  as possible. 

by regulations and, i n  addition, where TVA considers them necessary. 

The population centers en route ,  t h e  radio- 

Shipping routes 

Escorts w i l l  be provided as required 

(1)  New fuel - General Elec t r ic  Company 

w i l l  ship new fue l  assemblies by t ruck *om i ts  fabricat ion plant i n  

Wilmington, North Carolina, t o  t h e  plant.  

encountered over t h e  approximately 700-mile route  include t h e  following: 

The major population centers 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

City 

Wilmington, NC--State 211, 1-95 

Columbia, SC-by way of 1-20 t o  

Augusta, GA--by way of 1-20 t o  

Atlanta, GA--by way of 1-205 
and 1-20 t o  

Birmingham, AL-by way of 1-65 t o  

Decatur, AL-by way of 1-65 and 
U.S. 72 t o  

Browns Ferry plant site 

1970 Population 

46,169 

113,542 

59,864 

496,973 

300,910 

38,044 

Density 
Persons/mile 

2,638 

1,069 

3,938 

3,779 

3,785 

1,430 

As indicated, i n t e r s t a t e  highways w i l l  

be used t o  t h e  mutimum extent possible for the  shipment of nuclear f u e l  

and radioactive wastes. Alternate parallel routes  w i l l  be used whenever 
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necessary because of construction or temporary closure of i n t e r s t a t e  

highway segments. 

(2) Spent fue l  - General Electr ic  Company 

w i l l  ship the  spent fue l  from t h e  plant approximately 625 miles t o  i t s  

Nidwest Fuel Recovery Plant at !4orris, I l l i n o i s .  The major population 

centers through which the  ra i l  shipments w i l l  pass include the following: 

City 
2 Density 

1970 Population Persons/mile 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Browns Ferry plant s i t e  by land - 
t o  r a i l  siding a t  Tanner, Alabama, 
and thence t o  

Nashville, "?--by way of L&N t o  448,003 

- 

882 

Evansville, IN--by way of L&N t o  138,764 3,855 

Terre Haute, In--by way of L&N t o  70,335 2,695 

Danville, IL--by way of C&EI t o  42,570 3,300 

Chicago Heights, IL-by way of 40,900 5,382 
FJ&E 

5,215 

 orris, IL (MFRP s i t e )  8,194 2,643 

(3 )  Radwaste - TVA w i l l  e i ther  ship t h e  

low-level radioactive wastes t o  the  Nuclear Ehgineering Company waste 

bur ia l  f a c i l i t y  at  Morehead, Kentucky, or  t o  the  Chem-Nuclear Services, 

Inc. ,  w a s t e  bur ia l  f a c i l i t y  at Barnwell, South Carolina. The proposed 

route t o  the  former f a c i l i t y  is approximately 400 miles and the  follow- 

ing major population centers are encountered en route: 
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I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

city 

1. Browns Ferry site--by way of 
U.S. 72 and 1-65 to 

2. 

3. 

Nashville, TN--by way of 1-65 to 

Bowling Green, KY--by way of 
1-65 and Toll Highway to 

4. 

5. Morehead, KY (NECO facility) 

Lexington, KY--by way of 1-64 to 

Density 
1970 Population Persons/mile 

448,003 882 

36,253 2,238 

108,137 4,702 

7,191 4,494 

The proposed route to the Chem-Muclear 

Services facility is approximately 450 miles and the following ma3or 

population centers are encountered en route: 

City 1970 Population 

1. Browns Ferry siteorby way of 
U . S .  72 and 1-65 to 

2. Decatur, &by way of 1-65 to 38,044 

3. Birmingham, &-by way of 1-20 
and 1-285 to 

300,910 

4. Atlanta, GA-by way of 1-20 to 496,973 

2. Shipment activity - 
nt fuel activity - (1) SPe I 

Density 
Persons/mile 

1,430 

3,785 

3,779 

3,938 

562 

h e 1  elements 

I 
I 
I 
I 

are removed fromthe reactor after only a fraction of the available fuel 

has been used, since accumulation of fission products and possible clad- 

ding degradation prevents -her usage of the element. This radioactive 
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"spent fuel" is. subsequently shipped t o  a reprocessing plant for  recovery 

of i ts  unused fue l  content (uraniym and plutonium) for  future use. 

The inventory of f iss ion product ac t iv i ty  

and t h e  isotopic dis t r ibut ion of the  Browns Ferry spent fue l  at t h e  

t i m e  of shipmen-; is given i n  Table 2.1-1. However, it should be noted 

tha t  effectively all of t h i s  contained radioactivity,  except f o r  about 

30 percent of the noble gases and about 3 percent of the iodines, is  

t i g h t l y  bound within the  insoluble, high-melting-point ceramic UO 

pe l le t s .  Therefore, even i f  the shipping cask should be breached i n  

an accident and the clad fue l  were t o  be breached, there i s  s t i l l  no 

ready mechanism fo r  dispersing any substantial  f ract ion of the t o t a l  

contained radioactivity. 

2 

(2) Waste ac t iv i ty  - Radioactive l iqu id  

wastes are treated by f i l t r a t i o n ,  demineralization, and evaporation t o  

concentrate the  wastes in to  low-volume higher-activity w e t  sol id  wastes. 

These wastes, consisting of spent powdered ion exchange r e s ins ,  f i l t e r  

a id  sludges, bead-type ion exchange res ins ,  and evaporator bottoms, 

are stored i n  t he  radwaste building, so l id i f ied  or dewatered, and 

packaged i n  accordance with applicable regulations far shipments t o  

a licensed burial s i t e  for  disposal. 

sible and incompressible wastes and irradiated or contaminated equip- 

ment components are also packaged i n  accordance with applicable r e p -  

Miscellaneous law-level compres- 

la t ions  for shipment t o  a disposal si te fo r  land burial. 

The values shown i n  section 9.3 of t he  

f i n a l  safety analysis report5 indicate tha t  t h e  normal and maximum 

i 
-I 
r 
I 
1 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
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a c t i v i t i e s  of t h e  reactor  water cleanup system sludge w i l l  be 16 C i / f t  3 

after a 60-day decay period. 

t o  the  reactor coolant of about 16 days, followed by intermit tent  back- 

washes over a period of 120 days, show t h a t  t h e  a c t i v i t y  of the  reactor 

However, studies based on r e s i n  exposure 

cleanup system sludge w i l l  be about 8.7 C i / f t  3 . 
system is  designed t o  handle about 70 ft 3 of sludge from the  reactor 

The so l id  radwaste 

water cleanup fi l ter-demineralizers every 60 days. 

accumulated and stored in th ree  phase separator tanks. 

These sludges are 

Each tank has 

a capacity of about 785 ft3, of which 375 ft 3 is f o r  settled sludge. 

Normal operating requirements can be m e t  with two tanks with a 60-day 

decay period. 

t i o n a l  decay time. 

hold 150 f t  

shipment. 

The t h i r d  tank provides operating f l e x i b i l i t y  and addi- 

Since t h e  container designed f o r  t h i s  sludge w i l l  

per load, t h i s  also permits additional decay time before 3 

Etraporator bottoms w i l l  be so l id i f ied  

with cement or other so l id i f ica t ion  agent and w i l l  be packaged i n  55- 

gallon drums or l a rge r  containers. 

The estimated a c t i v i t y  and quant i t ies  

of t h e  so l id  w a s t e s  t o  be shipped from Browns Ferry are  summarized as 

follows : 
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1. 

2. 

3. 

4. 

5. 

6. 

we Waste 

Reactor w a t e r  cleanup system 
sludge 

Condensate system sludge 

Fuel pool demineralizer, waste, 
and f loor  drain f i l t e r  sludge 

Waste demineralizer res ins  

Waste evaporator bottoms 

Miscellaneous dry solids 

Expected 
Am0unt-f"t3 Activity @ Shipment 

450 8.7 C i / f t 3  

3 --0.5 C i / f t  i 
5,000 -- 
2,500 - 
1,250 - 
1,000 ---I 
4,500 --- '((0.5 C i / f t 3  

The packaging system a t  Browns Ferry i s  

designed t o  permit t h e  use of several different  types of containers. 

These include 55-gallon drums, disposable tanks i n  reusable shields, 

and disposable tanks with integral  shields. 

has been fabricated for  use i n  transporting radioactive wastes classi- 

One of the  reusable shields 

f ied  as reactor water cleanup system sludge from Browns Ferry t o  the 

w a s t e  disposal f a c i l i t y .  The 1~60-150 (AEC License No. 41-08165-06) 

container fo r  t he  higher level  radioactive w a s t e  and t h e  all-steel 

container for t he  lower l eve l  waste will be equipped w i t h  a disposable 

l i n e r  holding about 150 ft 3 and 183 ft 3 of waste respectively. The 

table shown below gives the dimensions of the two l iners :  

I 
I 

I 
I 
I 

- I.D. - O.D. m.m. 0UT.m. 

150 ft3 l i n e r  70" 70-1/2" 75" 78-1 /2" 

183 f t 3  l i n e r  76" 76-1/2" 76'' 79-1/2" 

- I  
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The l i n e r  w a l l s  are l/b-inch carbon steel w h i l e  t h e  top  and bottom are 

at least l/2-inch carbon steel. 

by t h e  manufacturer i n  fabr icat ing t h e  l i ne r s :  

The following c r i t e r i a  w i l l  be followed 

1. 

2. 

All material t o  conform t o  Asrm-A36 or  an approved equivalent. 

All welds t o  be complete penetration, v i sua l ly  inspected for  

defects,  and watertight. 

Liner i s  t o  successfully pass a 2.0 lb / in  

pneumstic test l a s t i n g  at least 1 0  minutes t o  check in tegr i ty .  

All pipe f i t t i n g s  t o  conform with ASA-B36, 10-1950. 

2 3. gauge hydro or 

4. 

Upon t h e  a r r i v a l  at the  waste disposal 

f a c i l i t y ,  t he  container cover is removed and s l ings  permanently 

attached t o  t h e  disposable l i n e r  are attached t o  a crane. 

is  then l i f ted  f romthe  container and lowered in to  a trench f o r  burial. 

The disposable l i n e r s  could eventually leak. However, a leak i n  the  

l i n e r  i s  not an overriding fac tor  since nei ther  NECO or  Chem-Nuclear 

takes credit f o r  containment of t h e  low-level radioactive material i n  

special  l i n e r s  i n  t h e i r  l i cense  applications.  

cluded i n  i ts  analysis t h a t  contamination of ground water by t h i s  

uncontained burial would be insignif icant .  *' ' 8  Extensive monitoring 

by each company, supported by monitoring from the  state, is  conducted 

t o  assure addacent areas are not contsminated. 

The l i n e r  

In  both cases each con- 

(3)  Environmental e f f ec t s  f o r  spent 

fue l  - Following i ts  removal f'rom the  reac tor ,  spent f u e l  is  s tored  

for  3 t o  4 months pr ior  t o  shipnent. 

of t h e  noble gases except krypton-85 decay t o  very low levels and the  

- 
During t h i s  time es sen t i a l ly  a l l  
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decay heat w i l l  have decreased. 

131 is present i n  s ign i f icant  amounts (see Table 2.1-1). Fission 

products other  than t h e  noble gases and iodine are strongly held within 

t h e  uranium dioxide f u e l  par t ic les .  Hence, only n o b h  gases and iodine 

would escape through a penetration i n  fue l  clad t o  t h e  shipping cask 

cavity. 

O f  t h e  iodine isotopes,  only iodine- 

Fuel known t o  have ruptured cladding p r io r  t o  shipment is  

sealed i n  a container f o r  ruptured fue l .  

(a) Mormal shipment - The 

pr incipal  normal environmental fac tor  from spent f u e l  shipments would 

be the  d i rec t  radiat ion dose as they move f r o m  the  reactor  t o  the  

reprocessing plant .  

shipments of radioactive materials has been evaluated on t h e  basis that 

there  would be about 5,000 people l i v ing  on both sides of t h e  transport  

route along t h e  estimated 625-mile route. 

t h a t  the  shipments are made at the maximum permitted level of 10 mrem/h 

at 6 feet frornthe nearest  accessible surface. 

location of t h e  shipping container relative t o  people l i v ing  addacent 

t o  t h e  railroad t h a t  was used t o  calculate  t h e  rad ia t ion  exposures. 

The calculation does not include reductions of exposures due t o  shielding 

from st ructures ,  topographic features, or  other  radiation-attenuating 

materials. 

The population exposure r e su l t i ng  from normal 

It has also been assumed 

Figure 2.1-1 shows t he  

The rad ia t ion  dose as a function 

of distance from a s ta t ionary shipping container is shown in figure 

2.1-2. 

and beyond 260 feet from the  container can be considered insignif icant .  

As shown, t h e  rad ia t ion  exposure rate drops of f  qu i te  rapidly 
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The radiation exposure r a t e  f r o m  a stationary container t o  a resident 

l iving within 260 feet- of the  container t ravel  path is  approximately 

equal t o  natural background. Because the  container w i l l  normally be 

moving, the t o t a l  exposure from the containers t o  such an individual 

w i l l  be an insignificant fraction of the exposure from natura l  back- 

ground radiation. 

at only 20 mi/h, t h e  maximum exposure received by any individual along 

the  route would be about 0.0042 mrem per yeax. 

For the  estimated 32 shipments per year, each moving 

On the  basis that there  would 

be a t o t a l  of about 5,000 people l iving on both sides of the  transport 

route between Browns Ferry and the Miifwest Fuel Recovery Plant at Morris, 

I l l i no i s ,  these people would receive an annual dose of about 0.008 

man-rem per ye-. Train brakemen or a member of the  general public 

might spend a few minutes i n  the  v ic in i ty  of the  car ,  at an average 

distance of 6 feet, for an average exposure of about 0.5 mrem per 

shipment. With 10 different brakemen and 10 members of t he  general 

public so involved along t h e  route, t he  t o t a l  dose for  32 shipments 

during the ye- is estimated t o  be about 0.32 man-rem. 

Since the exposure t o  the  5,000 

people who reside along the  route and t o  a person who might come within 

6 feet o f t h e  ra i lcar  for a short period is only 0.001 and 0.4 percent 

respectively of t he  exposure these same people receive from natural 

background radiation, it is concluded tha t  no adverse environmental 

effects w i l l  result from the  normal transportation of spent fuel from 

Browns Ferry t o  the  fue l  reprocessing plant. 
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(b)  Accident occurrences - 
The principal po ten t ia l  environmental effects from an accident are 

those from direct  radiation r e su l t i ng  from increased radiation levels ,  

from gaseous release of noble gases and iodine, and from release of 

contaminated coolant. 

hraluat ion of exposure from 

direct  radiation assumes that the  radiation exposure rate is the maxi- 

mum permitted by regulations, 1,000 nrem/h at 3 feet from the surface 

of the container, and that people have surrounded the container begin- 

ning at about 50 feet f romthe  container. 

exposure r a t e  fo r  accident conditions as a function of distance from 

the container. 

Assuming a t i gh t ly  packed crowd, there would be 154 people i n  the front 

row and, as shown on figure 2.1-3,these people would provide shielding 

such that people i n  subsequent rows would receive great ly  reduced radi- 

ation exposure. 

h i s  exposure would be less than 20 mrem. 

ation level  would most l i ke ly  be f r o m  only a localized areas on the 

continer, and thus only a small number of the people i n  even the  front  

raw of a crowd would be exposed t o  these low radiation levels. 

Figure 2.1-3 shows the  

The exposure rate at 50 feet would be about 9 mrem/h. 

Even i f  a person remained i n  the front row fo r  2 hours, 

Further, the increased radi- 

Calculations indicate tha t  

there would be no mseous releases without a substantial  quantity of 

decay heat in the  shipping container plus the  addition of external 

heat such as from a fire. Thus, it is assumed that the thermal 



currents surrounding t h e  container f i s s ion  gases carry any released 

f i ss ion  gases t o  a height of 1 0  meters before they a r e  dispersed i n  

t h e  environment. On t h i s  basis it is calculated t h a t  t h e  maximum dose 

i n  t h e  environs would occur at about 300 f ee t  from the  containers. 

Assuming a person stands i n  t h e  plume during t h e  entire accident, 

t he  resu l t ing  whole body exposure would be 2 mrem and the  maximum 

thyroid dose would be about 5 rem. 

an average population density of 130 people per square mile, the  t o t a l  

whole-body population dose from t h e  accident would be 0.09 man-rem. 

TVA considers t he  average populat ionto be a more r e a l i s t i c  number 

for analyzing transportation accidents because of the  small f rac t ion  

For the  noble gas release, assuming 

of the  t o t a l  distance travelled i n  high population density areas and 

because accidents i n  such areas generally occur at lower speeds and 

therefore would be less severe. 

The contaminated coolant i s  

bas ica l ly  low spec i f ic  a c t i v i t y  material. 

t h e  container and accumulated i n  a pool on the  ground, t he  exposure 

rate near t h e  surface of t he  pool o r  col lect ion would be less than 

4 rem per hour and would be only about 16 mrem per hour a t  50 feet, 

assuming no shielding. 

i n  the ground, there would be s ignif icant  shielding afforded by the  

s o i l  and the  actual exposure rate would be much less than the l eve l s  

calculated. 

If it were drained from 

However, because the  coolant would be absorbed 
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The principal  environmental 

r i s k  resu l t ing  from an accident would be poten t ia l  whole body radiat ion 

exposure due t o  t h e  release of noble gases anC from d i r ec t  radiat ion 

and poten t ia l  thyroid dose due t o  the release of iodine. 

t he  dose reduction with distance and the  mitigating e f f ec t  of proposed 

Because of 

emergency actions,  it can be concluded t h a t  t h e  whole body radiat ion 

exposure t o  t h e  public w i l l  be negligible.  Because of the  unlikely 

combination of circumstances which must be present t o  result i n  a s i p  

n i f i can t  dose due t o  the  release of iodine, the probabili ty of s ign i f i -  

cant doses due t o  t h i s  occurrence i s  considered extremely small .  

(4 )  Environmental e f f ec t s  fo r  radio- 

ac t ive  waste - Materials which a re  i n  contact with the  reactor  fuel, 

i t s  radioactive products, or neutron flux may become radioactive. 

Consequently, the  operation of any nuclear power generating plant w i l l  

produce radioactive materials i n  t h e  normal functioning of t h e  various 

water pur i f ica t ion  and treatment equipment, as well  as routine main- 

tenance operations. The environmental e f f ec t s  fo r  these radioactive 

wastes f o r  normal shipments and during accident occurrences are evalu- 

a ted  for the  poten t ia l  exposure t o  t ransport  workers and t h e  general 

public. 

( a )  Normal shipments - There 

w i l l  be approximately 53 shipments annually of t h e  radioactive waste 

resu l t ing  f romthe  operation of Browns Ferry. I n  order t o  assess t h e  

environmental e f f e c t s  of these s h i p e n t s  it i s  assumed t h a t  they are 

made at t h e  regulatory rad ia t ion  level l i m i t  of 10 mrem/h at  6 feet 

a 
- I  
* I  

I: 

8 

I 

I 
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from the nearest surface. It is  a lso  assumed tha t  the exposure r a t e  

t o  transportation personnel i s  not greater than t h e  regulatory radi-  

ation level  l i m i t  of 2 mrem/h i n  occupied positions of vehicles. 9 

Under normal conditions, t h e  

A t o t a l  truck driver might receive as much as 15 mrem per shipment. 

dose t o  a l l  drivers for  a given year, assuming two drivers per vehicle, 

would not exceed 1.6 man-rem. 

Because of the low dose rates 

permitted at the  time of shipment (10 mrem/h at  6 feet from the con- 

ta iner ) ,  t h e  only exposure t o  people from routine shipments i s  for the  

brief period such a shipment is  i n  direct  view. 

of the  general public who spends 3 minutes at  an average distance of 

6 feet from the  container would receive a dose not exceeding 0.5 mrem. 

If 10  persons were so exposed per shipment, the  t o t a l  annual dose for 

the  53 shipments of spent powdered ion exchange resins ,  f i l t e r  a i d  

sludge, and bead-type ion exchange resins would be about 0.3 man-rem. 

For example, a member 

Figure 2.1-1 shows the location 

of the  shipping container re la t ive  t o  people l iving adjacent t o  the  

transport route tha t  was used t o  calculate radiation exposures. 

radiation dose as a function of distance from a stationary shipping 

container is shown i n  figure 2.1-2. 

a t o t a l  of about 2,500 people l iving on both sides of the assumed 

450-mile transport route between Browns Ferry and ei ther  the  waste 

burial f a c i l i t y  at Morehead, Kentucky, or  at B a r n w e l l ,  South Carolina, 

these 2,500 people would receive an annual dose of about 0.006 man-rem 

per year. 

The 

On the  basis that there would be 
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Since the  exposure t o  the  2,500 

people who reside along t h e  route ,  t o  each truck dr iver  per shipment, 

and t o  a person who might come within 6 f e e t  of t h e  container fo r  a 

short  period is only 0.002, 11, and 0.4 percent,  respectively,  of the  

exposure these same people receive from na tura l  background radiat ion,  

it i s  concluded tha t  no adverse environmental e f f ec t s  w i l l  result from 

t h e  transportation of radioactive w a s t e  from Browns Ferry t o  either of 

t h e  burial  f a c i l i t i e s .  

(b)  Accident occurrences - 
Although transportation accidents involving either new f u e l  or radio- 

act ive w a s t e  may be expected t o  occur about once every 10 years based 

on t h e  national t ruck accident s t a t i s t i c s  f o r  1969, it i s  highly unlikely 

t h a t  a shipment of so l id  radioactive waste w i l l  be involved i n  a severe 

accident during t h e  40-year l i f e  of the plant .  This i s  based on data 

on accidents involving TVA t rucks during t h e  past 10 years which show 

a rate of 4.06 accidents per mill ion miles travelled. Based on these 

data and assuning t h a t  new f u e l  and radioact ive w a s t e  shipments are by 

t ruck  using t h e  estimated annual shipnent miles of radioact ive material  

fo r  the Browns Ferry p l an t ,  t ruck accidents may be expected t o  occur 

about once every 5 years. However, about 90 percent of t h e  accidents 

included i n  t h e  TVA data are of a minor nature and s ince radioactive 

shipments w i l l  be made i n  accordance with t h e  s t r ingent  conditions 

imposed by AEC and DOT procedures and regulat ions,  t he  probabi l i ty  of 

an accident of a severi ty  which would result i n  release of s ignif icant  

quant i t ies  of radioactive materials t o  t h e  environment would not be 

l i k e l y  during t h e  40-year l i f e  of t h e  plant .  

3 
-1  
5 
.I 
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If a shipment of compressible 

wastes i n  appropriate-containers becomes involved i n  a severe accident, 

some release of waste might occur, but the specific ac t iv i ty  of the 

w a s t e  w i l l  be so low tha t  t h e  exposure of personnel or t h e  public would 

not be expected t o  be significant. Spent powdered ion exchange resins,  

evaporator bottoms, filter a id  sludge, and bead-type ion exchanqe r e s ins  

which have been sol idif ied or  dewatered w i l l  be shipped i n  Type B pack- 

ages. 

accident is  sufficiently small t h a t ,  considering the  f o m  of the  waste 

and t h e  very law probability of t h e  severe accident occurrences, the 

likelihood of significant exposure would be extremely small. 

The probability of release from a Type B package i n  a severe 

3. Shipping s a f e m d s  - The protection of the 

public From radiation during shipment of nuclear fue l  and radioactive 

waste is  achieved by a combination of l imitations on the corltents of 

t he  package according t o  the  quantit ies and types of radioactivity,  

the  package design, and the  external radiation levels. In  addition 

t o  these shipping safeguards, the  transportation emergency plans w i l l  

provide for rapid and orderly use of personnel and equipment i n  the  

event an accident occurs i n  t h e  shipment of radioactive materials by 

TVA. 

"he Department of Transportation (DOT) has regu- 

la tory responsibility for safety i n  the trensport of radioactive 

materials by all mdes of transport i n  in te rs ta te  or foreign commerce 

(rail,  road, air, and water), except postal shipments." Those ship- 

ments not i n  in te rs ta te  or foreign commerce are subject t o  control by 
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a state agency i n  most cases. 

has responsibil i ty fo r  safety i n  the possessio; mnd use, including 

transport of radioactive materials.ll 

the  Code of Federal Regulations set for th  the l imitations and classi-  

f ications of the contents, design, and external radiation levels  of 

transport packages. 

The Atomic Energy Commission (AEC) also 

Both T i t l e  10 and T i t l e  49 of 

(1) Governing r e m a t i o n s  - This section 

ident i f ies  and summarizes t h e  guverning regulations affecting the trans- 

port of nuclear fue l  and radioactive material. 

package design and the  technical bases of t he  regulations and the  con- 

t r o l  of t he  radiation emitted from individual packages are also dis- 

cussed. 

specific ac t iv i ty  (LSA) are listed. 

The major aspects of 

In addition, t he  external radiation levels  permitted fo r  l o w  

Package classif icat ion depends upon the  

type, form, and quantity of radioactive material being shipped i n  the 

individual container. 

specific ac t iv i ty  are exempted f r o m  specification packaging, marking, 

and labeling when transported on a sole-use vehicle. All other types 

and quantit ies of radioactive materials are divided in to  two broad 

classes as either "special form" or "normal form." "Special form" 

radioactive materials means those which, i f  released from a package, 

might present some direct  radiation exposure but would present l i t t l e  

hazard due t o  radiotoxicity and l i t t l e  poss ib i l i ty  of contamination. 

This may be the result of inherent properties of t he  material (such 

as m e t a l s  o r  a l loys)  or  acquired character is t ics ,  as through encapsula- 

Smal l  quantit ies and cer ta in  materials of low 

t ion .  "Normal form" materials which do not meet these criteria are 



c la s s i f i ed  in to  one of seven transport  groups and l i s ted  i n  a t ab le  of 

individual radionuclides. 

Varying quant i t ies  of special  form and 

normal form radioactive makerials are specif ied for  Type A packaffing, 

la rger  quant i t ies  fo r  Type B packaging, and i n  excess of Type B quan- 

t i t i es  f o r  “large quantity” radioactive materials. 

standards are f o r  normal conditions of t ransport .  

standards are f o r  accident conditions. 

are  for accident conditions. 

t o  considering both normal and hypothetical accident tes t  conditions, 

must take in to  account other fac tors  such as radioactive decay heating 

of t h e  contents. 

t i on  of t h e  potent ia l  f o r  accidental  c r i t i c a l i t y .  

The Type A packaging 

Type B packaging 

The large quantity standards 

The large quantity standards, i n  addition 

- 

F i s s i l e  radioactive materials also require  considera- 

Low specific a c t i v i t y  packages must not 

have any signif icant  removable surface contamination, and the  external 

radiat ion levels must not exceed t h e  following dose rates: 

( 8 )  1,000 millirem/h at 3 feet f’rom t h e  external surface of t he  

package (closed transport vehicle only);  

200 m i l l i r e d h  at any point on the  external surface of the  car  (b) 

or vehicle (closed transport  vehicle only) ; 

10 m i l l i r e d h  at 6 feet from t h e  surface of t h e  car or  vehicle;  ( c )  

and 

(d)  2 m i l l i r e d h  i n  any normally occupied posit ion i n  t h e  car  o r  

vehicle. 
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intended tha t  t he  6-inch diameter pin would approximate t h a t  of t h e  

end of a rail  f o r  rail t ransportat ion accidents.  

that the puncture so specified would require  t h a t  t h e  cask h i t  t h e  pin 

exactly perpendicular t o  t h e  cask surface. 

would result i n  a subs tan t ia l ly  reduced loading on t h e  side of t h e  cask 

and enhance chances of deflection. 

t o  penetrate through the  wa,lls of t h e  container,  which would require  

damage t o  t h e  contents. 

be approximately 12 t o  18 inches i n  length. 

much longer than t h i s ,  it becomes doubtful that the column strength of 

t h e  p in  is  suf f ic ien t  t o  rupture t he  container without buckling of t h e  

proposed pin. 

It should be noted 

Any deviation from t h i s  

Further,  t h e  pin must be long enough 

In most cases t h i s  would require  t h a t  t h e  p in  

However, i f  t he  p in  is  

It should be noted tha t  t h e  con- 

t a ine r s  are required t o  pass t h e  puncture tes t  without rupture of even 

t h e  outer she l l .  

several  inches of shielding material followed by an inner s t e e l  s h e l l ,  

there is  a wide margin between t h e  damage t h a t  the  container would 

sus ta in  as a result of t he  required puncture test  and that would be 

required t o  rupture the inner vessel such tha t  there could be d i s p e r s d  

of the radioactive contents. This test Drovides conditions at least 

as severe as those t o  which a container would be subjected as a result 

of a t ransportat ion accident. 

As generally the re  i s  a heavy outer s h e l l  backed up by 

( c )  30-minute f i re  t e s t  - me 

30-minute f i re  test was proposed as t h a t  t o  which a container would be 

subjected as a result of l a rge  open burnina of petroleum such as diesel 

or  jet  fuel .  In  t h i s  regard it should be noted t h a t  t h e  tes t  conditions 

c 
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require t h a t  it be assumed that the cask is  perfect ly  surrounded 

by a uniform heat f lux corresponding t o  a thermal emissivity of 0.9 

at a temperature of 1475OF. 

be lying on t he  ground near t h e  cooler par t  of t h e  flames such tha t  it 

is not surrounded completely by the  f i re  environment. 

there  may be individual flame temperatures hot te r  than the  proposed 

1475OF, t he  average flame temperatures w i l l  not exceed these values. 

As evidenced from pictures  of large f ires,  it is  unl ikely that a con- 

t a ine r  the  s i z e  of a la rge  shipping cask would be completely engulfed 

i n  flames due t o  lack of t h e  required quant i t ies  of combustible materials,  

winds which tend t o  blow the flames away from t h e  container,  and other 

fac tors  which ac t  t o  reduce t h e  idealized conditions assumed f o r  com- 

pliance with the 10 CFFi Part 71 requirements. 

conditions proposed in  t h e  regulations provide adequate, i f  not more 

severe, simulation of t h e  f i re  conditions t o  which a container might be 

subjected during t h e  course of transportation. 

I n  ac tua l i ty ,  t h e  cask w i l l  most l i ke ly  

Further, while 

It is felt  that t h e  test 

(d)  Conclusion - I n  swmary ,  

the  casks are designed t o  meet the  requirements of applicable regula- 

t ions ,  and it is  unlikely t h a t  accident conditions more severe than 

those postulated i n  the regulations would be encountered. 

(3  1 Transportation procedures - Elements 

of t he  procedures t o  be followed by TVA for handling radioactive mate- 

rials f o r  t ransportat ion and while i n  shipanent are given below. These 

procedures will cover t h e  normal conditions of t ransport  as w e l l  as 

accident occurrences which might be encountered. 

I 
R 
‘ I  
I 
I 
I 
I 
I 
0 
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(a) Onsite procedures - The 

administrative control of radioactive materials intended fo r  o f f s i t e  

shipment w i l l  include the following elements: 

a. Certify container conhmtz. 

b. Assure performance of all tests on loaded containers as required 

by 10 CF'R Section 7 1 . 3 5 ( ~ ) ( 4 ) ,  49 CFR Section 173.393(j) , and 

49 CFR Section 173.397(a). 

Ensure that  container and vehicle meet the  requirements of appli- 

cable regulatory bodies fo r  movement o f f s i t e .  

Qualified manpower and appropriate equipment t o  be available t o  

make routine determinations as required by (b)  above. 

c. 

d. 

e. Estimated time of a r r iva l  (ETA) at destination. 

f .  Driver of vehicle w i l l  be respcnsible fo r  control of shipments 

en route and fo r  following transportation procedures delivered 

t o  him before leaving si te.  

(b) Offsite procedures - Spent 

fuel i s  scheduled t o  be shipped intermodal which requires o f f s i t e  han- 

dling at the  r a i l  siding at Tanner, Alabama. 

procedure used f o r  the  intennodal transfer is shown on figure 2.1-4. 

The cask is  mounted on a skid which becomes the  trailer deck f o r  high- 

way transport. 

each have self-contained hydraulic l i f t  uni ts  for  ra is ing and lowering 

the  skid. 

are positioned and attached t o  the  skid,  and the  sk id  i s  then l i f t e d  

t o  provide about 1 foot clearance for  t he  highway transport. 

t he  procedure is  reversed t o  place t h e  cask back on the  railcar. 

The roll-on-roll-off (RORO) 

The multiwheeled front gooseneck and rear axle assemblies 

To remove the cask f'rom the  r a i l c a r ,  the  f ront  and rear uni ts  

On return 

As 

9 
- I  
1 
B 
I 
-4 
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the  cask is  never l i f t e d  more than 1 foot and as it is designed t o  w i t h -  

stand a 3 0 - f o O t  f r ee  fall onto a completely unyielding surface, there  

is  effect ively no poss ib i l i t y  that a handling accident would result i n  

the  release of any radioactive materials f romthe  cask. 

( c )  Rormal conditions of t rans-  

port - TVA presently has nine nuclear u n i t s  under construction or planned 

for  operation between 1972 and 1979. 

the  use of nuclear power for substant ia l  portions of i t s  generating 

capacity and the necessity t o  ship radioactive materials associated w i t h  

the  operation of these and fu ture  nuclear plants ,  an interdiscipl inary 

task force t o  evaluate the environmental implications, available tech- 

nology, economics, and other fac tors  related t o  t h e  consequent shipment 

of radioactive material t o  and f r o m  these plants  has been established. 

Because of these commitments t o  

The t a s k  force is investigating 

the  various transportation modes, prevention of accidents,  environ- 

mental r i sks  and e f fec t s  and i s  developing criteria f o r  establishing 

TVA's policies  and procedures relative t o  the  applicable regulations.  

The findings and recommendetions of t he  task  force w i l l  be used i n  for- 

mulating the detailed plans for shipuent of all radioactive material 

t o  and from a l l  of TVA's nuclear plants current ly  under construction 

or planned for the future. 

(d)  Accident occurrences 

during t ransport  - Each state through which these materials pass will 

have developed emergency plans f o r  radioact ive transportation accidents. 

These plans, i n  conJunction with TVA t ransportat ion emergency procedures, 
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will provide for  rapid and orderly use of s t a t e  f a c i l i t i e s  and personnel, 

augmented as necessary by W A ,  car r ie r ,  and municipal emergency per- 

sonnel and AEC radiological assistance teams i n  the event an accident 

occurs i n  the shipment of radioactive materials by TVA. I n  the  event 

of an accident, emergency plans fo r  containing the contaminated material 

and preventing a radiation hazard t o  the  public and the  environment w i l l  

be in i t ia ted .  

Emergency procedures regarding 

transportation of radioactive material are described i n  the  TVA Radio- 

logical  Emergency Plan. Elements of the emergency procedures for  han- 

dling transportation accidents fo r  which TVA has responsibil i ty w i l l  

include, but are not l imi ted  to, the  following: 

- 

1. Vehicular Accidents - General 

a. I n  the  event of a vehicular accident involving radio- 

active material, es tabl ish a res t r ic ted  area [lo CFFt 

Section 20.203(b) and (c)] .  

U s e  radiation survey meter t o  establish the  perimeter 

of the  res t r ic ted  area. 

b. 

c. If survey meter is inoperable, calculate from experience 

and t ra ining a very conservative perimeter. 

If survey meter i s  operable and no radiation hazard 

exists, and the vehicle is  i n  safe operating condition, 

t h e  driver may continue on w4,v i f  not detained by other 

acci dent-related conditions. 

d. 

e. In  any case, immediately after establishing a r e s t r i c t ed  

area or before proceeding on way, TVA s h a l l  be notified.  
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2. Notification and Reports of Incident 

a. Appropriate TVA personnel receiving notice of a trans- 

portation accident s h a l l  notif'y the  W A  load dispatcher 

who no t i f i e s  t he  Central Emergency Control Center 

d i rec t  or. 

The CECC d i rec tor  no t i f i e s  as appropriate the  AEC 

Operations Office, t h e  S ta t e  Department of Public Health, 

b. 

t h e  s t a t e  pol ice ,  and t h e  AEC Division of Compliance. 

TVA has consulted and will con- 

sult fur ther  with appropriate state agencies regarding the  necessary 

emergency planning f o r  shipments of radioactive material through t h e  

state and t o  seek the  state's agreement with TVA's Radiological Buergency 

Plan. 

4. Conclusion - Due t o  t h e  in t eg r i ty  of t h e  con- 

t a ine r s  used f o r  shipping new f'uel elements, spent f i e1  elements, and 

low-level radioactive w a s t e s ;  the  emergency plans f o r  vehicular acci- 

dents ; t he  sdminis t ra t iw control exercised over t ransportat ion;  and 

coordination with appropriate state agencies ; it is concluded that an 

insignif icant  environmental r i sk  w i l l  result from t he  t ransportat ion 

of f u e l  elements from t he  Fuel fabr icat ion plaut  t o  the  reactor ,  o r  

spent f u e l  elements t o  the  fuel reprocessing plant, and of low-level 

w a s t e  t o  o f f s i t e  disposal grounds. 
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Table 2.1-1 

SPENT FUEL FISSION PRODUCT ACTIVITY* 

( C i / m ) b  
Specific Power = 40 kW/kgU 

Isotope Half-Life 

Noble Gases 

Kr-85 10.8~ 
Xe-13lm 12d 
Xe-133 5.3a 

Total 

Halogens 

1-129 1.6~10'~ 
1-13. 8.05d 

Total 

Tritium-H3 12.26~ 

Am-241 458y 

Cm-242 163d 

Trsnsuranics 

Am-24 3 7,650Y 

Cm-244 l8Y 
Total 

24,000 MWd/T 44,000 MWd/T 
9OD 160~ 9OD 160~C 

7,385 7,294 11,540 11,390 
108 2 113 2 
20 - 20 - 

7,513 7,296 11,673 11,392 

2.3~lO-~ 2.3~lO-~ 4. 09x10-2 4. Ogx10'2 
5 07 'Ll 532 'L1 

507 -1 532 'Ll 

290 290 505 505 

320 
75 

65,000 
11,000 

76,395 
A l l  Remaining Fission Products (ARFP) 

Rb-86 18.7d 25 

Sr-90 28Y 60,180 
y-89~1 16s 32 

Y-91 59d 502,300 

2-95 65d 736,400 
m-95m 9Oh 15,630 
m-95 35d 1,226, ooo 
Tc-99 2.1xlo y 11 
Ru-103 40d 304,700 
Rh-lOB 57m 298,900 
RU-106 1.w 366,900 
~h-106 30s 366,900 

sr-89 50.4d 316,700 

Y-go 64.2h 60,200 

Zr-93 9 . 5 ~ 1 0 ~ ~  2 

2 42 
121,400 249,100 
59,910 95,380 

12 25 
59,920 95,400 
220,700 413,600 

2 4 
349,100 707,600 
7,409 15,020 

664,300 1,175,000 
11 19 

89,500 346,200 
87,800 339,600 
321,400 684,900 
321,400 684 ,goo 

3 
95,480 
94,940 

10 
94,970 
181,700 

4 
335,400 
7,119 

637,700 
19 

101,700 
99,730 
600,100 
600,ioo 

1 
.E  

i 
rl 

I 
-8 
I 
1 
4 
I 
? 
i 
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Table 2.1-1 (cont inued ) 

SPENT FUEL FISSION PRODUCT ACTIVITY~ 

( c i / m ) b  . .  

Specific Power = 40 kW/kgU 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 

Isotope 

Ag-uom 
Ag-ll0 
Ag-1ll 
Cd-115M 
Sn-11- 
Sn-12lm 
Sn-123 

-124 
Sn-125 

Sb-125 
sb-126 
Te-12% 
Te-127x11 
Te-127 
Te-12% 
Te-129 
CS-134 
CS-136 
CS-137 

Ba-140 
La-140 

Ba-137m 

Ce-141 
Ce-144 
R-143 
R-144 
Nd-147 
Pm-147 

Pm-148 
Sm-151 
EU-154 
Eu-155 
EU-156 

Pm-148m 

~b-160 

Half -Lif e 

260d 
24s 

4 3d 
250d 
2 5Y 

125d 

60.2d 

12.5d 
58d 

l05d 

33d 
67m 

13d 
3oY 

12.8d 
40.2h 

7.5d 

9.4d 

2 . 7 ~  

9*3h 

2.ly 

2.6m 

32.5d 
285d 
13.7d 
17- Pn 

2.7y 
11.ld 

41d 

9OY 
16 
1 . 8 ~  

15.2d 
72Y 

5.4d 

6 To ta l  ARFP (10 ) 

24,000 MWd/T 
9ODC 1 6 0 ~  c 

320 
6 

12 
133 

35 
1 

862 
22 

2,875 
5,164 

18 
1 , 069 
8,794 
8,755 
8,280 
5,307 

31,650 
207 

78 , 540 
73,440 
14,870 
17,110 

291,700 
993,600 
19,690 

993,600 
2,499 

187,800 
3,208 

222 
107 

1,073 
29,260 

305 

7.04 

160 

265 
5 

43 
29 
1 

592 

1,284 
4,916 

1,061 
5,634 
5,609 
1,987 
1,274 

29,710 
5 

78,200 
73,110 

336 
386 

65,250 

- 

- 
- 

44,000 MWd/T 
90Dc 1 6 0 ~ ~  

1,104 
22 
16 

168 
50 
2 

1,243 
28 

4,185 
10,430 

27 
2,253 

11,480 
11,430 
8,346 
5,349 

85,060 
31 3 

143,000 
133,700 
14,350 

288,300 
16,510 

837,500 1,113,000 
556 18,620 

837,600 1,113,000 
32 2,427 

178,600 239 ,goo 
1,010 4,149 

70 287 
107 146 

1,065 3 ,135 
27,190 77 9 030 

13 396 
81 256 

4.46 8.13 

916 
18 - 
54 
4 1  
2 

855 - 
1,847 - 

9,932 
1 

2,184 
7,355 
7,322 
2,003 
1,284 

79,840 
7 

142,400 
133,100 

324 
373 

64,490 
938,000 

525 
938,000 

31 
228,100 

1,307 
90 

146 
3 ,109 

71,570 
16 

131 

5.50 

a. 
b. 115 assemblies per m. 
c. Cooling t i m e  before shipment. 
d. 
e. 

Fission product quantities are based on the RIBD code. I 
I 
I 

T r i t i u m  yields are based on 10 -4 atoms H3/fission. 
Transuranic isotopic quantities are based on data extrapolation and 
calculation. 



Table 2.1-2 

RADIOACTIVE MATERIALS TRANSPORTATION - SUMMARY OF EFFECTS 
(Normal Conditions) 

Transport at ion Stationary Cask Cask Movina at 20 mi/h 
Radiation Exposure Individual Exposure 

Frequency (mrem/h) (mrem_) Population Exposure 
Maximum Averwe (man-rem/yr ) Mode Shipments/yr ) at 6 f% at 100 ft - Type Shipment 

Spent Fuel 32 Rail 
P3.5 MTV) 

10 0.085 0.0042 0.0015 

Waste 

53a 10 0.085 0.0070 0.0025 Low Level Truck 

0.008 

0.006 

Total 0. O l b b  

(10 CFR Part 71 Accident Conditions) 

Transportation Direct Radiation Fission Gas Release 
External Dose Whole Body 

Population Dose Thyroid Dose (mreml Dose Rate (mrem/h) 
at 3 it at 50 ft Whole Body Skin - Mode (Shipments/yr) - ( man-rem ) (red 

Type Shipment 

Spent Fuel Rail 32 
(+3.5 MTO) 

1,000 9 

Waste 

Low Level Truck 53a <500 

2 80 0.09 5 

N 

r 
w 
Iu 



Table 2.1-3 

1 

IMPACT ACCII)Z"T COMPARISON 

I n i t i a l  Stoppine; 
Weight Velocity Distance 

G's (ft) - Object ( l b )  ( m i / h )  

Cask 

Cask 130 , 000 

45 , 000 30 0 . 5  60 

30 0.5 60 

12 Truck 75,000 60 10.0 

C a r  5 , 000 80 5.0 44 

Dec e l e ra t  ion 
Force 
(1b) 

2,700,000 

7 , 800 , 000 
goo, 000 

220 , 000 
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Figure 2.1-1 
Spent Fuel and Radioactive Waste 
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2.2 

of a l l  transmission-lines required f o r  the  Browns Ferry Nuclear Plant 

Environmental Aspects of Transmission Lines - Construction 

has been completed as stated i n  Volume 3 .  A l l  new transmission l i n e  

construction was within a 20-mile radius of the  generating p lan t ,  as 

indicated schematically on f igure 2.2-1 of Volume 3 .  

miles of new transmission construction was required t o  connect Browns 

Ferry t o  TVA's exis t ing 500-kV transmission gr id  using s i x  terminals. 

I n  addition, two  161-kv transmission l i n e s  to t a l ing  25 miles were con- 

structed t o  connect with the  exis t ing system. 

Approximately 70 

Both economic and technical  advantages d i c t a t e  t he  develop- 

ment and operation of extra high voltage (EAV) power l i n e s  for the 

transport  of e l e c t r i c a l  power over long distances. 

that ozone can be generated by conductor corona from EHV transmission 

l i n e s  if  the  conductors are operated at very high surface gradients. 

Ozone generation, i t s  charac te r i s t ics ,  i t s  potent ia l  sources, and tests 

conducted by others are discussed below. 

ference between transmission l i n e s  and communication l i n e s  i s  discussed 

r e l a t ive  t o  t h e  poten t ia l  for inductive coupling and d i r ec t  faul t ing.  

It is  w e l l  known 

The poss ib i l i t y  of in te r -  

1. Ozone production and i ts  poten t ia l  e f f ec t s  - 
This report summasizes and references t h e  l i t e r a t u r e  on the  character- 

i s t i c s  of ozone and i t s  poten t ia l  e f f ec t s  on p lan ts ,  animals, and man. 

N a t u r a l  sources of ozone are compared with reference values of t h e  

quant i t ies  measured during tests on EHV transmission l i nes .  Ozone 

quant i t ies  are a l so  compared with t h e  "Community A i r  Quality Guides"' 

and the  "National Primary and Secondary Ambient A i r  Quality Standardsvt2 

f o r  oxidants . 
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(1) Ozone charac te r i s t ics  and potent ia l  

e f fec ts  on p l a n t s ,  animals, and man - The charac te r i s t ic  pungent odor 

of ozone can be detected at  very low concentrations ( 0.02 t o  0.05 ppm 

depending on individual acui ty) .  

(0.05 t o  0.10 p p )  the  odor becomes more pronounced and disagreeable. 

I 
A t  somewhat higher concentrations 

Ozone is one of the  most powerful oxidizing substances known and com- 

bines readi ly  with many materials. 

Ozone is not considered t o  be injurious 

t o  vegetation, animals, and humans unless concentrations exceed about 

0.05 ppsn over prolonged periods.’ 

tobacco can be injured after about 8 hours of exposure of 0.05 ppm 

ozone or a l-hour exposure of 0.07 ppm. ls3 

Btremely sens i t ive  varieties of 

Most other vegetation, how- 

ever, can withstand exposures exceeding 0.10 ppm/8 hours without injury. 193 

Mice exposed t o  ozone l eve l s  of 0.08 ppm i n  the  laboratory f o r  3 hours 

which were then infected with streptococcus experienced a 23 percent 

increase i n  mortal i ty  rate. 

s tudies  of reduced tolerance t o  diseases versus ozone exposure which may 

have been made fo r  humans. 

4 TVA is not aware of any similar correlat ion 

Most humans generally experience discomfort 

f r o m  ozone’s unpleasant odor by t h e  time concentrations approach 0.05 

ppm. 

of ozone concentrations i n  the  range of 0.10 t o  1.00 ppn over a 2-week 

period complained of shortness of breath and continuous headaches. 

4 Spectrograph operators who have experienced intermit tent  exposures 

4 

The v isua l  acui ty  of humans can be reduced by prolonged exposures of 

0.20 t o  0.50 ~ p m . ~  Technical literature dealing with possible oaone- 

induced chromosome aberrations extrapolated from animal s tudies  indicated 
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that presently permitted ozone exposure would be expected to result 

in break frequencies that are orders of magnitude greater than those 

resulting from permitted radiation exposures. 

Air Quality Guide"' issued for ozone by the American Industrial Hygiene 

Association after consideration of the radiomimetic nature of ozone 

and the need for a realistic limit recommended an upper concentration 

limit of 0.05 ppm for not more than 1 to 2 hours per day to protect 

The recent "Community 

very sensitive plants and an exposure limit of 0.1 ppm/hr/d on the 

average during any year if human health is not to be significantly 

impaired during a lifetime of exposure. 

from experimental ozone exposures of Chinese hamsters, one observer 

By projecting observed impacts 

estimates that even these levels could possibly produce about 1,270 

times more lymphocyte chromosome breaks than the maximum permitted 

occupational radiation exposure. 5 

(2) 

formed in nature by the dissociation action of solar ultraviolet 

radiation below 2,450A on the oxygen molecules present in the atmo- 

sphere. 

Matural ozone sources - Ozone is 

Peak natural-formed concentrations of ozone as high as 11 ppm 

or more have been measured in the stratosphere; however, chemical, 

photochemical, and catalytic reactions tend to destroy the major por- 

tion of the ozone at ground levels where peak natural-formed concen- 

trations would be expected to exceed 0.05 p p  only under rare circum- 

stmces, i.e., about 1 percent of the time.' Average ground level 

concentrations of naturally formed ozone is estimated to be about 0.01 

ppm in the United States. 4 
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The actual instantaneous values fo r  any 

specific location can vary from less t,.m 0.01 ppm t,. over 0.05 ppm, 

depending on a l t i tude ,  meteorological factors,  geographical la t i tude ,  

time of day, and time of year. 

concentrations vary with a l t i tude ;  however, ver t ica l  air currents con- 

Figure 2.2-1 i l l u s t r a t e s  how ozone 

s tan t ly  change the  distribution, pattern,  and magnitude of peak con- 

centrations from those indicated. Similarly, figures 2.2-2 and 2.2-3 

i l l u s t r a t e  the magnitude of t h e  diurnal variations which can occur 

between daytime ozone levels  produced by the sun and nighttime levels  

when ozone tends t o  dissociate t o  i t s  original oxygen form. 

cations of figure 2.2-2 w i l l  be discussed i n  greater de t a i l  later as 

The impli- 

it relates t o  the  environmentally insignificant levels of ozone pro- 

duced by transmission l ines .  Lightning i s  another na tura l  phenomena 

which produces large instantaneous quantit ies of extremely localized 

ozone; however, t h i s  accounts for very l i t t l e  of the  t o t a l  ozone existing 

i n  nature. 

(3) Ozone generation by transmission 

f a c i l i t i e s  and other potential  sources - Ozone may be generated by any 

corona or e l ec t r i ca l  discharge i n  air or other oxygen medium. 

t i t ies  produced are  dependent on the  severity of the discharge and the 

quantity of oxygen i n  t he  energy envelope. 

generated i n  undetermined quantit ies by motors, c i r cu i t  breakers, elec- 

t r i c  welding torches, plasma sources, ul t raviolet  and fluorescent lamps, 

applicances, switches, transmission l i n e s ,  or any other device which 

Quan- 

Ozone may, therefore, be 

produces corona or e lec t r i ca l  discharges. 



Corona discharges can increase as a 

result of abrasions, foreign par t ic les  or sharp points on e lec t r ica l  

conductors and e lec t r ica l  equipment, or incorrect design which produces 

excessively high potential  gradients. However, the  design and con- 

struction of W A  transmission f a c i l i t i e s  minimize corona discharges 

and arcing. 

and e lec t r ica l  equipment for  operation at 500,000 volts be factory 

tested t o  assure as near corona-free performance as possible up t o  

maximum operating voltage levels. 

!WA specifications require tha t  transmission l i n e  hardware 

An extensive field-test program of detec- 

t ion  of ozone i n  the  vicini ty  of 765-kV l i n e s  has recently been com- 

pleted, and full details and conclusions w i l l  be incorporated i n  papers 

being submitted for  presentation at  the 1972 IEEE Summer Power Meeting, 

San Fkancisco, California, July 1972.6s7 T e s t s  were conducted by 

Battelle Memorial I n s t i t u t e  at 20 locations and under a variety of 

meteorological conditions, including several tests i n  which t h e  instru- 

ments were placed as close as 6 meters downwind from the  energized 

765-kV conductors, at the conductor height. 

loss  measurements were simultaneously conducted under contract t o  AEP 

Ozone, nox, and corona- 

at the  Westinghause EHV Laboratory at Trafford t o  measure the rates 

of ozone and NOx production from full-scale conductor bundles which 

could be operated at 765 kV.8 Diffusion models developed from these 

tests w e e d  closely with the  actual transmission l i n e  measurements. 

No ozone contribution t o  t h e  na tura l  ozone levels was detected which 

could be attributed t o  the transmission l ines.  
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Under tests sponsored by the Electric 

Research Council and jo in t ly  financed by t h e  Edison Electric Ins t i t u t e  

and the Bonneville Power Administration, the General Electric Compang ,lo ,11,12 

is  conducting transmission research i n  t he  1,000-kV t o  1,500-kV range. 

As a result of questions posed about t h e  possible levels of ozone 

generation from the  UHV configurations, ozone was monitored at t he  

project. Figure 2.2-2 shows ozone concentrations during the  time the 

UHVtest l i n e  was energized and deenergized over a 2-week period and 

graphically i l l u s t r a t e s  the following conclusions: 

"From the  results, it was evident that sunlight on a c lear  
day is  a more ef f ic ien t  producer of ozone than UHV l i n e s ,  
end any amounts created by the  l i n e s  were so s m a l l  t ha t  
they were l o s t  i n  the  background produced by the  sun's 
radiation. "13 

(4) Conclusion - No significant adverse 

effects  on vegetation, animals, or humans (including any significant 

increase i n  chromosome aberrations) are expected t o  result from pos- 

sible levels of ozone production at t r ibutable  t o  transmission fac i l i -  

t ies for transmission voltages up t o  765 kV. 

levels of ozone tha t  can reasonably be expected to be generated by 

W A ' s  transmission f a c i l i t i e s  (500-kV maximum voltage), either result- 

ing from normal transmission operations or  following breaker or switch- 

ing operations for  the periods and t h e  levels t h a t  they c a d  be 

expected t o  pers i s t ,  are environmentally inconsequential t o  humans, 

animals, o r  vegetation, 

It is  concluded tha t  my  
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2. Inductive coupling - It is TVA's normal practice 
to send transmission line vicinity maps to railroad and telephone com- 

panies having tracks or communication lines in the general vicinity of 

proposed transmission lines for inductive coordination study. 

was done in the case of transmission line connections for Browns Ferry 

Nuclear Plant, with proposed location maps being sent to the L&N and 

Southern Railroad Companies and the South Central Bell Telephone Company. 

No inductive coupling problems were anticipated by either TVA or 

the campanies, and none has been experienced since the lines were 

energized and placed in service. 

This 
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I 
FiGure 2.2-1 

(See neference 5 )  I 
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, Ozone s t a t i s t i c  obtained near lJ€W t 
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NOTE: Test used single-phase UHV voltage of 1,260/, kV. 

Figure 2.2-3 
(See Reference 10) 
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2.3 

balancing of environmental costs and benefits of the Browns Ferry Nuclear 

Plant, an assessment has been made of the consequences that could result 

froan the occurrence of postulated accidents. 

R a  - To aid in developing the oversll 

Parameters, physical 

chaxacteristics, and phenamena are used in the analyses to appraise 

realistically the environmental risks of postulated radiological accidents. 

Best estimates are used where eqerimental evidence is not sufficient to 

describe a situation. This approach to the analyses is therefore different 

from that used in safety analysis reports where conservatisms aze supplied 

in order to place upper bounds on radioactive releases from postulated 

accidents. 

Indications of the probable frequency or probability of occurrence 

of certain accidents are given; however, it is not possible at this time 

to quantify the probability or frequency of occurrence of any accident. 

I 
This is principally due to the lack of statistically significant data 

available on which to base the probability determinations. 

In accordance with AEC requirements, TVA has submitted with its 

application for permits to construct and aperate units 1, 2, and 3 a final 

safety analysis report’ which describes the technical features of the 

plant and the provisions for protecting the health and safety of the 

public. The analyses presented in this report demonstrate that even for 

postulated accidents of great severity, analyzed using conservative assump- 

tions, the radiological consequences would be within the reference values. 

of 10 CFR Part 100. 

1. Minimizing the probability of occurrence - The 
probability of an accident occurrence is minimized in a nuuiber of ways: 
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(1) enSployment of conservative design criteria in selection and manufacture 

of system coqonents; (2) L ?corporation of automatic protection systems; 

(3) quality assurance programs f o r  design, construction, and operation; 

(4) administrative control of the conduct of operations; and (5) safety 

review. These mtters are covered in greater detail in the context of 

the 10 CFR Part 50 licensing procedures. 

2.  Mitigating consequences of an accident - Several 
measures mitigate the ccmsequences of an accident. These include: (1) 

multiple fission product barriers; (2) engineered safety features; and (3) 

emergency plans. 

(1) Multiple fission product barriers - 
Fission product containment barriers are the basic features which minimize 

the release of radioactive materials. 

Plant provides the following meam of containing and/or minimizing the 

The design of Browns Ferry Nuclear 

release of fission products: 

seaLed in zircaloy cladding; nuclear system process barrier-reactor vessel, 

pipes, pumps, valves, and similar process components; steelpr- cmtain- 

ment; aad secondary containment building. 

fuelbazriers-high density ceramic U02 f'uel 

(2) E w e e r e d  saf'ety features - The engineered 
safety features include those systems which are essential for the s d e  shut- 

down of the reactor and for maintaining it in a safe shutdown condition. 

They are designed to prwide high reliability and ready testabilitg. Even 

if' an improbable maloperatian or equipment failure, including a double-ended 

circumferential .rupture of any primary coolant pipe, allared variables to 

exceed their operating limits, the nuclear safety systems and engineered 

safeguards would limit the environmental effects froan such an event. 
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(3) Emergency plans - The Browns Ferry 

Nuclear Plant emergency plans contain individual plans for  coping with 

emergencies. 

provides a description of action t o  be taken for events which could 

result i n  the release of signigicant amounts of radioactivity t o  the 

offsite environment. 

emergency or abnonnal conditions are contained in  emergency operating 

procedures. 

They also include the radiological emergency plan which 

Procedures for  operating the plant equipment under 

The Browns Ferry radiological emergency plan 2 i s  a part  

of the TVA radiological emergency plans. 3 

3. Accident analysis - Those postulated accidents 

having the potential '  fo r  uncontrolled releases of radioactive material 

t o  the environment have been divided by the Atomic Energy COnmnission 

into nine classes based on the systems involved and the type and potential 

consequences of the release. The accident analyses presented here are 

based on the guidance given by AEC i n  Appendix D, 10 CFR Part 50. 4 

TVA has evaluated the fue l  design as w e l l  as current 

BWR operating experience and have concluded that the design basis coolant 

activity and radioactive source term used for  routine radioactive discharges 

provide a reasonable basis fo r  evaluating the environmental inpact of 

postulated accidents. 

based on the design basis condition. 

effect of a higher coolant act ivi ty  on postulated accident releases. 

These analyses are based on TVA's estimate of the coolant activity 

due t o  0.5 percent failed *el and show tht even with a higher 

Therefore, the results given i n  Table 2.3-1 are 

TVA has also investigated the 



coolant activity there are no significant adverse environmental effects 

(Table 2 3-2). 

Class one events are defined as trivial incidents 

including minor spills and pipe leaks that can release smallcpntities 

of radioactive material inside the containment. Class two events include 

miscellaneous small spills and leaks of radioactive material that may 

occur in structures other than containment. Both class one and class two 

events have been included in the routine radioactive discharges. 

Class three accidents include uncontrolled releases 

of radioactivity frm waste disposal systems as a result of an equipment 

malfunction or an operator error. 

this class is the hypothetical complete failure of the gas holdug pipe 

(subclasses 3.1 and 3.2). 

(subclass 3.3) lead to significantly smaller releases. 

The largest potential for release in 

The postulated liquid radwaste accidents 

Class four accidents include postulated events which 

release radioactivity into the primary coolant system, including anomalous 

fuel failures (subclass 4.1) and fuel failure which might result from 

abnormal operating transients (subclass 4.2). 

in the analysis of routine radioactive discharges. 

transient has been identified which can lead to fuel failures, s~&class 4.2 

has been analyzed using AEC guidance. 

Subclass 4.1 is included 

While no off design 

The off design transient (s&class 4.2) is assumed to 

result in release of 0.02 percent of t he  core inventory of noble gases 

and halogens to the coolant. 

of the noble gases in the reactor coolant are assumed to be released to 

the steam and transported to the condenser. 

One percent of the halogens and 100 percent 

This activity is assumed to 
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leak t o  the atmosphere a t  the rate of 0.5 percent of condenser volume 

per day for one day. A decontamination factor i n  the condenser of 10 

i s  assumed for halogens. 

The Atomic Energy Commission has not identified a 

class five accident which applies t o  BWR's. 

inside the primary containment i s  represented by two examples: 

i s  based on failure of one row of f i e1  pins while the fuel is  being handled 

one week af ter  plant shutdown. 

of the noble gases in  the failed fuel pins are assumed t o  be released t o  

the water. 

released t o  the building atmosphere along with 0.2 percent of the halogens 

and axe exhausted t o  the atmosphere through the stack a f te r  passing through 

charcoal f i l t e r s  (which me assumed t o  remm 99 percent of the halogens). 

Mo credit is taken for holdup in the secondary containment. 

The refueling accident 

Subclass 6.1 

One percent of the halogens and lpe rcen t  

One hundred percent of the noble gases are assumed t o  be 

Accident 

subclass 6.2 is  similar t o  6.1, except that a l l  the pins i n  one element 

are assumed t o  f a i l  after only 100 hours of decay time. 

Accident subclasses 7.1 and 7.2 are fuel failure 

events in the f'uel storage pool which is  inside the secondary containment. 

The event in sUbclass 7.1 is  identical t o  the event in subclass 6.1. 

event i n  subclass 7.2 is  identical t o  the event in subclass 6.2 except 

that the assumed decay time prior to failure is 30 days. 

accident is based on the failure of all the pins i n  one element af ter  

I20 days of decay. 

during the handling process, therefore, the release path is  identical t o  

the r e s t  of the f'uel handling accidents except that no credit is taken 

for  iodine remuval in water. 

The 

The cask drop 

The secondazy containment integrity will be maintained 
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The loss-of-coolant accidents, accident subclass 8.1, 

result in releases of fission products to the secon&- - containment due 

to leakage of the primary containment. 

in the secondary containment. 

is via the standby gas treatment system (which is assumed to be 99 percent 

No c:Ait is taken for holdup 

The release fram the secondary containment 

efficient for the removal of halogens) to the stack for release to the 

atmosphere. 

the activity in the coolant due to routine uperation with failed fuel. 

The "large" loss-of-coolant accident source term is the sum of the primary 

The source term for the rrsmall" loss-of-coolant accident is 

coolant inventory plus the release to the coolant of 0.2 percent of the 

core inventory of noble gases and halogens. For both events it is assumed 

that core spray, plateout, etc., remove 80 percent of the halogens. 

subclass 8.l(a) is not applicable to the Browns Ferry plant. 

Accident 

The control rod drop accident, subclass 8.2(b), is 

similar to the off design transient except the source term is due to the 

primary coolant activity plus the release of 0.025 percent of the core 

inventory of noble gases and iodine. 

subclass 8.3(b), are represented by a trsmall" and a "large" break size. 

The total amount of coolant released to the atmosphere for each is assumed 

to be 2,750 pounds and 52,OOO pounds, respectively. 

for transfer of iodines to the atmosphere from the primary coolant is 

assumed to be 0.1 and 0.5,  respectively. 

The steamline break accidents, 

The reduction factor 

In order to assess risk, some measure of probability 

is required. 

been classified as accidents may reasonablybe expected to occur during 

the lifetime of the plant. 

In general TVA believes that certain releases which have 

These (accident stibclasses, 1.0, 2.0, and 4.1) 
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are  included in the estimates of routine radioactive discharges. 

accidents in classes 3.0, 4.0, and 5.0 are considered improbable; that is, 

not likely during the 40-year life of the plant. 

The 

Accidents in classes 6 

and 7 are relatively less probzble but still are possible. 

of occurrence of class 8 accidents is very small .  

in class 9 involve sequences of successive failures more severe than those 

required to be considered in the design basis of protection systems and 

engineered safety features. Their consequences could be severe. HarJever, 

the probability of their occurrence is so l a r  that their environmental 

risk is extremely s m a l l .  Defense i n  depth (multiple physical barriers); 

quality assurance for design, manufacture, and aperation; continued sur- 

veillance and testing; and conservative design are all applied to provide 

and maintain the required high degree of assurance that potential accidents 

in this class axe, and w i l l  remain, sufficiently low i n  probability that 

the environmental risk is extremely mdl .  

The probability 

The postulated occurrences 

Table 2-34 indicates that the realistically estimated 

radiological consequences of the postulated accidents would result in exposures 

of an assumed individual at the site boundary to concentrations of radioactive 

materials less than the maximum permissible concentrations ( M E )  of Table I1 

of Appendix B of 10 CFR Part 20. 

distance and site buundazy. 

integrated exposure of the population projected for the year 2010 within 

50 miles of the plant f’rm each postulated accident would be orders of 

magnitude smaller than that from naturally occurring radioactivity, which 

corresponds to approximately 174,000 man-rem/yr based on a natural background 

Figure 2.3-1 shows the miniWrm exclusion 

Table 2.3- lalso shows that the estimated 
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level of 0.145 rem/yr. When the probability of occurrence i s  considered, 

the a,nnual potential radiation exposure of the population fram all the 

postulated accidents is  an even smaller fraction of the exposure f rcm 

natural background radiation and, i n  fact ,  is  well within naturally 

occurring variations i n  the background. 

of the analysis that the environmental risks due t o  postulated radiological 

accidents are exceedingly smal l .  

It is concluded fram the results 
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Table 2.3-1 

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 

INDIVIDUAL DOSES AT THE SITE BOUNDARY (rem) 

Gamma Beta Plus Iodine of Gamma Beta 

DOSE TO POPUIATIOIP (man-r?) 

GUllUB Fraction 
Iodine 

Class Event Radiation Radiation Beta Inhalation L i m i t b  Radiation Radiation Inhalation Total 

1.0 Tr iv ia l  incidents * * * 4t * * * 0 * 
2.0 Small reless 

outs ide contain- 
ment 

3.0 Radwaste system 
failures 

* w * * I) * * * 

3.1 Equipment leakage 
or malfunction 1.7 (-SIC 8.8 (-4) 2.6 (-3) H 5.2 (-3) 3.5 (-1) 1.9 (-1) * 

3.2 Release of waste 
gas storage 

w 2.0 (-2) 1.4 (0) 7.7 (-1) tank contents 6.7 (-3) 3.5 (-3) 1 .0  (-2) 4Cn 

3.3 Release of l i q u i d  
waste storage 
tank contents * H w yw it+ )oc * w 

* 

5.4 (-1) 

2.2 (0) 

w 

4.0 Fission products t o  
primary system (BWR) 

4.1 Fuel oladding 
defects * * * * w w * * U 

4.2 Off-design t rans ien t  1.7 (-4) 1.3 (-4) 3.0 (-4) 7.7 (-4) 1.1 (-3) 4.5 (-2) 4.4 (-2) 2.4 (-1) 3.3 (-1) 

5.0 Fission products t o  
primary system (PWR) NA NA NA NA NA NA NA NA NA 

ro . 
w 
I 
v) 



Table 2.3-1 (continued) 

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 

INDIVIDUAL DOSES AT THE SITE BOUNDARY (rem) DOSE TO  POPULATION^ (man-rem) 

Gannna Fraction 
Iodine of Gamma Beta Gamma Beta Plus Iodine 

Class Event Radiation Radiation Beta Inhalation Limitb Radiation Radiation Inhalation Total 

6.0 Refueling accidents 

6.1 Fuel bundle drop 

6.2 Heavy object  drop 
onto fuel i n  core 

7.0 Spent fue l  handling 
acc ident 

7.1 Fuel assembly drop 
i n  fue l  storage 
pool 

7.2 Heavy object drop 
onto f u e l  rack 

d 7.3 Fuel cask drop 

8.0 Accident i n i t i a t i o n  

1.3 (-6) 3.1 (-4) 

4.7 (-7) 1.8 (-6) 

7.2 (-9) 7.7 (-7) 

events considered i n  
design bas is  evalua- 
t i o n  i n  sa fe ty  analy- 
sis report  

8.1 small loss-of-coolant 4.3 (-6) 2.6 (-6) 

8.1 Large loss-of-coolant 2.1 (-4) 2.1 (-4) 

8.1 (a) Instrument l i n e  break NA NA 

6.9 (-6) 1-1 (-7) 1 . 4  (-5) 1.5 (-2) 9.0 (-3) 4.0 (-4) 2.4 (-2) 

4.2 (-4) 2.7 (-3) 2.6 (-3) 7.6 (-1) 8.0 (-1) 1 . 0  (+I) 1.2 (+1) 

NA NA NA NA NA NA NA 



Table 2.3-1 (continued) 

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 

INDIVIDUAL DOSES AT THE SITE BOUNDARY (rem) 

Ganrma Beta Plus Iodine of Gamma Beta Iodine 

DOSE TO W~PVLATIO~~& (man-rem) 
GaaUIl.9 Fraction 

Class Event Radiation Radiation Beta Inhalation Limitb Radiation Radiation Inhalation Total 

Iu 

I 

8 .2 (b)  Rod drop 
accident (BWR) 2 . 1  (-4) 1.6 (-4) 3.7 (-4) 9.6 (-4) 1 . 4  (-3) 5.6 (-2) 5 . 5  (-2) 3 .0  (-1) 4 . 1  (-1) 

8 .3 (b)  Small main attam 1 - 5  ( - 6 )  3 .2  (-7) 1.8 (-6) 1.5 (-4) 1 .0  (-4) 3.2  ( -4)  6.8 ( - 5 )  3 .2  (-2) 3 .2  (-2) 
l i n e  rupture 

8.3(b) Large main steam 1.4 (-4) 3 .0  ( - 5 )  1.7 (-4) 1 . 4  (-2) 9.4 (-3) 3 .0  (-2) 6.5 (-3) 3 .0  ( 0 )  3.0 (0) 
l i n e  rupture 

* 
NA Not Applicable 
wt Results i n  doses lees than rem and population doses less than man-rem 

Evaluated as rout ine releases i n  Section 2.4, Radioactive Discharges 

a. 
b. 
c. 1.7 x 10-3 
d. 

Based on p r o j e c t e d p p u l a t i o n  for  the  year 2010 within 50 miles of t h e  plant  
Estimated f rac t ion  of 1 0  CFR Part  20 l i m i t  a t  s i te  boundary 

Represents t h e  release from a s ingle  fue l  element, s ince t h e  number of elements i n  a cask var ies  w--..  shipping metho 1 
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Table 2.3-2 

ACC~DENT RESULTS  BAS^ ON A C O N S E R V A T ~  COOLANT ACTIVITI? 

S i te  Boundary Population 
Dose h a  ion Dose 

Class of Limit % Man-Rem 
* 1.0  Trivial  incidents * 

2.0 Small release 
outside contain- 
ment 

3.0 Radwaste system 
failures 

3.1 Equipment leakage 
or  malfunction 

3.2 Release of waste 
gas storage 
tank contents 

3.3 Release of l iquid 
waste storage 
tank contents 

4.0 Fission products t o  
primary system (EWR) 

4.1 Fuel cladding 
defects 

4.2 Off-design t ransient  

primary system (pwR) 
5.0 Fission products t o  

6.0 Refueling accidents 

6.1 Fuel bundle drop 

6.2 Heavy object drop 

7.0 Spent fue l  handling 

onto fue l  i n  core 

accident 

7.1 Fuel assembly drop 
i n  fue l  storage 
PO01 

* 

1.1 (-2) 

4.3 (-2) 

H F  

* 
1.1 (-3) 

NA 

9.3 (-6) 

1.0 (-4) 

9.3 (-6) 

* 

1.2 (0) 

4.7 (0) 

* 

* 

3.3 (-1) 

MA 

1 . 7  (-2) 



Table 2.3-2 ( Continued 

ACCIDE2lT RESULTS BASED ON A CONSERVATIVE COOLANT ACTIVITY a 

Site Boundary Population 
Dose Fra tion Dose 

M a - R a  %I 
Class of L i m i t  

7.2 Heavy object drop 
onto fuel rack 5 .1  (-6) 9.9 (-3) 

7 .3  Fuel cask drop 1.6 (-6) 2-5 (-3)  

8 . 0  Accident initiation 
events considered in 
design basis evalua- 
t i o n  in safety analy- 
sis report 

8.1s 

8.11 

8.h 

8.2b 

small loss-of-coolant 

Large loss-of-coolant 

Instrument l i n e  break 

8.3(b)s Small MSLR 

8 .3 (b ) l  Large MSLR 

2.2 (-4) 

2.0 (-2) 

Notes 

a. 

b. 
* 
wt Results in doses less than lo4 rem and population doses less than loo3 man-rem. 

- 
Coolant activity consistent with a noble gas release rate after 30-minute 
decay of U5,00OOCi/s per unit. 
Estimated fraction of' 10 CFFt Part 20 l i m i t  at s i t e  baundarg. 

Evaluated as routine releases in section 2.4, Radioactive Discharges. 
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2.4 

been implemented a t  Browns Ferry by improving plant design t o  include 

Radioactive Discbraes - TVA's waste management policy has 

extended treatment for  both gaseous and l iquid radwaste. 

available for keeping the radioactivity i n  effluents released t o  

unrestricted areas as l o w  as  practicable were investigated by TVA and 

are  discussed i n  section 5.7 of Volume 2 and section 3.1 of Volume 3. 

Hydrogen recombiners and s i x  charcoal beds will be added t o  each unit  

t o  reduce radioactive gaseous wastes t o  very l o w  levels. 

along with i t s  associated equipment w i l l  be added t o  treat l i q u i d  rad- 

Alternatives 

An evaporator 

waste. 

A l l  equipment instal led by TVA t o  reduce radioactive effluents 

t o  the minimum practicable leve l  will be maintained i n  good operating 

order and w i l l  be operated t o  the maximum extent practicable. 

technical specifications' for the Browns Ferry Nuclear P lan t  will set 

for th  limits beyond which a reduction i n  load  or a change i n  operating 

procedures is required. 

maintained i n  am up-to-date condition t o  assure that this equipment i s  

operated as designed to reduce radioactive effluents t o  the maximum 

extent practicable. 

the equipent  is i n  good operating order. 

The 

Operating pmcedures will be prodded and 

R Preventive maintenance w i l l  be performed t o  assure 

1. Gaseous radwaste system - 
(1) Wscription of system - The gaseous 

radwaste system for the Browns Ferry Nuclear Plant i s  described i n  

section 5.7 of Volume 2 and section 3.1 of Volume 3. 

include hydrogen recombiners and s i x  charcoal beds fo r  each un i t  (18 

This system will 

charcoal beds fo r  the three uni t s )  t o  reduce radioactive gaseous wastes 
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t o  very l o w  levels. 

and degradation of the charcoal beds and on the builtxp of radionuclides 

on the charcoal beds. 

Studies have been made on aging characteristics 

(a) Aging characteristics of 

charcoal beds - Operation of the charcoal adsorption system on the 

German KRB reactor over a period of 5 years indicates that the charcoal 

will last for the l i f e  of the plant. 

no evidence that the effectiveness of the charcoal was decreasing. 

There was no increase i n  the pressure drop through the beds. 

increase would be expected i f  degradation of the charcoal were occurring. 

Moreover, the dynamic nature of the process results i n  no continuing 

buildup of noble gas, which enhances the ab i l i t y  of the charcoal t o  

finction for the l i f e  of the plant. 

In  the 5-year period, there was 

Such an 

During operation of the char- 

coal adsorber systems, the radioactivity concentrations of the in l e t  

and outlet gas, the gas flow rate, and pertinent temperatures will be 

continuously monitored for  each system. 

the retention characteristics of the charcoal will be obtained contin- 

uously. 

Hence, data needed t o  evaluate 

The charcoal adsorber i s  a 

passive system and it is  expected t o  last for  the l i f e  o f t h e  plant. 

If  it w e r e  t o  be necessary t o  replace the charcoal, the radioactivity 

of the charcoal a t  the time of disposal would be as given below. 

(b) M l d u p  of radionuclides 

on charcoal beds - A study has been made of the buildup of radionuclides 

on the charcoal beds. Two cases were considered. In  one case the high 
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efficiency particulate absolute (HEPA) f i l t e r  was assumed 99.99 percent 

efficient, and i n  the second case it was assumed 90 percent efficient. 

I n  both cases the HEPA f i l t e r  was assumed t o  remove onlythe nonnoble 

isotopes. 

the charcoal bed. 

of the nonnoble isotopes entering or  generated by noble gas precursors. 

Since the charcoal beds are designed t o  remain i n  place for the l i f e  

of the plant, the buildup for 40 years has been computed for the two 

assumed HEPA efficiencies. 

1 week, 1 month, and 6 months. 

i s  concentrated i n  the first 3 feet o f t h e  First charcoal bed. 

concentrates resulting with the indicated decay after b years of use 

would be: 

Noble gases w i l l  pass through the (HEPA) pref i l ter  and enter 

The charcoal bed i s  then assumed t o  retain 100 percent 

Decay of each isotope was then computed for 

It i s  assumed that a l l  of the activity 

The 

Assuming 99.99 percent efficient KEPA f i l t e r :  

6-month decay 0.00040 C i / f t 3  
1-mnth decay 0.00047 C i / f t 3  
1-week decay 0.00051 ci/ft3 

Asslrmillg 90 percent efficient HEPA f i l t e r :  

6-month decay 0.2~7 ci/f't3 
1-month decay 0.272 c i / f t3  
1-week decay 0.35 w f t 3  

Assuming a HEPA fi l ter  eff i -  

' ciency of only 90 percent and assuming that all of the activity i s  con- 

centrated i n  the first 3 feet of the first charcoal bed, the act ivi ty  

af'ter 40 years of use and 1-week decay is 0.315 Ci/ft3. Since the cask 

bu i l t  t o  transport condensate system sludge i s  designed for an activity 

of 0.5 C i / f t 3 ,  this cask could be used t o  transport the charcoal t o  a 
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suitable disposal si te.  

t ive  side. 

f i l t e r s  of about 99.99 percent and distribution of the activity through- 

out the first charcoal bed, the actual concentration experienced af te r  

6 months' decay would be close t o  0.000060 Ci/f ' t3.  Charcoal with th i s  

low level of activity could then be loaded i n  55-gallon drums for dis -  

These assumptions are on the extremely conserva- 

Using a real is t ic  HEPA f i l t e r  efficiency for two  series 

posal. 

(2) Release of radioactivity - TVA 

recognizes that actual operati-ng experience of nuclear power plants 

with failed fuel i s  limited. As experience accumulates, it w i l l  be 

possible t o  Predict more accuratelythe amount of fission products that  

are  released by defective f ie l .  The design of the Browns Ferry Nuclear 

Plant and calculations given i n  section 9.4 of the FSAR are based on an 

average annual offgas release ra te  (af'ter 30 minutes' decay) of 100,000 

pCi/s per unit. 

for this f ina l  environmental statement and replaces that used i n  Volumes 

2 and 3. 

shown i n  Table 2.4-1. 

This release rate i s  also used for dose calculations 

The distribution of radionuclides expected t o  be released i s  

AEC's Division of Compliance2 published 

the following info-tion on noble and activation gas releases f r o m  

operating BwR's: 

Facili ty 

Oyster Creek 

Dresden 1 

Nine Mile Point 

Tota l  Annual Curies Released 
1970 1969 1 9  1967 

- - u o ,  000 7, OOo 

900,000 800,000 240,000 260,000 

9,500 55 - - 
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(Continued ) 

Total Annual Curies Released 
Facility 1mo 1969 1968 1967 

Dresden 2 250,000 - - - 
Big Rock Point 280,000 200,000 232,000 264,000 

The highest value i n  this tabulation, gO0,OOO C i / y r ,  corresponds t o  a 

release rate of 28,500 uCi/s.  This is substantially below the release 

rate of  100,OOO $i/s per unit  used by TVA for estimating doses i n  the 

FSAR and this environmental statement. 
- 

2. Liquid radwaste system - 
(1) Description of system - The l i q u i d  

radwaste system for the Browns Ferry Nuclear Plant i s  descFibed i n  

section 5.7 of Volume 2. 

an evaporntor t o  reduce radioactive liquid waste t o  very l o w  levels. 

Table 2.4-2 gives expected releases of radioactive materials on the 

basis tbat floor drain and chemical wastes w i l l  be treated and dis- 

charged, 

after the evaporator i s  placed i n  service which will minimize radio- 

active releases. 

waste will be processed with the waste demineralizer as required to  

meet the proposed Appendix I limits. This flexibility w i l l  be retained 

after installation of the evaporator. 

This system will include demineralizers and 

Actually, a large portion of these liquids will be recycled 

Prior to installation of the evaporator, floor drain 

The l iqu id  radwaste system has the  capability 

to  treat the water contained within the pressure suppression torus. 

inputs t o  the suppression chambers result primarily f romtests  of the 

emergency core coolant pumps, which are drivm by steam turbines ut i l iz ing 

Water 
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reactor steam. The exhaust from these turbines i s  discharged below 

the water surface i n  the suppression chambers. 

will amount t o  abou+, 50,000 gal/unit/yr. 

sources cannot be pred.icz&., 

50,000 gal/unit/yr. 

Inputs fram these t e s t s  

Inputs from other possible 

TVA is  designing for an additional 

The radioactivity content of the added l i q u i d  w i l l  

be approldmately thst of the condensate in  the hotwell. 

Treatment i s  needed to remove excess 

water and radioactive material. Prior t o  installation of the radwaste 

evaporator, one of the auxiliary boilers w i l l  be used t o  remove eEess  

water, but not radioactivity. Thereaf'ter, the radioactivity content 

and the water level will be maintained within acceptable limits by a 

feed-and-bleed procedure whereby a portion of the chamber contents i s  

dratm off t o  radwaste periodic- and i s  replaced as needed with fYesh 

solution. In  the liquid radwaste system, the liquid will be processed 

through the evapoL-tor. If necessary, the condensate will be passed 

through the waste demineralizer t o  make it suitable for  reuse or dis- 

charge. These operations do not have t o  be performed at specific times 

but can be carried out a t  the convenience o f t h e  radwaste system opera- 

tion. 

(2) Releases of radioactivity - 
AEC's Division of Compliance2 published the following infomation on 

radioactivity contained i n  the liquid releases from operating IIwR's: 

Total Annual Curies Released 
Facility 140 1969 1968 1967 

Oyster Creek 18.5 0.48 - - 
Dresden 1 8.2 9.5 6.0 4.3 
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(Continued ) 

1 

F’acility 
mtal Annual Curies Released 

1970 1969 1968 1967 

Nine Mile Point 28.0 0.9 - - 
Humboldt Bey 2.4 1.5 3.2 3.1 

Dresden 2 13.0 - - - 
Rig Rock Point 4.7 12.0 7.9 10.0 

It should be noted that these uni ts  employ 

condensate demineralizers which are chemically regenerated. 

of radioactivity i n  l iquid releases f r o m  these uni ts  depends t o  a sig- 

nificant extent on the degree t o  which the spent regenerant solutions 

The amount 

are processed by evaporation. 

Powdex-type condensate demineralizers. 

none of the radioactivity removed f r o m  the condensate enters the plant 

liquid effluent. 

Browns Ferqy, on the other hand, uses 

With this type  of demineralizer, 

Therefore, releases of radioactivity are reduced. 

The distribution of radionuclides i n  

Browns F e w  l iquid wastes will be different From that i n  the wastes 

f’rom plants with regenerable deep bed demineralizers. The estimated 

composition of radionuclides expected t o  be released based upon the 

perticular processes t o  be employed a t  Bmwns Ferry i s  shown i n  Table 

2.4-2. 

actual composition, 

Isotopic analyses of the effluent w i l l  be made t o  determine the 

I 
f 
I 
1 
J 
I 
9 
6 
J 

3. Estimated increase i n  annual environmental 

radioactivity levels and potent ia l  annual radiation doses from principal 

radionuclides - With extended treatment of gaseous and l iquid effluents, 

environmental concentrations of radioactivity due t o  releases t o  unre- 

s t r ic ted  areas fmm the Ifrowns Ferry Nuclear Plant w i l l  be so low as to 
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be unmeasurable with present techniques. However, "VA has calculated 

the expected increase i n  radioactivity levels and potential radiation 

doses as a result  of these low-level releases. 

(1) Radionuclides i n  gaseous effluents - 
The following doses t o  humans living i n  the vicinity of the Browns Ferry 

Nuclear Plant are calculated for routine releases of radioactive gases: 

1. External beta doses 

2. External gamma doses 

3. 

4. 

Thyroid doses due t o  inhalation of mdioactive iodine 

Thyroid doses due t o  reconcentration of radioactive iodine 

i n  milk produced near the s i t e  

The external beta and gamma doses t o  

t e r r e s t r i a l  plants and animals are considered t o  be the same magnitude 

as  the doses estimaked for  humanrs.3 

The gaseous effluents are released either 

f r o m  vents located near the top of the plant buildings or from the 600- 

foot plant stack. Dilution of the gaseous effluents will take place due 

t o  diffusion and turbulent midng as the gases travel downwind from the 

point of release.' The downwind, ground-level air concentrations of 

radioactive gases are determined using sector-averaged diffision equations. 

External beta doses are computed using a 

semi-infinite cloud, immersion dose model. I n  computing external gmma 

doses, a technique employing both an immersion dose model and a finite- 

volume-element integration model i s  used. 

calculated by assuming tha t  these doses are proportional t o  the ground- 

level air concentration and the receptor breathing rate. 

Iodine inhalation doses a re  

Iodine ingestion 

I 



doses are calculated by assuming that these doses are proportional t o  

the rate of iodine deposition on pasturage, the concentmtion of iodine 

i n  milk due t o  uptake by cows, and the milk consumption rate of the 

receptor. 

Iodine releases are estimated using 

reasonable assumptions of coolant activit ies,  leakage rates, and release 

mechanisms. 

releases from the Browns Ferry Nuclear Plant should be less than the 

design objectives of proposed Appendix I. 

Table 2.4-3 shows thak with these assumptions, iodine 

The extended gaseous radwaste system 

virtually eliminates iodine releases f m m  the condenser offgas. 

fore, the principle potential fo r  iodine release i s  the plant ventilation 

systems. 

pmviding significant decay time prior t o  release. 

that it is not practical t o  t rea t  iodine releases from other structures 

because o f t h e  large flow rates and small iodine concentrations involved. 

There- 

The primary containment i s  purged periodically, thereby 

TVA has concluded 

Should the operating conditions significantly 

exceed those used i n  the analysis and result i n  iodine releases exlceeding 

proposed Appendix I guidelines, the offs i te  concentrations would s t i l l  

be only a small fraction of one percent of the 10 CFR Part 20 limits. 

A more detailed description o f t h e  analytical 

methods used i n  calculating these doses and a detailed l i s t i ng  of results 

are given i n  Appendix I. 

(2) hdionuclides i n  liquid effluents - 
The following doses t o  biota including man are  calculated for exposures 

t o  radionuclides routinely released i n  l i qu id  effluents: 
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1. Doses t o  man 

a. 

b. 

c. from water spor ts  

Ikses t o  t e r r e s t r i a l  vertebrates fYom the consumption of 

aquatic plants 

f r o m  the ingestion of water 

f r o m  the consumption of f ish 

2. 

3. Doses t o  aquatic plants, aquatic invertebrates, and fish 

The organisms and pathways that are con- 

sidered i n  this report are those that are thought t o  be the most sig- 

nificant because of  species, habitat, diet, o r  patterns of living. 

Conservative assumptions are applied i n  these analyses which should 

result  i n  overestimation of the doses. 

Internal doses are calculated using 

methods outlined by the ICRP which describe internal retention of 

radionuclides with a single-exponential model. This model i s  used for  

estimating the doses t o  man from ingestion of water and consumption of 

fish and for estinmting the doses t o  t e r r e s t r i a l  vertebrates f r o m  the 

consumption of green algae. 

aquatic organisms it i s  assumed that an equilibrium eldsts between the 

act ivi ty  concentrations i n  the water and those inside the organisms. 

4 

For calculating the internal doses t o  

Internal doses t o  man are  calculated for  

the bone, G.I. t rac t ,  thyroid, and total body. 

i n  Volumes 2 and 3 i s  the maximum organ dose. 

much lower (Table 2.4-3). 

The internal dose given 

The t o t a l  body dose is  

E x t e r n a l  doses are  estimated using either 

an inf ini te  o r  a semi-infinite, homogeneous-medium approfimation depend- 

on whether the organism i s  considered t o  be immersed i n  o r  floating on 

the water. 
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A more detailed discussion of the analytical 

methods used i n  calculating these doses and a detailed l i s t i ng  o f t h e  

results are given i n  Appendix 11. 

(3)  Summary of radiological impact - 
Table 2.4-3 summarizes the radiation doses calculated for release of 

radionuclides i n  gaseous and liquid effluents during normal operation 

of the Browns Ferry Nuclear Plant. 

sources inside the reactor and turbine buildings i s  treated i n  Appendix 

111. 

during the 12-month interim operating period prior t o  the installation 

of extended radwaste treatment systems. 

doses for this interim period. 

Ex te rna l  radiation exposure from 

TVA has also calculated potential doses resulting from releases 

Table 2.4-4 summarizes the 

A comparison of doses resulting fromthe 

operation of Browns Ferry Nuclear Plant t o  those occurring from natural 

radioactivity assists i n  placing the doses from Bmwns Ferry i n  perspec- 

tive. 

external sources of radiation is 125 mrem (Table 2.4-5). 

N e a r  the plant s i t e  the average annual dose f r o m  naturally occurring 

An individual 

receives an additional dose of approldnately 20 m r e m  per year from 

naturally occurring internal sources. Therefore, the average t o t a l  dose 

from natural radioactivity i n  the vicinity of the Browns Ferry plant i s  

approximately 145 mrem per year. Individual doses vary widely around 

this average value because of local differences i n  the concentrations 

of te r res t r ia l  radioactivity and because of variances i n  dose rates 

within different types of buildings. h r g e  variations are also observed 

between different areas within the United States because of the correla- 

t ion of cosmicray dose rates with alt i tude and geomagnetic latitude. Due 
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t o  these variations, the annual total-body doses t o  individuals i n  the 

United States from natural radioactivity range from less than 110 mrem 

t o  greater than 240 mrem, 

A hypothetical individual a t  the s i t e  

boundary would receive a maximum dose of 2.2 mrem from the normal 

operation of the Rrowns Ferry Nuclear Plant. 

receive the malcirmuo dose he would have t o  stand i n  the open at the 

highest dose point on the s i t e  boundary for  24 hours a day, 365 days 

per year. 

cent of the dose from natural background radiation. 

For this individual t o  

The m a w  dose t o  the hypothetical individual i s  1.5 per- 

The lnaximum dose 

t o  an actual individual should be significantly l e s s  than the calculated 

dose t o  the hypothetical individual. 

The poyulation dose within 50 miles of 

Browns Ferry from naturally occurring radioactivity i s  estima,ted t o  

be approfimately 174,000 man-rems i n  the year 2010 (Table 2.4-5). The 

population dose i n  the year 2010 due t o  normal operation of the b w n s  

Ferry Nuclear Plant i s  calculated t o  be 23 man-rems (Table 2.4-3), which 

is 0,013 percent of the dose f r o m  natural  backgmund radiation. 

TVA has evaluated the potential radiation 

It should dose f r o m  a broad spectrum of possible pathways of eqosure. 

be emphasizedthat it is possible t o  theoretically calculate an environ- 

mental. radioactivity level or potential radiation dose that i s  minutely 

small. The dose calculated i n  this evaluation is only a small fraction 

of the dose f29m the natuzal backgmund radiation and is, i n  fact, much 

less than the variations i n  natural background radiaticn doses. 

concluded that the Browns Ferry Nuclear Plant will operate w i t h  no sig- 

nificant risk t o  the  health and safety of the public. 

It is 

11 
f 

- 4  



Isotope 

Kr-8% 
85m 
85 
87 
88 

xe-131~1 
13% 
133 
13% 
135 
137 
138 

1-13 
132 
133 
134 
135 

Table 2.4-1 

MPECTED RELEASES OF PRINCIPAL RADIONUCLIDES 
IN GASEOUS EFFmNTS 

Sources of Release 
Original Extended b Mechanical Turbine 

Offgas System Gland Seal Containment Purge' vaccum Building 
ci/yr 

0ff-S Systema 
ci/yr ci/yr ci/yr ci/yT ' ci/yr 

2.7 5Ie 6.1 2) 
5.3 5 4.2 4) 
1.4 log j:j 6 1.9 

1.7 3.0 4 

1.4 
2.7 
7.7 
2.5 
2.1 
1.4 
8.4 

5.8 (3) 

8.6 (2) 

6-5 (-3lf 1.8 (-2) 1.1 -2) 

6.5 (-2)f 1.1 (-1) 

6.0 (-2)f 2.1 (-3) 1.0 I-1) 
1.4 (-2) 

1.2 

a. Based on an air ejector flaw rate of 18.5 scFm and 30-minute holdup system. 
b. Based on an air e3ector flow rate of 18.5 scfh and extended offgas system including reconibiners and six charcoal 

beds per unit. 
C. Taken from FSAR. 
d. Based on 100 gal/day/unit leakage, a to t a l  DF of 2X103, and no decay. 
e. 2.7X105 
f .  Based on a DF of 100 due t o  washout. 



b Isotope 

sr-w 
Sr -god 
Sr-gld 
Mo-@ 

1-133 
1-135 

Ba-140‘ 
Ce-144C 
NP-239 
CO-58 
co-60 

1-131 

C s -134 
CS -137 

Table 2.4-2 

EXPECTED ReLEASES (2 PRINCIPAL LIQUID RADIONUCLIDES 
MCLUD3NG TRITIUM& 

W - L i f e  

52 76 

9.m 
66h 
8 .o5a 

20 .h  
6.m 
2.w 

3 w  
l2.M 

284d 
2 35d 

7m 
5Y 

2&y 

Release Rate (Ci/yr) C 

Original System With Original System 
Original System Design Added Demineralization With Evaporator 

3.2 
2.4 
3.0 
2.1 
1.3 
6.2 
3.9 
1.7 
2.5 
9.0 
3.6 
2.2 
5.2 
5.2 

:;Ie 0 

OI 0 

-2 O I  

0) 

-2 
-1 
-3 
+l 
-1 
-2 

4 .O 
3.0 
3.7 
2.6 
1.6 
7.7 
4.9 
2.1 
3.1 
1.1 
4.5 
2.8 
6 -5 
6.5 

3.2 
2.4 
3.0 
2.1 
1.3 
6.2 
3.9 
1.7 
2.5 
9.0 
3 96 
2.2 
5.2 
5.2 

-3) 

-2 

-2 -21 
-4 -21 
-2 1 

lu 
.e 
i 
P mrAL 40 Ci/yr 0.4 C i / y r  F 

a. Witium releases Pram the plant are expected t o  approach 51 C i / y r .  The distribution between gaseous 
and liquid wastes will depend upon the actual amaunt of water leaving by each route. 

b. Isotopes having a half-life less than 2.3 hours were excluded became the holdup in  the plant would 
generslly be sufficient t o  result i n  negligible concentrations in released wastes. Other isotopes 
of the elements l is ted were considered. The radionuclides Zr-95, Nb-95, Ru-103, Ru-106, Te-219, 
Te--2, Nd-147, Na-24, 9-35, P-32, Cr-51, Mn-54, Mn-56, Fe-55, Fe-59, Cu-64, Ni-65, 211-65, zn-69, 
Ag-UOm, ~a-182, and W-187 were also considered. These radionuclides may be present, but if present 
w i l l  be of negligible radiological significance relative t o  those ieotapes l isted.  

C. Although two significant numbers are wed in expressing the release rates as a convenience for making 
m t h e r  calculations, only one significant figure is  warranted by the source data. 

d. Daughter isotopes, Y t t r i u m ,  Technetium, Lanthanum, and Praseodynium, may be observed in  waste samples 
in  equilibrium with or approaching equilibrium with t h e i r  parent depending upon sample and analysis 
timing and procedure, 

e. 3.21tlO’~ 
f* The re la t ive  isotopic abundance is based on recent analyses of reactor coolant composition in  operating 

The re la t ive  abundance of the  isotope0 in  the  primary coolant was determined boilinq water reactors. 
and was modified t o  re f lec t  12 hours of decay pr ior  to release. This information updates that  used i n  V O l -  3 .  



A. Gaseous Ef f luen t s  

Table 2.4-3 

SUMMARY OF RADIOLOGICAL IMPACT 
'9 

OiJ A i i A L  B A S I S  

WITH EXTFXDED W A S m  TREAT?I%NT SYS!XTXS 
Proposed 

10 CFR 50 
Normal Operationa Appendix I L i m i t s  

1-131 concentration a t  
s i te  boundary 

Maximum ind iv idua l  doses 

1. inha la t ion  a t  s i t e  
boundary (thyroid) 

b =  2.4 (-16) cc 

0.04 m r e m  

2. consumption of milk 
from nearest da i ry  
farm (thyroid) 0.18 m r e m  

3. e x t e r n a l  exposure a t  
si te boundary (Bhy) 1.6 m r e m  

P C i  
1.0 (-15) cc 

10 m r e m  

Population doses wi th in  a 
SO-mile r ad ius  

1. inha la t ion  (thyroid) 0.11 man-rem 

2. consumption of milk 
(thyroid) 0.73 man-rem 

3. e x t e r n a l  exposure (@by) 23 man-rem 

B. Liquid Ef f luen t s  

a. 

b. 
C .  

Act iv i ty  re leased  0.43 C i  

Average concentration 
before d i l u t i o n  i n  t h e  

V C i  
Tennessee River .1.5 (-10) 

Releases cons i s t an t  with a noble gas  release rate of 
100,000 pCi/sec/unit  ( a f t e r  30 minutes decay) 
2.4 x 
Excluding tritium 

15 C i  

PCi  
2.0 (-8) 
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Table 2 .4 -3  (Continued) 

Proposed 
10 CFR 50 

Normal Operation Appendix I Limits 

Maximum human organ doses 

1. bone 

2. G.I. tract 

3. thyroid 

4. skin 

5 .  total body 

Human population doses 
within a 50-mile radius 

1. bone 

2. G.I. tract 

3. thyroid 

4. skin 

5 .  total body 

M a x i m u m  dose to 
terrestrial vertebrates 

M a x i m u m  doses to aquatic 
organisms 

1. plants 

2. invertebrates 

3. fish 

C. Scattered Radiation from 
Turbine Buildingd 

D. Maximum Annual Dosee to 
Any Individual 

E. Maximum Population Dose e 
Within a 50-mile Radius 

3.5 ( - 4 )  mrem 

9.7 (-3) mrem 

1.4 (-3) mrem 

5.7 (-5) mrem 

5.2 (-5) mrem 

1.2 (-2) man-rem 

7 . 8  (-1) man-rem 

6.8 (-2) man-rem 

1.9 (-3) man-rem 

1.9 (-3) man-rem 

0.21 mrad 

0.21 mr i 

2.1 mrad 

0.52 mrad 

0.6 mrem 

2.2 mrem 

23 man-rem 

5 mrem 

5 mrem 

5 mrem 

5 mrem 

5 mrem 

d .  
e. Skin 

Upper bound a s  calculated in Appendix I11 



Table 2.4-4 

SUMMARY OF RADIOLOGICAL IMPACT 

ON A ? . ? A L  BASIS 

DURING INTERIM OPERATION 

Interima 
Operat ion 

A. Gaseous Effluents 

1-131 concentration a t  
s i t e  boundary 1.0 (-16)b vCi/cc 

Maximum individual doses 

1. i nha la t ion -a t  s i t e  
boundary (thyroid) 1.7 (-2) 

2. consumption of milk 
from nearest  dairy 
farm (thyroid) 8.0 (-2) 

3. external  exposure a t  
site boundary (B&y) 2.9 (1) mrem 

Population doses within a 
50-mile radius 

1. inhalat ion (thyroid) 4.7 (-2) man-rem 

2. consumption of milk 
(thyroid) 3.1 (-1) m-m 

3. external  exposure (B&y) 1.5 (2) m-m 

B. Liquid Effluents 

Activity released 6.3 Ci 

Average concentration 
before d i lu t ion  i n  the 
Tennessee River 4.5 ( -9) 

a. Releases consistant with a noble gas release rate of 
100,000 Ci/sec/unit  ( a f t e r  30 minutes decay) 

b. l.@tlO-lg 
c. Excluding tritium 
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Table 2.4-4 (Continued) 

Maximum human organ doses 

1. bone 

2. G . I .  tract 

3 thyroid 

4. sk in  

5 .  t o t a l  body 

Human population doses 
wi th in  a 50-mile rad ius  

Tnterim 
Opera t i o n  

1. bone 1.6 (-1) man-rem 
2. G.I. tract 

3. thyroid 0.93 man-rem 

11 man-rem 

4. s k i n  2.6 (-2) m-m 

5. t o t a l  body 2.6 (-2) m-m 

Maximum dose t o  

terrestrial ve r t eb ra t e s  2.9 mad 

Maximum doses t o  aqua t i c  
organisms 

1. p l a n t s  2.9 m a d  

2. i nve r t eb ra t e s  28 mrad 

3. f i s h  7.2 mad 
C. Sca t te red  Radiation from 

Turbine Buildingd 0.3 m r b  
D. Maximum Annual Dosee t o  

Any Individual 

E. Maximum Population Dose e 
Within a 50-mile Radius 

d. 
e. Skin 

Upper bound as ca l cu la t ed  i n  Appendix 111. 
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Table 2.4-5 

DOSES FROM NATURALLY-OCCURRING BACKGROUND RADIATION 

Individual Doses (mrem) 

Externala 125 

20 Internal b 

Total 145 mrem 

Population Dose (man-rem) 

0.145 rem x 1,200,0OOc people = 174,000 man-rem 

a. Measured by TVA personnel 
b. See Reference 5 for this section 
c .  Estimated population within a 5O-mile radius of the Browns Ferry 

Nuclear Plant in  the year 2010 





2.5 

charge of a l l  wastes from i t s  f a c i l i t i e s ,  including nuclear plants ,  

at the  lowest practicable l eve l  by using the  best and highest degree 

of waste treatment available under exis t ing technology, within reasonable 

economic limits. 

f a c i l i t i e s  i n t o  the Browns Ferry design for  handling nonradioactive 

plant wastes. T h i s  section describes the  types and sources of these 

wastes and discusses the  control and treatment t o  be provided t o  minimize 

- Nonradioactive Wastes - It i s  TVA's policy t o  keep the dis- 

TVA has incorporated extensive control and treatment 

t h e i r  impact on the  environment. 

1. Chemical discharges - Chemicals, which are  added _. 

from plant processes, w i l l  r e su l t  i n  only very low concentrations of 

these chemicals i n  the  Tennessee River near the plant  s i t e .  The major 

increase of mineral concentrations, i n  t h e  form of t o t a l  dissolved 

so l ids ,  occurs during closed-cycle operation of the  cooling towers when 

these substances drawn in to  the condenser cooling water system from the  

reservoir  are  concentrated t o  approximately twice t h e i r  reservoir con- 

centrations pr ior  t o  re lease i n  the cooling tower blowdown. The sources 

of these chemicals and the  expected maximum quantity of chemical end 

products t h a t  could be discharged are  slmnnared i n  Table 2.5-1. The 

average and maximum expected t o t a l  chemical concentrations i n  the dis- 

charge and i n  t h e  reservoir f o r  each mode of cooling tower operation are 

shown i n  Table 2.5-2. 

Ferry plant w i l l  r e su l t  i n  only minimal increases i n  the chemical and 

mineral concentrations of the discharge water and a f t e r  mixing with the  
I These data show that the  operation of the Browns 

reservoir water. During periods of closed-cycle cooling tower operation 



2.5-2 

t he  la rges t  increase i n  the  reservoir  w i l l  be a 3 mall increase i n  

t o t a l  dissolved so l ids  as compared t o  an average concentration of 

about 104 mg/l. 

t h e  Alabama Water Improvement Commission's standards' i s  500 mg/l. 

During extended periods of closed-cycle operation of the  cooling towers, 

t h e  maximtun t o t a l  dissolved so l ids  discharge concentration i n  the  blow- 

down would not be expected t o  exceed 260 mg/1. 

The allowable dissolved so l id s  concentration t o  meet 

No s ignif icant  adverse 

environmental impact on the  water qual i ty  of Wheeler Reservoir due t o  

chemical discharges is  expected t o  occur and no a l t e r a t i o n  of t h e  pro- 

duction of l iv ing  natural  resources including f i s h  and w i l d l i f e  i s  

ant ic ipated . 
The sources of chemicsl wastes and a descr ipt ion 

of t h e  waste treatment t o  be provided are discussed i n  t h e  following 

paragraphs. 

(1) Makeup water f i l t e r  plant  - Opera- 

t i o n  of t h e  f i l t e r  plant will require  the  addition of t he  following 

thermal water treatment chemicals: 

and sodium hypochlorite. 

alum, soda ash, coagulation aid,* 

Use of these chemicals i n  t he  treatment pro- 

cess w i l l  result i n  increased concentrations of soluble SO4 -- and N a  + 

i n  the  treated water t h a t  w i l l  ul t imately be discharged t o  Wheeler 

Reservoir. The f i l t e r  plant inf luent  w i l l  be chlorinated t o  Drevent 
- _  

slime growths i n  t he  f i l t e r  plant clearwell .  

w i l l  be maintained i n  t h e  f i l ter  plant eff luent .  

will be removed i n  the  demineralizers. 

A residual of 0.1 mg/1 

Residual chlor ine 

I 

*Referred t o  i n  Volume 2 a s  "polymer. 11 
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The f i l t e r  backwash and water treatment 

plant sludge will be diverted t o  a se t t l i ng  pond from which the super- 

natant water will be decanted and discharged t o  the condenser circu- 

la t ing w a t e r  intake channel. 

most of t he  coagulation aid, and sediment removed from t h e  water during 

treatment, will be removed f r o m  the  lagoon as necessary and, along w i t h  

The sludge, consisting of the  alum f loc ,  

other normal solid waste, disposed of by burial. 

disposal results i n  only a minimal environmental impact. 

This method of sludge 

Although the  discharge of the sludge 

added by normal plant operation would not result i n  any significant 

adverse environmental impact, t he  se t t l i ng  pond estimated t o  cost i n  

excess of $100,000 is provided t o  comply with proposed regulations 

for the State of Alabama. 

All coagulation aids t o  be used at  Browns 
1 Ferry will be selected from EPA's approved l is t  of coagulation aids 

and will be used in accordemce with manufacturer's recommendations. 

The coagulation aid being used is a high molecular weight polyacrylsmide 

containing a soluble toxic ingredient (acrylamide monomer) which is 

less than 0.05 percent of the  product. Most of the  coagulation a id  

is  contained i n  the sludge. 

w a t e r  and eventually released. 

discharge concentration of the  monomer of less than 2 x 10-o &l. The 

Dow Chemical Company has conducted tests3 on a product of t h i s  formula- 

t ion  which show that lake emerald shiners and yellow perch showed no 

ill effects after prolonged exposures t o  t h i s  product i n  concentrations 

The monomer i s  dissolved i n  the  treated 

Its release will result i n  a maximum 
f 



several  orders of magnitude la rger  than t h a t  shown above. 

considering the small re lease  of t h e  monomer and the  low concentra- 

t i ons  which will occur when released,  no s ignif icant  environmental 

r i sk  can be associated w i t h  i t s  use.  

Therefore, 

(2) Water treatment plant  demineralizer - 
Regeneration of makeup water treatment plant demineralizers requires  

the  use of su l fur ic  acid and sodium hydroxide, which results i n  

re leases  of SO4 

of holding t h e  acid and caust ic  wastes i n  a sump fo r  monitoring and 

I + and N a  . Treatment of these wastes w i l l  consis t  

adjusting pH p r io r  t o  discharging t o  the  condenser c i rcu la t ing  water 

intake. Regeneration cycles w i l l  be set so tha t  t he  pH of the  mixed 

water i n  t h e  waste sump w i l l  be near neutral ,  thereby minimizing t h e  

need for  further adjustment. 

Operating experience w i t h  t h e  makeup 

water treatment f a c i l i t i e s  during construction of t he  Browns Ferry 

plant indicates  that the  qua l i ty  of r a w  water t o  be treated for reactor  

makeup w i l l  be such t h a t  t h e  amounts of chemicals used i n  the  water 

treatment process shown i n  Table 2.5-1 represent t he  maximum usage i f  

t h e  water treatment f a c i l i t i e s  are operated a t  full capacity. 

plant cleanup and s t a r tup  it i s  ant ic ipated that t h e  ac tua l  treated 

water needs w i l l  be about 1 0  percent of the rated capacity of t h e  

treatment f a c i l i t i e s .  

required will be reduced correspondingly. However, as shown i n  Table 

2.5-2, i f  t h e  equipment w e r e  operated at full capacity,  the  discharge 

concentrations would be such t h a t  they would cause no s igni f icant  

impact on the environment. 

A f ' t e r  

The quantity of water treatment chemicals 



( 3 )  Auxiliary steam generatcr blowdmn - 
Treatment of t he  feedwater for  the auxiliary steam generators w i l l  

require the  use of ammonia fo r  pH control and hydrazine for control 

of dissolved oxygen. 

throughout the  year. 

f i ve  months of the year. 

One steam generator w i l l  be i n  daily operation 

A second w i l l  be i n  service fo r  heating about 

Hydrazine concentration will be maintained at 

about 15 ppb i n  the  feedwater, and ammonia w i l l  be fed t o  maintain a 

pH of about 9.0. This normally requires an ammonia concentration of 

about 0.25 ppm. 

when operating a t  full capacity, provision has been made for  about 

3 gal/min of blowdswn f o r  each steam generator. Continuaus release of 

this amount of blowdown wi th  all steam generators operating at maximum 

capacity would result i n  da i ly  re lease of about 0.002 pounds of decom- 

posed hydrazine as e i the r  nitrogen gas or ammonia and about 0.029 pounds 

of res idua l  amnonia. 

Table 2.5-1 a re  based on f 'u l l  capacity operation of a l l  of the  steam 

generatsrs 12 months per year. 

f ican t  increases i n  concentrations of ammonia i n  plant discharges as 

shown i n  Table 2.5-2. These releases  will not cause any s ignfi icant  

adverse environmental impacts. 

To maintain acceptable dissolved sol ids  concentrations 

Annual re leases  of hydrazine and ammonia shown i n  

These releases would r e su l t  i n  insigni- 

(4 )  Raw coolinp; water s y s t e m  - For the  

control of Asiatic clams, tentative plans are t o  chlorinate the  90,000 

gal/min r a w  cooling waterflow which cools t h e  plant auxiliaries t o  main- 

t a i n  1.0 m g / l  maximum chlorine residual i n  t h e  r a w  cooling water system. 

It is  not expected that the  use of chlorine w i l l  be required more than 
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three weeks per year and w i l l  not be used during closed-cycle operation 

of the  moling towers. The r a w  cooling water will be discharged t o  the  

condenser cooling water system. Operating experience has shown tha t  

the reservoir water has a chlorine demand of about 0.5 mg/l. Based on 

the re la t ive  flow ra tes  of the condenser cooling water and r a w  cooling 

water systems (about 20:1), the  chlorine demand of the  condenser cooling 

water will be suff ic ient  t o  react with a l l  of the chlorine residual and 

result i n  only chlorides being discharged. 

I The use of acrolein for  this purpose i s  also 

being considered. If used, it would have a maximum concentration i n  

the raw cooling water system of 0.3 mg/l. Its use would not be required 

more than 120 days per year and when used it will be fed in to  the  system 

one-half hour each day. 

acrolein which does not react  with the condenser cooling water due t o  

the  acrolein demand of the water w i l l  essent ia l ly  a l l  be scrubbed out as 

the cooling water passes over the cooling tower f i l l .  

studies will be required t o  determine whether the acrolein demand of 

the condenser cooling water i s  suff ic ient  t o  react with a l l  of t he  

acrolein and prevent i t s  discharge during open-cycle operation. 

When the  cooling towers a re  i n  operation, any 

Additional 

The release of these diluted or  decomposed 

biocides t o  the reservoir will not s ignif icant ly  a f fec t  the  reservoir.  

( 5 )  Closed cooling water system - sodium 

chromate i s  used as a corrosion inhibi tor  i n  components of t he  closed 

cooling water system. On r a re  occasions, when necessary for  maintenance 

purposes, the chromate-containing water w i l l  be drained from portions of 

the closed system. If possible, the  water will be returned t o  the  system. 
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If not, it w i l l  be routed t o  the  radwaste system and processed 

through the nonregenerable mixed bed demineralizers where it w i l l  

be recycled u n t i l  the  chromate concentration i s  1.0 ppm or less .  

It w i l l  then be routed t o  the condensate storage tank. N o  chromate 

w i l l  be released t o  the  reservoir. 

( 6 )  Cooling tower blowdown and d r i f t  - 
A s  described i n  section 2.6, the cooling towers w i l l  be operated i n  

the  closed-cycle mode about 7 percent of the  time. The need for chemical 

nf. c r f  t.hp c.nn > 
nnnnontrntinn nf +-fa1 

twice the normal reservoir concentration when operating i n  t h  e closed 
3 About 110 f't /s of blowdown fkom the  towers would be required t o  

maintain t h i s  concentration. 

t he  diffuser system i s  described i n  section 2.6 of t h i s  volume. 

The discharge of this blowdown through 

The 

diffuser should provide thorough mixing of the  blowdown with the reservoir 

f l o w .  

the  blowdown w i l l  contain the other l iquid chemicals discharged from the 

In  addition t o  the  dissolved solids from the cooling water system, 

plant.  

Chemical effluent concentrations i n  the  

reservoir have been conservatively calculated assuming 5,000 f t  3 /s 

reservoir flow (exceeded 99 percent of the  time) for  a l l  modes of opera- 

t i on  (Table 2.5-2). The cooling tower b lowdm could be withheld fo r  

re la t ive ly  short periods of time when reservoir conditions warrant 

without reaching prohibit ive chemical concentrations i n  the  condenser 

circulating water system. During periods of closed-cycle cooling 
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tower operation the  l a rges t  ir.: 2se i n  t h e  reservoir  r e su l t i ng  from 

t h e  combined e f f ec t  of tower operation and Aiemical discharge will 

be a 3 mg/l increase i n  t o t a l  dissolved S'L .,ds. The allowable dis-  

solved so l ids  concentration t o  meet the  Alabama Water Improvement 
I 

Commission s standards i s  500 mg/l. Dwing extended periods of 

closed-cycle cooling tower operatior the  m a x i m u m  t o t a l  dissolved 

sol ids  concentration i n  the blowdown would not be expected t o  exceed 

260 mg/l. The dissolved chemical and mineral concentrations of t he  

plant discharge t o  the  d i f fuse r  system would be w e l l  below the per- 

missible concentrations of t h e  USPH Drinking Water Standards pr ior  

t a  mixing w i t h  t h e  reservoi r  water. 

4 

Increases i n  t h e  ex is t ing  l eve l s  

of chemicals concentrat ims i n  the  reservoi r  during any operating mode 

are  ins igni f icant .  

Tower d r i f t ,  which i s  expected t o  be no 

more than 0.1 percent of t h e  t o t a l  condenser cooling waterflow or  about 

3.7 f't3/s will carry both suspended and dissolved so l ids  from t h e  con- 

denser c i r cu la t ing  water system t o  the atmosphere. M D s t  of these  

so l ids  will be deposited i n  t h e  immediate v i c i n i t y  of the cooling 

towers and w i l l  eventually be returned t o  the  reservoir .  

s ide  the  immediate v i c i n i t y  of t h e  towers will receive s ign i f i can t  

concentrations of deposited so l id s .  

No area out- 

Assuming that m a x i m u m  observed so l id s  

concent ra t ims  exist i n  t he  reservoi r  and that d r i f t  amounts t o  3.7 f t  3 /s 

during periods of closed-cycle o p e r a t i m  of t h e  cooling towers, about 

5,000 pounds per day of so l id s  (both suspended and dissolved) will be 

released from the  towers i n  the  d r i f t .  I f  the  towerr sperate 7 percent 



of the time i n  the closed-cycle mode, t h i s  w i l l  r e su l t  i n  a t o t a l  

annual release of solids from the towers of about 66 tons. 

When the cooling towers are operating 

on the helper mode the same m a x i m u m  amount of drift w i l l  occur. The 

fraction of time on the  helper mode i s  expected t o  be about 22 percent. 

However, t o t a l  solids concentration i n  the condenser c i rculat ing water 

system and the d r i f t  during these periods will be approximately the 

same as exis ts  i n  the reservoir,  and the sol ids  carried from the towers 

r i a  drift w i l l  amount t o  about 2,600 pounds per day and about 100 tons 

annually. - 

( 7 )  Miscellaneous - As stated i n  Volume 2, 

some decontamination operations will involve the use of chemicals such as 

sodium phosphate, sodium permanganate, ammonium c i t r a t e ,  n i t r i c  acid, 

and hydrofluoric acid. 

solutions a re  too high t o  a l l o w  treatment i n  the  radwaste system, they 

w i l l  be drummed for  o f f s i t e  disposal a t  a suitable disposal s i t e .  

Otherwise, they w i l l  be t reated i n  the radwaste system t o  meet applicable 

water quali ty standards p r io r  t o  release.  

If chemical concentrations i n  the cleaning 

Some small quantit ies of miscellaneous 

chemicals will be used i n  the  plant laboratory for  t e s t s ,  analyses, e tc .  

This source of chemicals will r e su l t  i n  only t race increases i n  dischazge 

concentrations and will probably be well below detectable levels  i n  

the discharge stream. 

a c t i v i t y t h e y  w i l l  be routed t o  a chemical drain tank for  treatment 

similar t o  that provided for the decontamination solutions described above. 

Since these chemicals may contain some radio- 
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The small quantity of detergent wastes 

which must be handled w i l l  be diverted t o  t h e  radwaste f a c i l i t i e s  for 

treatment prior t o  release.  Biological t rea tment  of such small quan- 

t i t i e s  of these wastes is not considered practicable. 

2. Sanitary wastes - Two 15,000-gallons-per-day 

extended aeration sewage treatment plants were i n i t i a l l y  ins ta l led  at 

Browns Ferry t o  handle construction and operating personnel loads with 

the  intention of ultimately putting one uni t  i n  reserve as the  construc- 

t i on  load diminishes. 

times and will be operated i n  accordance with Federal and state require- 

ments. 

These plants have timers t o  regulate aeration 

It is  anticipated tha t  t he  ultimate operating force w i l l  number 

between 175 and 200 persons. In addition, personnel i n  t ra ining will 

nuniber about 40-45 persons, and it is  anticipated there may always be 

a small maintenance crew on hand i n  addition t o  the regular plant main- 

tenance personnel. 

and considering them i n  addition t o  the  persons above, a sewage load 

during normal operating periods from about 300 persons may be an t ic i -  

pated. 

expected load w i l l  be about 10,500 gallons per day. With allowances fo r  

peak loading, underloading of the plant which could result i n  inadequate 

treatment of t he  wastes would not be expected. 

at t i m e s  of unit  outage and during any mador overhaul periods both plants 

may have t o  be put in to  operation t o  handle the  increased loads. 

Browns Ferry w i l l  be a t t r ac t ive  t o  many v i s i t o r s ,  

Based on a flow of 35 gallons per person per day the  normal 

It is  anticipated tha t  

3. Gaseous emissions - Three oi l - f i red auxi l iary 

steam generators supply steam for building heating and other uses. The 

total annual fuel consumption for these steam generators w i l l  not 



exceed 5.3 million gallons of No. 2 fue l  o i l ,  and it i s  expected 

tha t  average annual consumption will be less  than half t h i s  value. 

The fuel  o i l  will have a sulfur content of not more than 0.5 percent. 

Annual combustion of the m a x i m u m  amount of the fuel  

would resu l t  i n  gaseous and paxticulate releases from the  plant i n  t he  

following quantit ies:  

particulates 20.9 tons/year 

s u l f u r  oxides 205 .O 

cazbon monoxide 0.1 

hydrocarbons 13.1 

nitrogen oxides 274.0 

These products of combustion w i l l  be released from the plant through 

a stack which i s  approximately 175 feet  above ground level.  

I n  addition, the  four diesel-p3wered auxiliazy 

generators are estimated t o  consume about 82,000 ga l lms  of f u e l  per 

year. 

generators. 

l eve l  and w i l l  release the  follgwing constituents: 

This fue l  w i l l  be the same type as used for  the  auxiliary steam 

The exhaust w i l l  be via  stacks about 55 feet  above ground 

par t iculates  0.33 tons/yea.r 

s u l m  oxides 3 -2 

carbon monoxide 0.002 

hydrocarbons 0.21 

nitrogen oxides 4.3 

Calculated maximum ambient concentrations resul t ing 

from these emissions, together with the applicable standards, are given 

below: 
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Averaging Calculated Secondary 
Pollutant Time Concent ra t ions Ambient Standard 

Part iculates  24 hour 0.29 ug 150.0 ug/m 3 

Sulfur oxides 3 hour 0.0034 ppm 0.5 ppm 

Carbon monoxide 1 hour 0.000005 ppm 35.0 PPm 

Hydrocarbons 3 hour 0.0011 ppm 0.25 P P ~  

Nitrogen oxides 1 year 0.000097 ppm 0.05 ppm 

An evaluation of t h e  emissions from the  auxi l iary 

boi le rs  and d i e se l  generators indicates t h a t  t he  emissions will have a 

negligible environmental impact. For this reason it i s  not considered 

necessary t o  conduct an ambient monitoring program t o  determine the 

e f f ec t  of these emissions. 

4. Solid waste disposal - Normal so l id  wastes w i l l  -- 
be disposed of by bur ia l  e i the r  on the  plant  s i t e  or  on other TVA 

grounds. 

impacts f’rom so l id  waste. 

This method of disposal i s  considered t o  minimize environmental 

5. Storage and transportation of materials - Oils, 
chemicals, and other po ten t ia l ly  harmful materials will be shipped t o  

Browns Ferry by tank trucks under applicable I C C  and s t a t e  highway 

regulations.  

‘ 

O i l  w i l l  be used i n  various equipment and stored i n  

storage tanks both inside and outside the  powerhouse. 

uses stored outside the  powerhouse includes a t o t a l  of 21  miscellaneous 

insulat ing o i l  storage tanks with a combined capacity of  366,000 gallons. 

These tanks range i n  capacity from 4,000 gallons t o  35,000 gallons.  

addition, there  a re  two d i e s e l  o i l  tanks with a capacity of 71,000 gallons 

each and two lubr ica t ing  o i l  tanks at 30,000 gallons each. 

O i l  f o r  various 

I n  



Outside storage i s  a l so  provided for  the su l fur ic  

acid which i s  used i n  the  makeup water treatment plant .  

tank provided fo r  this purpose has a capacity of 3,400 gallons. This 

capacity closely corresponds t o  the  minimum shipment quantity of bulk 

The storage 

sulfur ic  acid of 3,000 gallons. 

expected t o  amount t o  a maximum of s i x  shipments per year. 

Shipment of acid fo r  t h i s  use i s  

Chemicals 

stored i n  tanks onsite are provided with re tent ion basins and/or crushed 

limestone beds t o  e i ther  contain or  neutral ize  these chemicals i f  they 

should be released from t h e i r  storage tanks. 

I n  the  event of a tank or equipment rupture resu l t ing  

from plant malfunction, human errgr ,  or natural  d i sas te rs  such as tornadoes, 

earthquakes, etc. ,  o i l  i n  any of the  outside equipment or storage tanks 

w i l l  be contained i n  re tent ion basins unless t h e  occurrence were of a 

severity t o  destroy the  basins. The probabili ty of an occurrence of th i s  

severity i s  very low. Consequently, the  environmental r i s k  associated 

with the  storage of these materials i s  very small. 

O i l  storage inside the  powerhouse includes six 5,700- 

gallon tanks of turbine lube o i l  and nine 1,000-gallon tanks of reactor  

feed pump lube o i l .  

sumps where they a re  retained u n t i l  they can be reclaimed. 

sui table  for  reuse they w i l l  be drummed fo r  proper dispcsal. 

of disposal i s  t o  transport  the  o i l  t o  one of WA's fos s i l - f i r ed  plants  

and blend it with the  f o s s i l  h e 1  used there .  

O i l s  sp i l l ed  i n  the  powerhouse will flow t o  appropriate 

If not 

One method 

Indoor storage is  provided fo r  the  sodium hydroxide 

which i s  used i n  the  makeup water treatment plant consisting of one 
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3,200-gallon tank. 

tank, it w i l l  be retained i n  a sump where it can be reclaimed fo r  reuse. 

Should this chemical be released from the  storage 

Chemicals sp i l led  i n  the  powerhouse w i l l  flow t o  

sumps where they will be retained u n t i l  pumped ei ther  t o  appropriate 

containers fo r  disposal or t o  the  radwaste building where f a c i l i t i e s  

fo r  f i l t e r ing ,  s e t t l i ng ,  and other types of treatment a r e  ins ta l led  t o  

assure tha t  no harmful substance i s  released t o  surface watercourses. 

It i s  concluded tha t  the use of  multiple storage 

tanks and collection sumps and the  use of retention basins and limestone 

beds reduces the r i sks  t o  the  environment associated with storage of 

potentially hazardous materials t o  t h e  minimum practicable level .  

Liquid nitrogen fo r  use i n  iner t ing  the  primary containment vessels i s  

stored i n  an outdoor insulated tank. Rupture of the tank would r e su l t  

i n  sp i l l i ng  the  l iquid nitrogen onto a limestone bed. 

soon vaporize, producing no adverse e f fec t  on the  environment. 

The l iquid would 
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Table 2.5-1 

Sources of Added Chemicals and 
Resultirq End hroduct Chemicals 

Maximum Resultinga 
Chemical MaJtimwn& Waste End End Product 

Added Annual Use product Annual Mean Daily 
LBS LBS System Source Chemical lbs  Chemical 

Makeup Water Alum 
Treatment Plan t  A+(S04)3 18 H20 15,800 3,700 %lo -- 

s04 6,800 wi  
Suspended solidsb sc 13 9 500 *37 

3 7,900 Na' 
Soda Ash Nag CO 

sodim 3,950 Ma+ 
Hypochlorite 
NWc3. (21% Solution) oc1- 

b Coagulation Aid 590 Coag. Aid 
(see t ex t )  

Makeup water Sulfbric Acid 9% 270,000 so4-- 
Treatment Plant 
Demineralizer 
Regnerat ion Sodium Hyt3roxide 

(50% 205,000 Na' 

Auxiliary Stem Amnonia 
Generator 
Blasdasn Hyt3razine 

~ a w  cooling watef  Chlorine 
System 

m3 
d Variable 

Variablee m3 

3,400 *lo 
260 % 1 

570 % 2  

590 - 2  

259,000 %710 

59,000 -460 

6 e0.02 

0.4 *o. 001 

34,000 OC1- and C1- 34,000 1,620f 

a. Beadd on 24-hour operation 365 days/year at demonstrated maximum capacity of equipment. 
b. Suspended materials t h a t  w i l l  make up the water treatment plant sludge, on a dry weight basis. 
c. Estimates From suspended solids data observed at  TRM 300.3 
d. Ammonia w i l l  be added as needed t o  keep pH of system at 9.0. 
e. Hydrazine will be added as needed a8 a DO scavenger. 
f . Chlorination will  be required a meximum of 21. days/yr. 



Table 2.5-2 

SUMMARY OF C H M C A L  DISCHARGES 
b Waste 

Total Maximuma Product Observed 
Annual Operating Chemical Concentrations i n  Total Dischargeb ConcentrationsC Maximum 

Discharge Mode Contribution Reservoir Water Concentrat ions in  River Allowable 
of Product Open (0) t o  Discharge a t  TRM 300.3 CF=2 for  Closed Mode After Mixing Concentrations 

i n  River 4 1  W / l  Waste Product Chemical Helper (H) Concentrations W/1 
1 Chemi c a1 lbs  Closed ( C )  mg/ l  Average Maximum Average Maximum Average m p /  

Sodium 
( Na' 

Chlori dese 

f Ammonia 

NH3 

Total Dissolved 
Solids 

265,800 0 

62,700 0 

34,600 0 

6.4 0 

H 
C 

H 
C 

H 
C 

H 
C 

H 
C 

363,106 0 

0 031 15.0 23.0 
0.037 
1.235 

0.007 5.92 9.18 
0.009 
0.287 

0.068 14.0 21.0 
0 081 
0.0026 

n i l  0.02 0.07 
n i l  
n i l  

0.106 104.0 129.0 
0.127 
1.528 

15.031 23.031 

31.235 47.235 
15.037 23.037 

5.927 9.187 
5.929 9.189 

12.127 18.647 
14.068 21.068 
14.081 21.081 

0.02 0.07 
0.02 0.07 
0.04 0.14 

104.106 129.106 
104.127 129.127 
209.528 259.528 

28.0026 42.0026 

15.027 23.027 250 
15.028 23.028 
15.366 23.546 

5.9263 9.1863 d 

6.060 9.393 
5.9264 9.1864 

14.060 21.060 250 
14.061 21.061 
14.3154 21.4731 

ru 
vl 
P 

0.02 0.07 d 
0.02 0.07 I 
0.02 0.07 cn 

104.093 129.093 500 
104.095 129.095 
106.38 131.94 

a. 
b. Discharge flows based on 3-unit operation for  a l l  modes, 
c. 

Eased on 24-hour operation 365 days per year a t  demonstrated maximum capacity of equipment and chemical requirements. 

Concentrations based on downstream riverflow of 5,000 ft3/s, l e s s  evaporation of 114 f t3 / s  for  closed and helper modes of 
operation; 5,000 f t 3 / s  for  open mode. 
open mode. 
No specific standard has been ident i f ied but contribution t o  dissolved sol ids  has been included. 
Computation is fo r  chlorides since the chlorine demand of the  cooling water i s  such tha t  no residual chlorine w i l l  be 
discharged. 
Ammonia and hydrazine added t o  auxiliary steam generator for  pH and dissolved oxygen control. Hydrazfne conservatively 
assumed t o  decompose t o  ammonia. 

However, heat dissipation considerations w i l l  require minimum of 23,000 d / s  for 

d. 
e. 

f .  
Chlorides and t o t a l  dissolved sol ids  re f lec t  m a x i m u m  dai ly  use of chlorine i n  raw coolin water. 



2.6-1 

2.6 Heat Dissipation 

1. Water temperature standards - As discussed i n  

Volume 3 beginning on page 3-18, the d i f fuser  system w a s  designed to 

meet a temperature c r i t e r i a  of 10°F thermal r i s e  above ambient water 

temperature with a m a x i m u m  temperature not t o  exceed 93OF a f t e r  reason- 

able mixing. 

were the  temperature standards proposed by the  S ta t e  of Alabama i n  

compliance with t h e  requirements of t he  Water Qual i ty  Act of 1965. 

These c r i t e r i a ,  10°F rise with a 93OF maximum temperature, 

Since Volume 3 w a s  issued fo r  review, TVA received 

a le t ter  from t h e  Region I V  Administrator, Environmental Protection 

Agency, dated December 17, 1971, s ta t ing  that EPA was intensely 

pursuing the  immediate adoption of proposed thermal standards fo r  t he  

S ta te  of Alabama. 

accept any maxinums for  t he  water of t h e  Tennessee River Basin i n  

The fiegion IV Office informed lVA t h a t  EPA w i l l  not 

Alabama other than the  following: 

more than 5OF above the  natural  prevail ing background temperatures, nor 

exceed a maximum of 86OF. " TVA' s interpretat ion of t h e  EPA-recommended 

"Temperature shall not be increased 

standards i s  t h a t  t he  86OF maximum temperature, within the  constraints  

of t h e  5 O F  allowable thermal rise, applies f o r  all months. These 

temperature standards proposed by EPA for  t he  State of Alabama were 

published by EPA i n  the  March 11, 1972, Federal Register. 

In  l i g h t  of these developments and TVA's policy t o  

take appropriate action on a timely basis  t o  meet any fu ture  applicable 

standards, WA has determined that t h e  d i f fuser  system is  not adequate 

t o  ensure acceptable conformance with t h e  5OF rise and 86OF maximum 

temperature. The al ternat ives  for  heat diss ipat ion which a re  described 
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i n  Volume 3 

been decidec, 

standards i s  the  instal la t ior ,  -' mechanical draft cooling towers. The 

towers w i l l  supplement the  diffuser  system i n  order t o  comply w i t h  the 

new standards. 

qinning on page 3-55 have been reevaluated, and it has 

.at the best long-term solution t o  meet the  more s t r ingent  

The towers w i l l  require about 2 t o  2-1/2 Y e a r s  t o  

design and construct, which w i l l  necessi ta te  operating with diffusers 

only u n t i l  t he  towers a r e  ready. 

diffusers  only are t o  be used, the  10°F r i s e  and 93OF maximum standard 

During t h i s  interim period when 

w i l l  be observed. 

operate i n  t h i s  manner provided t h e  first set of towers is ready 

However, it is possible t h a t  only two u n i t s  Xi11 

before uni t  3 begins commercial operation. 

On March 16, 1972, TVA discussed with representa- 

tives of EPA t he  plans for  auxi l ia ry  cooling f a c i l i t i e s  and interim 

operation of t he  Browns F e w  Huclear Plant.  

2 .  Required modifications t o  in t ake  channel - 
The original  design for t h e  intake channel has been modified t o  include 

a multigate s t ructure  to permit combined-cycle operation. 

t u re  w i l l  consis t  of t h ree  bays each 40 feet w i d e  by 24 feet high. 

During closed-mode operation, a 20-foot high ga te  w i l l  be lowered i n t o  

each bay leaving an opening of 4 feet x 40 feet for passage of makeup 

water. 

During t h e  open and helper modes t h e  gates w i l l  be l i f t ed  leaving a 

40- x 24-foot opening f o r  each bay. 

The struc- 

Velocity through these openings i n  t h i s  mode w i l l  be 2/3 ft/s. 

The maximum veloci ty  through 

these openings will occur during the open mode and will be about 1.6 
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f%/s for 3-unit operation, 1.0 f t /s  fo r  2-unit operation, and 0.5 

f%/s f o r  1-unit operation. The velocity w i l l  be independent of the 

reservoir elevation. 

The intake pump structure w i l l  consist of 18 bays, 

each having a traveling screen. Each bay will have a net opening of 

8 feet 8 inches by 20 feet. 

each bay w i l l  be about 1.4 f t /s  and w i l l  be independent of the reser- 

The maximum average velocity through 

voir elevation. 

which w i l l  have net openings 3/8-inch by 3/8-inch w i l l  be about 1.8 

The maximum average velocity through a clean screen 

ft/s during the  April through September period when biot ic  entrainment 

is  of most interest .  Velocities through the intake pump structure 

bays and the  traveling screen w i l l  be independent of the number of 

units in operation. 

3. Resent thermal regime of the  Wheeler Reservoir - 
The hydraulic regime i n  the reservoir is  controlled by the operation 

of Guntersville and Wheeler Dams. 

been operated primarily fo r  power production, navigation, and flood 

control. 

I n  the past these pro3ects have 

Wheeler Reservoir is  one of TVA's main stream 

reservoirs on the Tennessee River and i s  not a deep reservoir l i k e  

the  headwater reservoirs. 

upstream from Wheeler Dam is about 66 feet at  normal summer pool 

elevation. 

The maximum depth i n  the main channel j u s t  

The resemoir  exhibits weak thermal s t ra t i f ica t ion  

during the summer months due primarily t o  the relat ively short 
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I detention time w i .  

intakes withdraw 

The dissolved oxygen and temperature profiles of Wheeler Reservoir 

observed between May 1964 and A p r i l  1965 are shown i n  figure 2.6-1. 

1 the reservoir and t h e  fact  that the power 

fr from the entire ver t ical  depth of the reservoir. 

Water tanperatures in  Wheeler Reservoir have been 

monitored by permanent recording stations for  3 t o  4 years. 

temperatures range f'rom about 40°F i n  the winter t o  a typical maximum 

of 85-90°F at the surface i n  the summer. 

The recorded 

The maximum top t o  bottom 

vertical  temperature difference i s  about 5-8OF. N a t u r a l  water tempera- 

tures above the proposed maximum temperature standard of 86OF have been 

recorded over much of the reservoir depth. 

temperatwes observed in the tailrace of Wheeler and Guntersville Dams 

for calendar years 1964 and 1965 are shown in figure 2.6-2. 

peratures of the releases from Guntersville and Wheeler Dams for  the 

period 1960 t o  1971 are summarized in  Table 2.64. 

data there is no significant change i n  t he  temperature of the inflow 

and outflow of Wheeler Reservoir. 

surface waters which are subject t o  d iurna l  temperature fluctuation 

resulting *om meteorological conditions, the temperatures of the 

Wheeler Dam releases are reasonable estimates of the average water 

temperatures at the Browns Ferry s i te .  Comparison of' the water tem- 

perature data collected at t h e  Browns Ferry Nuclear Plant monitoring 

The dissolved oxygen and 

The tem- 

Based on these 

Thus, w i t h  the exception of the  

station located a t  Tennessee River mile (TRM) 293.6 with the Wheeler 

Dam ta i l race temperature for the years 1969, 1970, and 1971 f t r ther  

verified t h i s  conclusion. 
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The Whitesburg gage i s  located at Tennessee 

River mile 333.3, or about 39 miles upstream f r o m  the  Plant- average 

annual discharge of the  Tennessee River at t h i s  gage for 46 yews of 

record i s  about 42,500 f't /s. 

annual discharge is estimated t o  be abou'; 45,000 f t  /s. 

3 A t  the  Browns Ferry s i te  the  average 
3 Based on the  

Whitesburg gage data for  the period 1951 t o  1970, t h e  following table 

l ists  t h e  percentage of days t h e  mean dai ly  flows at the Browns Ferry 

s i te  vould be below the indicated discharge. 

Tennessee River 
Mean Daily Discharge 

at Browns Ferry 

50,000 ft3/s 
45,000 
40 , 000 
33,000 
30 , 000 
25,000 
20,000 
15,000 
10,000 

5,000 
1 , 000 

Percent of Days 
Mean Daily Discharge 

Is Lower 

76 
67 
56 
35 
27 
17 
10 
6 
3 
1 
0.3  

It is recognized that the operation of 

Wheeler and Guntersville Dams results in wide fluctuations within the 

daily period represented by the  mean daily streamflows. The hourly 

releases from Guntersville and Wheeler Dams for 10 years of record 

(1959-68) are i l lustrated by the flow duration curves of figures 

2.6-3 and 2.6-4. 

the periods of no flow are res t r ic ted  t o  the  offpeak periods of below 

An examination of t he  hourly records showed that 

average flow days and are generally of from about 1 t o  6 hours i n  

duration. By comparing t h e  dai ly  duration and hourly duration curves, 
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it is apparent tha t  the periods of low or no flow are only a matter 

of hours i n  duration. 

occurrences can be eliminated by making adjustments i n  the  dai ly  

operation of these plants. 

Therefore, the  majority ~f t h e  no or low flow 

4. Reservoir thermohydrodynamics and the  diffuser  

system - A t  the  t i m e  Volume 3 was  issued TVA had completed extensive 

2-dimensional m o d e l  studies and had begun S-dimensional thermal model 

studies of Wheeler Reservoir i n  the vicini ty  of Browns Ferry. 

tha t  time TVA has made additional 34imensional studies t o  further 

assess the  performance of the  diffuser system and t o  determine t h e  

relationship between reservoir flow and temperature distribution. 

detailed discussion and the results of TVA studies are contained i n  

TVA report 63-38, Prediction 

Wheeler Reservoir During Operation of the Browns Ferry Nuclear Plant, 

A p r i l  1972. 

including discussions of the  hydraulic design of the diffusers ,  the 

2-dimensional and 3-dimensional model tes t ing ,  t h e  predicted tempera- 

tu re  and flow dis t r ibut ions,  and the  downstream water temperature 

predict ions. 

Since 

A 

and Control of Water Temperatures i n  

Appendix fv contains major excerpts from t h i s  report ,  

The 3-dimensional model studies which have been 

performed since Volume 3 was wri t ten  have revealed that the  diffuser 

system w i l l  achieve mch more thorough mixing with the reservoir flows 

than had been indicated earlier. 

the high level of mixing which w i l l  be achieved by the  diffuser system. 

It is emphasized t h a t  t he  mixed temperature rises between 5OF and 10°F 

Figure 8 of Appendix IV i l l u s t r a t e s  
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w i l l  only occur during the in te r im operation. 

are operational t he  towers w i l l  be used during low flows (about 22,000 

ft /s for  3-unit operation) t o  prevent mixed temperature increases 

greater than 5 O F .  

A f t e r  cooling towers 

3 

5 .  Thermal discharges during interim operation - 
Until construction of all t h e  cooling towers is  completed, TVA w i l l  

operate the existing heat dispersal  system as it was designed; tha t  

is, t o  meet the originally proposed temperature standards of 10°F r i s e  

and 93OF maximum. However, as soon as any sets of towers are operable, 

TVA w i l l  use the  auxiliary cooling f a c i l i t i e s  t o  the extent practicable 

t o  meet any lower temperature standards which may be i n  effect  at the 

time. 
7 

Under the current schedule, commercial operation 

is  expected t o  be W c h  1973 far unit  1, December 1973 for  uni t  2, and 

July 1974 fo r  uni t  3. The predicted operating dates for the cooling 

towers are July 1974 fo r  t h e  first set of towers, October 1974 for  the 

second set of towers, and by January 1975 all the  towers are expected 

t o  be i n  operation. Each generating uni t  requires a set of two towers, ' 

so there will be a t o t a l  of s i x  towers at Browns Ferry. Based on th i s  

schedule, Browns Ferry units  will be i n  operation for  16 months during 

which only the  diffuser system and no towers w i l l  be available for 

heat dispersal. The t o t a l  t i m e  period during which one or  more uni t s  

are scheduled t o  be operating before the instal la t ion of a l l  the  towers 

i s  22 months. This period includes 12 months of one uni t ,  10 months 

of two uni ts ,  and no months of three uni t s  i n  operation without tower-. 

./' 
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it is  apparent that t h e  periods of low or  no flow are only a matter 

of hours i n  duration. 

occurrences can be eliminated by making adjustments i n  the  da i ly  

operation of these plants.  

Therefore-, the  majority of t he  no or JW flow 

4. Reservoir thermohydrodynamics and the d i f fuser  

system - A t  t he  t i m e  Volume 3 was issued TVA had completed extensive 

2-dimensional model s tudies  and had begun S-dimensional thermal model 

s tudies  of Wheeler Reservoir i n  the v i c i n i t y  of Browns Ferry. 

t h a t  time TVA has made addi t ional  3-dimensional s tudies  t o  fur ther  

assess t h e  performance of t h e  d i f fuser  system and t o  determine the  

Since 

relat ionship between reservoir  flow and temperature d is t r ibu t ion .  

detailed discussion and t h e  results of TVA studies are contained i n  

!FVA report 63-38, Prediction 

Wheeler Reservoir During Operation of t he  Browns Ferry Nuclear Plant ,  

A p r i l  1972. 

A 

and Control of Water Temperatures i n  

Appendix IV contains major excerpts from t h i s  report ,  

including discussions of t h e  hydraulic design of the  d i f fusers ,  t he  

2-dimensional and 3-dimensional model t e s t ing ,  t h e  predicted tempera- 

ture and flow d is t r ibu t ions ,  and t h e  downstream water temperature 

predict  ions. 

The 3-dimensional model s tudies  which have been 

performed since Volume 3 was writ ten have revealed that t h e  diffuser 

system will achieve much more thorough mixing with the  reservoir flows 

than had been indicated earlier. 

t he  high level of mixing which will be achieved by t h e  difhser system. 

It is emphasized that the  mixed temperature rises between 5OF and 10°F 

Figure 8 of Appendix IV i l l u s t r a t e s  
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releases from upstream storage, (3) operation of any available cooling 

towers, (4 )  reduction i n  the  generation at Browns Ferry Nuclear Plant, 

or  ( 5 )  a combination of these operations. 

A daily analysis of these data was also made for  

the interim period when generating units at Browns Ferry would be i n  

operation but t he  construction of cooling towers would not be completed. 

This analysis revealed fur low-flow conditions that the 109 r i s e  above 

natural  temperatures or  t he  9 3 9  maximum temperature would not be m e t  

on only 3 days during the interim period. Under average-flow condi- 

t ions the 10°F rise and 93OF maximum thermal criteria would  not have 

been exceeded. 

made assuming that each month was the worst such month that occurred 

i n  the 5-year period, i.e., the w o r s t  A p r i l  during the period was fol- 

lowed by the  worst May, etc.  

criteria would not be met on only 15 days, or about 2 percent of t h e  

days. 

long-term normal flows. 

for  the Browns Ferry uni ts  and the  mean daily releases fiom Guntersville 

and Wheeler Dams exclusive of modification of the operating schedule 

for  other upstream hydro projects. 

minor amounts of supplemental flows from upstream storage reservoirs 

or reductions i n  the output of Browns Ferry would  be required t o  meet 

the  10°F rise and 93OF nauimum standards and t h a t  most of the time the 

thermal rise would be considerable less than 10°F. 

that the  peaking operation of Wheeler and Guntersville Dams will have 

t o  be modified t o  reduce the periods of low or no flow at the project 

Another analysis of the  22-month interim period w a s  

Under these extreme conditions, the 

The 1966-70 streamflow years were about 10 percent below t h e  

These studies were based on f u l l  load output 

These studies reveal t ha t  only 

TVA anticipates 
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An analysis w a s  made t o  determine i f  under no- 

operating conditions a suff ic ient  volume of water is available within 

a 24-hour period t o  provide the streamflow required t o  meet t h e  10°F- 

93OF standard. 

5-year period 1966 through 1970 a re  shown i n  figures 2.6-5, 2.6-6, and 

2.6-7. 

The computed increases i n  water temperature for  the  

These figures are based on the use of t h e  diffuser  system for  

heat dispersion and do not r e f l ec t  t he  use of cooling towers. The 

streamflow estimates for  Browns Ferry s i te  are based on t h e  releases 

from both Guntersville and Wheeler Dams. 

revised from figures 3.2-27, 3.2-28, and 3.2-29 of Volume 3 t o  re f lec t  

the r e su l t s  of the  latest model tests and the  estimates of t he  stream- 

These figures have been 

flows at the  Browns Ferry s i t e .  While average dai ly  releases were used 

i n  the computations, it is  recognized tha t  operation of the dams for  

peaking power results i n  wide fl-uctuations within the  dai ly  period 

represented by t he  mean dai ly  streamflows. The computations do show, 

however, what t h e  corresponding temperatures of the reservoir waters 

would have been i f  the  releases had been uniform during the  24-hour 

period. 

The number of days during the  period 1966 t o  1970 

i n  which t h e  or iginal ly  proposed temperature standards (lO°F rise - 
93OF maximum) would not have been m e t  are sunrmnrized i n  Table 2.6-2. 

During da i ly  periods when the  evaluations indicate tha t  the standards 

would  not have been m e t ,  a t  least one of the  following modifications of 

the  actual operating schedule would have been required: 

of the operation of Wheeler or Guntersville Dam, (2)  an increase i n  t he  

(1) revision 
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As presented i n  Section 3.4, Alternative Heat 

Dissipation Methods, of Volume 3, the combined-cycle system using the 

heat dissipation capacity of the  reservoir has a considerable economic 

advantage over a closed-cycle system. 

be operated i n  the open, helper, or closed modes. 

The combined-cycle system can 

In the  helper mode the temperature of t h e  heated 

water a f t e r  leaving t h e  condensers will be reduced by passing it 

through the  cooling tower system before it is discharged through the 

diffusers. In  both the  helper and closed modes t h e  condenser flow and 

temperature rise will be about 1,223 ft 3 /s and 31.7OF for each un i t ;  

however, the temperature of fhe water leaving the  towers w i l l  depend 

on the  wet bulb temperature, which i s  highly variable, and the  tower 

design, which is not complete. 

Eased upon an m-alysis of t h e  natural water tem- 

peratures and flow data for  1966 t o  1971, t h e  mixing capabili ty of the 

diffusers (see figure 8 of Appendix IV) and an allowable 5 O F  rise 

with a maximum temperature of 86OF, it is estimsted that Browns Ferry 

will be operated about 72 percent i n  the open, 21 percent i n  t he  h e l p s  

and 7 percent in t he  closed mode. This i s  also based on 3-unit opera- 

t ion with each uni t  in t h e  same mode at the  same time. 

(1) Location - Figure 2.6-8 shows the  

presently anticipated location and arrangements of the s ix  mechanical 

draft towers on the  plant site. 

5,000-foot long permanent dike about 200 feet f romthe present shore- 

l i n e  t o  provide the  elevated support surfaces necessary for towers and 

Originally TVA planned t o  build a 
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s i t e .  

Wheeler w i l l  have t o  be determined by actual oi Tating experience at 

Browns Ferry as controlled by the  temperature monitoring network. 

The extent of the  changes i n  operation of Guntersville and 

I n  summary, TVA w i l l  operate during th i s  interim 

period t o  meet the 10°F rise and 93'F maximum temperature fo r  which 

Browns Ferry was original ly  designed, and as the  cooling towers become 

available TVA w i l l  u t i l i z e  them t o  the  maximum extent practicable t o  

meet any lower temperature standards which are i n  effect .  

6. Mechanical draft cooling towers - W A  has 

reexamined the  al ternat ive heat dissipation f a c i l i t i e s  which were out- 

l ined in  Volume 3 beginning on page 3-55 and has again concluded tha t  

t he  ins ta l la t ion  of mechanical draft cooling towers is  the  best alter- 

native t o  meet the  more stringent thermal standards. 

cussed i n  t h i s  volume, the engineering and environmental character is t ics  

of the mechanical draft cooling towers are as presented i n  Volume 3. 

The principal advantages for  mechanical towers over other auxiliary 

cooling f a c i l i t i e s  a re  lower capi ta l  expenditures and the  nearly 2-year 

shorter lead time for construction. 

noise levels, possible higher potential  for  fogging and icing, and 

higher operation and maintenance costs.  

principal one which determined the use of mechanical d r a f t  towers was 

the shorter time required t o  complete the  plan and thereby reduce the  

time the  plant would be i n  operation without having auxiliary cooling 

f a c i l i t i e s  available. 

Except as dis- 

The disadvantages include higher 

O f  these considerations the  
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I '  

monitoring ac t iv i t ies  during t h i s  relocation it may be necessary t o  

construct temporary f a c i l i t i e s  pr ior  t o  dismantling and reassembling 

the present structures. 

construction and permanent plant usage also cross t h e  cooling tower 

area. New l i nes  w i l l  be instal led and placed i n  service before the 

existing l ines  are abandoned. 

abandoned from a point near t he  meteorological tower t o  the  permanent 

The main telephone trunk l i n e s  for  both 

The principal access road must be 

parking l o t ,  

tower area. 

will have t o  

and a new road must be constructed around t he  cooling 

The sewage treatment plant and possibly the  boat harbor 

be relocated. 

While it w i l l  be necessary t o  relocate 

or  change the planned location of numerous f a c i l i t i e s ,  t he  purchase 

of additional land beyond tha t  presently owned w i l l  not be required. 

(3) Environmental considerations - 
(a) Physical and chemical 

characterist ics of tower effluent - The water required for  continuous 

operation of the plant will be obtained fromthe Tennessee River at 

the plant site. 

dependent on the following items: 

t o  maintain desirable levels for dissolved solids within the system, 

(2) the amount of evaporation f r o m  the tower, and (3 )  d r i f t  losses. 

The quantity of water required (makeup) w i l l  be 

(1) amount of blowdown necessary 

I 
I 
I 
I 
I 
1 
I 
3 

With a blowdown dissolved sol ids  concentration factor  of 2, t he  t o t a l  

makeup required would be approximately 6 percent of t he  circulating 

flow, or  220 ft 3 /s. 
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towers as now planned w i l l  be located inland as shown. 

ment w i l l  reduce the length of the  required dike from 5,000 fee t  t o  

1,500 feet and thereby reduce the  length of shoreline disturbed by 

about 3,500 feet. 

towers cannot be determined u n t i l  the  contract has been awarded. 

(2) 

This arrange- 

The exact spacing and the  final dimensions of the  

Land requirements - The return 

channel from the  cooling towers t o  the  intake channel w i l l  be generally 

located immediately south of the reactor building. Construction of 

the  return channel will require an earth dike located approximately 

375 feet offshore in the  reservoir. 

1,500 feet i n  an east-west direction from the w e s t  bank of the present 

intake channel t o  a t ie- in  point at the  previously placed offshore 

f i l l  or iginal ly  planned f o r  t he  biothermal research f ac i l i t y .  

This dike w i l l  run approximately 

The cooling towers w i l l  require the 

relocation of t he  construction administrative and engineering complex. 

Project plans were t o  relocate this complex as t he  pro3ect was nearer 

t o  completion, but the timing of the  cooling tower construction requires 

tha t  t h i s  be done promptly. 

f a c i l i t y  must also be relocated. 

The meteorological. building and tower 

I To avoid extensive interruption of 

I 
I 
PI 
I 
1 
I 
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2.6-15 

Only under extreme conditions 

can blowdown not be held up at least 12 hours. This capability can be 

used t o  r e s t r i c t  blowdown, when natural water temperatures are above 

86OF, t o  the periods of t h e  day when the  w e t  bulb temperature is  most 

favorable. This w i l l  result i n  discharges of blowdown at the  lowest 

possible temperatures. 

Nevertheless, there w i l l  be 

very limited times when the  natural  water temperature i s  86OF or more 

and blmdown will have t o  be discharged. The quantity of heat t o  be 

added t o  the reservoir w i l l  be small and will be dispersed within the 

receiving waters by whatever mixing device is used. 

based on h is tor ica l  w e t  bulb and r iver  temperatures, the  maximum tem- 

perature rise of t h e  blowdm above the  ambient river temperature i s  

expected t o  be about 109. 

For example, 

The blowdown diffuser on which studies 

have been made would result in a mixed temperature rise of about 0.5OF. 

Local foccuing and icing - (b) 

These environmental effects  of cooling tower operation were discussed 

i n  de t a i l  beginning on page 3-59 of Volume 3. 

d r i f t  the  mechanical draft cooling towers will have d r i f t  eliminators 

designed t o  l i m i t  d r i f t  t o  a nmximum of 0.1 percent of the  condenser 

cooling water flow. 

2.5 of t h i s  volume. 

To minimize the plume 

The effects of plume dr i f t  me discussed i n  section 

( c )  Construction effects  - 
The 1,500-foot long dike will be constructed i n  an area that has been 

previously disturbed as described i n  Volume 3. 

gable channel and instal la t ion of the diffuser pipes has already 

Maintenance of a navi- 
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disturbed t h i s  area. 

mately 13 acres of reservoir habitat adjacent t o  the plant.  

about 5 t o  10 acres less than would have been disturbed by the  original 

The construction of the dike w i l l  disturb approxi- 

This i s  

tower location. 

has not returned t o  i t s  previous condition. 

Because of previous construction ac t iv i ty  t h i s  area 

Riprap w i l l  be placed on the  

reservoir side as the dike is  completed t o  avoid wave action erosion 

and resultant s i l t a t ion ,  

f i l l ,  and the inside slopes will be protected by riprap. 

removed from the  ponded area w i l l  be deposited i n  upland spoi l  areas. 

A f t e r  drying the  area w i l l  be covered w i t h  a l i gh t  cover of earth-fill,  

i f  needed, and w i l l  be seeded and mulched. 

The channel section will be shaped with ro l led  

Any muck 

Some localized s i l t a t i o n  is  

expected i n  the  immediate area of dike construction. 

shallow water i n  t h i s  location, t he  re la t ive ly  low velocity of the 

currents, and t h e  use of riprapping, s i l t a t i o n  of the reservoir i s  

expected t o  be localized, minimal, and of short duration. 

Because of the  

Some additional trees near the 

south bank must be cleared fo r  the  cooling tower construction. 

trees and shrubs w i l l  be disposed of by open burning. 

be accomplished i n  accordance w i t h  applicable state and loca l  regulations. 

These 

The burning w i l l  

About 3.6 million cubic yards 

of earthwork w i l l  be required t o  grade the  cooling tower area. This 

includes 3 million cubic yards of excavation f o r  t he  cooling towers, 

0.3 million cubic yards of excavation t o  relocate a drainage diversion 

ditch,  and 0.3 million cubic yards of f i l l  for t h e  present diversion 
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ditch. 

northeast of t he  cooling towers. 

provide a pleasing aesthet ic  appearance and w i l l  be seeded and mulched. 

Approximately 130 acres of l and  

The excavated material will be disposed of i n  an area t o  the  

This material w i l l  be shaped t o  

must be graded fo r  the  cooling tower in s t a l l a t ion .  

w i l l  be employed t o  avoid excessive runoff from t h i s  graded area and 

Special precautions 

the  resul tant  excessive s i l t a t i o n  i n  t h e  Wheeler Reservoir. Erosion 

control methods will include, but will not be l imited t o ,  special  

sloped grading, drainage di tches ,  check dams, benches, and seeding and 

mulching as areas are completed; and i f  necessary f o r  proper control ,  

s e t t l i n g  ponds or other control techniques w i l l  be used. 

(d)  Aesthetics - The general 

location of t h e  cooling towers as related t o  the main plant access 

road, shoreline,  of fgas stack, parking areas, gatehouse, and v i s i t o r s  ' 

f a c i l i t i e s  places special  emphasis on t h e  aes the t ics  of the  cooling 

towers. 

draft towers will not present a very la rge  v e r t i c a l  barrier. 

The r e l a t ive ly  low pro f i l e  (60 f e e t  high) of the.mechanical 

Without 

changing the  basic functional c r i t e r i a  of t he  towers, TVA w i l l  design 

and construct t h e  towers t o  make them an aes the t ica l ly  in tegra l  part 

of t h e  project.  Since t h e  standard materials of construction for 

mechanical draft towers may not be compatible w i t h  the  archi tecture  

of t h e  powerhouse, design features  will be incorporated t o  achieve 

archi tectural  compatibility with the  main plant.  

plished by selection of materials and colors  compatible with overal l  

This w i l l  be accom- 

plant design or by special  treatment and modifications of features t o  

achieve compatibility with the  t o t a l  composition. Special site 
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treatment w i l l  be provided t o  r e l a t e  t he  towers t o  the  main plant area.  

Landscaping along the  main plant access road and i n  the  tower area 

w i l l  be used t o  reduce the  impact of t h e  plume and towers. Neverthe- 

less, as is  apparent i n  f igure 2.6-8, t he  towers by t h e i r  very s i z e  

w i l l  present a la rge  horizontal  barrier which i s  an unavoidable 

consequence. 

( e )  Noise - The use of mechanical 

draft cooling towers w i l l  increase noise leve ls  outside t h e  plant s i te  

by a small increment. The predicted operational noise levels at a 

distance of 1,000 f e e t  along the  two center l ines  of the  tower complex 

were calculated. 

greater distances outside the  plant  boundary were calculated along t h e  

center l ine i n  t he  direct ion of t he  highest noise levels and compared 

t o  measured background noise data. 

- (A )  (1 t o  5 =(A) above background) which is  within the  normally 

acceptable range according t o  t h e  noise c r i t e r i a  developed by the  U.S. 

Department of Housing and Urban Development. 

study are presented i n  Appendix V. 

In  addition, predicted operational noise leve ls  a t  

These values ranged from 33 t o  38 .. 

The d e t a i l s  of t h i s  

Since t h e  noise levels asso- 

c ia ted w i t h  mechanical draft cooling towers are within the  normally 

acceptable range, no adverse e f f ec t s  are expected. 

7 .  OP era t ing  procedure followinp tower in s t a l l a t ion  - 
The cooling towers w i l l  be designed and sized assuming that the  5OF 

temperature rise and 86OF maximum temperature standards w i l l  be f i n a l l y  

adopted. TVA expects t h a t  after t h e  in s t a l l a t ion  of t h e  towers is  

complete all generating u n i t s  w i l l  usually be operated i n  the  same 
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mode at the  same t i m e .  

cooling i s  required, one or t w o  un i t s  may be operated i n  the  helper 

mode. 

t he  normal procedure would be t o  change t o  the  helper mode and then 

t o  the closed mode as required t o  meet the  thermal standards. 

temperature standards permit, the  uni t s  would be changed t o  t h e  helper 

mode and then t o  the open mode. 

During the  time when only l imited supplemental 

With t h e  uni t s  operating i n  the  open mode ( r ive r  cooling only) 

As the  

TVA estimates t h e  cooling tower operation w i l l  be 

required about 28 percent of t h e  time t o  supplement t h e  d i f fuser  system 

i n  

of 

t o  

meeting the  5OF and 86OF thermal standards. As shown by f igure 8 

Appendix IV, a minimum riverflow of about 22,000 f't 3 /s i s  required 

meet a 5OF rise c r i t e r ion  for  3-unit operation when u t i l i z i n g  the  

diffuser system only. There have been periods of several  days during 

which t h e  flow at the  Browns Ferry s i t e  has been below 22,000 ft 3 /s. 

The five longest periods since 1951 were: 

October 3-14, 1954 12 days 

December 19-29, 1958 11 days 

April 9-26, 1966 18 days 

April 1-17, 1967 17 days 

September '/-October 1, 1968 24 of 25 days 

Table 2.6-3 shows the  number of days and t h e  percent 

of days during t h e  period 1966-71 t ha t  the  5OF rise and 86OF maximum 

temperature c r i t e r i a  would not have been m e t  u t i l i z i n g  the  d i f fuser  

system only. The two sections of t h i s  t ab le  are based on the  upper 

and lower limits of t h e  temperature rise as indicated by figure 8 of 

Appendix IV. The data i n  t h i s  table are indicative of the  amount of 



2.6-20 

t i m e  t ha t  operation of the  cooling towers w i l l  be required t o  m e e t  the 

5OF r i s e  and 86OF maximum standards. 

TVA will , as far a s  , racticable,  make maximum use 

The extensive thermal of t he  heat diss ipat ion capacity of t h e  river. 

monitoring network in s t a l l ed  f o r  t h e  Browns Ferry plant w i l l  be u t i l i z e d  

t o  assure tha t  thermal standards a re  m e t .  This system w i l l  be used t o  

ver i fy  t h e  preliminary operating procedures which are based upon the  

results of model s tudies  and w i l l  serve t o  develop the  operating proce- 

dures f o r  unsteady-state flow conditions. 

permit a rapid determination of impending violat ions of thermal standards 

The monitor network w i l l  

and enable TVA t o  make operational changes on a timely basis t o  meet 

t h e  standards. These operational changes could include: (1) adjust- 

ments t o  t h e  scheduled releases at Wheeler and Guntersville Dams; (2) 

use of t h e  auxi l iary cooling f a c i l i t i e s  at Browns Ferry; and (3) reduc- 

t i ons  i n  the  generation from Browns Ferry should auxi l iary cooling 

f a c i l i t i e s  be unavailable. 

from these changes w i l l  require either increased generation from alter- 

nat ive power sources or system load reductions. 

Any reductions i n  generation which result 

The Browns Ferry Nuclear Plant is expected t o  be 

operated as a base load plant f o r  t he  first 15 years of t he  plant l i f e  

after which, as lower cost  generation becomes available, t he  capacity 

fac tor  on Browns Ferry w i l l  be reduced. 

the TVA system occur during the  winter and summer seasons, and it is 

expected that generation from Browns Ferry w i l l  be needed during these 

periods for t he  l i f e  of t h e  plant.  

Peak power requirements on 



2.6-21 

A t  t h i s  t i m e  TVA has no def in i t ive  plans fo r  

ins ta l l ing  additional capacity at the Browns Ferry s i t e  or on Wheeler 

Reservoir. 

re jec ts  large amounts of heat t o  the  r ive r  is the  Widows Creek Steam 

Plant consisting of eight un i t s .  This 1,977,985-kW plant i s  located 

on the  Guntersville Reservoir at about Tennessee River mile 407, or 

some U 3  miles above the  Browns Ferry plant. 

separating the  plants,  there  are no ident i f iable  temperature e f fec ts  

at Browns Ferry as a result of t h e  heat rejected t o  Guntersville Lake 

by the  Widows Creek plant. 

The closest  exis t ing TVA f a c i l i t y  above Browns Ferry which 

Because of the distance 

TVA's Colbert Steam Plant i s  located on the 

Pickwick Reservoir at about Tennessee River mile 245, or some 49 miles 

below the Browns Ferry plant. 

tures downstream from Browns Ferry are discussed and i l l u s t r a t ed  i n  

Appendix I V .  Based on these predictions, t he  mixing of t h e  surface 

and bottom waters by t he  Wheeler and Wilson turbines and the  distance 

separating the  two  plants ,  Browns Ferry is not expected t o  cause any 

ident i f iable  thermal e f fec ts  at the  Colbert plant. 

The prediction of w a t e r  surface tempera- 



Year - 
1960 
1961 
1962 
1963 

1966 
1967 
1968 
1969 

1964 
1965 

1970 
1971 

Table 2.6-1 

SW04ARY OF WSEKLY OBSFWED WATRR TB4PPERATURES IN THE RELFASES - 
FROM GUNTERSVILLR AND WHEELER DAMS 

1960 to 1971 

Maximum Temperature 
OF 

Cuntersville Wheeler 

82.4 
82.4 
84.2 
82.4 
8h .2 
811.2 
86.0 
80.6 
86.0 
08.7 
84.2 
84.2 

86.0 
82.4 
86.0 
81,. 2 
86.0 
86.0 
86.0 
80.6 
87.8 
87.8 
87.0 
86.0 

Minimum Temper at ur e 
OF 

Cuntersville Wheeler 

41.0 42.8 
39.2 41.0 
39.2 1 41.0 

41.0 41.0 
42.8 44.6 
37.4 37.4 
42.8 114.6 
41.0 42.8 
41.0 41.0 
39.2 37.4 
41.0 41.0 

39.2 39.2 

Number of Days Natural Temperature 
Equalled' or Exceeded 86OF 

Wheeler Guntersville 

0 
0 
0 
0 
0 
0 
1 
0 
1 
15 
0 
0 - 

16 
0 ,  
8 Iu 
0 
1 
1 

0 
22 
30 
17 
2 

36 

- 

. m 
I 
Iu 
Iu 

17 133 
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Table 2.6-2 

NUMBER AND PERCENT OF THE DAYS DURING THE 5-YEAR PERIOD 1966-7 

THAT THE 10°F RISE A.ND 93OF MAXIMUM STANDARDS WOULLI NOT HAVE BEEN 

MET FOR OPERATION OF BROWNS FERRY ON THE DIFFUSER SYSTEM ONLY 

10°F R i s e  With 93% Maximum 
Days Equaled or Exceeded 

l O O F  Rise 
10°F R i s e  93% Max. or 93% MU. 

Operation N u m b e r  N u m b e r  N u m b e r  % 
(1 

One Unit - 
Full Load 

TOTALS 

Two Units - 
Full Load 

Three Units - 
Full Load 

TOTALS 

0 
2 
0 
0 
0 

2 

- 

7 
6 
4 
2 
0 

19 

- 

0 0 
0.5 0 
0 0 
0 0 

0 0 

0.1 0 

- - 

1.9 2 
1.6 0 
1.1 0 
0.5 4 

0 0 

1.0 6 
- - 

0 
0 
0 
0 
0 

0 

- 

0.5 
0 
0 
1.1 
0 

0.3 

0 
2 
0 
0 
0 

2 

- 

a 
6 
4 
4 
0 

22 

- 

0 -  
0.5 
0 
0 
0 

0.1 

- 

2.2 
1.6 
1.1 
1.1 
0 

1.2 

- 

21 5 .a 5 1.4 23 6.3 

18 4.9 5 1.4 19 5.2 

62 3.4 24 1.3 70 3.8 

13 3.6 2 0.5 13 3.6 

7 1.9 9 2.5 ll 3 00 
1.1 3 - 4 - 0.8 - 3 - 0.8 - - 



Table 2.6-3 

DAYS DURING THE SIX-YEAR PERIOD, 1966-71, THAT mE 5 O F  RISE AND %OF MAXIMUM STANDARDS 
WOULD NOT HAW BEEN MET FOR 1-, 2 - 9  AND 3-U"T OPERATION AT BROWNS FERRY IN THE OPEN MODE 

Upper L i m i t  
(3.5% Rise for Intermediate Flows) 

Operat ion 5OF Rise 
One Unit - Number 4& 
F u l l  Load 

1966 
1967 
1968 
1949 
1970 
1971 

TOTALS 

Two units - 
F u l l  Load 

1966 
1967 
1968 
1969 
1970 
1971 

TOTALS 
Three Units - 
Ful l  Load 

1966 
1967 
1968 
1969 
1970 
1971 

TOTALS 

7 
6 
4 
2 
0 
0 

19 
- 

32 
28 
39 
13 
12 
7 
131 

74 
40 
89 
47 
51 
2 
331. 

__ 

1.9 
1.6 
1.1 
0.5 

0 
0 

0.9 
- 

0.8 
7.7 

10.7 
3.6 
3.3 

6.0 

20.3 
11.0 
24.3 
12.9 
14.0 m 
15.1 

86% M a x .  
Number 5 

48 

50 
74 
80 - 76 

328 

0 

53 
2 

61 
78 
83 

76 
353 

65 
2 

73 
85 

398 
& 

13.2 
0 

13.7 
20.3 

- 21*8 20. 

15.0 

14.5 
0.5 

16.7 
21.4 

a 8  
16.1 

17.8 
0.5 

19.9 

24.9 
22.5 

18.2 

22.7 

23.3 

- 

5 9  Rise 
or 86% M a x .  
Number 5 

54 
6 

53 
74 
80 

76 
343 

77 
28 
86 
82 
90 
39 
442 

33-9 
40 

135 
I l l  
122 - 103 
630 

14.8 

14.5 
20.3 
21.9 

1.6 

- 20.8 

15-7 

21.1 
7.7 

23.5 
22.5 
24.7 - 21.6 
20.2 

32.6 
11.0 
36.9 
30.4 
33.4 
20.2 

28.8 
- 

a@ 

Lower L i m i t  
(2.5% Ri8e for Intermediate Flows) 

7 
6 
4 
2 
0 
0 

19 
- 

32 
28 
39 
13 
12 
7 
131 

74 
40 
89 
47 
51 
30 
331 

u 

1.9 
1.6 
1.1 
0.5 
0 
0 

0.9 
- 

8.8 
7.7 

10.7 
3.6 
3.3 
1,9 

6.0 

20.3 
11.0 
24.3 
12.9 
14.0 
8.2 

15.1 
- 

86% M a x .  
N-er % 

45 
0 

42 
62 
n 
19 
279 

50 
2 

55 
69 
76 - 60 

312 

64 
2 

72 
83 
90 

7 4  
385 

12.3 
0 

11.5 
17.0 
19.5 - 16.2 
12.7 

13.7 
0.5 

15.0 
18.9 
20.8 
L 4  
14.2 

17.5 
0.5 

19.7 
22.7 
24.7 
20.3 
17.6 

5% Rise 
or 86% MELX. 
Number % 

5 1  
6 

45 
62 
71 
2 
294 

74 
28 
80 
73 
83 
63 
401 

118 
40 

134 
109 
121 
3 
617 

14.0 
1.6 

12.3 
17 .O 
19.5 
2 16 2 

13.4 IU 
cn 
I 
Iu .r 

20.3 
7.7 

21.9 
20.0 
22.7 
JcL3 
18.3 

32.3 
11.0 
36.6 
29.9 

- 26.0 
28.1 

33.2 
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2.7-1 

2.7 Biological Impacts 

1. Thermal effects  following cooling tower 

instal la t ion - The impact of thermal discharges from Browns Ferry 

Nuclear Plant on aquatic l i f e  i n  Wheeler Reservoir based on TVA's 

design c r i t e r i a  for reservoir temperatures, a 10°F rise and a 93OF 

mBximum, has been discussed i n  Volume 2, section 5.6, and Volume 3, 

section 3.3. I n  these volumes the bottom fauna and f i s h  habitat i n  

Wheeler Reservoir have been described, f i s h  species of interest t o  

sport and commercial fishermen have been identified,  and effects  of 

the  warmwater discharge on the  l i f e  history of f i s h  and bottom fauna 

have been considered. 

TVA concluded i n  these discussions tha t  l imiting 

the Wheeler Reservoir temperatures t o  the design c r i t e r i a  maximum 

would not result i n  significant detrimental impacts t o  t h e  reservoir 

ecosystem. This evaluation is  s t i l l  considered v a l i d .  However, a f t e r  

Volume 3 was issued fo r  review, W A  made the decision t o  i n s t a l l  

mechanical drafi cooling towers t o  meet the more stringent tempera- 

ture standards of 86OF maximum and 5OF above natural  prevailing back- 

ground temperature proposed by EPA for the State  of Alabama. 

2. Thermal e f fec ts  during the interim period - 
Thermal discharges during the  in t e r im  period u n t i l  cooling; towers are  

completed are discussed in section 2.6.5 of t h i s  volume. 

commercial operation schedule and the  tower completion schedule dis- 

cussed i n  that section indicate that the  t o t a l  time period during 

which one or more uni ts  are scheduled t o  be operating before instal la-  

t ion  of all towers i s  22 months. 

The plant 

This period includes 12  months of 
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1-unit, 10 months of 2-unit, and no period of 3-unit operation without 

towers. 

In  addition t o  t h e  l imited time span when the  

plant un i t s  w i l l  be operating without available auxiliary cooling 

f a c i l i t i e s ,  evaluation of past flow records (see Table 2.6-3) indicates  

t h a t  only about 16 percent of t h i s  time w i l l  the more s t r ingent  86OF 

and 5OF rise standard not be met during the period of 1-unit operation, 

and only about 20 percent of  t he  time w i l l  these limits be exceeded 

during 2-unit operation. 

However, reference t o  f igure 2.6-3 and figure 2.6-4 shows that t h e  

This analysis is based on mean da i ly  flows. 

minimum flow required t o  l i m i t  t h e  temperature r i s e  i n  t he  reservoir  

t o  t h e  proposed standard of 5OF, approximately 7,250 ft 3 /s f o r  1-unit 

operation, i s  exceeded about 90 percent of t i m e  based on hourly f l o w  

records. 

un i t s  i s  about 14,500 f t  /s and is  equalled or  exceeded more than 80 

percent of t he  time. 

t i o n  thermal e f f ec t s  must be evaluated relative t o  those periods when 

t h e  proposed standards are exceeded. 

The minimum flow required t o  meet t h i s  standard f o r  two 

3 

Thus, t h e  following discussion of interim opera- 

As described i n  sect ion 2.6 of t h i s  volume, thermal 

pat terns  i n  Wheeler Reservoir can be separated i n t o  three categories.  

These three categories,  which are described below, w i l l  be termed 

Condition I, Condition 11, and Condition 111. 

Condition I - A t  streamflows greater than t e n  t i m e s  the d i f -  

fuser discharge, warm w a t e r  w i l l  extend i n  8 surface layer  

across t h e  width of the  reservoir  at some point downstream from 

t h e  diffusers ,  leaving cooler water at "ambient" temperature 



i'l a subsurface layer.  The temperature of the w a r m  surface 

water outside the  jet-mixing zone will be approximately 1 . 4  

t o  2.0 deg C (2.5 t o  3.5 deg F)* above ambient for  approxi- 

mately 2 miles downstream from t h e  plant s i t e ,  a t  which point 

the  temperature w i l l  begin t o  decrease because of surface 

heat losses. 

and l i t t o r a l  areas on both sides of the r i v e r ,  including the 

Mallard Creek embayment, and on the  submerged island down- 

stream from the  plant. 

The warm layer w i l l  impinge on shallow overbank 

Condition 11 - A t  flows less than ten times the  diffuser dis-  

charge, the  en t i re  flow of the r ive r  will mix with the  con- 

denser effluent. 

will occur immediately downstream from the  diffuser.  

ture increments above ambient i n  the  mixed flow will range 

from 1.4 deg C (2 .5  deg F) t o  5.6 deg C (10 deg F) depending 

on reservoir flow-diffuser discharge relationships. It should 

be noted that after cooling towers are available the  rise will 

not exceed 2.8OC ( 5 9 ) .  

these increments will impinge on t he  en t i re  resemoir  sub- 

strate for approximately 2 miles downstream from the  diffusers  

before significant surface heat loss occurs; warm water will 

also move upstream, the distance depending on reservoir and 

diffuser flows; and warm w a t e r  w i l l  invade t o  an unknown 

No subsurface zones at  ambient temperature 

Tempera- 

Water elevated i n  temperature by 

'CThis discussion will follow the  convention: deg C (or deg F) re fers  
t o  a change in  temperature; OC (or OF) refers t o  actual temperature. 192 
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extent the Mallard Creek embayment located across the reser- 

voir from the plant site. 

Condition I11 - Occasionally there will be very high stream- 
flows for  which the thermal regime will be essentially the 

same as in Condition I except that additional mixing w i l l  

result in mixed upper layer temperatures lower than 2.5 to 

3.5 deg F. 

3. Effects on fish - 
(1) Reproduction - 

(a) Spawning - Under Condition 
I the expected mixed temperatures on the order of 1.4 to 2.0 deg C 

above ambient probably w i l l  not have a measurable effect on prespawning 

migrations. 

be at ambient temperatures, thus affording subsurface passage routes. 

In addition, the bottom area in the overbank areas will 

Under Condition I1 warm water 

at the mixed temperature will occupy the entire water column. 

extent to which this will serve as a barrier to migrating fish w i l l  

depend on (1) the magnitude of the temperature elevation in the mixed 

area and (2) the steepness of the thermal. gradients within the mixed 

The 

zone. 

experienced by migrating fish. It is important to note that a complex 

3-dimensional distribution of thermal gradients within the range noted 

above w i l l  exist in the region of mixed temperature. 

Temperatures of from 1.4 to 5.6 deg C above ambient w i l l  be 

The literature 

available on thermal preferences and reactions to thermal gradients is 

e~tensive.~’~ Laboratory investigations have shown that fish can be 

trained to discern temperature differentials of 0.05 deg C or less; 
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i n  natural s i tua t ions ,  however, discrimination of thermal d i f f e ren t i a l s  

of less than 4 t o  5 deg C has seldom been demonstrated except where 

these d i f fe ren t ia l s  occur near l e tha l  l i m i t s .  Certain species may 
4 

avoid localized areas or  "pockets" of highest temperature but should 

successfully negotiate t he  mixed region. 

Where warm water extends both 

upstream and downstream from the  d i f fusers ,  the  gradients encountered 

by migrating f i s h  w i l l  vary. Fish moving upstream from below the plant 

w i l l  t raverse  a gradually increasing gradient,  experience the  highest 

temperatures i n  a localized region i n  the  v i c i n i t y  of the  d i f fusers ,  

and then t raverse  a decreasing gradient as they move upstream. 
- 

The 

gradient from w a r m  t o  cooler water upstream from the  diffusers  will be 

somewhat steeper than the  gradient from cooler t o  warmer water downstream 

from t h e  d i f h s e r s ,  but it w i l l  not be suf f ic ien t ly  steep t o  produce 

cold shock. It is therefore  judged that a ba r r i e r ,  i n  t he  s t r i c t  sense 

of preventing or s ign i f icant ly  decreasing or  retarding migration, w i l l  

not result under the proposed interim operating regime. 

A recent review of environmental 

fac tors  which may control t e l e o s t  reproductive cycles5 indicates that 

for  most t e l eos t  orders rates of gametogenesis are controlled by a com- 

bination of temperature and photoperiod and that photop.eriodism i s  

par t ly  temperature controlled. The same argument can be extended t o  

spawning per se provided other f ac to r s ,  e.g., ava i l ab i l i t y  of su i tab le  

substrate ,  are included. Generalizations regarding the r o l e  of increased 

temperatures on the  spawning cycles of f i s h  resu l t ing  from plant operation 

are therefore d i f f i c u l t  t o  make. Depending on t h e  degree t o  which 



temperature can override photoperiodic control,  those species which 

reside more or less permanently, expecially during l a t e  autumn and winter,  

i n  the v i c i n i t y  of the  plant may experience acceleration of gametogenesis 

and hence spawning. 

monitoring indicate  considerable seasonal var ia t ion i n  catch; there  

As discussed i n  Volume 2 ,  r e su l t s  of preoperational 

are no avai lable  data t o  ascer ta in  the  presence or absence of resiclent 

subpopulations of any species. It is possible t h a t  members of r e l a t ive ly  

sedentary species such as minnows, b lueg i l l s ,  largemouth bass, and per- 

haps f la thead c a t f i s h  w i l l  remain in t he  area long enough t o  be affected.  

Early spawning by clupeids and largemouth bass and late spawning of 

b lueg i l l  were noted i n  the  discharge cove of a steam plant on Lake 

Norman, North Carolina.' 

spawning are discussed below i n  the consideration of thermal e f fec ts  on 

The consequences of earlier maturation and 

egg development. 

Under Condition I1 warm water 

may encroach upon overbank areas above t h e  plant and across t h e  reser-  

voir .  

perature which m y  a f fec t  normal spawning. 

be disrupted by a downward s h i f t  i n  temperature ear ly  i n  t h e  spawning 

season, i.e., when the  threshold temperature f o r  spawning has first 

Fish spawning i n  these areas would experience changes i n  tem- 

Spawning is most l i k e l y  t o  

been passed. During t h i s  period a s h i f t  from one condition t o  the  

other could in te r rupt  spawning i n  these areas;  t h e  significance of 

t h i s  i n  terms of t h e  f i shery  resource of t h e  reservoir  is unknown. 

(b) ERR develoument - Increased 

temperatures i n  the  v i c i n i t y  of the  plant under both Condition I and 

Condition I1 may accelerate  development of both demersal eggs deposited 
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i n  t h e  area and pelagic eggs which drift past t he  p l an t  and become 

entrained i n  t h e  je t  mixing zone. 

Under Condition I r a t e s  of 

development of demersal eggs deposited i n  the  v i c i n i t y  of the plant 

will be accelerated somewhat, but increased mortali ty of eggs is  not 

expected t o  be a s ignif icant  fac tor .  

owing t o  elevated temperatures may result i n  a higher frequency of 

anatomical anomalies (changes i n  numbers of vertebrae,  pug-headedness , 
e tc .  ). 

they may decrease swimming and feedinf! efficiency and render t h e  

affected f i s h  more susceptible t o  predation. 

genetic control as w e l l ,  and adult individuals exhibit ing anomalies 

have been reported i n  t h e  l i t e r a t u r e  f o r  several species. 

developnental rates-may a l s o  result i n  young hatching a t  an earlier 

stage of developnent than is normal; mortali ty rates of prematurely 

hatched young are higher than for normal young. 

involved, approximately 5 percent of t h e  reservoir  surface area, it 

is judged t h a t  such e f f ec t s  w i l l  have an insignif icent  impact on f i shery  

resources. 

Increased developmental rates 

These anomalies seldom a r e  d i rec t  f ac to r s  i n  mortali ty,  but 

Anomalies may be under 

Increased 

Considering the  area 

Under Condition I1 a greater, 

but undefinable, degree of acceleration of developnental r a t e s  can be 

expected. Egg mortali t ies may result i f  t he  combination of ambient 

temperature conditions near the  upper l e t h a l  threshold,  low riverflow, 

and high diffuser discharge occurs. 

and of short duration; mortalities which may occur are judged t o  be 

insignif icant  i n  terms of t h e  e n t i r e  reservoir .  

Such occurrences w i l l  be infrequent 
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Pelagic eggs which become 

entrained i n  the d i f fuser  discharge stream will be subject t o  rapid 

thermal shock as they pass through the j e t  mixing zone. 

which mo? 

The degree t o  

:y is caused by the thermal shock Kill depend on the magni- 

tude of t he  shock, t h e  maximum temperature experienced by the  eggs, the 

developmental stage of the  eggs, and the  duration of exposure t o  elevated 

temperature. Data on these e f f ec t s  are scanty, and no quant i ta t ive 

estimates csf adverse e f f ec t s  can be made, but some increase i n  egg mr- 

t a l i t y  may occur. Incomplete analysis  of meter-net samples indicates  

t h a t  egg concentrations i n  the r i v e r  channel near Browns Ferry (TRM 293) 

varied from 0 t o  0.5/m 3 i n  May 1971; from 0.004 t o  2.5/m 3 i n  June 1971; 

and from 0.003 t o  0.4/m 3 i n  July 1971. Presumably, t h e  eggs taken  were 

pelagic, buoyant eggs, most probably of t h e  drum, Aplodinotus grunniens, 

and some f rac t ion  of these would have been exposed t o  t h e  conditions 

noted above. Available information indicates  that only two species 

common t o  the  reservoir produce buoyant eggs: drum and mooneye (Hiodon 

t e rg i sus ) ;  one other species, t he  skipjack herring (Alosa chrysochloris)  

may a l s o  have bouyant eggs. 

owing t o  entrainment will have a s igni f icant  impact on populations of 

these species i n  Wheeler Reservoir. 

It i s  not ant ic ipated that egg mortalities 

(2) ~ a r l ~  l i f e  stages - Preliminary 

results of the  first year of sampling for young fish* i n  t h e  v i c i n i t y  

of the  p lsn t  are shown in f igure  2.7-1. The methods and s t a t ions  

established for  sampling f o r  young f i sh  are shown i n  f igu re  19 of 

Volume 2. While a complete analysis  of t h e  species composition and 

*For convenience, larval and young-of-the-year f i s h  not exceeding the  
1" t o  2" s i ze  class are combined and referred t o  as youna f i s h ,  unless 
fur ther  specified i n  t h e  text. 
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re la t ive species abundance i s  not yet available, some general observa- 

t ions can be made. Throughout the period in which young f i s h  are 

vulnerable t o  the sampling gear, shad (Dorsoma spp.) dominate the  

catch, and gizzard shad appear t o  be more abundant than  threadfin shad. 

The percentage of nonshad species, which never exceeds 10 percent of 

t h e  t o t a l ,  increases somewhat i n  July. The downward t rends of the 

curves in late June and July are the result of several processes- 

mortality, migration from inshore t o  pelagic areas, and gear avoidance 

due t o  a larger s ize  and increased swimming ab i l i t y .  For these reasons 

the  curves underestimate the abundance of f i s h  and may overestimate the  

proportion of species other than shad. A l is t  of species identified 

thus far is  given i n  Table 2.7-1. 

The data  i n  figure 2.7-1 repre- 

sent inshore samplea only; population densit ies of young f i sh  i n  the  

pelagic area (channel) at the same location are  approximately one-tenth 

as great, and population densit ies at the 5x11 depth i n  t he  channel are 

somewhat lower than at the surface. 

densit ies noted at TRM 293 8ce typical of the en t i re  reservoir is  not 

known, but examination of a limited number of samples taken approxi- 

mately 4 miles upstream from the plant has yielded equal or somewhat 

higher numbers, although the  peak observed at TRM 293 on June 17 may 

not be reached. 

The extent t o  which population 

"he dynamics of populations of 

The effects  of adverse impacts young f i sh  are not c lear ly  understood. 

on young f i s h  as ultimately reflected i n  adult stocks and the reservoir 

ecosystem are unknown. The magnitude of the  projected losses of larval 
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f i s h  as discussed i n  subsequent pages does, however, suggest t h e  possi- 

b i l i t y  of a significant adverse impact. To provide assurance tha t  the 

operation of the Browns Ferry plant is  not adversely affecting f i sh  

populations i n  Wheeler Reservoir, larval f i s h  monitoring w i l l  continue 

following plant startup. Should there be s ignif icant  adverse effects 

due t o  plant operation, corrective action w i l l  be taken. 

(a) Thermal discharnes - The 

effects  of thermal discharges on young f i s h  are largely unknown at 

present. 

thresholds w i l l  accelerate metabolism, thereby accelerating growth i f  

Increased temperatures which remain below incipient l e tha l  

other factors,  e.g., dissolved oxygen and food concentrations, are not 

l i m i t i n g .  

i n  a dischsrge embayment as compared t o  other areas of Lake Norman. 

However, t he  extent t o  which th i s  is a result of accelerated growth 

hridence has been presented of faster growth of young f i s h  

1 

rates 85 opposed t o  increased growth due t o  eeclier hatching has not 

been resolved. Since increased temperatures increase maintenance level  

food requirements, t he  e f fec ts  of temperature are l ike ly  t o  operate i n  

conjunction with available food supplies. 6 

Young f i s h  subject t o  Condition 

I w i l l  experience s l ight  increases in te!mperature; however, the ef fec ts  

on growth of a 1.4 deg C increase i n  water temperature may not be 

measurable. Increased predation may occur i f  significant numbers of 

predators are attracted t o  the warmer areas. Under Condition I1 t e m -  

peratures of up t o  5.6 deg C may be experienced. Increased growth 

may occur if  food is not l imit ing;  increased predation may also result, 



2-7-11 

but it w i l l  be offset somewhat by t h e  shorter period of vulnerability 

due t o  increased growth. 

It is judged tha t  t h e  effects  

of thermal discharges on la rva l  f i s h ,  whether adverse or  beneficial ,  

w i l l  not be of a measurable level. However, mortali ty of young f i s h  

result ing from plant operations may be caused by three dis t inct  but 

related factors: 

ment on intake screens; and (3) passage through the  condenser cooling 

system. 

(1) entrainment i n  t h e  j e t  mixing zone; ( 2 )  impinge- 

(b) Entrainment - The number 

of larval f i s h  entrained i n  the  J e t  mixing zone w i l l  vary considerably 

over time. 

10 

(2) mean concentration of larval f i s h  obtained from surface tows i n  the 

channel, the ranges of t he  numbers of larval f i s h  i n  t he  zone under 

normal f l o w  conditions are: 

Based on (1) the volume of the Je t  mixing zone of 203.6 x 

cubic meters (165 acre-feet) under 3-unit open-mode operation and 3 

April (1 date only), 653 x lo3; May, 179 
x lo3 t o  383 x lo3; June, 20.2 x 10 3 t o  1.88 x lo6; July, 2.2 x 10  3 t o  

of 20 times per hour, an estimated 11.99 x 10 9 larval f i s h  would have 

12.8 x lo3. Assuming a turnover rate far the volume i n  the mixing zone 

passed through the  Jet mixing zone i n  t h e  91-day period from April 27 

through July 27 in 1971. 

Fish thus entrained w i l l  be 

subjected t o  a gradient of increased temperature from approximately 13.9 

deg C at the diffuser ports t o  1.h deg C a t  t h e  downstream edge of the 

mixing zone. Temperature data from 1971 indicate that ,  of the  11.99 x 
1 0  9 f i sh  noted above, 5.8 x 10 9 would have been subjected t o  temperatures 
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i n  excess of 4OoC (104OF) for short durations. No data are available 

t o  enable assessment of the  effects  of short-term exposures of larval 

f i s h  t o  temperatures above 4OOC; similarly, the length of exposure t o  

the highest temperatures is  not known. Any mortality occurring w i l l  

probably be the result of increased predation on temporarily stunned 

f i sh .  

These data probably overesti- 

mate the magnitude of entrainment i n  t he  jet mixing zone owing t o  (1) 

use of surface concentrations of larval f i sh ;  (2) rough approximations 

of t h e  volume of the mixing zone and its rate of turnover under 3-unit, 

open-mode operation; and (3) s tep integration of the  complex curve f o r  

numbers of f i s h  i n  the meter-net samples versus t i m e .  The values of 

11.99 x 10 9 and 5.8 x 10 9 given above probably represent the upper 

l i m i t  for the  91-day period. Based on limited data from samples taken 

at the  5m depth i n  the channel, lower limits would  be approximately 60 

percent of upper limits, or 7.2 x 10 9 and 3.5 x 10 9 respectively, given 

t h e  same assumptions of operation, volume, and rate of turnover. 

(c) Imp ingement - Young f i sh  

entering the intake forebay will be subjected t o  current ve loc i t ies  

of up t o  54 a d s  (1.8 ft/s). 

t h i s  current and which w i l l  not pass through the approximate l - cm 

square (3/8 by 3/8 inch) mesh of the traveling screens, w i l l  be impinged. 

The literature on sustainable swimming speeds of f i s h  is limited; more- 

over, published accounts often are not coxupasable in terms of experi- 

mental design and objectives of the study. 

speed of young smallmouth bass (2.2 cm in length) has been estimated 

Those f i sh  which are unable t o  withstand 

The sustained swimming 
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t o  be from 2 t o  13 body lengths per second (3.6 t o  30 cm/s 

on acclimation t e m p e r a t ~ r e . ~  

depending 

It is  d i f f i cu l t  t o  estimate the  duration 

over which these speeds can be maintained since tests ci ted were con- 

tinued for a maximum of only about 15 minutes. One-hour sustained 

swimming speeds for walleye and yellow perch larvae have been reported 

t o  approach maximum values of 5 cm/s for 1.6-cm fish.8 S i m i l y  results 

with largemouth bass larvae have shown that 30-minute sustained swim- 

ming speeds were 4 t o  5 body lengths per second (4 t o  5 cm/s).9 

ing a commonly accepted value of 4 t o  6 body lengths per second 8s a 

maximum sustained swimming speed for periods of 30 t o  60 minutes, the 

intake velocity of 54 cm/s is  l ike ly  t o  trap and expose t o  possible 

impingement most f i sh  of less than 8 t o  12 c m  (3  t o  4.5 inches) i n  

length. 

cleaning jets will result i n  high mortali t ies of f i s h  so trapped. 

Assum- 

Mechanical inJmy owing t o  impingement and the high velocity 

However, experience at operating 

TVA steam plants indicate that  the number and severity of f i s h  captures 

on the traveling screens vewy from plant t o  plant and from season 

t o  season. 

and fall, and the number of minnow8 captured on the screens m i e s  from 

Shad minnow runs are normally experienced i n  the spring 

just a f e w  t o  several thousand. Captured f i s h  range up t o  6 inches in 

length, but very few larger f i s h  are captured on the screens. 

sionally, game f i s h  are captured on the screens; however, th i s  is not 

&a- 

a comon occurrence, and at some downriver plants no game fish have been 

noted on the screens. . *  

Table 2.7-2 shows channel dimen- 

sions and water veloci t ies  in the channel and across the traveling ' 



screens for major TVA steam plants .  The channel ve loc i t ies  were calcu- 

lated using the  cross-sectional a rea  of the  channel and assuming normal 

water l eve l s ,  

operation. 

same as at Browns Ferry. 

Calculations a r e  based on all u n i t s  of a plant being i n  

The screens a t  these plants  have 3/8-inch openings, t he  

(d )  Condenser passage - Young 
f i s h  which pass through t h e  Browns Ferry intake screens w i l l  be sub- 

jected t o  a temperature increase of 13.9 deg C (25 deg F). 

t i o n  of passage is  estimated at  from 7 t o  11 minutes, assuming open- 

mode operation; of t h i s ,  5 t o  9 minutes will be spent i n  heated water. 

Figure 2.7-2 gives estimates of t h e  number of young f i sh  which would 

have been subjected t o  condenser passage during the period noted i n  

1971. Integration of the areas under the curves 0-3, H-3, and C-3 

y ie lds  estimates of 12.5 x lo9,  10.5 x lo9, and 6.5 x 1 0  

pectively,  for  continuous 3-unit operation under open, helper ,  and 

closed modes, respectively.  

presently considered t o  be a product of absolute temperature rise and 

duration of exposure t o  increased temperatures, but no data are avail- 

able t o  establish l i m i t s  on these parameters.2 

Connecticut Yankee Atomic Power Plant showed no surviving wannwater 

Total  dura- 

8 f i s h ,  res- 

Mortality owing t o  condenser passage is 

Data obtained at  the  

f i s h  larvae o r  juveniles at 35OC (95OF) immediately below t h e  plant  

discharge.” 

and were subject t o  a 12.5 deg C increase. 

are extrapolable t o  t h e  Browns Ferry plant  and using avai lable  tem- 

Presumably these f i s h  all passed through the  condensers 

Assuming t h a t  these data 

perature records obtained at Wheeler Dam tailrace i n  1971, near ly  t o t a l  

mortali ty would have been experienced during t h e  period from May 17 t o  

t he  end of the  sampling period. On t h e  basis of the above estimates 
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of numbers withdrawn, t h i s  would amount t o  a mortality of 11.8 x 1 0  9 

f i s h  under open-mode, 3-unit operation. 

(amounting t o  6.31 x 10 

ing from approximately 30 t o  100 percent. 

and closed-mode operation are expected t o  be 100 percent. 

Fish withdrawn before May 17 
8 would have been subdect t o  mortali t ies rang- 

Mortalities under helper- 

The assessment of condenser 

passage on larval f i s h  must be made with the following l imitations and 

considerations i n  mind: 

1. Estimates  are based on one year of sampling, comprising 

the 91-day period from A p r i l  27 through July 27, 1971; no 

estimates of yearly variation are available. 

It was assumed tha t  concentrations (and hence t o t a l  numbers) 

of f i s h  available t o  the plant intake were equal t o  those 

noted i n  the  inshore-surface samples below the plant (!RIM 

293). Reliminesy analysis of t he  upstream samples (TRM 

298) indicates that the  t o t a l  numbers available here may 

in fact be higher, slthough the  extreme peak concentration 

(see figures 2.7-1 and 2.7-2) may not have been reached. 

To the extent that th i s  is true, t o t a l  condenser passage 

may be underestimated. 

sent intake of species present as laFvse before A p r i l  27. 

It was assumed that all water taken i n  by the plant would 

come f’romthe inshore area. Recent 3-dimensional model 

studies have verified t h i s  assumption at flows of 40,000 

3 f’t /s. 

unknown. 

2. 

I n  addition, t he  data do not repre- 

3. 

The va l id i ty  of t h i s  assumption fo r  other flows is  
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The estimates of condenser passage assume continuous 3-unit 

operation by the specified mode only for the entire 91-day 

period observed in 1971. 

changes in mode of operation and number of units employed. 

It was assumed that concentrations of larval fish would be 

continuously available to the plant intake, i.e., the sup- 

ply of fish to the intake would not be exhausted during the 

91-day period of interest. 

The data presently available do not allow estimation of the 

total population of young fish in the reservoir. There- 

fore, no definitive jud@nents of the significance to the 

reservoir of the estimated total losses are possible, 

beyond the comment that the exploitation of subadult age 

classes of fish is judged generally to be inadvisable 

where commercial and sport populations are concerned. 

Actual passage would vary with 

Under open-mode operation the 

larval fish w i l l  be returned to the reservoir and will be available 

as food to those organisms not requiring or selecting for live food. 

Fish withdrawn during helper-mode operation will presumably pass through 

the cooling towers; the degree to which these w i l l  serve as 8 food 

resource on being returned to the reservoir is unknown. 

mode operation any fish withdrawn fromthe reservoir w i l l  constitute 

a total loss. 

Under closed- 

The significance of these 

losses to the fishery resource of the reservoir is not clear. Applying 



a survival coefficient of from 1 x 

stage and recruitment t o  t h e  adult population, operation of the  plant 

(+unit operation) would have i n  effect  removed between 1.2 x 1 0  and 

2.4 x 10 and 2.0 x 10 

t o  1.9 x between the larval 

6 

6 6 6 adults under open-mode; between 1.1 x 10 

adults under helper-mode; aad between 0.6 x 10 5 and 1.2 x 1 0  5 adults 

under closed-mode operation. 

stock of 32.6 x 10 

t o  from 3.8 t o  7.3 percent of t he  harvestable (adult) population under . 

open-mode; from 3.2 t o  6.1 percent under helper-mode; and from 0.2 t o  

0.4 percent' under closed-mode operation. 

Based on an estimated adult standing 
6 f i s h  i n  Wheeler Reservoir, t h i s  reduction amounts 

Approximately 90 percent of 

these losses would be borne by gizzard and threadfin shad; it is esti- 

mated tha t  5 percent would be commercial and sport species and tha t  the 

remainder would be other forage species. 

!The above calculations are based 

on the  assumption t h a t  mortality caused by plant operations is  additive 

t o  natural  mortality. 

involved i n  establishing t o t a l  mortality rates i n  f i sh  populations. 

H o w e v e r ,  l i t t l e  i s  known regarding the  mechanisms 

Mortality of young f i s h  passing through the plant 's  cooling system is  

obviously density-dependent; natural mortality of the  same f i s h  may or 

may not be. u912 Whether the  plant-induced mortality w i l l  be compensated 

for and, i f  so, t o  what extent is  not known. 

If compensation does not occur 

t o  any significant extent, several changes in the characterist ics of 

the fishery resource may result. 

i n  lower production of young. 

Decreased spawning stocks may result 

Compensation for this has been shown t o  



occur in some cases and not in others.13 Thinning of the populations 

may lead to increased This would be advantageous in the 

case of commercial and sport species but disadvantageous in the case 

of the shads and other forage species. If commercial and sport species 

are adversely affected by noncompensated mortality, fishing success 

and therefore fishing mortality may be decreased. 

The most important aspect of 

plant-induced mortality is likely to revolve around the effects of 

such mortality on shad and other forage species, and the resulting 

effects on species which rely on these forage species a s  a food source. 

The principal value of shad to the total fisheries resource is that of 

a prey species. Gizzard shad, because of their rapid growth rate, 

serve a s  forage only during their first year of life; threadfin shad 

grow more slowly and probably remain within the range of predation for 

most of their life span. 

are preyed upon during their entire life span. 

Other forage species, i.e., small cyprinids, 

At present Wheeler Reservoir 

The magni- appears to support a surplus population of gizzard shad. 

tude of this apparent surplus is unknown; it is difficult, therefore, 

to judge the significance of plant-induced mortality of this species 

in terms of the fishery resource of the reservoir. 

gizzsrd shad population may reduce the total amouut of forage fish or 

Reduction of the 

other forage species may increase as a result. Any significant reduction 

of the t o t a l  forage resource would have adverse effects on growth and 

production of desirable commercial and sport species, but a shift to 

a forage resource less dominated by gizzard shad would be beneficial, 
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provided the other forage species can withstand the pressure of increased 

predation. On t h e  balance, for  the  reservoir ecosystem, it is judged 

t h a t  local  reductions of forage fishes w i l l  not affect  reservoir food 

chains. 

In summary, knowledge on entrain- 

ment cause and effect  relations is l imited,  especially on the scale 

needed t o  judge the Browns Ferry impact questions. However, classic 

work with systems ecology and population dynamics, plus knowledge of 

t h e  Tennessee River system, indicates that several phenomena are l ike ly  

t o  occur. It is  expectedthat condenser passage of larval f i s h  will 

produce a profound local  depression of larval populations which may be 

reflected local ly  i n  reduced numbers of juveniles and adult fishes. 

While several unknowns exist i n  terms of the  t o t a l  reservoir ecosystem, 

the impact of entrainment and condenser passage of l a m  f i s h  is  not 

expected t o  be significant,  although immigration into depopulated areas 

w i l l  undoubtedly occur and may result i n  changes i n  relative abundance 

of some species. 

The extent t o  which condenser 

passage of phytoplankton and zooplankton will adversely affect  food 

supplies of young f i sh  is unknown. 

pmoplankton, copepods, and s m a l l  cladocerans, which a re  k i l led  during 

condenser passage, may still serve as a source of particulate food for  

young f ish.  F’urthermore, it is conceivable that the  concentration of 

par t iculate  food w i l l  increase i n  the  area below the discharge diffusers 

awing t o  withdrawal from the highly productive inshore waters. 

f i sh  which surPive entrainment i n  the  je t  mixing zone or condenser 

Planktonic organisms, especially 

Young 
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passage may have available conditions ideal for accelerated growth, 

i.e., elevated temperature and abundant food. If condenser-passed 

organisms are dis integrated,  the  ares  below the j e t  mixing zone may 

have a lower concentration of pa r t i cu la t e  food r e l a t i v e  t o  t h a t  of the  

unaffected reservoir.  

( 3) Juveniles and adults - Effects  of 

plant operations on Juvenile and adul t  f i s h  will be a t t r ibu tab le  t o  

(1) impingement on intake screens, (2) discharge of heated water, (3) 

concentration or changes i n  abundance of food organisms below the  dis- 

charge d i fhse r s ,  and (4 )  e f f e c t s  of plant-induced mortal i ty  on eggs 

and young f i s h  which may be transferable  t o  subsequent age classes .  

This lat ter aspect has been discussed above. 

through (3) appears i n  Volumes 2 and 3. 

br ie f  review of previous discussion and addi t ional  considerations. 

Discussion of items (1) 

The following represents a 

Construction and operation of mechanical 

draft cooling t o w e r s  has necessi ta ted construction of a multiple-gate 

s t ruc ture  i n  the intake basin. 

gates; the veloci ty  through each of these gates  is  estimated t o  be 

48 cm/s (1.6 ft/s) ,  assuming equal hydraulic eff ic iency f o r  a l l  gates.  

Under these conditions juveni le  and adult f i s h  should have freedom of 

movement i n  and out of t h e  intake basin,  and the re  should be no sig- 

nif icant  losses  due to impingement. 

The proposed design has three intake 

Possible changes i n  d i s t r ibu t ion  of jwe- 

n i l e  and adult f i s h  owing t o  t h e  thermal discharges are discussed i n  

Volume 2 and are based l a rge ly  on studies by TVA and others.15 

cant increases i n  numbers of forage f i s h  (including shad), largemouth 

Signifi-  
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bass, white bass, carp, and gar i n  a steam plant discharge cove rela- 

t i v e  t o  a control .cove have been noted on Lake Norman.’ 

black crappie, white crappie, and redhorse were found i n  s ign i f icant ly  

fewer numbers i n  t h e  same comparison. The extent t o  which these dif- 

ferences are solely a t t r ibu tab le  t o  thermal preferences i s  not c l ea r ;  

dissolved oxygen concentrations, establishment and destruct ion of 

reservoir s t r a t i f i c a t i o n ,  and currents may a l so  have been factors .  

Changes i n  d i s t r ibu t ion  of fishes below 

t h e  jet mixing zone will occur, owing t o  differ ing thermal preferenda 

among species. 

t i c u l a r  species involved cannot now be posit ively ident i f ied ,  the  

changes should not const i tute  a signif icant  adverse effect  on f i s h  

species o r  t h e i r  u t i l i z a t i o n  by man. 

Bluegi l l ,  

Although t h e  extent of this occurrence and the  par- 

Growth of juveniles and adults may be 

increased i n  those species having a posi t ive preference for  t h e  ther- 

mally enriched zone owing t o  increased temperatures and t o  possible 

increased food concentration. 

Concentrations and r e l a t i v e  abundances 

of food organisms are l i k e l y  t o  change i n  the  area below the  j e t  mixing 

zone f o r  at least t h e  following reasons: 

1. When t h e  intake water denrend is  sa t i s f i ed  by upstream 

overbank water, the  organisms collected by t he  intake 

and dispersed t o  a more l imited area of the old channel 

will result i n  a higher concentration wi th in  the  j e t  

mixing zone and downstream. 
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2. When riverflow exceeds diff’user discharge by less than  

a factor of 10, all riverflow is hydraulically demanded 

by the  diffusers;  thus, all planktonic organisms will 

pass over the diffusers and through the  j e t  nixing zone 

i n  the old r iver  channel. 

The mixing of condenser-passed organisms with bypassing 

riverflow w i l l  change the t o t a l  concentration per uni t  

volume. 

A t  riverflows less than t e n  times diffuser discharge, 

the  physical changes produced by the  diffuser demand w i l l  

concentrate a l l  planktonic organisms from the channel and 

l e f t  overbank upstream i n  t h e  downstream old r i v e r  channel 

where they w i l l  mix with the  higher density of similar 

organisms dispersed from the r igh t  overbank by the  dif-  

PUS-. 

3. 

4. 

Within t h i s  framework it is expected tha t  

zooplankton and phytoplankton w i l l  increase i n  abundance due t o  repro- 

duction under potentially more favorable conditions resul t ing from 

increased temperatures and increased ava i lab i l i ty  of nutrients.  

f i s h  will be concentrated physically due t o  bydraulic action of the 

diffusers . 

Larval 

Populations of benthic macroinvertebrates 

i n  the thermally enriched zone may be stimulated i n  growth and develop- 

ment. Some observers have noted that increased temperatures resulted 

i n  earlier emergence times of aquatic insects. 

emergence when atmospheric conditions are  not suitable f o r  reproduction. 

16 This may result i n  



Although t h i s  food resource may be diminished, t h e  adverse impacts on 

aquatic insects  w i l l  not s ignif icant ly  decrease the  t o t a l  food resource 

available t o  f i s h  because of the  high productivity of Wheeler Reservoir. 

The extent t o  which increased thermal regimes accelerate rates of turn- 

over, i.e., decrease generation times, i n  such organisms has not been 

thoroughly studied. 

(4) Effects on saup;er and smallmouth bass - 
(a) Sauger - Sauger a re  

neither conrmonly nor widely dis t r ibuted i n  shallow overbank s i l t e d  

areas or i n  shallow embayments. 

current over rock, gravel, and mixed rubble i n  streams and t a i l r a c e s  

or about reefs i n  deep water zones of lakes and reservoirs.  

move between or among t h e  various types of habitat and substrate  zones 

but apparently do not spend much t i m e  i n  t h e  areas indicated as not 

being preferred zones. To our knowledge no reefs exist i n  t h e  deep 

pool water above Wheeler Dam (TRM 275-2871, and sauger are seldom caught 

They prefer and se lec t  areas of moderate 

They may 

there. 

percent of all f i s h  captured by these methods are sauger. 

Wheeler Reservoir t r ans i t i on  zone between pool and river channel (TRM 

287-3081 a few sauger are captured by net t ing or  by electrof ishing near 

heated w a t e r  ou t f a l l s  i n  the fall and winter. 

sport fishermen are expended between TRM 308.0 and Cuntersville Dam 

at  TRM 384.8. 

Most ne t t ing  and cove rotenone records indicate  less than 1 

In the  

nearly all e f f o r t s  by 

Sauger, especial ly  maturing 

individuals, may be spread throughout t he  reservoir ,  but sampling 
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indicates re la t ive ly  f e w  individuals downstream of the  plant si te.  

Water warmed 10 deg F above ambient i n  the la te  f a l l  and early winter 

appears t o  a t t r ac t  sauger rather than  act  as a barrier t o  the move- 

ments.” When sauger begin moving on spawning or early winter  runs, 

they generally move i n  such a way tha t  by November or early December 

they concentrate near dams and near existing municipal, industr ia l ,  

and steam plant thermal discharges. These concentrations are docu- 

mented and are of such cornon occurrence tha t  sauger fishermen i n  the 

Tennessee Valley begin concentrated e f fo r t s  below the  dams and i n  and 

about steam plant discharge basins i n  November and continue these 

efforts through April and even early May. 

Spawning i n  suitable habitats 

occurs downstream of Guntersville Dam between 15 and 50 miles upstream 

of the nuclear plant. 

Eggs adhere t o  the  bottom substrates. 

weeks ,  and the f ry  d r i f t  downstream. 

the  yolk sac f o r  5 t o  7 days. 

Browns Ferry varies due t o  separate and combined operation of Gunters- 

v i l l e  and Wheeler Dams. A simple or most common travel time is diff i -  

cu l t  t o  r e a l i s t i c a l l y  compute because of dam operations and the  complex 

topography. 

a number of dam operation schedules. 

could begin feeding by the  time they reach the  heated water area where 

zooplankton are expected t o  be more abundant i n  the  heated water wedge. 

The thermal effect  during March t o  May is  expected t o  improve survival 

of larval f i s h  which do not pass through the  condensers because of 

lower stress resul t ing from an increased food supply. 

Most spawning occurs 40 t o  50 m i l e s  upstream. 

The eggs hatch i n  10 days t o  2 

The fry l i v e  on reserve food from 

Travel time from t h e  spawning area t o  

The average flows and veloci t ies  have been computed for  

With a l l  schedules the larvae 

1 
I 
I 1 

I 



(b) Smallmouth bass - Small- 
mouth bass are distributed i n  two d i s t inc t ,  well separated zones of 

Wheeler Reservoir, neither of which should experience much effect  from 

the  Browns Ferry Muclear Plant 's  warmwater effluent. 

population appears t o  prefer the  ta i l race  and r ive r  channel below 

Guntersville Dam (TRM 348.8-308.0). The downstream population is 

associated with the limestone bluffs from TRM 288.0 t o  Wheeler Dam, 

TElM 274.9, and Elk River, the  main Wheeler Tributary, from mouth (TRM 

284.5) t o  source. 

bass stream. 

The upstream 

Elk River is principally a smallmouth bass-rock 

Smallmouth bass generally are 

Usually not migratory; they me considered resident f i s h  i n  an area. 

they move local ly  in a ver t ica l  plane along shoreline features and show 

a seasonal response t o  temperature. 

thermal inrpact during the  interim period can be made by examining the 

calculated l inear  temperature dieaway curves far Browns Ferry shown 

in Appendix IV of t h i s  volume. 

Estimates of t h e i r  exposure t o  

4.  Effects on Dhnkton, periphyton. and benthic 

- fauna - Normal intake velocity through the  3/8-inch-square mesh travel- 

ing screens will be 1.8 f%/s. 

phytoplankton i n  the  vicini ty  will be entrained. 

A t  this velocity most zooplankton and 

In early summer Hexagenia leave the i r  burraws a t  

night and swim up into the  water column where they d r i f t  with the cur- 

rent .  

3/8-inch mesh opening on t he  traveling screens. 

they appear t o  be flexible enough t o  bend and pass through the mesh 

openings. 

Their cross-sectional diameter is  less than the 3/8-inch by 

If caught crosswise, 
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Chaoborus and chironomid midges are capable of 

similar flexing. 

plankter Leptodora k indt i i  would pass through the openings as would 

a l l  other normal planktonic forms. 

Spring populations of the predaceous crustacean 

The effect  on these organisms of passage through 

the condensers has been discussed i n  Volume 2, section 5.6, and 

Volume 3, section 3.3. 

5. Effect of entrainment on dissolved oxygen - 
Essentially a,ll plankton and f i s h  larvae w i l l  be k i l led  i n  passing 

through the  plant cooling water system during periods of time when 

temperatures i n  the condensers exceed 95-100°F, and t h e  organic w a s t e  

load result ing w i l l  tend t o  depress concentrations of dissolved omgen 

i n  the  reservoir water downstream from the  plant. 

mate of the  maximum omgen depression resul t ing from discharge of t h i s  

organic waste load, it was assumed tha t  the maximum concentrations of 

phytoplankton, zooplankton, and f i s h  larvae found during all the bio- 

. logical  sampling done t o  date i n  the  vicini ty  of t he  Browns Ferry plant 

To obtain an esti- 

. 
-. 

\ 

occurred i n  the  intake water simultaneously, and furthennore, it was  

assumed that t h i s  simultaneous occurrence coincided with a period of 

time when the  cooling water from all three generating un i t s  i n  the  

plant was being discharged through the  diffusers while operating i n  the 

open mode. It was also assumed in making t h i s  estimate tha t  t he  river- 

f low was 22,000 ft /s (minimnu streamflow fo r  +unit operation) and 

t ha t  a 5 degree rise, from 8 1 O ~  t o  86OF, was produced i n  the en t i r e  

flow of the  Tennessee River. 

3 
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Based on the low streamflows the result ing extended 

time of water t r ave l  i n  lower Wheeler Reservoir dictates  tha t  the 

organic load would exert i ts  ultimate biochemical oxygen demand i n  the 

lower end of the reservoir. I n  these calculations it w a s  assumed that 

no reaeration or  reoxygenation of the water would take place i n  t he  

reservoir e i ther  through surface absorption of oxygen or  by photo- 

synthesis. 

Based on a l l  these very conservative assumptions-- 

each of which tends t o  maximize t he  calculated DO depression-the 

greatest depression i n  concentration of dissolved oxygen was calculated 

to be about 0.2 milligrams per l i t e r .  

from discharge of organic waste load is  expected t o  be much less. 

regards growth of heterotrophic slimes, such growths may result from 

organic enrichment, but unless DO concentrations are depressed t o  

Actual DO depression result ing 

As 

essentially zero for a significant percentage of the  time, they do not 

result from DO depression. .-/ * 
/ / ' *  r r -  

(-/ ' As shown i n  figure 2.6-2 of this volume, the  DO 

concentrations of the Wheeler Dam t a i l race  vary from a maximum of 

12 m g / l  i n  t he  winter t o  a minimum of about 5 .5  mg/l i n  the summer. 

Only on infrequent occasions have concentrations less than 6 mg/l been 

noted. Thus, it is  concluded that even when using conservative assump- 

tions the organic waste load on t h e  river produced by passing plankton 

and f ish larvae through the  plant cooling system will not result i n  

the  violation of water quali ty c r i t e r i a  or poduce any significant 

w a t e r  quali ty problems. 



6. Monitoring programs - Concern has been expressed 

regarding the  efficacy of t he  proposed postoperational monitoring pro- 

gram i n  determining effects  of thermal discharges. The program, as 

described in  Volume 2, is subject t o  the l imitations as noted by TVA 

biologists and others. S i t e  studies are sensit ive only to rela- 

t i ve ly  large-scale changes i n  abundance and distribution of f ishes  

owing t o  (1) the  s ize  of the  body of water usually involved; (2) con- 

s t r a i n t s  placed on sampling methods by substrates,  currents, and sub- 

merged topography; ( 3 )  l imitations of time, money, and personnel; and 

(4) t he  dynamic nature (temporal and spa t ia l )  of populations of aquatic 

organisms. However, cer ta in  methods of data collection and analysis 

have been used with varying degrees of success; among these are the use 

of catch/effort s t a t i s t i c s  ,I5 diversi ty  indices ,19 and relative abun- 

dance. These methods w i l l  be employed, together with the results of 

meter-net sampling for  youug f i s h ,  population inventories, c ree l  cen- 

-- ,suses, and tag-recapture studies,  t o  provide a reasonably comprehensive 

~,_overView of the  fishery resource both before and after commencement of 
-. - --. 

_ _  
plant operations. - . - grs&or benthic fauna an&-- .. - w - . ; w - ’  - i 

ton has k e a ~ &  . scribed I n  Volume 2 and discussed- i n  Volrmte. 3.  A l l  

aspects of t he  monitoring program are under continuous reappraisal and 

other methods may be employed as they prove effective and feasible. 

There is a c r i t i c a l  need fo r  studies t o  elucidate 

thermal e f fec ts  at the  l eve l  of individual organism or  species. h r o  

recently developed approaches appear promising and Will, i f  feasible 

i n  t h i s  instance, be incorporated i n  the  postoperationel phase of 

monitoring. The first of these is  the  electrophoretic analysis of 



serum protein components i n  t h e  blood of fishes. Changes i n  thermal 

regimes have been shown t o  change the  amounts of various components. 

While all of the physiological implications of these changes are not 

known, implications involving antibody production and disease resis tance 

have been drawn. 20 

The correlat ion of changes i n  growth rates with 

changes i n  t h d  regimes has proved d i f f i c u l t  i f  not impossible i n  

natural  systems when the usual methods of analysis are employed. 11 

However, recent studies have shown t h a t  r a t i o s  of FU?A t o  DNA content 

i n  fishes21 and RNA concentrations i n  invertebrates2* may be used as 

indicators of recent growth. These methods appear t o  have the  advan- 

tage of being able t o  detect  changes over short  periods of t i m e ;  fur- 

thennore, t h e  results obtained i n  the  f i e l d  can be compared with results 

obtained under controlled conditions i n  the  laboratory. 

The environmental radiat ion monitoring program for 
* 

t he  Browns Ferry Nuclear Plant is  described i n  section 5.6 of Volume 2 -. I =  

and t h e  locations of sampling sites are shown i n  f igures  17 and 18 ac- / -  

the  same volume. 

A t  present TVA i s  reviewing i ts  overa l l  approach 

t o  environmental radiat ion monitoring i n  respect t o  t h e  proposed guide 

for  environmental monitoring now being prepared by t he  Environmental 

Protection Agency. TVA is in t h e  process of moving one of t h e  remote 

monitoring s ta t ions  t o  t h e  point of maximum predicted concentrations. 

This move will be completed p i o r  t o  plant operation. TVA has con- 

sidered including vaterfowl in t h e  environmental sampling program. It 

is  k n m  that most of t h e  ducks hunted i n  north Alabama are migratory, 
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moving great distances in the winter and spring. 

impossible to identify the source of any radionuclides found in migra- 

tory waterfowl. 

give the first indication of increased radioactivity levels in the 

environment. 

consideration w i l l  then be given to expanding the sampling program to 

include other biological specimens. 

It would be almost 

TVA is presently sampling those vectors which w i l l  

If increases are seen in those vectors being sampled, 

TVA is continuing to carry out a quality control 

program with the Environmental Protection Agency's Eastern Environmental 

Radiation Laboratory and the states of Alabama and Tennessee in which 

samples of soil, vegetation, milk, and air particulate filters are 

exchanged and analyzed to assure accuracy of the analytical program. 

This program w i l l  assure unbiased results of sample analyses. 

4 
-I 

z 
I 
I 

- I  
I 
I 
1 
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Table 2.7-1 

SPECIES OF FISH DmIFIED FROM METER-= SAMpUlJo FOR YOLNG FISH 

Gizzard shad 

Threadfin shad 

Freshwater drum 

Skip jack herring 

carp 

Mooneye 

Qlasdel catfish 

Blue catfish 

Flathead catfish 

Crappie 

White (and yellow?) bass 

Bluegill 

Longear sunfish 

Green stmfish 

Gar 

Emerald shiner 

Logperch 

cypriaid 

Dorsarma cepedianum 

D. petenense 

Aplodinotus grunuiens 

Alosa chrysochloris 

Cypriaus carpi0 

Hiodon tergisus 

I c t a l m  punctatus 

I. furcatus 

F'ylodictus olivaris 

pormoxis spp. 

Morone spp. 

upomis macrochirus 

L. - O t i s  

L. cyanellus 

hpisosteus (prob . osseus ) 

Botropis atherinoides 

Percina caprodes 

pimephales (vigilax?) 

Other than shad, freshwater dnrm SrJd emerald shiner are most abundant 



Plant 

Allen 

Bull Run 

Colbert 

C a l l a t i n  

John Sevier 

Johnsonville 

Kingston 

Par ad i  8 e 

Shawnee 

Widows Creek A 

Widows Creek B 

Table 2.7-2 

INTAKE CHANNEL DIMENSIONS AND VELOCITIES 

MAJOR STEAM PLANTS 

Channel 
Length Width Velocity 
( feet  ) ( feet  ) (fth 1 

600 

100 

1,000 

1,600 

4,500 

200 

2,000 

1,100 

200 

- 
60 

300 

70 

150 

250 

60 

100 

120 

150 

50 

1.02 

0.9 

1.0 

1.5 

1.0 

1.0 

2.0 

1.52 

2.0 

1.0 

1.0 

Velocity Across Screena 
(fils) 

1 - 7  

2.3 

2.1 

1.8 

2.0 

2.0 

2.0 

2.0 

2.0 

1.7 
2.5 
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200 t 
10 
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f 
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1 r 
TRM 293 

O t  I 

0.05 

O - 1  

o = night samples, incomplete analysis 

0 = night samples, camplete analysis 

0 = day samples, Incomplete analysis 

= day samples, complete analysis of 

No daytime samples were taken on May 27. 
A l l  values based an sampling of inshore 
surface water. 

of replicate samples. 

of replicate samples. 

of replicate samples. 

replicate samples. 

0.01 I I I I I I I I I I I I f 
27 4 11 18 27  2 11 17 24 30 6 15 20 27 I 

Figure 2.7-1 

Meter.net Sampling, 
Vicinitv of 

Catch of Young Fish by 

I BROWIOS FERRY NUC& STEAM PLANT 
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0 = open mode. 
H = helper mode. 
C = closed mode. 
Numbers refer t o  Units Operating 

QOI I I I I I I 1 I I I I 
27 4 n UI 27 a I7 24 I 1 I 

a 6 IS 10 27 I1 

May June July 
Apr. 

Figure 2.7-2 
Estimated Daily Withdrawal 

and Passage of Young Fish through 
Condensers at 
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ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

3k. Lyin Sceber 
General Lmsgcr 
Tennessee Valley 1ut;lority 
lboxville, Tennessee 378022 

Dear Yr. Seeber: 

We have rcvieGed the Draft Znvironxental Stattment and Eunplercent 
for the  Ero-wms Perry Xuclear Plant, E n i t s  1, 2, and 3, and ace pleased 
t o  provfdc you w i t h  the enclosed report  tfaich conteino our cwccents. 
Our review was perfamed in accordance with the rcquirexnts placed 
om Federal azencies by the Catlonal  Environrrtental Y o l i q  Act of 1969. 

Our review of the inpact s t a t e m n t  revealed several deficiencies  
which tsCc i t  Lrpossiiile t o  verify a31 of the  conclusions rezched in 
the  draft. Tt.ese def ic iencies  are l i s t e d  i n  tfie canclvsions and are 
described fully in ozir enclosed revleu. 
cmpleted,  we must  have access t o  the addi t ional  information required. 

BeEore a f i n a l  rcviev con be 

Oa the basis  of the infomaZion presented in the Draft Znvironmental 
Statecent , we Selieve that the mjor potent ia l  ecvironrental  kqact  
of the  proposed operation of the Rrmms Ferry p l a n t  involves t!ie release 
of s lzn i f icant  quant i t ies  of waste heat t o  the Zkeeler 3:eserrolr. 
understand that W A  intends t o  c o q ~ l y  w i t h  the applica5le water te-era- 
turc standards; however, we do not believe that the plant, as presently 
designed for once-t'nrouzh cooling, will rrccet proposed water qual i ty  
standards. 
control acasures proposcd; namly, stream-flow reEdation and/or 
reducing power level. 

Fe 

ke question the  effectiveness and feasibility of the special 

Ue believe that TVA should describe in greater d e t a i l  the proposed 
methods of streawflow r e p l a t i o n  and power generation that w i l l  be 
use6 during the initial period of plant operation in order t o  meet 
water qual i ty  standards. 
ou t l ine  plans, iacluc?ing tircet&dcs, for constrrsctin.n, aur-iliery or 
a l t e rna te  coolina, s y s t e w  required t o  insure cozplisnce with proposed 
Federal and state standards. !.'e would appreciate the opportunity t o  
evaluate these plans before the f i n a l  e3viromental izcpact s t a t m 2 n t  
is filed w i t h  the Council on Enviromentd :?uality or before fuel 
loading operations comence. 
before issuing a p a r t i a l  operating l i cense .  

TVA should also zake a d e f i n i t e  cmmitnent and 

.4EX has asreed t o  consult v i t h  EPA 
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Page 2 - Sr. Lyrin Ember 

Additional inforcation on tSese issues and other coments are 
contained i n  the encloscd report. 
of theso coments. 
let us icncw. 

Ge vould be p l e o s e d  to  d i s c u s s  any 
I P  we can assist you further in t h i s  matter, please 

Sincerely yours, 

Robert iJ. Frf 
Deputy Adzhistrator 

Enclosure 
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EPA D-TVA-0601s-23 

ENVIRO13ENTBL IMPACT STATEXEh? COMMENTS 
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ENVIRONWWAL PROTECTION AGENCY 
Washington, D.C.  204GO 

December 1971 



3.1-4 

TABLE OF CONTENTS 

SUBJECT - PAGE - 
INTRODUCTION AND CONCLUSIONS 

RADIOLOGICAL ASPECTS 
Transportation of Fuel and Solid Wastes 
Waste Treatment and Effluent Discharge 
Dose Assessment 

NON-RAD IOACT IVE WASTES 

MONITORING A" SURVEILLANCE 

THERMAL EFFECTS 
Biological Effects 
Thermal Modeling 
Alternative Cooling Methods 

COST/BENEFIT EVALUATIONS AND ANALYSIS OF 
ALTERNATIVES 

GENERAL DEVELOPMENT IMPLICATIONS 

1 

2 
2 
3 
7 

9 

11 

12 
13 
16 
18 

19 

20 

23 



3.1-5 

1 

I K T R O D X T I O X  l C D  COXCLUSIONS -- 
The Environncntal P ro tec t ion  Agency has  reviewed t h e  d r a f t  environ- 

mental impact s ta tement  f c r  t he  Browns Ferry Nuclear P l a n t ,  Units 1, 

2, and 3, prepared by t h e  Tennessee Valley Authority and i ssued  ofi 

November 8 ,  1971. 

The following are our major conclusions: 

1. On t h e  b a s i s  of t h e  information provided i n  t h e  d r a f t  environ- 

mental s ta tement ,  i t  is no t  poss ib l e  t o  suppor t  t h e  

i n  t h e  statzment.  Addi t iona l  information i s  needed on acc ident  ana lyses ,  

thermal e f f e c t s ,  air  q u a l i t y ,  and s o l i d  waste d isposa l .  

conclusions presented  

2. The p l a n t  cool ing  water system w i l l  no t  allow p resen t  and 

proposed water temperature s tandzrds  t o  b e  m e t  without a d d i t i o n a l  c o n t r o l  

measures. The s t a t e n a n t  does not p re sen t  t h e  information needed t o  

e v a l u a t e  t h e  compa t ib i l i t y  of t h e  proposed c o n t r o l  measures wi th  o t h e r  

streamflow and power genera t ion  requirements. 

3. We sugges t  t h a t  'IVA fo l low AEC guidance i n  c o s t / b e n e f i t  

analysis. 

proposed r u l e  making s t a g e  o r  i n  f inal  d r a f t  form. 

Such guidance is being prepared by t h e  AEC and i s  i n  t h e  

4. We commend TVA f o r  t h e  dec i s ion  t o  employ extended r a d i o a c t i v e  

waste t rea tment  systems f o r  both gaseous and l i q u i d  e f f l u e n t s .  

ticrrsl fz~formc;Fr;n on thc capncity cf t hese  prnpcsed systems to 

handle  t h e  waste from all t h r e e  r e a c t o r  u n i t s  should be made a v a i l a b l e .  

Addi- 
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RADIOLOGICN, ASPECTS 

Transportation of Fuel and Solid Vastes 

Some 350 truck shipments per year may be required t o  de l ive r  

f u e l  assemblies and remove spent f u e l  and rad ioac t ive  s o l i d  wastes 

from the  Browns Ferry si te.  

undue hazard to t h e  publ ic  or  adverse environnental  e f f e c t  from 

po ten t i a l  t ranspor ta t ion  accidents  should be supported by the  follow- 

ing information: 

The conclusion t h a t  there  w i l l  be no 

2.1.1 a. the  most probable shipping routes  between the  p lan t  and the 

spent f u e l  reprocessing p lan t  o r  w a s t e  b u r i a l  ground; 

2.1.1 b. the  major cities o r  o ther  population centers  enroute;  

2.1.2( 1) 
2.1.2(2) 

c. the  estimate3 radionuclide inventory per fuel assembly a t  the  

time of shipment; 

2.1.2(3)(a) 
2.1.2(4)(a) 

d. t h e  ca lcu la ted  maximum dose received by an ind iv idua l  as w e l l  

as the in tegra ted  population dose; 

2.1 e. t h e  estimated p r o b a b i l i t i e s  of accidents .  
2.1.2(4) (b) 
2.1.1 In est imat ing the population dose due t o  t ranspor ta t ion  accidents ,  

it is more appropriate  t o  use t h e  maximum population dens i ty  of any area 

through which the  shipment must pass  r a the r  than t h e  average population 

density f o r  t he  en t i re  route. The assumption of a 100-foot minimus 
2.1*2(3)(b) 

approach may be valSd only f o r  normal condi t ions and may not be realistic 

i n  t h e  event of a se r ious  ra i l  accident  which could attract  crowds. 

2.1 .3(3) (b)  It is important t o  discuss  the  procedures and equipment employed 

to t r a n s f e r  t h e  spent  f u e l  shipping cask from t h e  vehic le  used f o r  

2 

t ranspor t  from the p l a n t  t o  the rail ca r  used f o r  shipment t o  t he  
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This is an o f f - s i t e  operation which increases  the  reprocessing plant .  

po ten t ia l  e f f e c t  of accidents  which may occur during o r  a s  a r e s u l t  

of t he  t r ans fe r  operation. 

Waste Treatment and Eff luent  Discharge 

The commitment of t he  Tennessee Valley Authority t o  employ extended 

radioact ive waste t r ea tnen t  systems f o r  both gaseous and l i q u i d  wastes is  

consis tent  with t h e  need t o  reduce radioact ive emissions t o  the  lowest 

prac t icable  l e v e l  aiid is commended. 

t i c a b l e  e f f l u e n t  discharge requi res  e f f e c t i v e  adminis t ra t ive waste rout ing 

procedures as w e l l  as equipment i n s t a l l a t i o n .  (We recommend t h a t  t he  

TVA make every e f f o r t  t o  e s t ab l i sh  procedures t h a t  w i l l  minimize radio- 

nucl ide releases t o  t h e  environment.) 

Achievement of the  lowest prac- 
- 

Rcvic:: zf t h h  f z c i l i t y  indicatad thaL adJi t i o n a i  capa- 

c i t y  t o  treat high-conductivity l i q u i d  wastes was  required.  

addi t ion of evaporative treatment should provide s u f f i c i e n t  capacity f o r  

rou t ine  e f f luen t s .  

of t h i s  equipment appear t o  be s a t i s f a c t o r y  and achievable i n  p rac t i ce ,  

providing there is no appreciable  l i q u i d  carry-over in t h e  evaporator. 

Recent experience b . t h  r eac to r s  of t h i s  type ind ica t e s  t h a t  water leakage 

into the pressure suppression torus  can produce appreciable  volumes of 

contaminated l i qu id .  

handle this  l i q u i d  should be discussed. 

The proposed extended gaseous waste system w i l l  employ a hydrogen 

The proposed 

The radionuclide reduct ions assumed f o r  t he  operation 

The capa3 i l i t y  of t h e  waste treatment system t o  

recombiner t o  reduce off-gas volume and six charcoal  beds t o  retain 

noble-gas fission products; the decaycd e f f l u e n t  w i l l  be dis-  
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charged through a 600 foo t  stack. 

system a r e  7.7 days f o r  xenon radioisotopes and 16.5 hours f o r  krypton 

isotopes.  Based upon these  r e t en t ion  t i m e s ,  the  calculated reductions 

i n  gaseous 

estimated t h a t  t he  period of full.-potier reac tor  operation with only a 

30-minute gaseous e f f l u e n t  holdup would be approximately nine months 

f o r  Unit 1 and two months f o r  h i t  2. These systems are expected t o  

be operat ive p r i o r  t o  the  s t a r t u p  of Unit 3. 

Thc s t a t e d  holdup times of t h i s  

e f f l u e n t  emission r a t e s  appear t o  be  reasonable. It is 

We agree with t h e  decieion of t h e  Tennessee Valley Authority t o  

reduce p o t e n t i a l  o f f - s i t e  r ad ia t ion  doses; however, it is not clear 

t h a t  t he  proposed system represents  s e l e c t i o n  of equipment t o  obtain 

the  lowest p rac t i cab le  l e v e l s  of discharge.  

p l a n t s  are i n s t a l l i n g  UP t o  e igh t  charcoal beds f o r  each u n i t ,  but TVA 

proposes t o  use six f o r  t h ree  u n i t s .  I n s u f f i c i e n t  information is 

provided on t h e  gas volumes and flow rates i n  t h e  proposed extended 

gaseous holdup system t o  i n d i c a t e  t h e  b a s i s  f o r  t he  proposed design t o  

process t h e  e f f l u e n t s  from t h r e e  reac tors .  

Other bo i l ing  water r eac to r  

Additional information on aging c h a r a c t e r i s t i c s  and degradation (4 
of t h e  charcoal  beds should be provided and per iodic  t e s t i n g  of t h e  

2 .4 .1( l ) (b)retent ion c h a r a c t e r i s t i c s  should be perforaed. E s t i m a t e s  of t h e  

buildup of radionucl ides  on t h e  charcoal beds, p a r t i c u l a r l y  the  

p a r t i c u l a t e s  formed from noble gas  precursors,  should be provided and 

the consequences of t h e i r  poss ib le  presence on t h e  u l t imate  d isposa l  

of the charcoal should be discussed. 

2.4.1( 1 

3.1-8 
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Discharges of r a d i o a c t i v e  materials t o  t h e  environment are h igh ly  

dependent on t h e  i n t e g r i t y  of t h e  f u e l  cladding. 

annual d i scharges  found i n  t h e  environmental statement (Table 19) a r e  

based on cladding p e r f o r a t i o n s  e x i s t i n g  i n  0.8Z Qf f u e l  rods. 

estimates of releases ( p r i o r  t o  evaporation and/or deminera l iza t ion)  

are provided i n  Table 3.1-4 of t h e  supplement t o  t h e  environmental 

s ta tement ,  b u t  t h e  a s soc ia t ed  annual dose estimates (Table 3.1-5 

and 3.1-6) are based on 0.5% f a i l e d  f u e l .  

a l s o  found i n  t h e  r e p l y  t o  ques t ion  9.2 i n  supplement 15 t o  t h e  f i n a l  

s a f e t y  a n a l y s i s  r e p o r t  but 0.25% f a i l e d  f u e l  i s  assumed. I n  a d d i t i o n  

t o  these estimates, a v a l u e  of 0.2% f a i l e d  f u e l  is assumed f o r  estimat- 

ing coolane r ad ionuc l ide  i n v e n t o r i e s  f o r  t h e  acc ident  eva lua t ion .  

Although d i f f e r e n t  va lues  could be accepted f o r  design purposes and 

for estimates of probable releases, i n s u f f i c i e n t  in format ion  is 

provided on a c t u a l  opera t ing  experience t o  s u b s t a n t i a t e  

values.  

The estimates of 
2.4.1(2) 

Simi la r  

S imi la r  des ign  releases are 

any of t h e s e  

Based on Dresden I ope ra t ing  experience,  it would appear t h a t  

2.4.2(2) t h e  r o u t i n e  l i q u i d  e f f l u e n t s  from one r e a c t o r  u n i t  would correspond 

with t h a t  d i scussed  i n  t h e  environmental statement f o r  t h r e e  u n i t s  

without t h e  a d d i t i o n a l  deminera l izers  o r  evaporator.  E s t i m a t e s  of 

gaseous r a d i o n u c l i d e  release rates p r i o r  t o  t h e  opsration of the extended 

holdup s y s t s q  when compzred t o  those  r e l eased  by Dresden I, are a l s o  i n  

disagreement by a s imilar  f a c t o r .  

t h e  a p p l i c a n t ' s  estimate of f u e l  c ladding  d e f e c t s  and should be  reso lved .  

Es t imates  of annual discharges  f o r  i n d i v i d u a l  r ad ionuc l ides  i n  

2.4.1(2) 

These d i sc repanc ie s  may be due t o  

2.4.2(2) l i q u i d  e f f l u e n t s  d i f f e r  from e x t r a p o l a t i o n s  based on a l i m i t e d  number 
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of measurerncnts a t  t he  Dresden plant. 

p a r t i a l l y  due t o  r e l i ance  on theo re t i ca l  decontamination e f f i c i e n c i e s  

These di f fe rences  may be 

r a the r  than on operating experience o r  due  t o  d i f fe rences  i n  the  design 

and operation of waste treatment systems between the  two f a c i l i t i e s .  

Exis t ing inforination on s p e c i f i c  radionuclide l e v e l s  i n  the e f f l u e n t s  

from cur ren t ly  operat ing r eac to r s  is too l imi ted  t o  resolve these 

discrepancies.  The radionucl ides  which may be underestimated a r e  

cesium-134, cesiun-137, strontium-89, strontium-90, cobalt-58, and 

cobalt-60. Per iodic  ana lys i s  of the  e f f l u e n t  as proposed by t h e  Atomic 

Energy Commission should be employed t o  confirm the  predicted values. 

Information provLded i n  t h e  environmental statement supplement 

(p. 2-14) i nd ica t e s  t h a t  the  reac tor  coolant cleanup system sludge will 
2.1.2(2) 

have zn meragz csiicenzrztion ctf 6.7 c u r i e s  per cubic foot while the 

f i n a l  s a f e t y  ana lys i s  r epor t  ( sec t ion  9.3) i nd ica t e s  t h a t  the  average 

concentration after a 60-day decay period w i l l  be 16 c u r i e s  per cubic 

foot .  It is not clear whether t h i s  reduct ion is due t o  an increased 

cooling time o r  t o  newer information. This d i f fe rence  appreciably 

a f f e c t s  t he  o v e r a l l  quant i ty  of rad ioac t ive  materials disposed of as 

s o l i d  waste f o r  b u r i a l  and should be discussed in grea te r  d e t a i l .  

The containers  which w i l l  be used for shipment of high-level 

s o l i d  waste have been changed from 55 gal lon  drums (holding approxha te ly  

2.1.2(2) 7 sii'ilc feat; as siiated i n  t h e  f i n a l  s a f e t y  ana lys i s  r epor t  ( sec t ion  

9.3) and the  d r a f t  environmental statement (p; 5-46) t o  casks holding 

approximately 150 cubic  feet (p. 2-14 of t h e  environmental statement 

supplement). These casks are recoverable and the  container  used for the  
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b u r i a l  ope ra t ion  i s  no t  s p e c i f i e d  o r  described. The i n t e g r i t y  of t h i s  

l a t t e r  Container is  important t o  prevent rad ionucl ide  release from 

spent  demincra l izer  r e s i n s  and o t h e r  materials as a r e s u l t  of l eaching  

o r  o t h e r  processes.  A d c s c r i p t i o n  of t h e  b u r i a l  con ta ine r  and the  

procedures for  t r a n s f e r r i n g  wastes between t h e  shipping and b u r i a l  

con ta ine r s  should be described. 

Dose Assessment 

The models and assumptions used t o  determine t h e  r a d i a t i o n  

exposure t o  t h e  surrounding population due t o  normal ope ra t ion  should 

be described o r  re ferenced  t o  t h e  appropr i a t e  s e c t i o n s  of t h e  f i n a l  

s a f e t y  a n a l y s i s  r e p o r t .  I n  p a r t i c u l a r ,  it is n o t  clear whether t h e  

fo l lowing  sources  of exposure were considered: 

a. d i r e c t  e i t e r n c l  r a d i a t i o n  exposure C i ' m  the re sit^ aid 

t u r b i n e  bu i ld ings  ; 

b. r ad ionuc l ides  r e l eased  t o  t h e  atmosphere as a r e s u l t  of 

containment ventir.g ; 

c. potent ia l .  releases from coolant  leakage through t h e  r e a c t o r  

heat removal systerc; 

d. r ad ionuc l ides  r e l e a s e d  from t h e  condenser vacuum pumps dur ing  

s t a r t u p  when t h e  condenser vacuum must be re -es tab l i shed;  

e. gland-seal leakage;  

f .  a u x i l i a r y  b u i l d i n g  v e n t i l a t i o n  system. 

Because of t h e  a d d i t i o n  of extended r a d i o a c t i v e  waste t r ea tmen t  systems 

which should s i g n i f i c a n t l y  reduce t h e  normal sources  of e f f l u e n t s ,  t h e s e  
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usua l ly  minor sources  of r a d i a t i o n  exposure may become of primary 

importance i n  determining t h e  a b i l i t y  of t h i s  f a c i l i t y  t o  meet t h e  

proposed d ischarge  c r i t e r i a  of t h e  Atomic Energy Commission. 

Table 2.3-2 of t h e  environmental statement eupplcment i c d i c a t e s  

t h a t  t h e  t o t a l  i n t e g r a t e d  whole body dose a t  t h e  s i t e  boundary fo r  

40-year ope ra t ion  of t h r e e  u n i t s  w i th  0.5% f a i l e d  f u e l  i s  233 

m i l l i r e m s  ( n r c m ) .  The same t a b l e  i n d i c a t e s  t h a t  ope ra t ion  wi th  one 

u n i t  having 1% f a i l e d  f u e l  and two u n i t s  w i th  0.5% f a i l e d  f u e l  would 

r e s u l t  i n  an annual dose of 3.7 m r e m .  

148 m r e m  over 40 yea r s .  

h ighe r  i n  t h e  la t ter  case, it is not  clear why t h e  a s soc ia t ed  dose 

estinetr! is 1cver. 

2.3 

This  would be equ iva len t  t o  

Because t h e  percentage of f a i l e d  f u e l  is 

Th i s  discrcpzncy shculd  be resa lved .  

i 

i 
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NON-RADIOACTIVE WASTES 

The d r a f t  environmental statement i n d i c a t e s  (p.  9-1) t h a t  about 

2 m i l l i o n  g a l l o n s  of f u e l  o i l  w i l l  be burned p e r  year f o r  t h e  ope ra t ion  

of a u x i l i a r y  b o i l e r s  and genera tors .  Assuming t h a t  low s u l f u r  (0.2%) 
2-5-3 

f u e l  o i l  w i l l  be burned, t h i s  source  could produce t h e  following 

e f f l u e n t s :  

P a r t i c u l a t e s  8 tons/year 
Sul fur  ox ides  32 tons /year  
Carbon monoxide 0.04 tons/year 
Hydrocarbons 5 tons /year  
Nitrogen oxides 105 tons /year  

The impact of t h e s e  releases on r eg iona l  air  q u a l i t y  should be d iscussed .  

It is suggested t h a t  cons ide ra t ion  be given t o  t h e  q u a n t i t y  of  

ozone produced by t ransmiss ion  f a c i l i t i e s ,  e s p e c i a l l y  t h e  500 kV l i n e s ,  

2.2 mid tire reiarea impzct on t h e  environment as ou t l ined  i n  r ecen t  

Nat iona l  Ambient Air Qua l i ty  Standards for oxidants.  The t e c h n i c a l  

l i t e r a t u r e  since t h e  late 1950's con ta ins  much informat ion  on t h e  

effects of ozoneoa  animal and human t i s s u e s  and t h e  s i m i l a r i t y  of 

ozone damage t o  t h a t  of i o n i z i n g  r a d i a t i o n  i n  producingchromosome 

abe r ra t ions .  Direct ex tens ion  of these animal d a t a  t o  t h e  human 

case ( w i t h  t h e  concurrent p o s s i b i l i t y  of cons iderable  e r r o r )  i n d i c a t e s  

that  p r e s e n t l y  permi t ted  i n d u s t r i a l  ozone exposure l i m i t s  (up t o  0.1 

pprn o r  4 pprn hr/week f o r  a 40 hour work week) would be expected t o  

r e s u l t  i n  break f r equenc ie s  t h a t  are o r d e r s o f  magnitude g r e a t e r  

than t hose  r e s u l t i n g  f r o m  permi t ted  r a d i a t i o n  exposure. 

San i t a ry  waste t rea tment  u t i l i z i n g  two p a r a l l e l  extended aerat ion 

p l a n t s  with e f f l u e n t  c h l o r i n a t i c n  appears adequate dur ing  t h e  2.5.2 
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cons t ruc t ion  per iod .  

ope ra t ing  personnel and v i s i t o r s  are c o n t r i b u t i n g  wastes, underloading 

of t h e  f a c i l i t y  (even wi th  one u n i t  o u t  of s e r v i c e )  

inadequate t rea tment  of t h e  wastes. 

considered. 

lIowevcr, dur ing  p l a n t  opera t ion  when only 

may r e s u l t  i n  

This p o s s i b i l i t y  should be 

Cons idera t ion  should a l s o  be given t o  provid ing  o rgan ic  

2.5.1(3) waste t rea tment ,  i n  a d d i t i o n  t o  f i l t r a t i o n ,  of de t e rgen t  (equipment 

2*5.1(7) c leaning  and decontaminating, laundry, shower, handwash, etc.) and 

ammonia wastes. 

Procedures €or handling and t r e a t i n g  chemical wastes as desc r ibed  

2 .5 . l ( l )  in t h e  environmental s t a t emen t  ( sec t ion  5.4) are g e n e r a l l y  adequate. 

Sludge from t h e  water treatment p l a n t  should no t  be discharged t o  t h e  

river bu t  should be disposed of by l a n d f i l l  o r  some o t h e r  accep tab le  

method. 

cool ing  water i n t a k e  should not be disck.arged t o  t h e  r e s e r v o i r .  

Material removed from t h e  moving screecs 02 ck.,~ CccZiZscr 

2.8.1 

Estimates of t h i s  d i scha rge  should be provided. 



3.1-15 

11 

MONITORIKG AXD S U R V E I L U V C E  

The a p p l i c a n t ' s  p reopera t iona l  and ope ra t iona l  r a d i a t i o n  monitoring 

programs appear t o  be gene ra l ly  adequate i n  terms of scope, sample loca- 

t i o n s ,  sampling frequency, media sampled, and types of  ana lyses  per- 

formed. 

pred ic ted  t o  occur a t  2200 meters wi th in  t h e  northwest s e c t o r  

a l s o  conta ins  t h e  l a r g e s t  population group wi th in  two m i l e s  of t h e  

site. 

The maximum concent ra t ions  of i od ine  and p a r t i c u l a t e s  are 

which 

Therefore,  cons ide ra t ion  should be given t o  t h e  r e l o c a t i o n  of a 

monitoring s t a t i o n  t o  t h i s  area. 

Although background sampling has been conducted i n  t h e  v i c i n i t y  

for several y e a r s ,  t h e r e  is no mention of c u r r e n t  a i r  q u a l i t y  i n  t h e  

area. 

cover t h e  Xrowns Fer ry  s i te  so t h a t  con t r ibu t ions  of t h e  emissions of 

the o i l - f i r e d  genera tors  and b o i l e r s  t o  t h e  over -a l l  a i r  q u a l i t y  of t h e  

reg ion  can be  assessed. 

The TVA a i r  q u a l i t y  monitoring program should be extended t o  

Whether changes in t h e  population s t r u c t u r e  of a q u a t i c  b i o t a  can 

be de tec t ed  by t h e  proposed eco log ica l  monitoring programs is h igh ly  

questionable.  

tion s t r u c t u r e ,  i n  t h e  o rde r  of 25 t o  50 percen t ,  are requi red  be fo re  

c u r r e n t  censJs techniques can d e t e c t  popula t ion  chz.nges i n  r e s e r v o i r s  of t h i s  

s h e :  t h e r e f o r e ,  i t  is unlikely that monitotjng prograns will d c t c c t  othcr  

than g r o s s  changes i n  t h e  r e s e r v o i r  populatdons. 

Experience has  shown t h a t  d r a s t i c  changes i n  t h e  popula- 
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TBERNAL EYFCCTS 

Waste heat wil be renoved by a condenser cooling water flow of 

1,890,000 gallons per minute taken from Ihcelcr  Reservoir. The water 

will undergo a 25'F ter.perature rise during passage through the steam 

condenser. The design thermal criteria for the Browns Ferry Facility 

are based on the original Alabama Standard of 93'F maximum and a maximum 

2.6.5 

rise of 10°F over ambient, which were excepted from approval by EPA 

predecessor agencies. Accordingly, no supplemental cooling is provided 

and the heated condenser water is discharged directly to Idheeler Reservoir 

through a diffuser system designed to provide rapid mixing of the heated 

condenser water with water in the reservoir. However, it is anticipated 

that Water Quality Standards for the Tennessee River in Alabama when 

promulgated by the Administrator of EPA, will provide for a maxiiuum 

temperature limit of 86'F with a S°F maximum rise criterion. 

Table 3.2-1 of the supplement indicates that the facility, as 

presently designed, will exceed existing thermal standards during criti- 

cal periods of water temperature and flow. 

will be exceeded with greater frequency. 

Anticipated thernal standards 

It appears, therefore, that 

some type of auxiliary cooling facilities will be necessary, at least 

for critical periods. 

The supplement states (pp. 3-89, 3-90) that TVA will comply with 

whatever themal standards are ultimately adopted and, mtil any needed 

auxiliary cooling facifities can be provided, will operate the Brovms 

Ferry plant and regulate the flow of water through Wheeler Reservoir 

so as to meet applicable thermal standards. It is not clear from the 
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information provided i n  t h e  statccient t h a t  t hese  proposed a c t i o n s  would 

be compatible with o t h e r  power genera t ion  and streamflow requirements. 

Bio logica l  Effects 

Although we recognize t h a t  o t h e r  agencies w i l l  provide s p e c i f i c  

comments relative t o  t h e  e f f e c t s  of thermal d ischarges  on important 

2.7.3(4) a q u a t i c  spec ie s ,  EPA reviewers have i d e n t i f i e d  gene ra l  areas of concern. 

During the period from March through May most of t h e  important 

spec ie s  i n  t h e  r e s e r v o i r  w i l l  spawn. 

be t o l e r a t e d  by eggs t h a t  are incubat ing .  The Nat iona l  Technical 

Only minor temperature rises can 

Advisory Corninittee on Water Qual i ty  Criteria i n  1968 reccmmended 

p rov i s iona l  masimum temperatures compatible wi th  t h e  well-being of 

va r ious  spec ie s  of f i s h  and a s soc ia t ed  b i o t a .  Based on t h e s e  recornen- 

d a t i o n s ,  i c  appears t h a t  t h e  sauger and smali-mouth bass  would be adverselg 

a f f e c t e d  by t h e  thermal d ischarge  r e s u l t i n g  from t h e  proposed once- 

through cool ing  system. Other game f i s h  could a l s o  be  a t  a disadvantage 

i n  t h e i r  competition t r i th  more thermally t o l e r a n t  spec ie s .  

Sauger, whi te  bas s ,  and shad (g r i zza rd  and t h r e a d f i n ) ,  t h r e e  impor- 

t a n t  spec ie s  of f i s h  i n  Wheeler Reservoir,  move upstream i n t o  headwater 

areas and t r i b u t a r i e s  t o  spawn. It is  ques t ionab le  whether t hese  s p e c i e s  

can move through a thermal b a r r i e r  of up 110 10°F above ambient wi thout  

experiencing a thermal shock. Both shad s.nd wh i t e  bass  move upstream 

t o  spawn i n  A p r i l  when, according t o  dati. p resented  (p. 5-22 of t h e  

s t a t emen t ) ,  t h e  tcmperZture f o r  a d i s t a n c e  of two m i l e s  downstream 

could be r a i s e d  as much as 8.1°F above ambient. Also, based on t h e  

h i s t o r i c  low flow of 10,000 cfs, tcmperature i n c r e a s e s  fou r  miles down- 
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I 7 stream could be as ,iigh as 1C F over ambient. It should be noted 

t h a t  the two s p e c i e s  of s h a d  found i n  Llieeler Reservoir are p a r t i c u l a r l y  

s u s c e p t i b l e  t o  temperature f l u c t u a t i o n s .  

Spawning, egg development, and egg ha tch ing  under undisturbed 2.7.30) (b) 

2.7.3(2)(d) 

2.7 3(2) 
2.7.3(2)(a) cond i t ions  are synchronized v i t h  t h e  a v a i l a b i l i t y  of food f o r  t h e  

developing f r y  and f i n g e r l i n g s .  Ear ly  hatchir?g as a r e s u l t  of e l eva ted  

temperatures w i l l  probably r e s u l t  i n  s t a r v a t i o n  and h igh  m o r t a l i t y  of 

f r y ,  p a r t i c u l a r l y  of nes t -bui ld ing  s p e c i e s  such as large-mouth and 

small-mouth bass ,  c r app ie ,  and s u n f i s h  t h a t  spawn i n  t h e  shallow over- 

bank areas. 

Wheeler Reservoi r  has been recognized as a reasonably mature a q u a t i c  

system and has probably reached an  equi l ibr ium i n  terms of t o t a l  btomass. 

Biomass wi th in  g iven  food cha ins  may a l s o  have reached equil.ihrinm 
207.5 

although t h e  abundance of c e r t a i n  s p e c i e s  nay f l u c t u a t e  widely. 

enrichment, w i t h i n  c e r t a i n  l i m i t s ,  may i n c r e a s e  t h e  t o t a l  biomass. The 

increased  temperature w i l l  a l s o  reduce t h e  water's capac i ty  f o r  absorb- 

ing oxygen and inxease the b i o l o g i c a l  a c t i v i t y  which w i l l  approximately 

double f o r  each 10°F temperature rise. 

d i s so lved  oxygen c a p a c i t y ,  i nc reased  biomass, and inc reased  r e s p i r a t i o n  

will b e  most severe i n  e a r l y  morning j u s t  b e f o r e  s u n r i s e  when t h e  

d i s so lved  oxygen cor .cent ra t ion  is a t  its d a i l y  minimum. 

Thermal 

The combined e f f e c t s  of lower 

The Alabama water quality standards for interstate waters specify 

that the dissolved oxygen concentration of Wheeler Rescrvoir and waters 

protected for fish and wildlife shall  be at  or above 4 mg/l at a l l  

times. EPA has proposed that Alabama adopt somewhat. mom restrictive 
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criteria (minimum of  5 mg/l) and thcse a re  under negotiation. The 

environmntal impact statement should discuss the e f f ec t  of  clevatcd 

temperatures 2nd oxygcn depletion on thc  oquatic biota  i n  h'hceler 

Reservoir and on tha a b i l i t y  of  thc reservoi r  t o  meet water qua l i ty  

stcndards a f t e r  t he  f a c i l i t y  reaches f u l l  operation. 

Power plant  cooling system intake s t ruc tu res  and t r ave l l i ng  

2.7.3(2)(c)screens can have a s ign i f i can t  advcrse effect on f i s h  and other  

aquat ic  life. 

p lan t  i s  not prbsented. 

An evaluation of thcsc e f f c c t s  a t  the B r o w n s  Ferry 

The high intake veloci ty  of  t he  cooling water may sweep i n  

plankton and f i s h  larvae and then expose them t o  a thermal shock 

of 25'F. 

t o  t h e  organic load downstream. 

t i on  decrcases su f f i c i en t ly ,  hetcrotrophic slime growth could be 

stimulated. 

publ ic  water suppl ies  downstream, espec ia l ly  d u i n g  sumnet low-flow 

and high temperature conditions. 

207.5 Most of  these plankton and larvae w i l l  be k i l l e d  znd add 

If the  dissolved oxygen concentra- 

This might be il source of taste and odor problems for 

This s i t u a t i o n  should be discussed. 

It is not  always possible  t o  predic t  accurately biological  

changes as a r e s u l t  of entrainment of t h e  plankton population. 

reservoi r  is current ly  highly productive, and it is conceivable t h a t  

the  kill of plankton through e n t r a i n m a t  in the p l an t  cooling water 

might have a beneficial  effect i n  reducing t h c  productivity of the 

rescrvoir ,  thercby also reducing the algal blooms. 

The 
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e rnia 1 Plod c 1 infL 

The e s t ima tes  of t h e  number of days t..at the rma l  criteria WOU 

2.6.1 have been equaled o r  exceeded are low f o r  several reasons: 
2.6.3 

2.6 

2.6 

a) Average d a i l y  r e l e a s e s  a t  Vheeler Dam were used. Flow a t  t h e  

s i t e  i s  subject t o  v a r i a t i o n s  d u e  t o  h y d r o e l e c t r i c  genera t ion  a t  both 

Wheeler and Gun tc r sv i l l e  S t a t i o n s ,  and per iods  of low o r  no flow may 

exist f o r  varying per iods  of each day. 

b) Temperatures from \heeler Dam were used. These temperatures 

w i l l  tend t o  be below average f o r  t h e  water body dur ing  pe r iods  of 

s t r a t i f i c a t i o n  i n  t h e  r e s e r v o i r .  

c )  Proposed thermal c r i te r ia  inc lude  maximum va lues  f o r  each 

month -- from a h igh-of  86'F i n  t h e  summer t o  a low of 51°F i n  January 

and February. 

d) F igure  3.2-6 shows t h e  h e a t  wedge moving upstream above t h e  

p l a n t  i n t a k e  area dur ing  t h e  low flow cond i t ions  (Qr<40,000 cfs). 

Stream f l o w  d a t a  f o r  water yea r s  1960-1964 indicated an average flow 

of about 32,000 c f s  dur ing  summer months. T h i s  means t h a t  h e a t  will 

be recyc led  through t h e  p l a n t  which will r e s u l t  i n  a h e a t  b u i l d  up i n  

the r e s e r v o i r  between t h e  p l a n t  i n t a k e  and o u t l a t  p o i n t s .  

e) Downstream s u r f a c e  temperature c a l c u l a t i o n s  are developed from 

c q u i l i b r f c n  texyerztures and exchange caeff5cjanxs bascd or. =enzhly 

average meteoro logica l  da t a .  While t h i s  provides some ind icac ion  of 

downstream coo l ing  t r e n d s ,  similar p r o j c c t i o n s  should be developed 

under both high  and low flow cond i t ions  t o  estimate t h e  d i s t a n c e s  from 

the di.sch?rge r equ i r ed  t o  d i s s i p a t e  the hea t  load added to t h e  r i v e r .  
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Equilibrium t c q e r a t u r e s  and exchange coef f ic ien ts  f o r  c r i t i c a l  

weekly ncteorological conditions should be u t i l i z e d  i n  such cal- 

culations.  

Discussions of  thermal cha rac t e r i s t i c s  of t h e  reservoi r  and 

associntcd envirunnental effects presented i n  the  s t a t ecen t  and 
2.6.3 
2.6.7 supplement are generally based on s teady-state  physical modeling. 

However, t h e  hydraulics ond flow pa t te rns  of Wheeler Reservoir a r e  

presently control led by t he  operations of the Guntersvil lc znd 

Wheeler Hydroclcctric Stat ions.  

conditions are seldom achieved and t h a t  periods of low o r  no flow 

probably e x i s t  frequently with varying duration. 

is prescnted on-frequency and duration of these low o r  no flow 

occurrences, or f o r  t he  r e su l t an t  t e q c r a t u r c  pa t te rns  i n  t h e  

I t  would appear t h a t  s teady-s ta te  

No information 

reservoir. 

associated thermal and biological  effects of Brown Ferry discharges. 

Therefore, it is d i f f i c u l t  t o  completely assess t h e  

A minimal t o t a l  r i v e r  flow of 33,000 cfs is required t o  met 

a S°F rise c r i t e r i o n  for three-uni t  operation assuming tompletc 

mixing i n  the  r iver .  

prevent total nixing unless flows are very much greater than 40,000 cfs. 

The es t ina ted  frequency and duration of flows a t  or below 33,000 cfs 

should be presented. 

2.6.7 
However, s t r a t i f i c a t i o n ,  should it occur, w i l l  

Temperature data f o r  t h e  period 1938 through 1943, summarized i n  2.6.3 
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2, do not provide adequate background temperature data for 

2.6.7 

evaluation. 

temperature data, should be included. Statistical evaluation of the 1966 

through 1970 temperature data from Wheeler Darn also should be provided. 

Data from 1966 and 1967, as well as othcr available 

While the statement considers the interaction of all three Browns 

Ferry units, it does not provide information on possible thermal inter- 

actions between Browns Ferry and other TVA stations. 

in the final environmental impact statement would allow a better 

understanding of the thermal interactions between existing power plants 

on the river. 

curves in various future years should be included. 

Alternative Cooii ng Nethods 

Such information. 

Estiaates of plant load factors and seasonal demand 

-- 
The evaluation of cooling towers and other alternatives for meeting 

2.6.6(3)(~) thermal standards presented in the supplement would be improved if the 

following enviromental considerations were included: 

a) Upland locations for cooling towers in order t o  minimize 

siltation and furt'.ier damage to the shoreline areas; 

b) Diapers or other control techniques to minimize siltation 

during any future construction; 

2.6.6(3)(4 c) Spccir'ic noise  levels for necheuical drzft cooliug t a - x r s ;  

2 *6.6(3) (4 d) The effects of diminished cooling water discharge on the 

concentrations of radjoactive and chemical waste releases; 

e) Supportive information on the techniques for minimizing 

2.6.6(3)(b) plum d r i f t  f r m  coo l ing  t o w r  oixration. 
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ABNOPCIAL S ITU:'.TI ORS 

Although TVA has addressed the possible consequences of postulated 

accidents at the Browns Ferry plant which could release radioactive 

materials to the environment, the probabilities of occurrence of these 
2.303 

accidents have not been adequately discussed. 

given to quantifying these probabilities, where possible, because the 

Consideration must be 

expected environmental risk due to potential accidental radionuclide 

releases is determined by the consequence of the release and the 

associated probability of occurrence. For the less severe accidents, 

the probahility might be estimated by combining the observed 

probabilities of the component events as obtained from operating 

experience. In the case of the more serious accidents., where there 

to estimate the probability of occurrence. 

Class 1 accidents are almost certain to occur and, in the case of 

volatile fission products which will ultimately be purged to the atmos- 

phere, the coilsequences can be considered trivial only if an upper 
2.3.3 

limit on the quantity of radioactive material involved is specified. 

The consequences af  a class 9 accident are serious enough that probabil- 

ity-of-occurrence estimates should bc investigated to strengthen Lhc 

assumption that the expected environmental impact is negligible. 

There appear to be inconsistencies between the assumptions employed 

for the estimation of'radiation doses from potential accidents in the 
2.393 

final safety analysis report and the draft environmental statement 

supplement. Thc assumptions axid models used for accident analysis 
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should be referenced to the applicable portions of the safety analysis 

report or otherwise described. 

be resolved arc the following: 

.bong the discrepancies which should 

a. An iodine partition factor of 10,000 is assumed in tlle draft 

environmental statement for the control rod drop accident; in the 

final safety analysis report (Table 14.9-2) a value of 100 is assumed. 

b. A value of 0.2”L for the number of fuel rods which have defective 

cladding is used to predict thc coolant radionuclide inventory for 

accident evaluations. This value is less than the value of 0.5% 

assumed for the estimation of effluents under normal conditions. 

C. The adverse meteorological conditions assumed in the draft 

environmental statement supplement appear t o  produce radiation doses 

which d i f f n r  b-7 rr-1.. 

calculated using annual average meteorc.logica1 conditions. 

of the most limiting meteorological conditions for both annual average 

and short-term dispersion icdicates that this ratio should be greater 

than 100. 

explicitly stated. 

fz.3tcr sf c=-r‘=T; or e2-L’ Lb..L A.vyI C--- dose estk,atzs , -.--, 
The use 

The assumptions used for the adverse condition should be 

The list of agencies consulted by TVA in the preparation of an 

emergency plan for both on-site and transportation accidents indicates 

that TVA has consulted the appropriate Federal, state, and local 

agencies required to implement protectitre action in the event of a 

radiological emergency. 

be approved by the participating state agencies prior t o  initial fuel 

loading. 

It is important that the final emergency plan 

I 
I 
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Storage and transportation methods and procedures t o  prevciit 

the contents or a ruptured tank o r  accidental  leakage or s p i l l a g e  

of  o i l  or other hazardous nsterials f r m  reaching surface watercourses I 
I should be presented. 

p o s s i b i l i t y  end probable q u m t f t i e s  of materials  which could be d i s -  

charged due to earthquake, f lood, tornado, p lant  malfunction, liuman 

Discussions s?iouJ.d include an ana lys i s  of the  

error,  or other abnormal occurrences. 
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8.0 GENEPAL DEVELOPNENT T3PLI.CATIONS 

As a r e s u l t  of t h e  a d d i t i o n a l  

p l a n t  i t  is a n t i c i p a t e d  t h a t  t h e r e  

i n d u s t r i a l  growth i n  t h i s  reg ion .  

e l e c t r i c a l  power provided by t h i s  

w i l l  be increased  populat lon and 

This  growth, should i t  occur ,  w i l l  

p l ace  a d d i t i o n a l  deiaands on the a v a i l a b l e  water supply and may c o n t r l b u t e  

t o  air  and water q u a l i t y  degrada t ion  and o t h e r  environinental problems. 

TVA, as a r e g i o n a l  p lanc ing  agency with cons iderable  experience 

and knowledge on t h e  r e l a t i o n s h i p  between s o c i a l  and n a t u r a l  systems, 

should take  s t e p s  t o  he lp  develop,  through i n t e r a c t i o n  wi th  municipal ,  

state, and Federa l  agencies ,  a l and  and water use  p lan  f o r  t h e  region.  

This  p l an  should be  designed t o  achieve  a balance between popula t ion  

and r e source  u s e  of t h e  r eg ion  which will permit a h igh  s tandard  of 

l i v i n g  and a q u a l i t y  e n v i r o w e n t .  
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DEPARTMENT OF TRANSPORTATION 
UNITED STATES COAST GUARD 

MAILING ADDRESS 
100 u.s S N E N T H  COAST GIJARD(WS) STREET SW. 

WASHINGTON. D.C. M 20590 
PHONE: 2 02 426 - 2 262 

2 7 A U G  1971 

Dr. F. E, Gartrell 
Director of Environmental 
Research and Development 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

This is in response to your letter of 15 July 1971 addressed to Mr. Herbert F. 
DeSimone, Assistant Secretary for Environment and Urban Systems, Department 
of Transportation, concerning the draft environmental impact statement for the 
Browns Ferry Nuclear Plant, Units 1, 2 and 3, located on the North Shore of 
Wheeler Reservoir on the Tennessee River, Limestone County, Alabama. I 
The concerned operating administrations and smff of the Department of Trans- 
portation have reviewed the draft statement. It is the determination of this 
Department that the impact of this project upon transportation is minimal. Page 
5-5 of the draft statement states that navigation channel markers will indicate 
the location of safe water depths over the diffuser piping. Since the U. S. Coast 
Guard is charged with the responsibility for installation, maintenance and operation 
of aids to navigation upon the navigable waters and in view of the lack of an  in- 
dication in the draft statement of any coordination with the Coast Guard on this 
aspect of the project, it is requested that this matter be taken up with the 
Commander, 8th Coast Guard District in New Orleans, Lnuisiana, 

Figure 4 under the list of figures shows the artist's concept of the Browns Ferry 
Nuclear Facility. A large stack is depicted. Nowhere in the report is there an 
indication of the height of this stack and it may possibly be a hazard to air navigation 
and should be discussed with the Federal Aviation Administration Regional O€€ice 
in Atlanta, Georgia. Page 7-4 of the draft statement discusses future alternatives 
and the possible use of cooling towers. This Department would have some concern 
should c o o k g  towers be planned, especially as it concerns air navigation hazard 
(height) and possible fog and icing of highways and bridges. It is assumed that 
should cooling towers be seriously considered in the future, the environmental 
impact statement will address itself to these possible adverse effects. 
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This Department recommends completion of the project. The environmental 
impact statement appears to address itself to those possible problem areas 
that may represent a concern to the Department of Transportation. 

The opportunity to review and comment on the draft environmental impact 
statement for the Browns Ferry Nuclear Plant, Units 1, 2 and 3 is appreciated. 

Sincerely, 

w. M.EENKERT 
Captain, U. S. Coast Guard 
Acting Chief, Office of Marine 
Environment and Systems 

2 
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DEPARTMENT OF TRAhSPORTATlO 
UNITED STATES COAST GUARD 

MAILING ADDRESS: 

400 SEVENTH STREIT SW. 

II 
u.s COAST GUARD (IVS/83) 
WASHINGTON. D.C. 20590 
'"ONE: (202) 426-2262 

14 December 1971 

Dr. F. E. Gartrell 
Director of Environmental 
Research and Development 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

This is in response to your letter of 8 November 1971 addressed to Mr. Herbert 
F. DeSimone, Assistant Secretary for Environment and Urban Systems concerning 
the supplement and additions to the draft environmental impact statement of the 
Browns Ferry Nuclear Plant Units 1, 2 and 3 located on the north shore of Wheeler 
Reservoir on the Tennessee River, Limestone County, Alabama. The original 
draft statement for this project was previously reviewed by the Department of 
Transportation as indicated in our letter to you of 27 August 1971. 

The supplement and additions to the draft statement for the Browns Ferry Nuclear 
Project were reviewed by both the staff and concerned operating administrations 
of the Department of Transportation. 

The following is noted from the review of the Federal Railroad Administration: 

"We are pleased to see the environmental impact of new transmission 
lines discussed in such detail. However, the question of inductive coupling 
o r  direct faulting with the signal and communication lines of railroads is 
not addressed. 
neither railroads involved o r  that satisfactory protection has been mutually 
agreed upon with any railroad company involved. " 

I We would suggest that the statement reflect that there are 
L 2*2*2 

Noted in  the review of the Department's Office of Hazardous Materials was the I following: 

I 

!'Although we have no specific comment on the supplement o r  the additions, 
we do note, however, that the supplement discusses the transport of nuclear 
materials in significantly greater detail than any of the other environmental 
impact statements which have been seen previously. While it is difficult 
to evaluate the content of the statement relative to transport, the supplement 
is not inconsistent with existing AEC and DOT regulatory requirements or  
industry practices. " 
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The supplement and additions also address themselves to those transportation 
concerns which were pointed out to you in our letter of 27 August 1971. 

The Department of Transportation concurs in the project and recommends early 
completion. 

The oppor&unity to review and comment on the supplement and additions to the 
draft environmental impact statement on the Browns Ferry Nuclear Project Units 
1, 2 and 3 is appreciated. 

Sincerely, 
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STATE OF ALABAMA 

ALABAMA DEVELOPMENT OFFICE 
R. C-"RED" BAMBERG, Director 

September 8, 1971 
9/10/71 
CC: M. I. Foster 

A. J. Gray 
R. H. Marquis, 629 N S S K  
T. H. RiplFy, FOR, Norris 
F. E. Gartrel l ,  720 EB-C, 

C. M. Stephenson 
J. E. Watson, 818 P R E C  
ND&RS Files, 604 AB 

(origind) To: Mr. M. I. Foster, Director 
Division of Navigation Development & 

Regional Studies 
Tennessee Valley Authority 
Knoxville, Tennessee 37902 

,' / 
1 I 

p- 4 &'.x> $4 !-%< c 2+-' p % 2  /% UiLAjv 
i FROM: H. P. K. Walmsley 

E-l I ;c-n,fi, 4 a J 3 Adminisirator ~d 
Grant and Reference Senrices 
State Clearinghouse 

SUBJECT: DRAFT ENVIRONMENTAL, IMPACT STATEMENT 

Applicant: Tennessee Valley Authority 

Project: Draft Environmental Statement - Brown's 
Ferry Nuclear Plant Units 1, 2 & 3 

State Clearinghouse Control Number: ADo-84-71 

The Draft Environmental Impact Statement for the above project is in the process 
of review by the appropriate State agencies in accordance with Office of 
Management and Budget Circular A-95, Revised. 

l'be comments received to date from the reviewing agencies are attached. Additional 
comments will be forwarded as they are received. 

Please contact us if we may be of further assistance. Correspondence regarding 
this proposal should refer to the assigned Clearinghouse Number. 

Attachments 

A-95/05: DE 



GEORGE C. WALLACE 
Governor 

TO: 
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STATE OF ALABAh.1, 
ALABAMA DEVELTPMENT OFFICE 

R. C. "RED" BAMBERG, D' irector 

September 24 ,  1971 

Mt. M. I. Foster, Director 
Division of Navigation Development & 

Tennessee Valley Authority 
Knomille, Tennessee 37902 

Regional Studies 

Administrator + r-H Y 
Grant and Reference Services E-  / I  
State  Clearinghouse 

SUBJECT: DRAFT ENVIR0"TA.L IMPACT STATEMENT 

Applicant: Tennessee Valley Authority 

1 
I 

I 
1 
I 
I 

A-95/05 : DE 
cc: Department of Conservation 

Histor ical  Cammission 
Comprehensive Health Department 
Bureau of Environmental Health 
Mr. Gary Volketz - North Central Alabama I 

Regional Planning & Development Connuission 
Mr. Dean Matthem - Top of Alabama Regional Council of Local Governments 
Mr. Richard Dowdy - Alabama Development Office Coordinator 
Mr. Ed Hudspeth - Alabama Development Office Coordinator 

STATE OFFICE BUILDING MONTGOMERY, ALABAMA 36104 (205) 269-7171 

I 
-I 

Project: Draft Environmental Impact Statement 
Browns Ferry Nuclear Plant U n i t s  (1) , 
(2) and (3) 

Sta t e  Clearinghouse Control Number: ADO-84-71 

The Draft Environmental Impact Statement f o r  the above project has been I 
reviewed by the appropriate S t a t e  agencies in accordance with Office of 
Management and Budget Circular A-95, Revised. I 
A l l  of the comments received from the reviewing agencies have now been 
forwarded f o r  your consideration. 

Please contact us i f  we may be of fur ther  assistance. Correspondence 
regarding th i s  proposal should refer to the assigned Clearinghouse Number. 

Attachments 



3.3-3 

R E Q U E S T  FCR R E V 1 E I . I  O F  PROJECT -- NOTIFICATION - 

ADO-84-7 1 TO: C H  Number 

Mr. Reynolds Thrasher 
Conservation Department 

A p p l i c a n t  Tennessee Valley Authority 

Program Eiivil-omcntal Impact S tateinent 
Browns Ferry Nuclear Plant - Units 1,2 & 3 

August 16, 197.i .- Return Pr ior  t o :  - DATE: August 3, 1971 
D a t e  

P l e a s e  review tne a t t a c h e d  n o t i f i c a t i o n  o f  i 
Federa l  f u n d s ,  a t i d  i n d i c a t e  your  cor;iment be1 
s h o u l d  b2 g iven  t o  c o n f o r n a n c e  w i t h  o t h e r  p l  
posed  o r  i n  e f f e c t .  

n t e n i  t o  a p p l y  f o r  
O b i .  C o n s i de r a t i o n 
a n s  

--- Co!nrfients: ( P l e a s e  check one b l o c k . )  

No i n t e r e s t  

Concur 

0 Need ?or2 I n f o m a t i o n  ( e x p l a i n  below) 

C a n n o t  Concur ( e x p l a i n  below) 

A d d i t i o n a l  -- Comments: 

See attached cements from the Game m d  Fish Divisiozi. 

P l e a s e  Heturn  O r i g i n a l  t o :  ---. A l a b a ~ a  Devs lopn~en t  G f f i c e  
O f f i c e  o f  S t a t e  P i a n n i n a  S t a t e  C l e a r i n g h o u s 2  J 

S t a t c  O f f i c e  G u i j d i n g  
H o n t g o m e r y ,  Alabama 36103 

FO2N C H - 2  
9 / 7 C  



CUUCf 0. KELtEY 
DIRECTCZ 

S13NEf E .  BLCDSOE 
ASSISTANT DlZeClOR 

64 Norih Union Street - Moirtsomery, Alabama 36104 

August  25, 1971 DIVISIOH OF G A M E  8: F:SH 
CHARLES D. KLLLSV,  CHIEF 

MEb!CRANDUM TO: Mr. Reynolds W. Thrasher, Chief 
Bureau o f  Outdoor 

FROPI: 

. ... . ' J  .. 
personnd have reviewed the TYA's Envi rcjnrr! 
Ferry Nuclear Plant and offer the fo1loGi:;g conrmlents. 't <>>.;d. F veral timos i n  the report tha t  they.w?ll meet any future appli- 

cable temperature standards. They apparently used the figures of 950 F,. 
maximum and 93@ F. average cross section and a loo it. r i se  i r ,  desiging/ the 
plant .  They s ta te  (Page 5-1 0) that  "These temperature 1 i m i  ts. have be& used 
i n  design and are i n  l ine  w i t h  those zccepted by the Alabams. .~;~ter..'improvcn;2nt 
Commission". A temperature ~axim; .mG-~:95~ F. has not. been accipted by the 
Alabama Water Improvement Comnisyfon: ::These figures are no t  i n  .1TmL\:5th  the 
temperatures reconmended by the I lz t ional  , Technical Advisory Ccnnii t t e e  fo& 
waters s u p p o r t i n g  .popul ations,qf largemoutW bass, smal lmuth bass, crappie, 
bluegi? 1 , .t:a1! ?ye .and sa~:gcr.,On0,~age~3-14~.TVA s ta tes  tha t  "Investigations 
ha% :shown ths=following fish to-be iqiortant t o  sport  use: largemouth bass, 

, - m a 1  !mouth bass ,  spotted bass ,"whft%-bass, crappie, bl uegill and sauger" 
< ~ ~ ~ L % ? d ~ & i ' Z  T\!A use this outstanding report to design their plant so as t o  

'prevent d m q e  td, the vallJable spor t  fishery resources rather than ciesizn 
for  the mxiiilum temperatures ex?ected t o  be approved by the--A! abama WntF: 
Irnprovment Ccmission? On Page 4-1 i s  the statement that TVA has..consul'.tzd 

the planning and construction o f  the Browns Ferry Plant .  The Alabamd Dcptrt- 
ment of Csnssrvatf on i s . 1 i sted as one agmcy w i t h  whi ch they, consul ted ./ 1 t 
i s  sufficient t o  say t h a t  they did not follow our advise concerning;xa.ter 
temperatures maximums which we reco,mended. Mr. -Churchil7 and Mr :i DorTyberry 
have attended several m e t i n g  \!here the Game arici:%ish;.Divi sior? o f f i  c i  a1 ly  

Emperatu~leimaxirnums o f  909 ... F; , .  for...fish and wildlife waters 
F. for-waters containisg. .s'duger;::&lleye, o r  smallioutii 

w i t h  several Federal, State and ? o c a i ~ a g e n ~ e j - - ~ n d r . o ~ ~ f - i i i a l s  s i x e - 3  966' ?li. * -- --du j r  

these species are 
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Memo tc: Mr. Reynolds W. Thrasher 
August 25, 1971 
Page Two 

I 

TVA's temperature data l is ted i n  Tables 10, 11 and 1 2  support our  reconmend- 
ations of 860 F. maximum for the Tsnnessee River. 
surface temperature reading (a t  Mile 305) above 866 F. for the period of 1938 
through 1943. Table 11 l is ts  the highest observed temperature reading a t  

shows 840 F. as the maximum 9 a t  1 f t . )  temperature recorded a t  Mile 277.0 for 

Table 12 l ists  only one 

2-7.3(1)(a)Mile 300.3 as 83.19 F. d u r i n  the period May, 1964 t o  May, 1965. Table 10 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
I 
I 

.6.i 

1964-65. On Page 3-18 TVA s ta tes  t h a t  "Temperature data a t  Tennessee River 
Mile 305.0, collected by TVA's Hydraulic Data Branch d u r i n g  1938 through 1943 
indicates the temperature pattern observed one year is  very similar t o  t h a t  
observed i n  other years". On Page 7-3 is the statement tha t  "TVA's experience 
a t  a l l  of its stean plants, and particularly a t  Paradise, indicates t h a t  a 
maximum temperaturz of 930 F. and a 1Cc F. r i se  should  adequately protect 
aquatic l i f e  i n  tho  Tennessee River". T h i s  statement, of course, does n o t  
agreq w i t h  the National Technical Advisory Committee's recornendations for 
the fish species found i n  the Tennessee River. 
that  I know of which indicates 939 F. is suitable for game fish such as 
largemouth bass, small mouth bass, szuger, crappie and wall eye. 

There is no sc ien t i f ic  researcfi 

The Growns Ferry Plant i s  designed to  have a 2 5 O  F. r i se  i n  the.  condensers. 
TVA admits that  this will k i l l  f i s h  larva and other desirable organisms. The 
report attempts t o  rationalize this w i t h  ststenents such as the following one 
found on Page 5-27; "However, since oniy ten percent of the water passing the 
si te a t  mean annual flow passes through the condensers, any adverse effects 
are not  expected t o  b2 significant." The three units punp 1,980,000 gal lms 
per minute. T h i s  amounts t o  about 360 ac. f t .  o f  water per hour 2nd 8,640 ac. 
f t .  o f  lake trster per 24 hour day. I dcubt that  the destruction of fish larvae 
and desirable fish food organisms i n  8,640 ac. f t .  of Glheeler Reservoir water 
each day is insignificant. 

On ?age 5-16 of the report, mention is made o f  thz use o f  a polymer which 
will bz discharged t o  the river. No data is  given t h a t  indicates studies 
have been made that insure no toxicity o r  f ish residue problems w i l l  result 
f r o m  such discharges. I t h i n k  the following question requires an answer fron 
TYA: krill the construction and operation of  Browns Ferry Nuclear Plant 
result i n  any fish contamination problem such as we are not experiencing w i t h  
mercury and PCB? 

On Page 5-3 is the statement that  "There i s  l i t t l e  likelihood that the warn 
water discharges would result  i n  any adverse effect on water-contact recreation 
i n  Wheeler Reservoir". On Pages 4 and 13 o f  the Hational Technical Advisory 
Cornittee report is the recommdation that " I n  primary contact recreation 
waters, except where caused by natural con2itions, maximurn water temperatures 
should n o t  exceed 30° C. (85O F.)". TVA designed this plant t o  raise the 
water temperature up t o  33O F. 
somewhat ou t  o f  my field.  My only purpose for  ment ioning  this i s  to  p o i n t  out 
one cther area where TVk's statements c m f l i c t  w i t h  the recommendations o f  such 
groups as the idational Technical Adviscy Comxittee. 

As a profsssional fishery biologists this i s  
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Memo to: Mr. Reynolds \.I. Thrasher 
August 25, 1971 
Page Three 

1 
I 
-I 
1 

On Page 5-4 TVA states t h a t  "Al though dur ing  sone months fish may avoid the 
imediate area of the p l a n t  discharges, i n  tile wintei. the fish are likely 2*7*3(1)(a) 
t o  be attracted t o  the warm water". I t  appears t h a t  this statement is  i n -  2*7*3(1)(b) 
tended t o  imply t h a t  the benefits of heat f O i -  attracting fish i n  winter 
offset eny suimw damage while actually this abnorrrial concentration may 
pose a greater danger t o  the future abundance o f  certain desirable species. 
Certain important sport species t h a t  spatin i n  winter or early s p r i n g  such 
as v;alleje stid sauger will be attracted to the heeted area d u r i n g  the time 
o f  year when they should  be on their  spawning migration. 
unknown what effect this exposure t o  heated water will have on the develop- 
ment of sexual products o f  such fish. 
studies are designed t o  answer this important question. If  this exposure 
hinders or  p r o h i b i t s  successful reproduction of sauger or walleye, then a 
series o f  such heatea discharges could eventrrally eliminate a fishery for 
such species. 

Several steterncnts i n  the report indicate that TVA is  concerned over the 
amount o f  radioactive material t h a t  itill be released from the plant into 
t h e  environment. Apparently this concern over the release o f  m a t w i  81 s 
f r o m  nuclear p l a n t s  is shared by such renown nuclear experts as Ur.. George 
L. Well, Nuclear Consultant of Weshington, D. C. ,  as indicated by the enc?osed 
clipping which appeared i n  the Montgomery Advertiser on Augus t  22, 1971. 

I 
I 

I 
I 

I t  i s  st i l l  

- 
I do not believe TVA's biological 

RHA: jcb 

Charles D. Kelley, Chief -' ') 
Game and Fish Division .--J 

I 
I 
1 

CC: Mr. Sani Spencer 

I 
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uninhabitable," Weii said. 
''If the public wants to take 

tbc risks hvolved with nuclear 

know what the risks m - but 
wm," Well said "they should 
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REQUEST FOR R E V I E ! . . !  G F  P R O J E C T  f i O T I F  I C A T I O N  - ---.- ----- 

TO: 

Mr. W. Warner Floyd 
Historical Conmission 

C H  Nuniber ADO-84-7 1 

Tennessee Valley Author3 tr Applicant 

Proqrarn Environmzntal I q a c t  Statement 
Browns Ferry Xuclear Plant - Units 1,2 & 3 

D A T E  : Augast 3, 1971 August 16, 1971 Return Prior  t o :  
Date 

Please rzviz . ,q t h e  a t t a c h e d  not’ficztian o f  i c ; t e n t  t s  a p p l y  f o r  
Federal f u r i e s ,  3t;d ir,dir,ate y o u r  c o n m n t  S e l o v r .  Consideration 

p o s e d  or i f !  e f f e c t .  

----.- Co;r;;:!ents: ( 2 l t . a s e  ckecl: one b l o c k . )  

s h o u l d  b e  g i ’ v ~ r ?  t o  c o n f o r a a n c e  w i t h  o t h e r  p l a n s  

30 I n t e r e s t  

Coricur 

n Fieed Ksre i n f o t * a a t i o n  ( e x p l a i n  belcw) 

13 Canr;ot Concur. ( e x p l a i n  b e i o w )  

A d d i  t i c n a l  Coinnients: - - _---- 
The Alal?ana Isstorical Camission czEot  mcurately appmise the 

eri-dronmntal &pad of the Bran F e q  projezt t ipn  the histor ic  
reso*mces OT this area because our agemy h~ RO opportunityto 
revicn the project u n t i l  the d m o l i t i a  of old stmctures an6 the 
ccnstmctiol1 of the project ha2 bzen cvqleted. 

2.8.4 

Please  Retu-rL OriAinal t o :  
r- ’----. Alabarca uevel o p m n t  Gffi  c 2  

O f f i c e  o f  S t a t e  Planning 
S t a t e  Ciearinghouse 
S ta te  Of f i ce  B u i l d i i l g  
Montgomery, A 1  abana 36 105 

FORrI CH-2 
9 / 7 0  
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STATE OF ALABAMA 

ALABAMA HISTORICAL COMMISSION 
30s SOUTH LAWRENCE =RE= 

MONTGOMERY. ALABAMA 36104 

March 16, 1972 
TELEPHONE NUMBER 

209-6039 

I 4- y & * & G * r c d  +-**za/ 

4 h,L. // 2 J 3 
Mr. George R. DeVeny 
Regional Planner 
Divis ion  of Navigation Development 
and RegSonal Studies 
Tennessee Valley Authority 
Knoxvi 11 e , Tennessee 

E 
I 

37902 r Dear Mr. DeVeny: 

We have consulted w i t h  local preservations i n  the area of the 
Brown's Ferry Nuclear P l a n t  and have found noth ing  which will be 
adversely affected by the addition t o  the plant. 

The o r i g i n a l  construction o f  the p l a n t  required the relocation 
of an old  cemetery which contained the graves of several early 
pioneers. 
attracted only approximately 2,000 visitors a year. While conplete 
restoration o f  the cemetery would not have been feasible, i t  is our 
opinion t h a t  the cemetery was relocated w i t h  considerable care. 

Structures located on Tract 13, several of which are over 50 
years old,  were, i n  our judgement, not  of major interest t o  preserva- 
tionists and tourists. 

I 

I 
Properly restored and preserved the cemetery would have 

I Sincerely , 

I 
I 

W. Warner Floyd 4 -  
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A S T  c_ FOi? REVIEN O F  P R O J E C T  NOTIFICATION 

C H  Number 

A p p l i c a n t  Tennessee V d l e y  1-uthority 

TO: 

Mr. Preston Blanks 
Comprehensive Mealth 

D A T E  : 

. .  

Environmental Impact Statement Proqram 

’1 Browns Ferry Nuclear Plant - Units 1,2 & 3 

August 3, 1971 Return Pr ior  t o :  August 16, 1971 
Date 

I ? l e ~ s a  r c v i : i i  the  a f t ,dcned  p o t i f i c a t i o c  o f  i n . i e n t  t o  a p p i y  f o r  
f e d e r i l  furlcis, a n d  i n d i c a t e  y o u r  comment belor.1. Cons ide ra t iOK 
s h o u l d  be g i v s t i  t o  conformance  w i t h  o t h e r  p l a n s  o r  p r o j e c t s  p r o -  
posed ? r  ir; z f f e c t .  

C o m e c t i :  ( P l e a s e  check one b l o c k . )  -- 
c No h t e r e s t  

Cciicur 

a Need !.f;rre I n f o r n a t i o n  ( e x p l a i n  be1or.I) 

0 C a n n o t  Concur  ( e x p l a i n  b e l o w )  

A d d i t i o n a l  .-- Comvents: 

c o n ~ ~  su5ject to qu.estions raised in zmiorandun fro3 bjr- f i r t h ~ ~  Z e c b  Stake 
He&h Department, to  ADO, t h i s  subject. 

n ? 1 

&;#A d*.f# J.%+A9.-’ _. ~ - 
c Please Return O r i a i n a l  t o :  - ------ 

Alabama Developnlent O f f i c e  F O R M  CH-2 
O f f i c e  o f  S t a t e  2 l a n n i n g  9 / 7 0  S t a t e  C l e a r i n g h o g s e  
S t a t e  O f f i c e  B u i l d i n g  
Montgomery, Alabama 36104 

P ;  I 

S i  g n a t  u re 
&;#A d*.f# J.%+A9.-’ _. ~ - 

Please Return O r i a i n a l  t o :  c - -----.- 
Alabama Developnlent O f f i c e  F O R M  CH-2 --_..  . . .g 

e 

04 

9 / 7 0  













3.3-16 
i 

Mr, H. 1. Foster 
Page 2 
August 6, 1971 

3. 

4, 

The project, as described In the Environmental 
Impact Statement you furn;shed this office, i s  in 
confonity with cmpreheniive plans o f  the North 
Central Alabama Regional Planning and Development 
Comi ss ion, 

Upon the review of the project, we have determined 
to the best of our knowledge that you have con- 
stdered and incorporated means of achieving state, 
regional and local objectives related to a project 
of  this nature, as specified in Section 401(a) of 
the Intergovernmental Cooperation Act of 1968. 

If we may be of further assistance, please advise. 

Yours truly, 

Scott E. Haples 
Planner 

for 

Gary 1. Voketz 
Executive Director 

SEM: lm 

cc: Djrector 
D i  vi s i on of Radi o 1 og i ca 1 

Atomic Energy Cmiss ion 
Washington, 0. C. 20545 

and Environmental Protection 

Hr. Dean Y. Hatthews, Dire.ctor 
Top of Alabama Regional C O U W ~  

Huntsvi 1 l e ,  Alabama 35801 
of Governments 

Hr. H. P. K. Wamsley 
A1 abama Deve lopaien t Off i ce 
Hontgomery, Alabama 36104 
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BOARD OF DIRECTORS 

%ORRIS LAMUNYON 

DEAN Y. UATTHEWS 
tXECUTlVE DIRECTOR 

LARRY W .  RAYEON 
DIRECTOR OF PUHHlNC 

A NON-PROFIT CORPORATION 

P. 0. BOX 308 
HUNTSVILLE. ALABAMA 35804 

nugust 1 

Mr. M. 1. Foster, Director 
Division of Navigation Development 

and Regional Studies 
Tennessee Val ley Authority 
Knoxville, Tennessee 37902 

Dear Mr. Foster: 

6th FLOOR - CITY HALL 
TELEPHONE 105/536-3388 

, 1971 

This is to advise that we have reviewed the Environmental impact Statement 
Draft of the Tennessee Valley Authority regarding the Browns Ferry Nuclear 
Plant Units 1, 2, and 3. 

We are quite impressed with the extensive attention given to all aspects of the 
Browns Ferry facility and i t s  effects on the environment. 

We concur wholeheartedly in the continued construction and operation of this 
faci I i iy 

It is our belief that the Browns Ferry Nuclear Plant i s  a national asset costing 
1/2 billion dollars which wil l  help supply a critical demand for power. The 
generation of electric power through nuclear energy is, in our opinion, much 
less damaging to the environment than through the use of fossil fuels. 

It is further noted that there has been little or no adverse public reaction to 
the Browns Ferry Nuclear P lan t  within our region. We subscribe to 9 area 
newspapers 

AIA, Director 

/ D Y M h P  
cc: Mr. H. P. K. Walmsley 

Director, Atomic Energy Commission 
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I 
REQUEST FOR R E V I E ! . !  OF PROJECT NOTIFICATION - - 

TO: m - s 4 - 7  1 

Tennessee Valley Authority 

CH Mumber 

A p p l i c a n t  

P r o a r a  rn 

Return  P r io r  to :  

Mr. Dick Doxdy 
ADO 21 Enviromental Iapact Statement 

Browns Ferry h’uclcar Planz -- Units 1,2 & 3 

August 15, 1971 OAT E : August 3, 1971 

Date 
P l e a s e  revie!.r t h e  a t t z c h e d  n o t i f i c a t i o n  o f  i n t e n t  t o  a p p l y  f o r  
Fede ra l  f u n d s ,  at id  i n d i c a t e  y o u r  c c a c t n t  below. C o n s i d e r a t i o n  
s h o u l d  be  g iven  t o  conformance w i t h  o t h e r  p l a n s  o r  p r o j e c t s  p r o -  
posed  o r  i n  s f f e c t .  

Commsnts: - ( P l e a s e  check one b l o c k . )  

Ne I n t e r e s t  

Concur  

@ Reed ;-!ore I n f o r m t i o n  ( e x p l a i n  below) 

Canr io t  Concur  [ e x p l a i n  b e l o w )  

--.- P.dCi t i o n a l  -- ---- Ccmiznt>: 

-- 
S i g n a t u r t  

&;&f d944--’ -- . _  P i e a s e  Ret r r rn  O r i g i n a l  t 3 :  --------- ----- 
A 1  abzr-:s 3evc- 1 o p c z c  t Cf f i  ce F O R V  C H - 2 .  
O f f i c e  o f  S t a t e  ??ac:ninG 9/70 S t a t e  Clea r ingheuse  
S t a t e  O f f i c e  Zui ldir tg  
Montgomry,  Alabanla j6:CId 
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R E Q U E S T  F O R  R E V 1 E I . I  CF P R O J E C T  NOTIFICATION 

TO: 

Dr. Ken Johnson 
AD@ 

ADO-84-7 1 C H  ldurrber 

A p p l  + c a n t  Tennessee Valley Acthority 

P r o  ram Environmeatal Impect S t a  tenent 
Browns $erry Nuclear P3.snt - Units 1,2 & 3 

August 16, 1971 
D A T E  : August 3, 1971 Return P r i c r  t o :  

P l e e s e  review The a t t a c h e d  n o t i f i c a t i o n  o f  i n t e n t  t o  a p p l y  f o r  
Fede ra l  firn5.5, a n d  i n d i c a t e  y o u r  conment b e l o w .  C o n s i d e r a t i o n  
s h o u l d  be  g i v c c  t o  conformance w i t h  o:.'ler p l a n s  o r  p r o j e c t s  p r o -  
posed o r  i n  e f f e c t .  

Date 

- 

--.--- Comments :  (Please c h e c k  o n e  b l o c k . )  

No I n t e r e s t  2 C o n c u r  

n N e e d  !?.!ore I r t f o r x a t i o n  ( e x p l a i n  belo\.r) 

r; C a n n s t  Coccur  ( e x p l a i n  below)  

A d d i t i o n a l  C o m e n t s :  - 

Plessr Return  -----.- 3 r i q i n a l  t o :  
A1aSan:j Develcpnent  C f f i c z  FORM CH-2  O f f i c e  o f  S t a t e  P l a n n i n g  9 /  7c S t a t e  C l e a r i n g h o u s e  
S t a t e  O f f i c e  B u i i d i n a  

4 

Montgozery,  A l a b a m a  26104 





3.4-1 , 
THE ASSISTANT SECRETARY OF COMMERCE 
Washington. D.C. 20230 

September 20, 1971 

Dr. Francis E. Gartrell 
Director of Environmental Research 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

and Development 

Dear Dr. Gartrell: 

Please refer to the draft environmental impact statement 
prepared by TVA for Browns Ferry Nuclear Plant, Units 
1, 2 and 3. 

The enclosed comments, prepared by the National Oceanic 
and Atmospheric Administration of the Department of 
Commerce, are presented for your consideration in pre- 
paring the final environmental impact statement. 
will note that N W  has attached a copy of an earlier set 
of comments developed in 1966 by the Institute for Atmospi 
Sciences with reference to the Design and Analysis Report 
(Volumes I and 11) of the same Browns Ferry Project. 

You 

Sincerely, 

xeric 

Sidney d Galler 
Deputy Assistant Secretary 
for Environmental Affairs 

Enclosure 
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Draft S iafsxeat 

2 ark 3 
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I 

Sizcerely yo-cs ,  

A t ta chomt  
1;s stgzed 

cc: J. N e ~ e l l ,  AEC 
bcc: 3r. Gifford ,  A T X  

m 
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3- 5-1 

D E P A R T M E N T  OF AGRICULTURE 
OFFICE OF THE S E C R E T A R Y  

WASHINGTON. D. C. PO250 

Mr. F. E, Gartrell 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Mr. Gartrell: 

We have had the draft environmental statement for TVA's 
Browns Ferry Nuclear Plant Units 1, 2, and 3 reviewed 
by the relevant agencies in the Department of Agriculture 
and coments from three USDA agencies are attached. 

Three copies of the environmental statement are returned 
herewith . 
Sincerely, 

Te C e  BYERLY 
Assistant Director 
Science and Education 

Enclosures 
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Environmental Statement 

Browns Ferry Nuclear Plant, Units 1, 2 ,  and 3 - TVA 

The subject environmental statement has been careful ly  reviewed 
by the Agricultural Research Service as per ta ins  t o  the 
agricul tural  use of s o i l  and water. 

This report is  well prepared and most informative. TVA's policy 
of keeping the discharge of a l l  wastes a t  the lowest practicable 
level by using the  best and highest degree of waste treatment 
available under exis t ing technology, within reasonable economic 
limits, is  most commendable. However, i n  t h e  past  the lowest 
practicable levels of waste disposal, with the passage of time, 
have turned out t o  not be low enough. 

As envisioned, the  monitoring programs established by TVA, 
including the qual i ty  control procedures, should reveal any 
possible impairment of s o i l  and water resources for agricul tural  
use. The monitoring program should be continued even though 
r e su l t s  are negative i n  any one par t icu lar  year. 
incidents might otherwise be missed. 
and therefore accumulate slowly and f o r  t h a t  reason, the monitoring 
should be continuous. The monitoring program, f o r  reasons of bias,  
not necessarily those of TVA, might ought t o  be conducted by a 
Sta te  or Federal agency. 

' 

2.7.6 

Long term 
Divatent cations move slowly 

Sept. 7, 1971 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
FOREST S E R V I C E  

WASHlNGTON. D.C. 20250 
IN REPLY R-R TD 

1920 

August 23, 1971 

Tennessee Vallev Authority Draf t  Environmental Statement 
Browns Fer rv  Nuclear P lan t  Units 1, 2 and 3 

We have reviewed t h e  d r a f t  environmental statement prepared by t h e  
Tennessee Valley Authority f o r  the  cons t ruc t ion  and opera t ion  of a 
three-uni t  nuclear power generating s t a t i o n  i n  Limestone County, 
Alabama. 

The p lan t  is  located on an 8.40-acre tract  on t h e  nor th  shore of  
Wheeler Reservoir on the  Tennessee River. It w i l l  c o n s i s t  of a 
r e a c t o r  containment bui ld ing ,  tu rb ine ,  radwaste and s e r v i c e  
buildings,  transformer and switch yards,  a s t a c k  and sewage treat- 
ment p l a n t .  
r e c r e a t i o n  f a c i l i t i e s  a t  the  site. 

There i s  no ind ica t ion  t h a t  TVA is providing any pub l i c  

The statement i nd ica t e s  t h a t  TVA has c l o s e l y  coordinated i t s  
activities with concerned Federal ,  S t a t e  and l o c a l  agencies i n  
a l l  phases of p r o j e c t  planning, cons t ruc t ion ,  anti monitoring 
r e l a t i n g  t o  r a d i o l o g i c a l  and b i o l o g i c a l  f a c t o r s  t h a t  can be a f f ec t ed  
by t h e  operation of t h e  p l an t .  The statement s u f f i c i e n t l y  descr ibes  
the  environmental r a d i o a c t i v i t y  monitoring program; however, w e  
would recommend t h a t  i t  be more s p e c i f i c  as t o  d i s t ance  of sampling 
sites from the  p l a n t  site. 

2.7.6 

The statement does no t  mention poss ib l e  e f f e c t s  of acc iden ta l  
r ad ioac t ive  r e l easds  on the  environment. Unless an acc ident  can 
be ru led  o u t  as impossible, the  statement should d iscuss  p o t e n t i a l  
consequences. I n  t h i s  connection t h e  poss ib l e  need f o r  a l t e r n a t e  
or supplementary waste treatment f a c i l i t i e s  should be considered, 
In add i t ion ,  t h e  establishment of higher water q u a l i t y  standards 
and t h e  de t ec t ion  of unanticipated adverse environmental e f f e c t s  
may r e q u i r e  a d d i t i o n a l  w a s t e  treatment f a c i l i t i e s .  
important t h a t  r ad ioac t ive  d i sposa l  processes be provided s u f f i c i e n t  
f l e x i b i l i t y  i n  order  t h a t  a d d i t i o n a l  c o n t r o l s  can be added. 

It would seem 
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SOIL CONSERVATION SERVICE, USDA, COMMENTS 

D r a f t  Environmental Statement  Prepared by 

Tennessee Valley Au thor i ty  for 

Browns Ferry  Nuclear P l a n t  Uni t s  1, 2 and 3, Alabama 

This s t a t emen t  fa i l s  t o  d i s c u s s  t h e  measures, if any, 
t o  be undertaken t o  minimize s o i l  e r o s i o n  dur ing  
c o n s t r u c t i o n  of t h e  f ac i l i t i e s .  

2.6.6(3)(c) 
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DEPARTMENT OF AGRICULTURE 

WASHINGTON. D. C.  2 0 2 5 0  
OFFICE OF THE SECRETARY 

December 27, 1971 
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VIA A I R  MAIL 

Mr. F. E, Gartrell 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Mr. Gartrellt 

We have had the supplement to the draft environmental 
statement for the Browns Ferry Nuclear Plant Units 1, 
2, and 3 reviewed i n  the relevant zgencies of the 
Department of Agriculture. 
Service and the Soi l  Conservation Service are enclosed. 
Also enclosed are three copies of the statement. 

Comments from the Forest 

T. C. BYERLY 
AusktPnt Director 
Science and Education. 

Enclosures 
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USDA-Forest Service Comments 

Bruwns Fer ry  Nuclear P lan t ,  Units 1, 2 ,  and 3 
Supplement t o  Draf t  Environmental Statement 

We have reviewed t h e  sub jec t  supplemental statement prepared by the 
Tennessee Valley Author i ty  f o r  t he  cons t ruc t ion  and operat ion of a 
th ree-uni t  nuc lear  power generat ing s t a t i o n  i n  Limestone County, 
Alabama 

Since no new information on t he  monitoring program is presented, our 
comments of August 11, 1971, on t h i s  phase of the  p ro jec t  a r e  s t i l l  
v a l i d  

Beginning on page 2-14, t h e  supplemental statement discusses  radio-  
a c t i v e  waste shipment t o  an of fs i te  b u r i a l  ground. 
s u f f i c i e n t l y  descr ibes  shipping safeguards,  but  is not  c l e a r  as to  
how waste conta iners  a r e  sh ie lded  t o  prevent rad ioac t ive  contamination 
t o  subsurface and groundwater a t  t he  d isposa l  s i t e .  
a l s o  provide more s p e c i f i c  information on the  loca t ion  and s i te  
c h a r a c t e r i s t i c s  of t he  b u r i a l  ground, 

2.1.1(2) 
2.1.1(3) 
2.1.2(2) 

The statement 

The r epor t  might 

We note  t h a t  a11 t ransmission l i n e s  for the  Brms Ferry Nuclear P lan t ,  
including 70 miles Of new cons t ruc t ion ,  have been completed. 
mental cons idera t ions  involved i n  the  loca t ion ,  construct ion and 
maintenance of t he  t ransmission systems ere c l e a r l y  presented except 
t h a t  the  statement is s i l e n t  on methods used f o r  disposal  of waste 
vege ta t ion  c leared  from land acquired f o r  new l ines .  We t r u s t  t h s t  
TI'A i n  f u t u r e  s ta tements  w i l l  r e p o r t  i t s  in t en t ions  with respec t  t o  
u t i l i z a t i o n  of non a i r  p o l l u t i n g  p r a c t i c e s  a l t e r n a t i v e  t o  open burning 
i n  disposing of vege ta t ion  c leared  from rights-of-way. 

Environ- 

2.5.3 

The supplementary s ta tement  i n d i c a t e s  t h a t  TVA has s tudied t h e  expected 
r e l eases  from Browns F e r r y  Nuclear P lan t  and invest igated thea l t e rna t ive  
thoroughly f o r  keeping t h e l a d i o a c t i v i t y  i n  e f f l u e n t s  t o  unres t r ic ted  
a reas  a s  low a s  pract icable .  I n  connection wi th  gaseous rad ioac t ive  
wastes,  the  r epor t  descr ibes  a decay process and four  a l t e r n a t i v e  ways 
t o  reduce rad ioac t ive  gaseous discharges a t  t he  Plant .  
mention is made of t he  amount and conten ts  of t he  d is rad ioac t ive  gases 
which would be released.  The environmental statement should g ive  con- 
s i d e r a t i o n  t o  what these  emissions would conta in  and discuss  any 
e f f e c t s  they would have on the  e n v i r o k e n t .  

However, no 
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SOIL CONSERVATION SERVICE, USDA, COMMENTS 

Draft Environmental Statement Prepared by 

Tennessee Valley Authority for 

Browns Ferry Nuclear Plant Units 1, 2, and 3, Alabama 

Supp€ements and Addftfons 

Construction of these facilities will necessitate the disturbance 
of soil and vegetative cover, Assistance in minimizing soil erosion 
and the resultant sedimentation is available from the Soil Conserva- 
tion Service through local soil and water conservation districts. 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
OFFICEOFTHESECRETARY 

WASHINGTON. D.C. -1 

1 0  1971 

F. E. Gartrell, Dr. P. H. 
Director of Enviromental 
Research and Development 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

The draft environmental statement, Browns Ferrg Nuclear Plant - 
Units 1, 2, and 3, sent with your memorandum of July 15, 1971, has 

been reviewed within this Department. On the basis of information 

contained in the draft statement, it appears that this facility 

can be operated without undue impact on the environment or an 

unacceptable hazard to the public health and safety. 

Sincerely yours, 

Nerlin K. D u V a l ,  M.D. 
Assistant Secretary for 

I 
Health a d  Scientific Affairs 
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DEPARTMENT OF HEALTH. EDUCATION, AND WELFARE 
WASHINGTON, D.C. -1 

OFFICE OF THE SECRETARY 

JAN 2 1 1972 

F. E. Gartrell, D r .  P. H. 
Director of Environmental Research 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

and Development 

Dear Dr. Gartrell: 

Your d r a f t  supplements and additions t o  the d r a f t  environmental 
statement, Browns Ferry Nuclear Plant - Units 1, 2, and 3, 
transmitted with your memorandum of November 8, 1971, have been 
reviewed within t h i s  Department. Based on information contained 
in these statements, it does not appear t h a t  there  will be 
unacceptable rad ia t ion  exposures to the publ ic  nor o ther  environ- 
mental heal th  hazards resu l t ing  from construction and operation 
of t h e  proposed nuclear generating s t a t ion .  

In p a r t  3.7 of the  supplements and additions t o  t h e  report ,  Electric 
Power Supply and Demand, you may wish t o  include a discussion i n  
subpart 2, Consequences or' Delays, a statement concerning health 
e f f e c t s  which could r e s u l t  from such delays. This might include 
both an estimate of the  hea l th  impact of u t i l i z i n g  alternate sources 
of power as w e l l  as t h a t  which could r e s u l t  from power shortages due 
t o  a reduction i n  the  r e l i a b i l i t y  of the  region's power supply. 

2.8.2 

Sincerely yours, 

Merlin K. D u V a l ,  M.D. 
Assis tant  Secretary for 
Health and S c i e n t i f i c  Affairs 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

JAN 1 8  1972 

Dear Dr. Gartrell: 

This i s  i n  response t o  your request that  we review the draf t  
environmental staternent, and i t s  supplement, prepared by your agency 
for the Brown's Ferry Suclear Plant, Units 1, 2, and 3, AEC Docket 
Nos. 50-259, 50-260, and 50-2%. We have reviewed these and other 
materials available on the project and offer the folluwing comments 
for your consideration: 

The statment adequately documents the fish and wildlife, recrea- 
tional, and mineral resources of the project area, together with the 
ongoing and planned studies designed t o  deternine the inpact of all 
three units of' the project on these resources and the environment. 
The project w i l l  not adversely affect any existing or known potential 
unit  of the iqational Park System or properties eligible or potentially 
eligible for  registration as IJational Natural Landmarks or National 
Historic Laadsarks. Archaeological surveys conducted revealed that  
no Indian mounds, town si tes ,  ar t i facts ,  or any other items of archae- 
ological s ign i f icace  occur a t  t he  aO-acre plant s i te .  Although we 
do not anticipate that the project will affect the  geologic environ- 
ment significmtly, some consideration of this inpact should be in- 
cluded in the statenent. 

We are pleased tha t  recreation areas and f ac i l i t i e s ,  including a 
v is i tor  lobby, w i l l  be prwided a t  the project. 
ervoirs on the Tennessee River and tributaries provide high quality 
recreation for the public. Although the Brown's Ferry project alone 
w i l l  not affect water-oriented recreation adversely, construction of 
additional units coUd have a emulative, adverse effect on t h i s  
activity. For example, i f  the qtanti ty of heated water added t o  
Wheeler Reservoir becomes great enough to cause algal blooms, un- 
desirable decay byproducts would detract from the value of water- 
oriented public use of the area. 
t o  this project or for constructing additional nuclear or foss i l -  
fueled plants a t  liheeler Reservoir should be discussed in  t h e  statement. 

The numerous res- 

Any plans TVA has for adding units 

I 
About 4,200 cfs  of condenser cooling water will be pumped from Wheeler 
Reservoir, passed through the condensers where it w i l l  be heated 
2 5 O  F., and discharged back t o  the resemoir through a diffuser system 
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designed t o  dissipate the waste heat as rapi- as  possible, We un- 
derstand that, a t  tines, s q c i a l  streanflow re,giLation, reduction of 
power production, or both iau ld  be necessary to m e t  the proposed 
Alabam water a_uality stznhzds. 
that tne t e r p r a t u r e  of the receivlw vaters not be increased by nore 
than 1C)O F. nor raised above 93' F. a f te r  reasonable nifing, have not 
been approved by the Rvirom-ental Protection Agency. 
recommended t o  tne State of Alabama that it adopt stancards that  specify 
a naxi~uu r i s e  of 5 O  F., witb a rwiknm allowable water tenperatwe 
at  86' F. 

Those stmbrds, uhich would require 

The EFA has 

A special 5-year (19664970) study of c l i a t i c  and hydraulic conditions 
indicated that with dl three units o p r z t i n z  a t  full capacity, the 
proposed standards would have been exceeded on 9.0 percent and the 
reconended standards on 46.5 Dercent of the days of the 5-year study 
period. During the spring and s m e r  months t h i s  added heat would 
raise the texqerature in tine r e c e i m  wzters above so F.--the le the l  
tern-rature f o r  Eost fish b r a e  and plankton. I h n y  f ish spawn i n  
the reservoir throu&out the tiischarge area during this period, It 
i s  obvious tha t  opereting the Droject with the plvlned once-throw 
cooling-diffuser system will violate the proposed and reconnended 
water quality stmdzrds and w i l l  cause significant d-e t o  inportant 
aquatic resouzces of Uheeler Reservoir. 

!he supplement t o  the env i romnta l  statenent discusses four a l te r -  
native heat dissipation riethods that cocJ.6 be used intiependently or 
in conjunction with the wesent diffuser design. 
be added t o  the project a t  sore l a t e r  t b e ,  if required t o  cool the 
project effluent t o  conply with more stringent w a t e r  @ty standards 
and protect aquatic l i f e  froE significant thermal damage. However ,  
a cumplete analysis of the spray canal alternative w a s  not made be- 
cause large-scale omrating e-xperience witn this system i s  lackin=. 
The TVA concluded that the mechanical d r a f t  cooling tower system prob- 
ably would be the nost attractive alternative fo r  the project. 

Each alternative could 

me water from the -user pipes will be discharged in to  the reservoir 

disturbance of the reservoir bottom downstream from the diffuser w i l l .  
cause excessive entrainment of silt, which may damage the inportant 
aquatic habitat. 
statement. 

2.6(AIV-3) through downstreen oriented 2-inch holes. The coxMnual hydraulic 

This probable effect should be discussed in the 

me supplement presents a prelimhiminary analysis of the consequences of 
nuclear accidents in response t o  recent AEC guidelines. 
of this analysis indicates that the consequences of the most serious 

Our review 
2.3-3 

2 
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type of accident (Class 9 - breakdown of the containment structure 
and release of radionuclides frm the core) has not been Considered. 
Such consequences were not considered, because the probabilitjj of 
occurrence i n  terns  of environmental r i s k  i s  negligible conpared t o  
that  of the other classes of accidents. Also, t h e  suDplement ind i -  
cates tha t  it i s  not possible t o  quantify the  probability of occur ,  Once 
of any accident a t  t h i s  time. Th i s  indicates t ha t  the evaluation of 
r i s k s  associated w i t h  accidents cannot be considered rel iable .  Even 
i f  t h e  projeoil i ty of a Class 9 accidefit i s  extrenely low, t h i s  does 
not justia calling the associated environmental r i s k  "negligitle" 
when the environmental consequences of Class 9 acciaents have not 
been considered. The f a i h r e  t o  evaluate the  pobeble  consequences 
of Class 9 accidents i s  a glaring orrdssion tha t  should be treated i n  
some de ta i l  t o  allay public concern fo r  safety of t he  project,  even 
though the probability of such an accident is remote. 

Additional wording is needed i n  the statement t o  demonstrate t ha t  
a l l  short-term and long-range uses and the  i r revers ible  and i r re t r iev-  
able commitments of resources have been considered and that the  best 
possible plan for  protecting the enviroment has been developed. 

We recognize that  t he  c q r e h e n s i v e  monitoring studies scheduled or 
underway may sat isfy the relationship be3ween short-term uses of t he  
environment and the  maintenance anti enhancenent of long-term y o -  
ductivity. However, we believe the statement concerning chemical 
discharges on pages 3-103 of the su2plement tha t ,  "Those concentra- 
t ions are not expected t o  have a significant adverse environmental 
impact on water quali ty i n  the Wheeler Reservoir." is  premature a t  
best and l ike ly  untrue. 
a detailed discussion of the  effects  t he  project w i l l  have on the pro- 
duction of l i v ing  natural  resources, including f i sh  and wildlife. 

This section of the statement should include 

The section on i r revers ible  and i r re t r ievable  commitments of resources 
should be expanded t o  describe and i d e n t i Q  the extent t ha t  construc- 
t i on  and operation of the  project w i U  destroy l iv ing  natural  resources, 
including f i s h  and wildlife and the i r  habitats,  and foreclose the 
natural production from these habitats. These are i r re t r ievable  losses. 
The once-through cooling system will have an adverse impact on the 
important f i s h  and wildlife resources of Wheeler Reservoir. The P A  
has recognized tha t  it is  economically and engineeringly feasible 
t o  construct adequate cooling f a c i l i t i e s  a t  the  project,  and tha t  it 
is  inevitable tha t  more stringent water quali ty standards w i l l  be 
adopted by Alabama and approved by the  EPA in t h e  near future. 
view of the foregoing, and the  Administration's emphasis on clean 
waters and abating a l l  forms of pollution a t  the source, TVA should 

In 

3 

I 
U 
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be required t o  proceed wi th  the necessary detailed studies t o  more 
Carefully review the possibi l ibj  of incoqorating the spray canal 
cooling alternative into the project. Also, TVA should care- 
reexamine i ts  conclusion tha t  mechanical draft cooling towers w a d  
be the more expeditious installation for the project. The visual 
aesthetic inpacts of the cooling f ac i l i t i e s  selected should be dis- 
cussed in the statement. 

I n  any event, some type of supplemental cooling f ac i l i t y  is definitely 
needed at the project and can be Justified on the grounds tha t  natural 
resources o f t h i s  magnitude m u s t  be protected from significant damage 
for the overa l l  benefit and enjoyment of the public. 

Govement agencies should be leaders striving t o  demonstrate tha t  
major power f ac i l i t i e s  can be constructed and operated without Signifi- 
cantly damging the basic natural resources. 

The environmental statement and its supplement are incomplete and 
should be revised t o  t r e a t  the suggestions discussed above. 

We appreciate the opportunity t o  comment on this Statement and i ts  
supplement . 

P ~ P U ~ Y  b s i s t a n t  

D r .  F. E. G a r t r e l l  
Director of Environmental 

Research and Dwelopent 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

FEB 10 1972 

Docket Nos. 50-259, 
50-260 

and 50-296 

Dr. Francis Gartrell 
Director of Environmental Research 
and Development 

Tennessee Valley Authority 
720 Edney Building 
Chattanooga, Tennessee 

Dear Dr. Gartrell: 

This is in response to k. James E. Watson's letter of 
November 5, 1971 transmitting the Supplements and Additions to the 
Draft Environmental Statement for the Browns Ferry Nuclear Plant, 
Units 1, 2, and 3. We have reviewed the Draft Environmental 
Statement, as well as the Supplements and Additions, in accordance 
with the requirements placed on Federal Agencies by the National 
Environmental Policy Act of 1969. 

Consistent with the letter from Mr. Harold L. Rice, to Mr. Watson 
dated June 30, 1971, we have concentrated our review on the 
radiological impact of normal plant operation and the impact of 
radiological accidents. 

While we agree with your conclusion that ''no significant environmental 
effects should result from planned radioactive releases----, " we 
believe that the document should be strengthened as indicated in 
enclosure 1. 
calculational techniques that we are applying to other nuclear plants. 

Many of the suggested changes are based on models and 

Enclosure 2 represents our analyses of the Environmental Impact of 
Radiological Accidents Utilizing the uniform models.and calculations 
mentioned above. 
by the Cotmission as a proposed amendment to Appendix D of 10 CFR 
Part 50 December 1, 1971 should be used by TVA in preparing its 
final statement. 

We believe the guide for accident analyses issued 
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Dr. Francis Gartrell - 2 -  FEB 10 1572 

If we can a s s i s t  you further in this matter, please let us know. 
Sincerely, 

~ 

Division of ddiological and 
Environmental Protection 

Enclosures : 
1. 
2. Environmental Impact of Accidents 

Comments on Radiological Impact Section 

1 
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COMMENTS ON RADIOLOGICAL IMPACT SECTION 

I 
I 
I 
I 
I 
I 
I 
II 
1 
I 
I 
1 
1 
I 
1 

2.4.2( 2) 

2.4.2(2) 

2.4.3(2) 

2.4.3( 1) 

2.4.3( 2) 

2.4 ~ ( 2 )  

2.7.6 

2.3.3 

1. 

2. 

3 .  

4, 

5. 

6. 

7. 

8 .  

The re la t ive  abundance of the various isotopes, reported by TVA 
i n  the l i q u i d  waste, pr ior  t o  any processing, does not agree 
with information developed by the AEC, based on experience with 
operating boiling water reactors. 

TVA has assumed credi t  for  operation a t  design e f f ic ienc ies  of 
waste treatment equipment such as demineralizers, evaporators, 
recombiners, and charcoal beds. Our experience has been that 
these systems may not operate as e f f i c i en t ly  as  specified by 
the equipment manufacturer. Thus, TVA's a c t i v i t y  re leases  
may be less  conservative than indicated i n  the statement. 

Even taking into account comments 1 and 2 above, we a r e  unable 
t o  reconcile the calculated doses from l iquid wastes with AEC 
methods and resu l t s .  That is, using a higher re lease ac t iv i ty  
and a mix which should yield a higher dose, our calculations 
yield whole body dose resu l t s  lower than those i n  the TVA 
8 tatement . 
The statement does not include any information on estimated 
amounts of the radioiodines and particulates i n  the gaseous 
wastes. Since the general area is agr icu l tura l ,  there  a re  
mi lk  cows and possibly dairy herds i n  the area.  
at the very leas t ,  the dose t o  the infant thyroid v i a  the m i l k  
route should be considered. 

We believe, 

There is no informadon in the statement concerning estimated 
G I  Tract dose. 
information when it is signif icant .  

It has been AEC pract ice  t o  include this 

There is no information in  the statement concerning radiat ion 
doses t o  species other than man. 
radiological impact is normally included i n  an AEC-developed 
statement. 

Some statement concerning t h i s  

Since the area is an important waterfawl habi ta t ,  and considerable 
waterfowl hunting takes place, we believe it would be appropriate 
t o  consider including waterfowl i n  the environmental sampling 
program. 

We believe a map of the s i t e  with the boundary of 
area clearly marked would improve the statement. 

the exclusion 

If TVA desires t o  meet with the regulatory s t a f f  t o  discuss items 
1 through 3 w e  a r e  ready t o  meet with you at  your convenience. 
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EMILROhXEiUTAL IMPACT OF ACCIDENTS 

Protection against the occurrence of postulated design basis accidents 

in the Browns Ferry Nuclear Power Station is provided through the 

defense in depth concept of design, manufacture, operation and testing, 

and the continued quality assurance program used to establish the 

necessary high degree of assurance for the integrity of the reactor 

primary system. 

Safety Evaluation for the Browns Ferry Station. 

that may occur are limited by protection systems which place and hold the 

power plant in a safe condition. 

postulate is made that serious accidents might occur, even though -likely, 

and engineered safety features are installed to mitigate the cansequences 

of these postulated events. 

and the spectrum of their consequences to be considered from an environ- 

mental effects standpoint have been analyzed using estimates of probabili- 

ties and realistic fission product release and transport assumptions. For 

site evaluation in our safety review, extremely conservative assumptions 

were used for the purpose of evaluating the adequacy of engineered safety 

features and for cocaparing calculated doses resulting from a hypothetical 

release of fission products from the fuel, against the 10 CFR Part 100 

siting guidelines. 

population and environment from actual accidents would be significantly 

less than those presented in our Safety Evaluation. 

guidance to applicants on September 1, 1971, requiring the consideration 

These aspects will be considered in the Commission's 

Off-design conditions 

Notwithstanding this, the conservative 

The probzbility of occurrence of accidents 

The computed doses that would be received by the 

The Conmission issued 
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of a spectrum of accidents with assumptions as r e a l i s t i c  as the  s t a t e  of 

knowledge permits.  

Authority Draft Environmental Statement Supplements and Additions," 

received by the Commission on November 8, 1971. 

TVA's response was  contained i n  the "Tennessee Valley 

TVA's report has been evaluated, using the  standard accident assmptions 

and guidance issued by the  Commission as a proposed amendment t o  Appendix D 

of 10 CFR P a r t  50 December 1, 1971 (Federal Register,  Vol. 36, No. 231). 

N i n e  classes of postulated accidents and occurrences ranging i n  severity 

from t r ivial  to  very ser ious have been iden t i f i ed  by the Commission. In 

general, accidents i n  the high poten t ia l  consequence end of the spectrum 

have a very low occurrence rate, and those on the  low po ten t i a l  conse- 

quence end are characterized by a higher occurrence rate. 

and TVA's examples f o r  these classes of accidents are shown in Table I. 

Our examples are based on t h e  proposed amendment t o  Appendix D ,  entered 

in, t he  Federal Register on December 1, 1971, whereas TVA's are not. The 

examples given are reasonably homogeneous i n  terms of probabi l i ty  within 

each class. 

The Commission's 

Certain assunptions made by TVA, such as the assumption of an iodine 

p a r t i t i o n  f ac to r  i n  the  suppression pool during a loss-of-coolant accident 

and the eff ic iency assigned t o  the  charcoal filters in the standby gas 

treatment system, in our v iew,  are unduly optimistic;  but t he  use of 

alternative assumptions does not  s ign i f i can t ly  a f f ec t  t h e  ove ra l l  envi- 

ronmental risk. 
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Our estimates of the  dose which might be  received by an assumed individual  

standing at the s i t e  boundary i n  the windward direct ion,  using t h e  assump- 

t ions i n  t h e  proposed Annex t o  Appendix I), are presented i n  Table TI. Our 

estimates of the integrated exposure i n  man-rem t h a t  might be delivered t o  

the population w i t h i n  50 miles of the  s i te  are a l so  presented i n  Table XI. 

TVA's estimates were based on the  1970 population density f igures ,  and 60 

mile dis tance from the site, whereas our man-rem estimates were based on 

the  projected population around the  s i te  f o r  t he  year 2010. 

To e s t a b l i s h  a realistic annual r i sk ,  t he  calculated doses i n  Table TI 

should b e  multiplied by estimated probabi l i t i es  of their  occurrences. 

general, we consider t he  events i n  Classes 2 through 5 as improbable, i.e., 

not l i ke ly ,  during the  40-year l i f e  of t h e  plant .  

through 7 are re l a t ive ly  less probable, but still are possible. 

ability of occurrence of Class 8 accidents is very small. 

In 

Accidents i n  Classes 6 

The prob- 

Accidents i n  

t h i s  class are considered design bas is  accidents and are conservatively 

evaluated i n  the AEC's sa fe ty  review. 

The postulated occurrences i n  Class 9 involve f a i l u r e s  more severe than 

those required t o  be considered for the design bas is  of protect ion systems 

and engineered sa fe ty  fea tures  ( L e o ,  C l a s s  8 accidents). Their conse- 

quences could be severe; however, the  probabi l i ty  of t h e i r  occurrence is 

so small that t h e i r  environmental risk is extremely low. 

(multiple physical  ba r r i e r s ) ,  qua l i ty  assurance f o r  design, manufacture, 

and operation, continued survei l lance and t e s t ing ,  and conservat$ve design 

Defense in depth 
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are a l l  app l i ed  t o  provide and maintain the required high degree of 

assurance tha t  po ten t ia l  accidents i n  t h i s  c lass  are, and w i l l  remain, so 

small i n  probabili ty t h a t  the  environmental r i s k  is  negl igible  and there- 

fore  need not  be considered i n  our summary of radiological consequences 

t o  the population. 

The information given i n  Table I1 indicates  t ha t  t he  r e a l i s t i c a l l y  esti- 

mated radiological consequences of the postulated accidents would result 

in exposures of an assumed individual a t  the  si te boundary t o  concentra- 

t ions of radioactive materials within or  comparable t o  the Maximum Per- 

missible Concentrations (XPC) of 10 CFR Par t  20, Table 11. The tabulated 

information a l s o  shows that the  estimated integrated exposure of t he  pro- 

jected population within 50 miles of the  s t a t ion  from each postulated acci- 

dent would be orders of magnitude smaller than t h a t  from t h e  na tura l ly  

occurring radioact ivi ty ,  which corresponds t o  approximately 337,200 man- 

rem/yr based on a na tura l  background level of 0 . 1 s  r e d y r .  When multi- 

pl ied by the probabi l i ty  of occurrence, the annual poten t ia l  rad ia t ion  

exposure of the  population from a l l  the  postulated accidents is an even 

smaller fraction of the exposure from na tura l  background radiat ion and, 

in f a c t ,  is w e l l  within na tura l ly  occurring var ia t ions i n  the na tu ra l  

background. 

that the euvironmental risks due t o  postulated radiological  accidents at 

the Browns Ferry Stat ion are exceedingly small and need not  be  considered 

fur ther .  

It is concluded from the  results of the "realistic" analysis  



1 

2 

3 

4 

5 

6 
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of Class 

CLA - 
Des c r i p  t ion 

T r i v i a l  i n c i d e n t s  

TABLE I 

LFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES 

Small releases outs,..,! containment 

Radwas te sys ten f a i l u r e s  

F i s s i o n  producta to  primary system 

F i s s i o n  products t o  primary and 
secondary sys tern (PWR) 

Refueling acc idents  

Spent f u e l  handl ing acc ident  

AEC Examples Y 
Routine r e l e a s e s  

Steamline r e l i e f  valves 
releases and small  s p i l l s  
and leaks .  

3.1 Equipment leakage o r  

3.2 Release of waste gas 

3.3 Release of l i q u i d  waste 

ma 1 funct ion.  

s to rage  tank Contents. 

s to rage  tank contents .  

4 . 1  Fuel c ladding de fec t s .  
4.2 Off -des igii t ra i ls  i e n  ts 

t h a t  induce f u e l  f a i l -  
u res  above those  
expected. 

Not app l i cab le  

6 .1  Fuel bundle drop. 
6.2 Heavy ob jec t  drop onto 

f u e l  i n  core. 

7.1 Fuel assembly drop i n  
f u e l  s to rage  pool. 

7.2 Heavy ob jec t  drop onto  
f u e l  rack. 

7.3 Fuel cask drop. 

&’ Numerical values of r a d i o l o g i c a l  releases shown in Table 11. 
I 

TVA Example(s) 

Small s p i l l s ,  small l eaks  i n s i d e  
containment. 

S p i l l s ,  l eaks ,  and p ipe  breaks. 

Equipment f a i l u r e ,  s e r ious  mal- 
func t ion  o r  human e r ro r .  

0 

00 Fuel f a i l u r e s  during normal opera- 
t ion .  Trans ien ts  ou t s ide  expected 
ranges of var i ab le s .  

Class 4 and heat-exchanger leak.  

Dropping f u e l  element. Drop heavy 
ob jec t  onto f u e l .  Mechanical m a l -  
func t ion  o r  l o s s  of cool ing i n  
t r a n s f e r  tube  . 
Transpor ta t ion  inc iden t  on si te.  
Drop f u e l  element. Drop heavy 
o b j e c t  on to  f u e l .  Drop s h i e l d i n g  
cask--loss of cool ing t o  cask. 
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of Class 

8 

9 

Description AEC Examples- I/ TVA Example(s) 

Accident i n i t i a t i o n  events considered 8.1 Loss of coolant React iv i ty  t r ans i en t .  
i n  design b a s i s  eva lua t ion  i n  t h e  
Safe ty  Analysis Report 

accidents . 
8.1 (a) Break i n  instrument 

l i n e  from primary system 
t h a t  *penet ra tes  t h e  
containment. 

8.2 Rod drop accident.  
8.3 Steamline breaks. 

Rupture of primary piping. 
Flow decrease-steamline break. 

Hypothetical  sequences of f a i l u r e s  None 
more severe than Class 8 

w 

Successive f a i l u r e s  of mult ip le  ? 
barriers normally provided and 
maintained. 

L’ Numerical values of r ad io log ica l  releases determined by t h e  AEC shown i n  Table 11. 



Class 

1.0 

2.0 

3.0 

3.1 

3.2 

- 

3.3 

4.0 

4.1 

4.2 

5.0 

6.0 

6.1 

6.2 

7.0 

7.1 

7.2 

7. 3 

3.8-10 

TABLE I1 

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 
DETERMINED BY THE A.E.C. 

Event 

Trivial incidents  

- 

Small releases outside containment 

Radwaste system fa i lu re s  

Equipment leakage o r  malfunction 

Release of w a s t e  gas s torage tank 
contents 

Release of l i qu id  waste s torage  
tank contents 

Fission products t o  primary system 

Fuel cladding defects 

Off-design t rans ien ts  that 

Fission products t o  primary and 
secondary systems (PWR) 

Refueling accidents 

Fuel bundle drop 

Heavy object drop onto f u e l  i n  core 

Spent f u e l  handling accident 

Fuel assembly drop i n  fuel storage 
pool 

Heavy object  drop onto f u e l  rack 

Fuel cask drop 

- 1/ Represents the  calculated whole body dose 
dose t o  organ). 

Es t imated  Fraction 

1/ of 10 CFR P a r t  20 
L i m i t  at  S i t e  B.oundary- 

- 2/ 

- 21 

-003 

0.011 

Neg . 

- 21 

0.003 

N.A. 

<.001 

0025 

<.001 

<.001 

0 0002 

a f r ac t ion  o 

E s t i m a t e d  Dose 
t o  Population i n  
50 mile Radius, 
man-rem 

2/ 

2/ 

- 
- 

0 

1.23 

Neg . 

0.38 

N.A. 

0.033 

0.0288 

0 -033 

0.013 

0.263 
500 m r e m  (or t h e  equivalent 

- -  
2/ These releases w i l l  be comparable t o  the design object ive indicated i n  t h e  proposed 

Appendix I t o  10 CFR Par t  50 f o r  rout ine e f f l u e n t s  (,i.e., 5 mredyr t o  an ind iv idua l  
fros all sources). 



I 
I 
I 
I C l a s s  

I 8*1 

I 

I 8-2 

I 8-o 

I 801 (=) 

8.3 

Event - 
Accident i n i t i a t i o n  events con- 
s idered  i n  design b a s i s  eva lua t ion  
in the s a f e t y  ana lys i s  r epor t  

Loss-of-coolant acc idents  

3.8-1 1 
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Estimated Dose 
Estimated Fraction t o  Population 
of 10 CFR Par t  20 i n  50 mile 
L i m i t  a t  S i t e  B o u n d a y  I’ Radius, man-rem 

Small b re& 

Large break 

Break i n  instrument l i n e  from pr i -  
mary system t h a t  pene t ra tes  the 
containment 

Rod drop accident 

Steamline breaks 

Small break 

Large break 

<.001 

<. 001 

c.001 

0.004 

<.001 

0.05 

0.071 

0.404 

0.004 

0.41 

0.094 

5.85 

k w  calcu la t ed  whole body dose as a fraction of 500 m r e m  (or the equiva len t  
dose t o  organ). 

Appendix I t o  10 CFR Part SO f o r  r o u t i n e  effluents (i.e., 5 mredyr t o  an i nd iv idua l  c from a l l  sources). 

21 These releases will be comparable to the design ob jec t ive  ind ica t ed  i n  the proposed 
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FEDERAL POWER COMMISSION 
WASHINGTON. D.C. 20426 

IN REPLY REFER TO: 

PWR-ER 
December 22, 1971 

Dr. F. E. Gartrell 
Director of Environmental Research 

and Development 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

This is i n  response t o  your let ter of November 8, 1971, reques t ing  
the  cormPents o f . t h e  Federal Power Commission on t h e  Draft Environmental 
Statement f o r  theZBrowns Ferry Nuclear P lan t  - Units 1, 2 and 3, 
Supplement and Additions. 

The enclosed staff r epor t ,  prepared by t h e  Commission's Bureau of 
Power, sets f o r t h  s p e c i f i c  information relative t o  the  pro jec ted  load 
and power supply conditions f o r  the Applicant and f o r  the  Southeastern 
E l e c t r i c  R e l i a b i l i t y  Council of which t h e  Applicant i s  a member. The 
r epor t  i l l u s t r a t e s  t he  need f o r  the  t h r e e  u n i t s  a t  the  peak load period 
following t h e i r  cu r ren t ly  scheduled commercial s e r v i c e  dates.  

. -~ Very t r u l y  yours, 

Chief, Bureau of P&er 

Enclosure 
Report on the  Browns Ferry Nuclear P lan t  

Supplemental Environmental Statement 

* \ I  t. 
2. -. .*, 

Wetting Totby's Challenges * ' = PrOvidin& for Tomorrow's Goats" 

18 1: , .?'. 

q. ' .-. , 5  

* -._. 
c 1970 - 1920 "1 - --. -: . I 

I 50th ANNIVERSARY 
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FEDEML POI\'ER CO?I?lTSSION 
BUREAU OF POL'ER 

Report on the  Browns Ferry Nuclear P lan t  
Supplemental Environmental Statement 

I n  h i s  l e t t e r  dated November 8 ,  1971, t h e  Direc tor  of Environmental 
Research and Development, Tennessee Valley Authority,  requested the  
c o m e n t s  of the  Federal  Power Comiss ion  on need f o r  power t o  be supplied 
by t h e  three  1,065 megawatt Browns Ferry nuc lea r  e l e c t r i c  genera t ing  
u n i t s .  We understand t h a t  the  environrcental a spec t s  of t h i s  p l a n t  are 
c u r r e n t l y  undergoing supplerzental ana lys i s  and t h a t  the  Atomic Energy 
Comiss ion  wishes t o  consider such f a c t o r s  a s :  t h e  e f f e c t  of de lays  i n  
f a r i l i t y  opera t ion  upon the  pub l i c  i n t e r e s t ,  p a r t i c u l a r l y  "the power 
needs t o  be served by t h e  f a c i l i t y ;  the  a v a i l a b i l i t y  of a l t e r n a t i v e  
sources ,  if any, t o  meet those  demands on a t imely  b a s i s ;  and delay 
c o s t s  t o  the  l i censee  and t o  consumers." Thus our comments a r e  
d i r e c t e d  t o  these  po in t s  i n  a review of t h e  need f o r  t h e  f a c i l i t i e s  
a s  concerns the  adequacy and r e l i a b i l i t y  of t h e  Appl icant ' s  e l e c t r i c  
system and t h e  systems of t h e  Southeastern E l e c t r i c  R e l i a b i l i t y  Council 
area, t h e  r eg iona l  r e l i a b i i i t y  council  which inc ludes  t h e  Applicant. 
This is  i n  accordance with t h e  National Enviromaental Pol icy  A c t  of 
1969, and t h e  Guidelines of t h e  P r e s i d e n t ' s  Council on Environmental 
Qual i ty  dated Apr i l  23, 1971. 

The Browns Ferry Nuclear P l a n t  has  t h r e e  1,065 megawatt e l e c t r i c a l  
u n i t s  i n  various s t ages  of cons t ruc t ion .  
expects au tho r i za t ion  f o r  f u l l  power cpe ra t ion  f o r  Unit No. 1 i n  Gctober 
1972, Unit No. 2 i n  J u l y  1973, and Unit No. 3 i n  February 1974. These 
dates recognize a l ready  suf fered  de lays  i n  the i n i t i a l l y  planned f u l l  
power opera t ion  da te s  of f ive months, four  months, and one month 
r e spec t ive ly  f o r  t h e  t h r e e  u n i t s .  The Applicant s t a t e s  i t s  system 
experiences winter and summer peaks with t h e  h ighes t  annual peak loads 
in i ts  s e r v i c e  a r e a  usua l ly  occurr ing  between November and March. 
However, due t o  seasonal f irm power exchange agreements w i th  o t h e r  
power systcms, t h e - t o t a l  loads which i t s  genera t ing  capac i ty  must 
a c t u a l l y  serve  dur ing  t h e  remainder of t h i s  decade w i l l  be g r e a t e r  i n  
t h e  sunimer than i n  t h e  preceding winter.  
su f f e red  de lsy  of f i v e  months f o r  Unit No. 1 w i l l  a f f e c t  t h e  concerned 
systems i n  meeting t h e i r  1972 sumnrer peak demands, and t h e  f o u r  month 
de lay  f o r  U n i t  No. 2 l ikewise  w i l l  be of concern i n  meeting e a r l y  
summer 1973 demands. The one month delay experienced t o  d a t e  f o r  
Unit  No. 3 is not l i k e l y  t o  be a t  g r e a t  consequence unless  f u r t h e r  
s l i ppage  should a f f e c t  t h e  a v a i l a b i l i t y  of the u n i t  f o r  s e r v i c e  dur ing  
t h e  sunnuer of 1974. 

The Applicant s t a t e s  i t  now 

This is t o  say t h a t  t h e  a l ready  

The following r e p o r t  of t h e  Bureau of Power cons iders  t h e  needs 
for Unit No. 1 t o  meet t h e  1972-73 win ter  peak load r e s p o n s i b i l i t y  and 
for both Units  No. 1 and No. 2 t o  meet t h e  1973 summer peak load 
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r e s p o n s i b i l i t y .  
1972 s u m e r  and the  1973-74 win te r  peak demand per iods s ince  the  Applicant 
has advised t h a t  Unit  No. 1 i s  not  expected t o  be i n  c o m e r c i a l  opera t ion  
u n t i l  a f t e r  the  pro jec ted  1972 s u m e r  peak, and L'nit No. 3 u n t i l  a f t e r  
the  pro jec ted  1973-74 w i n t e r  peak. 

It a l s o  shows the  s i t u a t i o n  t h a t  could obta in  i n  t h e  

I n  preparing t h i s  r e p o r t ,  t h e  s t a f f  of t he  Bureau of Power has  considered 
the Appl icant ' s  Draf t  Env i ronmnta l  Statement -- Supplements and Additions -- 
Browns Ferry h'uclear P lan t  Units No .  1, No. 2,  and ~ T O .  3; r e l a t e d  r e p o r t s  
made i n  response t o  t h e  C m i s s i o n ' s  Apr i l  1970 Statement of Po l i cy  on 
Adequacy and R e l i a b i l i t y  of E l e c t r i c  Service (Order No. 383-2), and the  
FPC s t a f f ' s  independent ana lyses  of these  documents toge ther  wi th  r e l a t e d  
information from o t h e r  FPC repor t s .  

Need f o r  the F a c i l i t i e s  
- 

The following t a b u l a t i o n  shows the  load t o  be  served by the  Applicant 
and the  systems of t h e  Southeastern E l e c t r i c  R e l i a b i l i t y  Council, 
including t h e  Applicant,  and t h e  r e l a t i o n s h i p  of the  Browns Fe r ry  u n i t s  
t o  t h e i r  expected a v a i l a b l e  r e se rve  margins a t  t h e  t imes of t h e  1972 
sununer, 1972-73 win ter ,  1973 summer, end 1973-74 win ter  peaks. These a r e  
the a n t i c i p a t e d  i n i t i a l  s e r v i c e  per iods  of the new u n i t s ,  b u t  t h e  l i f e  
of t hese  u n i t s  i s  expected to  be some 35 yea r s ,  and they are expected 
t o  c o n s t i t u t e  a propor t iona te  p a r t  of  t h e  Appl icant ' s  t o t a l  gene ra t ing  
capac i ty  throughout that  per iod.  Therefore ,  they w i l l  be depended 
upon t o  supply power t o  meet f u t u r e  demands over  a per iod of many 
years beyond t h e  i n i t i a l  s e r v i c e  needs discussed i n  this  r epor t .  

The Applicant states t h a t ,  i n  a d d i t i o n  t o  the  Browns Fer ry  nuc lear  
units, i t s  n e t  c a p a b i l i t y  f o r e c a s t s  r e f l e c t  660 megawatts of new 
gas- turbine capac i ty  scheduled f o r  May 1972, Cumberland No. 1 (1,275 
megawatts) f o s s i l - f i r e d  u n i t  scheduled f o r  J u l y  1972, and Cumberland 
No. 2 (1,275 megawatts) f o s s i l - f i r e d  u n i t  scheduled f o r  Apr i l  1973. I n  
a d d i t i o n  t o  t h e  Appl icant ' s  2,130 megawatts of nuclear  capac i ty  (Browns 
Fer ry  No. 1 and No. 2) included i n  the  eva lua t ion  per iod ,  o t h e r  meinbers 
of t h e  Southeastern E l e c t r i c  R e l i a b i l i t y  Council a r e  inc luding  t e d '  
nuc lear  u n i t s  aggregat ing spproximately 8,000 megawatts i n  t h e i r  
fo recas t ed  n e t  c a p a b i l i t y  f o r  t h e  same period.  
Robinson No. 2 i s  c u r r e n t l y  opera t ing .  Some of t h e  remaining n i n e  have 
a l r eady  experienced de lays  whiah have prevented t h e i r  meeting i n i t i a l l y  
forecast opera t ing  da te s ,  and t h e r e  is  no abso lu te  c e r t a i n t y  t h a t  any 

Of these  t e n  u n i t s ,  only 

- 1/ To meet 1972 Summer peak: Turkey Po in t  No. 3 (728 MM), 
Turkey Poin t  No. 4 (728 MU), Surry No. 1 (788 NW), Surry 
No. 2 (788 MW), Robinson No. 2 (700 MW), and Oconee No. 1 
(885 PlW) . 

To meet 1972-73 Winter peak: Oconee No. 2 (885 MJ) 
To meet 1973 Summer: Crys t a l  River No. 3 (855 NW), Hatch No. 1 

(786 MU), and Oconee No. 3 (885 MW). 
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TVA SYSTEM RESERVE MARGIN 

1972 1972-73 
Summer Peak Winter Peak 

Without Browns Ferry Units 

20,746 20,540 
18,040 18,140 

Net Capability - Megawatts 
Load Responsibility - Megawatts- 
Reserve Margin - Megawatts 2,706 2,400 
Reserve Nargin - Percent of Load Responsibility 15.0 13.2 

1/ 

With Browns Ferry Units 

Net Capability - Megawatts 20,746 21,609' 
Load Responsibility - Megawatts la, 040 18,140 
Reserve Margin - Megawatts 2,706 3,465 

Percent of Reserve Represented by These Units - 21 30.7 
Reserve Margin - Percent of Load Responsibility l!i* 0 19.1 

SOUTHEASTERN REGION SYSTEMS RESERVE MARGIN 

Without Browns Ferry Units 

Net Capability - Megawatts 75,76$/ 76,50g/ 
Load Responsibility - Megawattdl 65,471 63,211 
Reserve Margin - Megayatts 10,297 13,297 
Reserve Margin - Percent of Load Responsibility 15.7 21.0 

With Browns Ferry Units 
Net Capability Megawatts - .  75,76821 - 77.57321 !Y 
Load Responsibility - Megawatt& 65,471 63; 211 

10,297 14,362 Reserve Margin - Megawatts 
Reserve Nargin - Percent of Load Responsibility 15.7 22.7 
Percent of Reserve Represented by These Units - 21 7.4 

1/ System load plus net of firm receipts and deliveries. - 21 Units not available. 

1973 
Summer Peak 

22,021 
20,120 
1,901 

9.4 

41 24,151- 
20,120 
4,031 

20.0 
52.8 

84,91g1 
72,941 
11,974 

16.4 

87,044 41 y 
72,941 
14,103 

19.3 
15.1 

1973-74 
Winter Peak 

21,810 
19,71561 
2,095 

10.6 

23,946' 
19,71e! 
4,225 

21.4 kJ 
50.4 'p 

e 

85,455 
69,59&/ 
15,865 

22.8 

87,58g1 
69,59051 
17,995 

25.9 
11.8 
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- 3/ Includes Browns Ferry No. 1. - 4/ Includes Browns Fer ry  No. 1 and No. 2. - 5/ Includes Browns Ferry No. 1 and No. 2, b u t  not  No. 3 which is now delayed 

- 6/ Could be  625 megawatts g r e a t e r ,  i f  AEC load inc rease  i s  supplied.  - 7/ Includes as i n  s e r v i c e  f o r  t h i s  and subsequent peak periods: 

- 8/ Includes a s  i n  se rv i ce  f o r  t h i s  and subsequent peak per iods:  

- 9 /  Includes as i n  s e rv i ce  f o r  t h i s  and subsequent peak per ibds:  

beyond assumed January peak. 

Turkey Poin t  
No. 3, Turkey Poin t  No. 4, Surry No. 1, Surry No. 2,  RobinRon No. 2, and 
Oconee No. 1 nuclear  u n i t s .  

Oconee No. 2 
nuclear  u n i t ,  

Crys t a l  River 
No. 3, Hatch No. 1, and Oconee No. 3 nuclear  u n i t s .  
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w i l l  meet Currently f o r e c a s t  opere t ing  da te s .  Very r ecen t  information 
ind ice t e s  t h a t  Oconee KO. 1 u n i t  w i l l  be delayed at: l e a s t  t h r e e  
add i t iona l  months from March t o  June 1972 because of equipment problems 
which w i l l  r equ i r e  f ac to ry  r epa i r .  There are a l s o  i n d i c a t i o n s  t h a t  
some of t he  o the r  scheduled u n i t s  w i l l  l i k e l y  s u f f e r  f u r t h e r  delay.  

The Applicant s t a t e s  "with t h e  exception of t h e  summer of 1972 
( reserve  margin 15.0 pe rcen t ) ,  t h e  margins shown i n  t h e  above t a b u l a t i o n  
(19.1 percent,  20.0 percent ,  and 21.4 percent )  a r e  expected t o  be 
adequate i f  the  cu r ren t ly  pro jec ted  schedules of capac i ty  a d d i t i o n s  
are achieved." Without t he  t imely i n s t a l l a t i o n  of t h e  Browns Ferry 
u n i t s ,  t h e  Appl icant ' s  acceptable levels of r e se rve  margin of 19.1 
percent f o r  1972-73 win ter ,  20.0 percent f o r  1973 summer, and 21.4 
percent f o r  1973-74 win ter  a r e  reduced t o  13.2 percent ,  9.4 pe rcen t ,  
and 10.6 percent respec t ive ly .  
opera t ing  thermal e l e c t r i c  genera t ing  u n i t s  one of 1,150 megawatts, 
one of 950 megawatts, two of 704 megawatts, one of 575 megawatts, and 
two of 550 megawatts. To these  medium t o  l a r g e  u n i t s  w i l l  be added 
the  two Cumberland u n i t s  of 1,275 megawatts each and two o f - t h e  t h r e e  
Browns Ferry u n i t s  of 1,065 megawatts each by the  t i m e  o f  t h e  1973-74 
winter peak. A t  t h a t  t i m e ,  t h e  i n t e g r i t y  of the  4,225 megawatts of 
reserve  margin the  Applicant deems acceptab le  w i l l  be r e s t e d  i n  f o u r  
l a rge  u n i t s ,  t he  smal les t  being-1,065 megawatts capacity.  The preceding 
1973 summer's reserve  margin of 4,031 megawatts, a l s o  deemed acceptab le  
by t h e  Applicant, i s  almost s a t i s f i e d  by t h e  t h r e e  l a r g e s t  u n i t s .  
Because of the  r e l a t i v e  e f f i c i e n c i e s  and economies of scale i n  t h e  
opera t ion  of these  l a rge  u n i t s ,  it would not  be normal to  expect 
these u n i t s  t o  be scheduled out f o r  r o u t i n e  o r  normal maintenance 
during these  periods,  consequently t h e  forced  outage of any of these 
u n i t s  during these  per iods  has  a p ropor t iona l ly  l a r g e  e f f e c t  upon t h e  
system's a b i l i t y  t o  withstand second or t h i r d  contingencies.  The 
r e se rve  margins indicated i n  t h e  foregoing t abu la t ions  are g ross  i n  
t h a t  they include allowances f o r  scheduled maintenance, forced outages,  
e r r o r s  i n  load fo recas t ing ,  and spinning r e se rve  requirements,  and 
recent  experience with new l a r g e  genera t ing  u n i t s  i n d i c a t e s  f requent  
forced outages of such u n i t s  during t h e  i n i t i a l  months of t h e i r  
operation. 

The Applicant l i s t s  among i ts  p r e s e n t l y  

If the same implied r e se rve  margin c r i t e r i o n  is appl ied  t o  t h e  
load r e s p o n s i b i l i t i e s  of  t h e  Southeastern Electric R e l i a b i l i t y  Council 
r eg iona l  resources as t o  t h e  TVA system, t h e  a n a l y s i s  i n d i c a t e s  t h e  
1972 summer t o  be a c r i t i c a l  period and s i m i l a r l y  the 1973 summer 
without the  f i r s t  Browns Fer ry  u n i t .  However, t h e  r eg ion  is dependent 
upon a l i t t l e  more than 10,000 megawatts of nuclear capac i ty ,  inc luding  
two of t h e  Browns Ferry u n i t s ,  being i n  t imely  service over t h i s  period 
t o  meet t h e  l e v e l s  of reserve margin shown. 
represents  approximately 72 percent of t h e  t o t a l  reserve margin shown 

This 10,000 megawatts 
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f o r  1973 summer, and t h e  delay of more than one of these  u n i t s  from 
t h e i r  p re sen t ly  scheduled d a t e s  i s  a real  p o s s i b i l i t y  with a r e s u l t i n g  
undesirable d e t e r i o r a t i o n  of t he  r e se rve  margins shown. 

Transmission F a c i l i t i e s  

Because of the  proximity of t h e  p l a n t  t o  the  Applicant 's  e x i s t i n g  
500-kilovolt  EHV transmission g r i d ,  a l l  new transmission l i n e  cons t ruc t ion  
was wi th in  a 20-mile r ad ius  o f t h e  p l a n t ,  and to ta led  approximately 70 
m i l e s .  
y i e ld ing  four l i n e  terminals,  and two new 500-kilovolt  l i n e s ,  each 
approximately t e n  m i l e s  i n  length,  were constructed from the  p l a n t  
s i te  t o  a nearby i n d u s t r i a l  load center.  I n  addi t ion  t o  these  s i x  
500-kilovolt  l i n e s  whose main func t ion  i s  t o  de l ive r  power from the  
p l a n t  i n t o  the  bulk power transmission system, two 161-kilovolt l i n e s  
were constructed i n t o  t h e  p l a n t  s i t e  from t h e  e x i s t i n g  161-kilovolt  
network. I n  addi t ion  t o  furn ish ing  cons t ruc t ion  poxer t o  the  s i t e ,  
these  two l i n e s  w i l l  provide backup s t a t i o n  se rv ice  t o  the  nuclear 
p l a n t  for emergency operation. 
is complete. 

Two ex i s t ing  500-kilovolt  l i n e s  were looped through the  p l a n t ,  

This transmission cons t ruc t ion  program 

The Applicant s t a t e s  t h a t  i n  the  design, routing, and cons t ruc t ion  
of these  transmission f a c i l i t i e s  measures were employed t o  minimize 
land-use impact. 
s e l e c t i o n  of a e s t h e t i c a l l y  designed materials and s t r u c t u r e s ,  and 
rout ing  t o  reduce v i s u a l  exposure. 

These included mul t ip l e  use of e x i s t i n g  rights-of-ways, 

Al te rna tes  f o r  the  Proposed F a c i l i t i e s  

Within the  t i m e  a v a i l a b l e ,  t h e r e  are no known a l t e r n a t e  add i t ions  
of base load generating capac i ty  which could be s u b s t i t u t e d  f o r  t hese  
un i t s .  Although some u t i l i t i e s  have found i t  poss ib l e  under somewhat 
s p e c i a l  circumstances t o  meet a s h o r t e r  t i m e  schedule, t h e  Applicant 
states t h a t  t h e  lead time, from the  dec i s ion  to  purchase gas tu rb ines  
u n t i l  t h e i r  commercial operation, i s  about 18 months. On t h i s  b a s i s ,  
immediate dec is ion  t o  s u b s t i t u t e  t h i s  type of normally considered 
peaking generation f o r  any p a r t  o f  t he  Browns Ferry genera t ion  would 
not be productive i n  meeting loads any sooner than  t h e  mid-summer of  
1973. 

The reg iona l  r e l i a n c e  upon t h e  t imely opera t ion  of t h e  t e n  nuc lear  
generating u n i t s  noted above, m t  including t h e  three Browns Ferry 
u n i t s ,  provides percentages of r e se rve  margins as shown i n  t h e  earlier 
t a b l e  of 15.7, 21.0, 16.4, and 22.8 r e spec t ive ly  for t h e  four  cr i t ical  
load periods tabulated,  
a f f e c t i n g  some of these  t en  u n i t s ,  the  Applicant cannot r e l y  upon 
subs t an t i a l  a id  from o the r  u t i l i t i e s  w i th in  the  region. 

With the  p o s s i b i l i t y - o f  f u r t h e r  de lays  

The Applicant 



states that another 600 megawatts of seasonal exchange power from the 
South Central Electric Companies for the 1972-73 winter appears to be 
the only likely source of firm power from outside the region. 
obtain this, notice must be given by February 1972. 

To 

The relatively few miles of transmission lines added, for a plant 
of this size, are already constructed. 

Conclusions 

The staff considers that the 2,130 megawatts of capacity 
represented by Browns Ferry No. 1 and No. 2 units is needed to 
assist in meeting the Applicant's 1972 sumner, 1972-73 tiinter, 1973 sumer, 
and 1973-74 winter peaks and provide reasonable reserve margins for 
adequacy and reliability of electric service. Prudent and responsible 
operations include provisions for loss of capacity due to forced 
outages of generating capacity, occurrence of loads higher than those 
foreczst, operating margins required t o  fulfill obligations t o  participants 
in the interconnected systems, and operating margins to provide for 
flexibility in the allocation of load to generating resources because 
of abnormal bulk power system conditions. Also, in systems with 
significant hydroelectric generation, such as the Applicant's, provisions 
must be made for capacity in thermal generation to meet the contingencies 
inherent in hydroelectric resources under varying seasonal hydro conditions. 

The Applicant estimates the energy costs from these units during 
the 1973-75 period to be about 1.8 to 1.9 mills per kilowatt hour, 
and replacement energy which would be used in lieu of this nuclear 
energy t o  cost from 3.5 to 10.0 mills per kilowatt hour, depending 
upon its source -- older TVA units, purchases, or gas turbines. 
staff has examined these cost ranges and finds them to be reasonable. 
Using these costs, the Applicant conducted a computer study which 
indicated that each month's delay on these three units would result 
in increased production expenses on the TVA system of approximately 
$4 million. 
suspended, an additional construction cost of-approximately $3 million 
per month of suspension would be incurred, not including a substantial 
interruption cost .  

The 

The Applicant states that if constru:tion were to be 

These costs must ultimately be borne by the consumer. 

12/16/71 











REGION IV 
REGIONAL OFFICE 

ATLANTA, GEORGIA 

3.10-5 
DEPARTMENT O F  HOUSING A N D  URBAN DEVELOPMENT 

A R E A  O F F I C E  

DANIEL BUILDING, 15 SOUTH 2OTH. STREET, BIRMINGHAM. ALABAMA 35233 

November 22, 1971 

Mr. F. E. Gartrell 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

IN R E P L Y  REFER TO: 

4.UQ 

Re: Brown's Ferry Nuclear Plant 
Units 1, 2, and 3 

Dear Mr. Gartrell: 

SUBJECT: Request f o r  KlTD Comments on Draft Environmental Impact Statement 

We are pleased t o  acknowledge receipt of th3  above referenced request f o r  
HUD comments under the requirements of the National Enuironmental Policy 
Act of i969 (3L 91-190). 

We have reviewed the infDnaation submitted along with your referral  and, 
t o  the extent of our available staff resources, have investigated the 
environmental impact, adverse effects,  alternatives, short term uses of  
the local environment and long term productivity and irreversible and irre- 
trievable cod tmen t  of resources which the projsct involves. From the  
information available to us, we Tind no basis f o r  comment because of  special  
B[JD interest o r  expertise. However, we would c a l l  your attention t o  the 
areas indicated on the attached "HUD Comments on Draft Environmental 3riDact 
StsCement" which we feel would a s s i s t  your agency in the evaluation and 
execution of t h i s  project. 

We were unable t o  determine if t h i s  proposal has been submitted t o  the Area- - -  
wide Regional Plannjng Agency as required under OMBA-95('mvised effective 
April, 1971). 

Please advise your f i e l d  staff that if they w e m  t o  indicate such submission 
within the body of the Enviromental Statements submitted t o  this agency it 
would materially assist and expedite your requests f o r  our commmts. 

Should further clarification of our r e v i e w  be deemednecessary, please contact 
Mr. Peter Field, Director, Production Division, 15 South 2Qth Street,  (Daniel 
Building - Sixth Floor), Birmingham, Alabama 35233 a t  203-325-3697. 

Sincerely, 

a+2*y Special Assistant t o  Area Directar 

(Planning Requirements) 
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The following includes the general caveats and remarks which we feel 
should be brought to the attention of any State,  local or Federal agency 
vbich has requested DHUD review of and comment on a draft Environmental 
Statement urlder tile Environmental Policy Act of 1969 end the CEQ Guide- 
lines. 
opplicatie t o  the Jrnf t statement identified above; however the letter 
of transmittal will amplify these general comments if appropriate. 

We have checked those comants which seem to be particularly 

COI-BENTS 

/7 Inasmuch 8s BUD bas no direct program involvement in Historic 
sl tes  or structures effected by the subject project, we defer 
to the Advisory Council on Xistoric Preservation with recspoct 
to Histor3-c Preservation matters. 

- 

/'7 HUU bas direct program involvement in the Hietoric Prescrvatfon 
aspects of tlie proposed projece and appropriate comment i s  in- 
c luded  in the transsittal letter.  

- 

L7 The subject  project effects an urban park or recreationa1 area 
nd appropriate c-ent is included in the transzittal letter. 

- / / The subject project effects only rural parka and recreational 
arms and HlID therefore defers to the Forest Service of the 
Deportment of Agriculture, the Bureau of Outdoor Recreation, 
Bureau of Land Nanagemenc, National Park Service and the Bureau 
of Sports Fisheries and Wildlife with respect to cOrantenta on 
the Parks, Forests and Recreational effects thereof. 

- /T Thfs project will probably involve a statutorily required iltJD 
review under Section 4( f )  of the Transportation Act of 1966. 
Therefore, we defer conrment on the parks and recreational as- 
pect s  of the project pending requeclt by D.O.T. for such a review. 



3.10-7 

2 

This review covers the WJD responsibilities under Section S ( f )  
of the Ttan6pOrtatiOn A c t  of 1966. 

The Draft Environmental Stateaent fails to reflect clearance or 
consultation w i t h  the appropriate local planning agency vhich 
is: 

The Draft Environmental Statement fails to reflect consultation 
or clearance w i t h  the appropriate areawide planning agency which 

0 

The Draft Environmental Statement fails to refLcct consuttntion 
or clearance w i t h  the appropriate S t a t e  Clearinghouse as re- 
quired by Circular A-95 ,  Office of Manegement and Budget. The 
A 4 5  Clearinghouse of jutisdiccion is: . 
The project apparently requires the displacement of businesses 
01: residences. The Draft Environmental Sta:emcnt does not re- 
veal full consideration of the requiienents of the Uniform 
Relocation Assistance and Real Property Acquisition Policies 
Act OE 1970 ( P u b l i c  Law 91-646). If reboation assistance is 
desired, please conpact Mr. peter Field, Director, Production Div., 
Daniel Bldg., 15 S O -  20th Street, Birmingham, A l a .  at 205-325-3697. 
In the local community the person or office most familiar with 
relocation resources is: . 
The draft statement does not discuss apparently feasible alter- 
natives vhich may have a more beneficial effect on the urban 
emrlrotment. See letter of transmittal for possibly overlooked 
alternatives. 

d Z n  general, KCID defers to other agencies w i t h  respect to estsb- 
Iishiag and enforcing air and water quality standards, thermal 
pollution standards, radiation and general safety  standards, We 
have no formal jurisdiction over such matters and no comments 
contained herein should be construed as assuming such responsf- 
bility or jurisdiction. 
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Im) Since this project raises issues involving radiation safety, we 
I 

recomaend consultation with: 
Office, E.P.A., 5600 Pishers  Lane, Perklawn Building, Rockville, 
Kotyhnd 20852. 

1 ' 7  Ue reconmend that you write or call the Office of Managment and 
Budget for a copy of "Directory of S t a t e ,  Metropolitan and 
Regional Clearinghouses under B.O.B. Circular A-95," and consult 
w i t h  eucb clearinghouses 8s appropriate. 

Dr. Joseph Lieberman, Rudfation 

- 

t (FIELD REPRESENTATIVX) 

RATE CONCURRED I N  
(PROGRAM MANAGEX) 
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DEPARTMENT OF THE ARMY 
NASHVILLE DISTRICT, c o R m  OF ENGINEERS 

P. 0. BOX 1070 

NASHVILLE, TEUNESSLL 37202 

IN WLCLV nrrcn TO 

omm-P 18 January 1972 

Dr. F. E. Gartrell 
Director of Environmental Research 

and Development 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

Your letter of 8 November 1971 forwarding a copy of the Supplement and 
Additions to the draft environmental statement for Browns Ferry Nuclear 
Plant - Units 1, 2 and 3, to Dr. Louis M. Rousselot, Assistant Secretary 
for Defense (Health and Envirorurrent),was referred to this office for reply. 

- 

The areas discussed in the Supplement and Additions in which the Corps 
of Engineers has special expertise or jurisdiction appear to have been 
adequately covered. 
were coordinated with this agency in previous years, there should be no 
conflicts with any present or projected programs of the Corps of Engineers. 

Since the navigational aspects of this project 

Line maintenance operations were discussed on page 2-28 of the Supplement 
and Additions,and did not indicate the use of chemicals of any kind. 
Excluding "brownouts" from transmission line rights-of-way,maintenance is 
considered appropriate and'will definitely lessen the visual impact of 
these cleared areas. 

The opportunity to review the Supplement and Additions to the draft 
environmental statement for Browns Ferry Nuclear Plant is appreciated. 

Sincerely yours, 

F. BRANDES 

CF: 
Colonel, Corps of Engineers 
District Engineer 

Dir, Div of Radiological & Env. 

Mr. Charles R. Ford, Chief, Ofic 4 

Mr. John A. Busterud, OASD (Env 

Protection, AEC, WASH, DC 

of Civ Functions, OUSA, WASH, DC 

Qlty) WASH, DC 
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ENVIRONMENTAL PROTECTICN AGENCY 

REGION IV 
1421 Peachtree St., N.E.. Atlanta, Georgia 30309 

May 22, 1972 

Dr. F. E. Gartrell 
Director, Environmental Research 
and Development 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Subject: Browns Ferry Nuclear Plant Final Environmental Impact Statement 

Dear Doctor Gartrell: 

In regard to the TVA-EPA meeting of March 5, 1972 and the previous comments, 
telecommunications, and meeting of December 9, 1971 concerning the Final 
Environmental Impact Statement on the Browns Ferry Nuclear plant, we offer 
the following further comments: 

A s  to TVA's present position on thermal criteria, we believe that EPA has 
satisfied the conditions of Section 4(b) of Executive Order 11507 by our 
letter of December 17, 1971, which defines the thermal criteria applicable 
to Browns Ferry Nuclear Plant: "Temperature shall not be increased more 
than 5% abave the natural prevailing background temperature, nor exceed 
a maximum of 86'F.I' 

On this basis, we encourage TVA to use all environmentally acceptable methods 2.6.5: 
in an attempt to meet the foregoing criteria during the interim period prior 2.6,7 
to completion of the cooling tower system rather than the proposed 109 rise/ 2.7.1 
93OF maximum temperature . 2.7.2 

a 
Since it appears that applicable criteria can be met with minimal effort when 2.6.5, 
only one unit is in operation by regulating releases from upstream and down- 2.607 
stream dams and/or reduction in power levels during critical periods we rec- 2.702 
commend this course of action. Table 2.6-3 

When two or three units are in operation, however, these methods of control 2.601,. 
will be harder to maintain, especially during peak power demand periods. 
Therefore, it is recommended that during the estimated eighteen-month 

2.6.5 
2.7.2 

operational period prior to completing the cooling towers, all environmentally 
acceptable methods be used in an attempt to meet applicable water qualityTable 206-3 
standards, including controlled releases from impoundments, reduced power 
levels, continuous use of completed cooling towers in the closed cycle mode, 
etc. Completion of the cooling towers should be expedited to the maximum 
degree feasible. 

a. pp. 2.6-7 thru 2.6-10 
b. p. 2.6-20 
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EPA recognizes that a reduced power level at the Browns Ferry Plant will 
necessitate the use of existing fossil fueled plants to provide needed 
power, which in turn will result in degradation of water, air and land at 
these sites. 
necessary to minimize total environmental effects from the TVA power 
system during this interim period. 

2.6,ga 
2.7.1 

Further, it is understood that a balancing by TVA will be 

Studies of fish predation by traveling screens are recommended as soon as 
practicable at existing power stations and at Browns Ferry when the first 2.7.3(2)(c) 
unit begins operation and continued through three-unit operation. 
studies should determine numbers and weights of fish killed by species 
throughout the year during diurnal collection periods. 
conducted monthly except during critical periods, which it should be in- 
creased to weekly. 

Such 

Sampling should be 

Studies are also recoatmended to determine alternate design configurations 
and parameters and awcilliary structures and equipment which could signif- 
icantly reduce or eliminate fish mortality. 
include, but not be limited to, horizontal travel of screens, increased 
screen area, skimmer walls, air curtains, reduced pressure of screen wash 
sprays, sluicing of trapped fish back to the water at some point away from 
the screens, and frequency of screen operation (continuous versus inter- 
mi t tent). 

Items to be investigated should 
2-6-2 

Under present analysis techniques it appears that no zone of passage will 
exist when flow in the Tennessee River is less than ten times the condenser 
flow. Such a condition is in conflict with the recommendations of the 
National Technical Advisory Committee on Water Quality Criteria. 
that a zone of passage must be provided at the Browns Ferry site to assure 
that migration of fish is not impeded, especially during critical spawning 2.7.3(1) (a) 

IV. 3 periods. We therefore recoolmend that the far section of the diffuser pipe 
(adjacent to the shallow overbank area) not be used and that closed cycle 
cooling be provided for the Unit discharging to that section of the diffuser 
pipe. 

2.6.4 
We feel 

,, Sincerely yours, 

u Jack E. Ravan%:dftJ 
Regional Adminis ator 

a. p. 2.6-10 
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TVA RESPONSE TO COMMENT FROM 

W I R 0 " T A L  PROTECTION AGENCY (MAY 22, 1972) 

The May 22, 1972, l e t t e r  from the Environmental Protection 

Agency was received when the environmental statement was i n  the f i n a l  

stages of preparation. Sections of the statement which cover several 

of the points raised by EPA are  referenced i n  the  margins of the l e t t e r ,  

and additional response i s  made as follows. 

TVA's plans for ins ta l l ing  mechanical draft cooling towers 

and the interim operation of the Browns Ferry Nuclear Plant prior t o  

the i r  completion were discussed with representatives of EPA at  a meeting 

on March 16, 1972. EPA's l e t t e r  is i n  regard t o  that  meeting. 

EPA makes the important observation that for plant operation 

prior t o  the ava i lab i l i ty  of cooling towers, a balancing i s  necessary 

t o  minimize t o t a l  adverse environmental effects  from the TVA power 

system as a whole. TVA agrees, and on that basis has concluded tha t  

the plant should be operated t o  meet the 10°F r i s e  and 93'F maximum 

temperature c r i t e r i a  during the interim period. 

Meeting the  proposed thermal standards of a 5'F r i s e  and 86OF 

maximum would involve the regulation of upstream reservoirs t o  provide 

additional streamflow at Browns Ferry, the reduction of generation by 

the Browns Ferry units,  or a combination of the two, 

Although it is feasible t o  use limited regulation by the TVA 

0 0 reservoir system t o  meet the 10 F r i s e  and 93 F maximum c r i t e r i a ,  t he  

greater regulation which would be required t o  meet the more stringent 

c r i t e r i a  would resu l t  i n  drawdowns of upstream reservoirs s o  large that 
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TVA does not consider t h i s  approach t o  be practicable. 

the natural  temperature of Wheeler Reservoir exceeds the %OF 33 many 

occasions, i n  which case the proposed standards could not be realized 

even with upstream regulation. 

Furthermore, 

TVA considers t ha t  the adverse impacts t o  the environment 

*om increased generation by fossil-f'ueled plants as a resu l t  of reducing 

generation a t  Browns Ferry would exceed the questimable environmental 

benefit t o  aquatic l i fe ,  particularly i n  view of the small percentage 

of time the proposed 5OF r i s e  and %OF maximum temperature standard 

would be exceeded during the interim period due t o  plant generation. 

TVA does not consider the  interruption of service t o  power consumers t o  

be an acceptable a l ternat ive in  t h i s  case. 

I 

After taking the overall  system requirements and environmental 

impacts i n to  account, it i s  judged that the  operation of the Browns 

Ferry plant t o  meet the  10°F r i s e  and 93OF maximum temperature c r i t e r i a  

during the interim period represents the  best  method of operation. 
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4.0 E 3 N I R O " T A L  EFFECTS WHICH CATSNOT BE AVOIDED 

The CEQ guidelines require a discussion of any probable 

adverse environmental effects which cannot be avoided, such as water 

and air  pollution, damage t o  l i f e  systems, urban congestion, threats 

t o  health, or other consequences adverse t o  the environmental goals 

se t  out i n  Section 101(b) of IEPA. 

1. Water pollution - Large quantities of waste 

heat w i l l  be rejected t o  the waters of Wheeler Reservoir. Mechanical 

d r s f t  cooling towers will be ins t a l l ed  t o  meet thermal standards. 

Extensive studies on the effects  of heated water on aquatic l i f e  w i l l  

be conducted i n  order t o  detect significant adverse effects.  

nonradioactive and radioactive wastes will of necessity be discharged 

t o  Wheeler Reservoir. 

treatment i s  provided t o  ensure that all applicable standards are met 

and t h e  quantit ies and concentrations released are s m a l l  enough t o  

ensure that any probable adverse environmental effects are insignifi-  

I 
Both 

Prior t o  beiw discharged, however, various 

cant or undetectable. 

be inst i tuted t o  keep releases as l o w  as practicable. 

Additional processing of l iqu id  radwaste w i l l  

Some s i l t a t ion  of the reservoir due t o  the con- 

struction of t h e  mechanical draft cooling towers will occur. A l l  

reasonable e f fo r t s  w i l l  be made t o  minimize s i l t a t i o n  due t o  erosion, 

dredging, etc. 

Water, aquatic l i fe ,  and l i f e  systems w i l l  be 

monitored t o  assure that no significant adverse environmental impacts 

w i l l  occur due t o  water pollution. 
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2. Air pollution - Radioactive releases i n  the 

farm of gaseous wastes w i l l  be discharged in to  the air. 

of hydrogen recombiners and charcoal beds w i l l  assist i n  holding these 

rr'cases t he lowest practicable levels. This should avoid s ignif i -  

CL,& adverse environmental effects.  

ducted t o  +aswe t h i s  result. 

Instal la t ion 

CareAiL monitoring w i l l  be con- 

The operation of the  cooling towers and diffusers 

w i l l  result i n  some additional air pollution i n  the form of heat 

rejection and releases of significant quantit ies of water vapor. 

w a t e r  vapor w i l l ,  during certain atmospheric conditions, result i n  

increased formation of fog and ice.  

This 

Small quantit ies of nonradioactive gaseous dis- 

charges t o  the air will result from operation of the  auxiliary boi lers  

and diesel generators. 

parison of the  discharges t o  ambient standards show tha t  these emissions 

will have negligible environmental impacts. 

The quantit ies discharged are small, and cow 

3. Impacts on land use - Construction of the base 

plant buildings, the  cooling water diffuser system, and the traas- 

mission f a c i l i t i e s  for  Browns Ferry have been completed. 

impacts from these ac t iv i t i e s  have occurred. 

Environmental 

Approximately 130 acres of land will be graded 01 

This land will excavated for  t h e  instal la t ion of t he  c o o l i q  towers. 

be on the  840-acre plant site, and no additional purchase of land w i l l  

be required. 

The base plant w i l l  be essent ia l ly  noiseless and 

aesthet ical ly  pleasing. Addition of the mechanical draft cooling 
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towers w i l l  result i n  increased noise levels  and some expense t o  the  

aesthet ics  of t he  pro3ect and surrounding environment. 

levels w i l l  be within acceptable l i m i t s ,  and t h e  cooling towers W i l l  

be made visual ly  acceptable so tha t  their  presence and operation 

However, noise 

should cause no s ignif icant  impact. 

4. Damage t o  l i f e  systems - When cooling water 

passes through the  t rave l ing  screens en route t o  t h e  condensers, f i s h  

larvae w i l l  be drawn i n t o  t h e  intake water. A t  t h i s  time it i s  not 

known the  extent t o  which f i s h  larvae are present near t he  condenser 

cooling water intake. 

as operating experience i s  gained, t o  develop s teps  which could reduce 

t h e  intake of f i s h  larvae. Plankton present i n  the condenser cooling 

water w i l l  also be destroyed, i n  t h e  sense that it is  changed as a 

source of food when'seasonally subjected t o  temperatures i n  excess of 

96.8OF i n  passing through the  condensers. Th i s  e f fec t  may be reduced 

by t h e  addition of cooling towers since operation with the  towers 

results in smaller quant i t ies  of water intake. 

most adverse conditions exist f o r  plankton damage, a maximum of about 

25 percent of the t o t a l  riverflow passes through the  condensers. 

Based on TVA's experience w i t h  other la rge  thermal p lan ts ,  rapid 

reseeding of plankton populations downstream of the condenser o u t f a l l  

would be expected. To t h e  extent t h a t  t h i s  plankton serves as a food 

source t o  aquatic l i f e ,  its destruction is an adverse e f fec t  which 

cannot be avoided. 

Studies are under way t o  determine t h i s  and, 

A t  t he  time when t h e  

There may be some loss of ex is t ing  r i v e r  bottom 

fauna and habitat i n  the  immediate v i c in i ty  of t he  diffuser pipes. 
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There w i l l  be a loss of 13 acres of t h i s  habitat within the cooling 

water return channel. These are adverse effects  which cannot be 

avoided. 

While these effects  cannot be avoided, they are 

not expected t o  damage significantly any l i f e  system. 

are designed t o  detect significant adverse effects .  

Extensive studies 

5 .  Threats t o  health - The f a c i l i t y  is being 

designed and constructed and will be operated i n  accordance with all 

applicable Federal and state regulations i n  order t o  assure tha t  t h e  

health and safety of t he  public w i l l  be safeguarded. 

Significant accidentsl releases of radioactive 

products at t he  plant or during transportation of radioactive materials 

are very improbable. 

the  radiological emergency plans would mitigate the  potential  r i sk  

t o  the  public. 

Should such a release occur, implementation of 

6 .  Socioeconomic effects  - The primary and secondary 

social  and economic impacts were covered i n  section 5.0 of Volume 2. 

As indicated, t h e  t o t a l  msgnitude of these impacts is large; however, 

the dis t r ibut ion of residences and loca l  material supply sources occurs 

over a 40-mile radius of the  plant si te.  

porary stress on the  social  infrastructure (schools, roads , housing, 

and similar senrices), it w i l l  also provide a stimulus t o  area eco- 

nomical development (jobs, a t t rac t ion  of visitors, etc.) .  There should 

be no severe social  or economic dislocation 8s the  project construction 

phases out.  

While t h i s  may produce tem-  
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7. Conclusion - The operation of Browns Ferry w i l l  

result i n  some adverse environmental effects  which cannot be avoided. 

However, these e f f ec t s  are not expected t o  confl ic t  with the  environ- 

mental goals set out i n  Section 101(b) of NEPA. 

adverse e f f ec t s  a t t r ibu tab le  t o  operation of t h e  plant become evident 

through the  various environmental monitoring programs, appropriate 

s teps  will be taken t o  correct t he  s i tua t ion .  

If any signif icant  





5.0 ALTERNATIVES 

Section 102(2)(C) of NEPA requires a discussion of alterna- 

t i ves  t o  the proposed action, and Section 102(2)(D) requires an agency 

t o  "study, develop, and describe appropriate a l ternat ives  t o  recommend 

courses of action i n  any proposal which involves unresolved confl ic ts  

concerning al ternat ive uses of available resources . I 1  

"he Browns Ferry Nuclear Plant was i n i t i a t ed  before NEPA 

became effective,  and the  TVA Board of Directors has determined tha t  

it i s  not practicable t o  reassess the  basic course of action i n  the 

design and construction of the  plant. The environmental statement con- 

siders the ways i n  which the  plant w i l l  in teract  with the  environment 

by reevaluating environments consequences considered at the  outset  

of the  project and minimizing any fur ther  adverse environmental con- 

sequences that would affect the  overal l  balance of environmental costs - 

R and benefits  by studying and adopting appropriate alternatives.  

1. Alternative heat dissipation methods - The 

systems which were given consideration as al ternat ive heat dissipation 

methods include mechanical draft cooling towers, natural  draft cooling 

towers, a spray canal system, and a cooling lake. 

w e r e  considered using f eas ib i l i t y ,  environmental impact, and cost as 

These alternatives 

factors i n  the  analyses. 

As described i n  section 3.4 of Volume 3 , t h e  spray 

canal and cooling lake al ternat ives  w e r e  not considered feasible f o r  

t h i s  s i t e .  

two types of cooling towers. 

Consequently, detailed cost  analyses were made only on the  

The results of these studies indicated 

that  t he  mechanical d r a f t  cooling tower al ternat ive was the best choice. 
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The decision t o  incorporate t h i s  a l ternat ive into the plant design and 

the  associated environmental impacts are described i n  section 2.6 of 

t h i s  volume. 

2. Alternative systems fo r  reductions of radio- 

act ive discharges - Analyses of a l ternat ive systems fo r  t he  reduction 

of radioactive discharges include consideration of subsystems fo r  both 

l i qu id  and gaseous radioactive discharges. 

sidered using f eas ib i l i t y ,  environmental impact, and cost as factors  

i n  the  analyses. 

These systems were con- 

(1) Liquid radwaste al ternat ives  - Systems 

considered f o r  the  reduction of l iqu id  radioactive effluents include 

demineralizers and evaporators. 

As shown i n  section 3.1 of Volme 3, the 

evaporator a l ternat ive gives greater  reductions i n  radioactive releases 

and has a considerable cost  advantage. 

that an evaporator along with i t s  associated buildings and equipment 

should be ins ta l led  at the  Browns Ferry Nuclear Plant. 

Consequently, TVA has concluded 

N o  other feasible a l te rna t ives  have been 

ident i f ied which would f'urther reduce l iqu id  radioactive discharges. 

(2) Gaseous radwaste a l te rna t ives  - The 
system original ly  designed f o r  treatment of gaseous radioactive dis- 

charges included 3CLminute holdup and elevated s tack  release.  

additional systems have been evaluated as al ternat ive methods for reduc- 

Four 

t i o n  of these discharges: 

and  charcoal adsorbers, hydrogen recmbiners and solvent absorption, 

a n d  hydrogen recombiners and clyogenic d i s t i l l a t i on .  

hydrogen recombiners, hydrogen recombiners 

A summary description 

I 
e 
1. 
I 
1 
1 

1 
I 
i 
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of each alternative system considered, the timing of the  ins ta l la t ion ,  

i t s  cost ,  and i ts  potential  environmental benefit i s  given i n  section 

3.1 of Volume 3. 

charcoal adsorbers have been proven i n  t h i s  t m e  of service. 

Of these systems only the  hydrogen recombinerwith 

The analyses of these al ternat ives  show 

tha t  balancing the  reductions i n  environmental impacts and costs of 

each of the  feasible systems leads t o  the conclusion tha t  a system 

u t i l i z ing  a hydrogen recombiner i n  combination with s ix  charcoal beds 

per unit is the best selection and reduces environmental impacts due 

t o  gaseous radioactive releases t o  the minimum practicable level .  
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6.0 SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVIm 

The loca l  short-term uses of the  environment are  those 

required t o  construct and operate the  f a c i l i t y .  These include prepara- 

t i o n  of t he  si te and construction of buildings, the  use of the  ambient a i r  

for  the  dispersion of gaseous eff luents  and heat, and the  use of Wheeler 

Reservoir for  t he  diss ipat ion of waste heat, l iqu id  radioactive eff lu-  

ents ,  and chemical discharges. 

Most of t h e  short-term use of t he  s i t e  w i l l  r e su l t  i n  no sig- 

n i f ican t  e f fec t  on the  long-term productivity of the  land affected 

since only tha t  portion occupied by the  reactor  systems buildings w i l l  

be affected fo r  a period much longer than the  useful l i f e  of t he  plant.  

The long-term productivity of no other land w i l l  be irreparably damaged. 

- 

The operation of t h e  plant will not result i n  any s ignif icant  

long-term environmental degradation. 

air  and water w i l l  be w e l l  within leve ls  which are  considered acceptable 

for short-term use,  and no long-term ef fec ts  are expected t o  occur as 

a result of these uses. 

carr ied out t o  assure detection of t he  existence of any such effects .  

All eff luents  discharged t o  the  

Comprehensive monitoring; programs w i l l  be 
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7.0 IRREVERSIBLE AND IRRETRIEVABLE C0-S OF RESOURCES 

The CEQ guidelines call for a discussion of any irreversible 

and irretrievable commitments of resources which would be involved in 

the construction and operation of Browns Ferry. This requires identi- 

fying the extent to which operation of the facility curtails the range 

of beneficial uses of the environment. 

The Browns Ferry plant is located in a rural, relatively 

isolated and sparsely populated area. 

beneficial use of land, air, water, or living natural resources in the 

area. 

The plant w i l l  not curtail the 

I n  addition to those commitments described in section 9.0 

of Volume 2, some by-products which result fromthe operation of the 

plant must also be considered as irreversible and irretrievable commit- 

ments of resources. 

active, solid radwaste materials such as spent demineralizer resins, 

and various chemicals which are used in the plant processes. 

used in plant processes will be widely dispersed to the environment 

and in most cases will have changed forms and will have lost their 

value. 

is impractical. 

These include damaged components which are radio- 

Chemicals 

Reclamation of these chemicals after discharge f'romthe plant 

I 
The connnitments of natural resources associated with this 

plant's construction and operation are small when compared to the 

benefits pined. 
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8.0 BEXEF'IT-COST WEIGHING AND BALANCING 

This section pruvides an overall assessment o f t h e  

economic, technical, and other benefits of the Browns Ferry Nuclear Plant 

weighed against the environmental costs, w i t h  the alternatives considered 

which would  affect the balance of vslues. 

While various benefits and environmental costs have been quantifi-5, 

same are necessarily expressed i n  qualitative terms. 

of mechanical draft cooling towers on aesthetics i s  treated qualitatively, 

as is  the specific contribution of e lectr ic i ty  generated at 

the overall resource development of TVA; that is, advancement of physical, 

For example, the effect 

~m t o  

social, and economic development cannot reasonably be quantified. Moreover, 

of those factors subject to quantification, a l l  cannot reasonablybe expressed 

i n  monetary values. A l t h u u g h  the number of f i s h  larvae killed passing through 

the condensers can be quantified in terms of nmibers, translation of that 

number t o  a monetary value is  not reasonable in view of the wide range of 

variables influencing the significance of the impact. 

therefore, are quantified i n  commronly used terms such as nunibers of fish, 

gallons of water, and tons of earth. 

Environmental impacts, 

The decisions leading t o  the plans t o  constnxct the Brclwns Ferry 

f ac i l i t y  were made i n  1965-66, four t o  five years prior t o  the passage of the 

National Enviromnental Policy Act, and the Tennessee Valley Authority has 

determined that it is  not practicable t o  reassess the basic course of action 

of designing and constructing the plant. 

t o  an analysis of the alternatives for  limiting environmental impacts during 

the campletion of construction of the project and the environmental impacts 

The environmental review was limited 

I 
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which w i l l  result from operation of the plant. During this environmental 

a 
8 

review, significant changes have been made to the plant to minimize the 

environmental impacts as summarized below: 

Gaseous Radwaste - The original system which included 30-minute 
holdup has been reevaluated and is being modified to include 

hydrogen recombiners and six charcoal beds per generating unit. 

Liquid Radwaste - The original system which included filtration 
and demineralization has been reevaluated and the system design 

modified to include an evaporator. 

Cooling Water - The original system which included diffusers 
for dispersing the heat rejected to Wheeler Reservoir is being 

augmented with mechanical draft cooling towers. 

With these modifications the Browns Ferry Nuclear Plant approaches 

a minimum impact plant. With normal uperation from the plant the maxhm 

radiation dose to the hypothetical individual is 1.5 percent of that received 

from natural background radiation and the dose to the population within 50 

miles of the plant i n  the year 2010 is projected at 0.013 percent of the dose 

f’rom natural background radiation. Therefore, radiation resulting from 

operation of the Browns Ferry Nuclear Plant w i l l  result in no undue risk 

to the health and safety of the public. 

With the addition of cooling towers to the plant, the plant w i l l  

operate so as to meet proposed water w i t y  criteria of 5% tenpemtme 

rise and 8 maximum temperature of 86%. 
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TVA from i ts  very inception has been deeply cammitted t o  the tasks of 

environmental improvement. 

the b i l l  that became the TVA Act said that TVA ' I .  . . should be charged with 

the broadest duty of planning for the proper use, conservation, and development 

of the natural resources of the Tennessee R i v e r  drainage basin and i ts  adjoining 

terri tory for the general social and economic welfare of the Nation." 

the basis of these principles that TVA plans and conducts all i t s  activit ies,  

be they planning, constructing, and operating a nuclear power plant; planning, 

building, and operating a water control project; providing research t o  develop 

a new fer t i l izer ;  setting aside areas for f i s h  and wildlife; developing improved 

hardwood t ree  strains;or seeking w a p  t o  ut i l ize  the rugged scenic q-ties 

of same of the region's natural streams. I n  all of these and TVA's many other 

varied resource developmentprograms, i ts  mamgement and staff are deeply 

conscious o f t h e i r  responsibilities t o  a l l  of the six million people in the 

TVA region and, more generally, t o  the 200 mi'llion people in the Nation. 

The President i n  transmitting t o  Congress in  1933 

It is  an 

This invariably calls for a balancing of the requirements and hopes 

of a variety ofinterests,and finally, decision and action in which difYerences 

are reconciled insofar as possible t o  best s m  the needs of the greatest 

nunber over the longest possible time. 

finding a balance between the needs of man, including his need for useful 

employment, and the safeguarding of his physical environment. 

Inherent in this is the requirement of 

Ih TVA, electric power is regaxded 88 8 tool  for e c o m c  

development. 

the quality of l i f e  in the region. 

unified development program, it has helped ease the burdens of drudgery, provide 

more jobs and more productive employment, bring the amenities of l i f e  toan 

ever increasing rnrmber of people, and improve the health, education and living 

conditions of the people generally. 

Its use has been encouraged as 8 means far improving 

fitted into 8 C c u Q r e h e x l S i v e ,  
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An abundant supply of low cost electric energy, integrated with a 

to ta l  resuurce develupment program, has been a major factor i n  the progress 

achieved by the TVA region since 1933. 

have all increased w i t h  a shif t  from a primarily agricultural t o  an industrial 

economy. 

Employment, income, and productivity 

The uses of electricity are many. To the residential user it provides 

listing, refrigeration, cooking, washing and drying of clothes, heating, air- 

conditioning, and education and entertainment via radio and television, t o  name 

but a few. Most stores, banks, and other commercial ventures are dependent 

upon electricity for conducting business. Ih industry it is an essential 

element by which productivity has been increased with an attendant hpruvement 

in  living standards. While in  most industrial activities the cost of electric 

power is  a smaU fraction of the total  cost of production, without electricity 

modern industry could not provide-the Nation with the goods and services it 

demands. 

electricity is a significant cqonen t  required i n  the manufacture of these 

essential products. 

I n  the aluminum , electro-chemical, and metallurgical industries, 

The addition of the Browns Ferry Nuclear Plant t o  the TVA system 

will enable TVA t o  continue t o  carry out i t s  responsibility t o  provide an 

abundant supply of electricity for the TVA region. 

include the value of the electrical power t o  be generated, the potential for 

reduction of releases of canbustion products t o  the atmosphere a t  

fossil-fired stations, the recreational and educationaJ value t o  visitors t o  

the plant, a stimulant t o  the econamic growth of the region through an abundant 

supply of electrical power, increased p m e n t s  t o  local governments of i n  l i eu  

of tax payments, and increased employment potentials. 

The benefits of the plant 



The costs of the plant include the commitment of 840 acres of 

land and 13 acres of reservoir area for  the lifetime of the plant; the 

rejection of 2.44 x lolo Eh/h t o  the air either directly or via Wheeler 

Reservoir, depending upon the mode of operation of the cooling towers; 
the consumption of l l 0  ft 3 /s of evaporated water; minor releases of 

radioactivityto the air and t o  Wheeler Reservoir; erosion of s o i l  

during construction; a very low probability of releasing radioactivity 

due t o  an accident in the plant or an accident during the transport of 

radioactive materials; and the monetary costs t o  construct, operate, 

and maintain the plant. 

A t  the end of March 1972, a to ta l  of $4n million had been 

expended on the construction of the Browns Ferry Nuclear Plant of the 

estimated project cost of Over $650 million. 

TVA has atteqted, insofar as practicable, t o  detail  those 

items covered in the Atomic Ehergy Cammission's proposed guide for 

benef'it-cost analyses for campleted or partially cunrpleted nuclear 

faci l i t ies  in sections 8.1 and 8.2. The weighing and balancing of 

benefits and costs of subsystems is  presented in section 8.3. 

Conclusion - This environmental review has reevaluated 

emriranmentaJ impacts considered at the beginning of the prodect; ev&.-ua,ed 

those not considered esslier; considered alternatives which would lessen 

environmental inrpacts; and considered the need for power froan the project. 

After weighing the exviroamental costs and the technical, econcunic, 

emrimmental, and other benefits of the project, and adopting alternatives 

which affect the overall balance of costs and benefits by less- environ- 

mental impacts, TVA has concluded that the wera l l  benefits of the project 

far outweigh the monetary snd emiromental costs. 
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Benefits - The benefits  of t h e  Browns Ferry plant a r e  detai led 

a re  summarized -in Table 8.1-1. 

1. Electr ic  power produced and sold - Browns Ferry 

Nuclear Plant includes three uni t s  w i t h  a dependable capacity of 1,065 

MW e l ec t r i ca l  each, or a t o t a l  plant capacity of 3,195 MW e lec t r i ca l .  

The un i t s  are scheduled f o r  commercial operation as follows: 

March 1973; unit  2 - December 1973; and uni t  3 - July 1974. 

capacity i s  planned fo r  on a system basis and TVA has additional generating 

capacity scheduled fo r  commercial operation during t h i s  t i m e  period, it 

is  not possible t o  ident i fy  the spec i f ic  loads which the  Browns Ferry 

uni t  1 - 
Since 

nuclear un i t s  will serve. 

has been assumed tha t  t he  plant serves loads based on t he  incremental 

increase i n  loads f o r  each c l a s s  of customers estimated between F.Y. 1972 

and F.Y. 1980. 

For the  purpose of the  benefi t  analysis,  it 

The estimated peak load and sales f o r  these years are 

ident i f ied i n  t he  following table: 

F.Y. 1972 
Percent 

of 
Load Total 

Estimated Peak 
Demand (MW) 17,326 

Estimated Sales 
(million kwh) : 

F.Y. 1980 
Percent 
of 

Load Total 

30,300 

Residential 28,072 30.8 
Comer c i al 11,901 13.1 
Industr ia l  32,908 36.2 
Government 13,815 15.2 
Other Sales 4 -249 lr.7 

45,833 28.2 
22,667 13.9 
55,907 34.4 
30,873 19.0 

~ . . - .  7,320 - 4.5 

TOTAL SALES 90,945 ( loo)  162,600 (100) 

Increase 
. Percent 

of 
Load Total 

12,974 

17,761 24.8 
10,766 15.0 

17,058 23.8 
3,071 4.3 

22,999 32.1 

71,655 (100) 
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The value of a uni t  of electr-c energyto  the user 

varies widely depending on t h e  -availabil i ty and cost of a l ternat ive 

energy sources. No attempt was  made t o  ident i fy  such values i n  t h i s  

analysis. However, the price customers pay for  e l ec t r i c  energy pre- 

sumably establishes a minimum value t o  the  user. Based on the present 

rate structures of TVA and the  dis t r ibutors  of TVA power, the following 

average prices t o  the ultimate consumer are estimated for  F.Y. 1972: 

Residential 
Commercial 
Industrial  
Government 
Other 

1.413 &/kwh 
1.337 &/kwh 
0.727 &/kwh 
0.622 $/kwh 
1.023 4/kWh 

For the purpose of estimating the  present value 

of the  revenue received fromthe sale of t h i s  energy it has been 

assumed that the  Browns Ferry plant w i l l  operate as shown i n  the  

following table during its 35-year l i f e :  

T U t d  
Transmission 

and Energy 
N e t  Distribution Available 

Capacity Generation Losses For Sale 
Years Factor (million kwh) (million kwh) (million kwh) 

1-15 80% 22,391 1,533 20,858 
16-25 55% 15,394 1,053 14,341 
26-35 40% 11,195 767 10,428 

Using the energy available for sale and the 

average pr ice  paid for e l e c t r i c i t y  s h m  above, and a discount 

rate of 8 percent, a present value of the  sales &can the plant 



was established and i s  presented in  the benefit description form. 

The results are summarized below: 

ELECTRIC PWER PRODUCED AND SOLD - BROWNS FERRY NUCLEAR PLANT 

Levelized Annual Energy 
Generation (m) 20, 178x106 

Levelized Total Losses (kWh) 

Levelized m r g y  Available for Sale (Irwh) l8,76mO6 

Present Value of 
Energy Available Sales During Plant 
For Sale - kWh Ufe - Dollars 

Energy Sold: 

Residential 

Carmnercial 

Industrial 

Government 

Other 

Total Sold" 

4 , 6 5=O6 766,000,m 

4,468~I.O~ 324,000,000 

18,769xlO6 2 9 1  35, m , ~  

2,82=06 439,000, 000 

6 ,O24X1O6 510,000,000 

805Xl06 ~6.000,ooo 

a. Before cooling tower additions. Average tower power requirements - 9,525 m. 
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Historically, electricity rates have declined during 

most of the past 40 years. Events of the more recent years have caused 

this trend t o  reverse. Higher prices fo r  fuels, increases i n  construc- 

tion costs, and costs of pollution control equipment have been signifi- 

cant factors causing the increases in rates for electric u t i l i t i es .  It 

was necessary for  TVA t o  increase its rate schedules i n  1967, 1969, and 

1970. The effect of these rate increases has resulted i n  the average 

cost of electricity t o  the consumer increasing by 49.0 percent. 

the use of current rates could significantly understate the present 

value of the fiture sale price. 

!Thus, 

2. System Reliability - Capacity requirements on 

the TVA system are determined by the loss of load probability method 

using a monthly reliabil i ty index equivalent t o  an annual index of 0.1 

day per par failure t o  meet f i r m  loads. Each of the alternatives 

considered for  the Browns Ferry plant meets this criteria. 

ferences in the reliabil i ty o f t h e  subsystems associated with the 

various Browns Ferry alternatives might conceivably affect the uni t  

forced outage rate, thereby slightly chamging the reliability index 

for that particular alternative, it is  not feasible t o  make this deter- 

mination without actual operating experience with each alternative. 

While dif-  

3. Recreation - The recreational benefits of the 

Browns Ferry p l a t  are estimated at 8,000 visits per year. This estimate 

of recreational visits is exclusive of the estimate of educational v i s i t s  

t o  the plaxt, which i s  given below. A t  a value of $0.75 per visit, the 

present value of these visits is estimated t o  be $69,930. 
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4. Air Quality - Since the Browns Ferry plant 

is  a baseload plant approximately 7.4 billion Wh w i l l  be available 

during the baseload period t o  replace coal-fired generation which would 

otherwise have consumed about 3 million tons of coal per year. 

wi l l  result in annual reductions in particulate emissions of 13,800 

tons, so2 emissions of lg4,000 tons, and Nox emissions of 26,000 

tons when based on replacing coal-fired generation with coal of the 

quality presently being burned. 

This 

5.  Education - The educational benefits of the 

The &owns Ferry plant are estimated t o  be 98,000 visits per year. 

present value of these visits, at $0.75 per visit, is  $856,600. 

l a t te r  value does not consider the educational visits by persons t o  

the plant during its construction. 

has been used in estimating the 98,000 visits per year. 

The 

Hawever, the number of such vis i ts  

6. Research - A 3.1 million dollar biothermal 

research project is t o  be constructed at Rrowns Ferry t o  objectively 

determine the effect of changes in  temperature regimes on warmwater 

aquatic c~lllpm~lll 'ties. The natural warm water reservoir conmxt 'ties w i l l  

be exposed t o  different controlled temperatures. The resulting effects 

on growth, reproduction, and mortality w i l l  be observed. 

This research facil i ty is  t o  be located at the 

Browns Ferry s i t e  for two  primary reasons. 

(25OF) in the condenser water is high enough t o  permit concurrent 

experiments t o  be conducted for a wide range of temperatures. 

since Browns Ferry w i l l  be operated as a base load plant with three 

First, the t h e m  rise 

Second, 

I 
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generating units, it is expected that at least one uni t  w i l l  be operating 

a t  all times, thereby assuring a continuous supply of heated water for 

the research activity. 

Accurate detenuination of the effects on aquatic 

l i f e  from thermal discharges would have nation-wide benefits. 

results show that the thermal cr i ter ia  being adopted by regulatory 

agencies is excessively restrictive, a considerable savings i n  expendi- 

tures for auxiliary cooling faci l i t ies  at power plants and other indus- 

t r i a l  operations could be realized. If the results of the studies show 

the presently proposed thermal cr i ter ia  t o  underestimate the protection 

needed, then large environmental benefits would result i f  the adoption 

of more stringent thermal controls i s  needed t o  protect aquatic life. 

If the 

7. Regional Gross Product - Benefits of the 

&owns Ferry plant t o  regional gross product cannot be exactly quanti- 

fied monetarily. 

aTLMzal dollar flow of gross product with the use of the Rrowns 

Ferry electrical power i n  the TVA power service region. 

i s  based on using the average power generation and relationships 

between gross product and kilowatt hours equivalent of a l l  energy con- 

sumed. The industrial gross product factor was obtained as a product 

of the relationship between value added and kWh equivalent (Census of 

MaSufBcturers, 1967) and the relationship between gross product fram 

manufacturing and value added by manufacturing (Census of Mawfscturers, 

1967 and Survey of Current hsiness). 

industrial gross product factor was found by this method t o  be $0.0649 

per Wh. 

gross product f’rom canrmercial activities and an assumed electrical 

energy Output of 25 percent of total  energy input t o  the conrmercial 

However, a correlation has been made of the average 

This correlation 

The numerical value of the 

The canrmercial gross product factor was obtained by comparing 
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sector (Energy i n  the American Economy, 1850-1975, Schurr and Netschert 1- 
Ihmerical values of this factor were $0.187 per 1~15% for  1967 and $0.184 

per kWh f o r  1969. 

$0.185 per kVh wits selected as the cammercial gross product factor. 

Industrial power consumed was assumed t o  include government use of 

e lectr ical  energy. 

product is  estimated at  $1.203 bil l ion.  

Giving slightly more weight t o  the recent figure, 

The resulting average annuaJ. dollar flow of gross 

A s  noted above, no additional quantification t o  

arrive at  a monetary benefit is considesed possible. 

the comparison of dollas value of products produced and energy consumed 

does not consider other variables i n  the production of products, such 

This is because 

as treges of vmrkers end efficiencies of individual production processes. 

It should be noted that  a plentiful  energy source has long been considered 

essential i n  the econcnnic end industrial expansion of any region. 

required by the TVA Act, as amended, TVA maintains an ample supply 

of electrical  energy in the area i n  which it conducts i t s  operations. 

A caparison of s t a t i s t i c s  i n  the TVA region with netional s ta t i s t ics  

implies there i s  some beneficial effects of this plentiful  energy source. 

In 1960 gross regional product was 2.26 percent of national; in 1970 th i s  

had increased t o  2.69 percent. In 1960 personal income in  the region was 

64 percent of the national velue; in 1 9 0  this had increased t o  75 percent. 

TVA considers that  the availability of electr ic i ty  as a plentiful  energy 

source has helped realize these growth rates. 

As 

8. Payments in l i e u  of taxes - Estimates of pay- 

ments in l i eu  of taxes includes estimates of payments t o  states and 

local governments by TVA and by distributors of TVA electricity. 

are based on current rates of pqment related t o  the energy which w i l l  be 

generated by the plant. 

Estimates 
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9. Emp loyment - Benefits t o  employment have been 

l isted as the average annual Tnrmber of workers whose jobs could be 

related t o  the consumption of electrical  power produced by the Browns 

Ferry plant. A n  industrial employment factor, relating kWh equivalent 

consumed i n  manufacturing t o  employment in  manufacturing was determined 

from national data from the Census of Manufacturers, 1967. 

of 5.4588 workers per million kilowatthours was obtained. 

enployment factor was obtained by analysis of data from Energy i n  

the American Economy, 1850-1975, by Schurr and Metschert. 

this relationship was 14.83 workers per million kWh; for 1969, 13.39 

workers per million kWh. 

estimating the commercial portion of the employment value listed.  

Based on the portion of the Browns Ferry Nuclear Plant generation 

allocated t o  commercial and industrial use, the potential exists for  

expanding the number of new jobs by 96,750. 

A value 

A cammercial 

For 1967 

The intermediate value of 14 was chosen for  
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Text  

Payments i n  Lieu of Local 

dol lars  (present worth) 

jobs provided 

Taxes i n  thousands of 144,505 *** 144,505 *** 

Fhployment Benefits-potential 96,750 +** 96,750 *ff 

Table 8.1-1 

BROWNS FERRY NUCLEAR PLANT - BEMFITS* 

Heat Dissipation 
Alternative System 

1 diffuser 

2 t owers-closed 
cycle only 

3 d i f fuser  

MechaQical draft 

4 mech. draft cool- 
ing towers- 
cambined cycle 

Gaseous**** Liquid 
Radwast e Radwas t e 

30-minute f i l t r a t i o n  and 
holdup demineralization 

30-minute base plant and 
holdup evaporator 

ORGDP o r  base plant and 
cryogenic evaporator 

hydrogen base plant  and 
recomb iner  s evaporator 

coal beds 
and 6 char- 

***Reduced s l igh t ly  from base t o  account f o r  losses  f o r  cooling tower power. 
****Base plant 30-minute holdup included i n  all a l te rna t ives .  
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8.2 Monetary and Enviromnental Costs - The monetary (generating) 

and environmental costs of the Browns Ferry plant for  four alternative 

combinations of subsystems are detailed below and are summarized in 

Table 8.2-1. 

plant (at the start of the ewironmelrtal review), the plarrt with m i n i -  

mum water impact, the plant with minimum air and land impacts, and the 

final plant (after environmental review). 

generating costs and differences in environmental costs for alterna- 

tives f o r t h e  l iquid radwaste system, gaseous redwaste system, and 

heat dissipation system are smmarized in Tables 8.2-2, 8.2-3, and 

8.2-4 , respect ivew. 

’Ilhe four alternative ccanbinations represent the base 

~n addition, incremental 

Generating costs - The generating costs for the 

alternative canbinations of  subsystems have been cauputed using the 

following assumptions: current base plant capital cost estimates of 

$610 million; a power generating cost of 1.9 mill/m ($0.0019/1&lh); 

a declining plant capacity factor as discussed in section 8.1-1; incre- 

mental generating costs for alternative subsystems as listed on Tables 

8.2-2, 8.2-3, and 8.2-4; an 8 percent discount rate; and an assumed 

plant lifetime of 35 years. The results are sunnnarized i n  Table 8.2-1. 

1. Heat disc-ged t o  water body 0 

(1) cooljag capacity - c he maximum total  

plant heat rejection t o  Wheeler Reservoir w i l l  be 2.44 x 10” R u b  on open- 
mode, 1.36 x 10” Btu/h on helper-mode, and 4.5 x 10 8 R u b  on closed- 

mode cooling tower operation. The volumes of water in the m h d n g  zone 
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for cooling water discharges have been estimated i n  Appendix IV t o  be 

about 165 acre-feet for open and helper modes and about 55 acre-feet 

for closed mode. 

(2) Aquatic biota - It is  TVA's judgement 

that there i s  no basis for  assuming irretrievable loss of aquatic biota 

owing t o  thermal discharges o f t h e  plant. For ccanpa,ra,tive purposes the 

volume of water within the 5OF isotherm (165 acre-feet) i s  assumed t o  

be affected; this 5 O F  isotherm represents the Alabama criterion for  

maximum temperature rise. 

percent o f t h e  volume of Wheeler Reservoir. 

5 O F  isotherm was calculated to be 8,s acres. 

0.0124 percent of tha t  of the reservoir. 

f r o m  Wheeler Reservoir had a value of $264,000. 

affected area, 0.0124 percent of t h i s  would have a cost of a b u t  $33. 

In  1970-71 the sport catch, based on a continuous 12-month creel 

census of approximately 60,000 acres of the reservoir, had a value of 

This volume constitutes only 0.0165 
I 

The surface area bounded by the 

This area is  only 

I n  1970 the commercial catch 

On the basis of the 

$314,016. 

the area involved would be 0.0138 percent of the census area, and the 

monetary value would be about $43. 

value in  the affected area would then be about $76. 

Given the same area wi th in  t he  5 O F  isotherm (8.3 acres) 

The t o t a l  annual collpnercial ruld sport 

Phytoplankton and zooplankton biomass estimates 

were made assuming the affected plankton were in  the top meter of the 

reservoir i n  the estimated 8.3 acres of surface area bounded by the 

5OF isotherm. 

below: 

Results varied in  the various seasons as indicated 
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€'b.vtODlankton Biomass ZooDlankton BiQmass ~ x--- -- _ _  - ~~~~ ~ _ _  

Season T o t a l  pounds Pounds/Acre Total  Pounds Paunds/Acre 

Winter 830 100.0 40.7 4.9 

Suxuner 1,096 132.0 38.2 4.6 
Fall 486 58.6 45.7 5.5 

Spring 888 107.0 10.8 1.3 

The actual effects on these populations 

cannot be accurately assessed. In  general, it is known that about %OF 

constitutes a l i m i t  abwe which lethal effects are noted. Since this 

l i m i t  will be exceeded only i n  the diffuser mixing zone, and then only 

on certain occasions, mortality effects are considered negligible. 

There could even be increases of populations of these species due t o  

the increased m&abolism rates expected at higher temperatures. 

It should be noted that the above esti-  

mates are based on interim plant operation without cooling towers. 

(3) Migratory fish - It has been judged 

that a barrier, in the s t r i c t  sense of preventing or significantly 

decreasing or  retarding fish migration, w i l l  not result. A detailed 

discussion is provided earlier in Section 2.7, Biological Impact. 

2. Effects on water body of intake structure and 

condenser cooling systems - Two primary areas for effects on Wheeler 

Reservoir due t o  remwELJ. of cooling water are in changes t o  f ish and 

plankton populations. Estimates of these effects are presented below. 

(1) Larval fish entrairrmen t losses - 
Larval f i sh  which pass through the plant in the cooling water flow w i l l  

t o  a great extent be ki l led  in this passage due t o  the temperature rise 

in the condensers and t o  mechanical shock. An accurate assessment of 

I 
I 
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the effects on larval fish populations cannot be made a t  t h i s  time. 

Studies made during the spawning season of 1971 gave preliminary 

results o f t h e  species colaposition and relative species abundance f'ram 

which some general observations can be made. 

period shad dominated the catch (90 percent) and gizzard shad outnumbered 

threadfin shad. 

other rough or forage f ish (5 percent) and the other haLf were sport 

f ish (5 percent). Additionally, it was determined that larval f i sh  

concentrations in the overbank areas are orders of magnitude higher 

than in the channel area o f t h e  reservoir. 

tion entering the Browns Ferry plant could v a r y  widely depending on the 

Throughout the sampling 

About half of the remaining f i sh  i n  the samples were 

Thus the actual concentra- 

ratio of chamel t o  averbank water which enters the plant. 

For purposes of analysis, the following 

assumptions have been made: 

1. 
those noted in inshore-surface samples. 

2. 

3. The results f'rom one sampling station, comprising replicate weekly 
day and night samples for a 9 l d y  period, prwides a representative case 
for analysis. 

Larval Fish concentrations i n  the intake at  &owns Ferry are 

Survival rate from larvd f i sh  t o  adult is 1 x 10 -4 . 

4. 

5. Openmode cooling. 

Condenser passage results in 100 percent mortality of larval fish. 

The data indicate that the quantity of water 

flowing through the Browns Ferry condenser cooling systan during the represen- 

tative time period would have contained 12.5 x 10 9 larrral Fish. Asswnption 2 

yields a representative mortal i ty  of 12.5 x 10 5 adults. The use of other modes 

(helper, closed) wou ld  reduce the above values by 16 percent and 95 percent, 

respectively, for  the representative time period. 



Very little is known regarding popula- 

tion dynamics of warmwater reservoir fishes, especially in a mixed 

fish population. 

mortalities cannot therefore be accurately estimated. 

of the projected losses of larval fish as discussed in subsequent pages 

does, however, suggest the possibility of a siwificant adverse impact. 

To provide assurance that the operation of the Browns Ferry plant is 

not adversely affecting fish populations in Wheeler Reservoir, larval 

fish monitoring will continue following plant startup. 

be significant adverse effects due to plant operation, corrective action 

will be taken. 

The resulting impact of the projected larval fish 

The magnitude 

Should there 

(2) Plankton entrainment - Phytoplankton 
and zooplankton passing through the cooling water system should for 

the most part sumrive for a large portion of the year since the lethal 

temperature limits for plankton are higher than for larval fish. Esti- 

mates of total daily quantities (by weight) were made for the various 

tower operational modes based on concentrations indicated in quarterly 

samples taken in January, April, July, and October of calendar years 

1969-71, estimates of the withdrawal volumes of the various modes, and 

the assumptions of uniform draw by the intake and uniformity of sample 

distributions in horizontal and vertical cross sections. 

estimates of maximum phytoplankton standing crop were made by converting 

the chlorophyll - a content to equivalent biomass. 

Additionally, 

Plankton entrainment estimates are 

summarized as follows: 



Cobling System 
Operational Mode 

open 
(on river) 

helper 
(on river 
plus towers) 

closed 
(on towers) 
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Phytoplankton ZooF-snkton 
Season (pounds/day) (pounds/day ) 
winter 61,200 2,980 
spring 65,600 819 
summer 81,000 2,820 
f a l l  35,900 3,340 
winter 51,000 2,480 
spring 54,700 682 
summer 67,500 2,350 
f a l l  29,940 2,790 
winter 3,050 149 
spring 3,270 41 
summer 4,040 141 
f a l l  1,790 167 

Based on t h e  expected amount of operation of 

the cooling towers i n  each mode, t o t a l  estimated annual losses  of phyto- 

plankton a re  4,182 tons;  no estimate i s  available fo r  zooplankton losses.  

The inherent weaknesses i n  t he  estimates 

of plankton amounts a r e  as follows: 

1. The samples are "grab" samples tha t  are not actual ly  repl icated 

at a point,  only across a river t ransect .  

Phytoplankton c e l l  numbers may double i n  as short  an i n t e rva l  

as one day. 

Zooplankton standing crop is  estimated with day samples. 

Zooplankton standing crop may change d ras t i ca l ly  within as 

short  an in te rva l  as one week. 

Communities of genera are measured and described-not species 

populations and/or size and age groups within species populations. 

Only ind i rec t  biomass estimated have been made t o  date. 

Seasonal t rends develop within phytoplankton stocks as t h e  result 

of changing solar energy values. 

would underestimate these trends during the winter and spring 

quarters and overestimate i n  t h e  f a l l  quarter since samples 

2. 

3. 

4. 

5. 

6. 

7.  

The present monitoring program 
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that present i n  the river below the Browns Ferry Nuclear Plant. 

A conservative estimate of the human population drinking ground water 

within 500 feet o f t h e  river is  7,300 persons between Browns Ferry 

and Piclrwick Landing Dam. 

(thyroid) for an ~nnual release of 1.0 C i  in the l iquid effluent is: 

The maximum population dose commitment 

4 (7,300) (0.05 x 6.0 x 10 ) = 2.2 x 

man =/yr man-rem/yr 

Population dose coamnitments for the liquid radwaste alternatives are 

obtained by multiplying 2.2 x 

for the respective cases. 

multiplying 3 x 10-7 rem/yr by the same factors. 

man-rem/yr by 43.4, 5.42, and 0.434 

Ladividual dose comnitments are obtained by 

(2) Plants and animals - Calculations 

of doses t o  aquatic plants anl animals living in  the Tennessee River 

near the Browns Brry Nuclear Plant are described in Appendix 11. 

The maximum dose rate t o  any species i s  calculated t o  be 4.7 x loo3 
rad/yr for an annual release of 1.0 C i .  

water within 500 feet of the Tennessee River contains a ma;ru'mum of 5 

percent of the radioactivity concentration present i n  the river below 

the Browns ,&my Nuclear Plant. Therefore, doses t o  plants and animals 

resulting from the radioactivity concentration in the ground water 

are expected t o  be very s m a l l .  

It is assumed that gra~nd 

11. Foggingandicimg- 

(1) Effects on local ground transportation - 
The analysis of effects on local ground transportation of fogging and 

i c ing  o f t h e  heat dissipation alternatives i s  based on the procedural 

methods described in  section 3.4 of Volume 3. As indicated in the same 
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volume, natural draft cooling towers and cooling ponds are not 

expected t o  have m y  effect on ground transportation. 

showed that spray canal pbunes could affect ground transporation 385 

hours per year. 

ground transportation 4-45 hours per year. Combined cycle mechanical 

draft, cooling towers could aflect ground transportation 80 hours per 

ye-. 

The analysis 

Closed cycle mechanical draf't towers could affect 

(2) Effects on a i r  transportation - 
Analysis of Pasadise power plant natural draft cooling tawer plume 

behavior as described in section 3.4.3 of Volume 3 shows that the maxi- 

mum extent of plumes or fogs f'rcxn any of the six alternative cooling 

systems is about 5 miles. 

miles east-southeast of the Browns Ferry site,  no interference with 

connnercial airport operation is anticipated. 

Since the nearest airport  i s  located 11 

(3) Local Effects on water transportation - 
The effects of river fogging (steam fogging) from di-er releases 

were evaluated by relating dry bulb temperature, relative humidity, 

wind speed and water temperature t o  predict the frequency of occurrence 

of river fogging capable of affecting traffic.  Analyses of the effects 

of mechanical draft towers and spray c m a b  on river fogging are 

based on the procedural methods described in Section 3.4 of Volume 3. 

These analyses showed that river t raff ic  could be affected 147 hours 

per year by fogging induced by use of the diffusers alone and 107 

hours when operating combined cycle. 

river traffic 500 hours per year. 

cooling towers could interfere with river t raff ic  610 hours per year, 

and combined cycle mechanical draft towers could affect river traffic 

110 hours per year. 

Spray canals could affect 

Closed cycle mechanical draft 
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(4) Effects on plants - Vegetation should 
not be damaged by fogs or plumes generated by any of the alternative 

cooling systems because daily exposure to excessive moisture should be 

of short duration (5 hours or less for a l l  six alternative schemes) 

and should occur most frequently during predawn and postdawn hours, 

periods when vegetation is normally exposed to naturally occurring 

high relative humidities and dew. 

12. Raising or lowering of ground water levels - 
Water withdrawals for the Browns Ferry plant should have no effect on 

local ground water levels since Wheeler Reservoir water lwels are 

maintained according to TVA's reservoir operating guides. Normal 

fluctuations in water levels in the reservoir are fram elevation 550 

in winter to elevation 556 in late spring. 

13. Ambient noise - Ambient noise levels due to 
operation of the  Bruwns Ferry plant w i l l  be attributable to operation 

of the mechanical draft, cooling towers. Noise levels f'rom the towers 

are discussed in Section 2.6, Heat Dissipation. 

plant is essentially noiseless at the site bourdary except for very 

infrequent operation of the air blast circuit breakers. 

Operation of the base 

14. Aesthetics - Aesthetics cannot be quantified. 
The design ofthe Browns Ferry Nuclear Plant has as one objective the 

creation of harmony between plsst and environment. The architectural 

design and site development should provide an aesthetically pleasing 

appearance and mitigate the transition in land use of the project area 

fram agricultural to industrial. 

cooling towers w i l l ,  to a certain extent, be an expense to the project 

aesthetics and surrounding environment, but careful design should make 

these Cool- t W r S  visually acceptable. 

The addition of mechsnical draft 
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15. Permanent residuals of construction ac t iv i ty  - 
Individual subtopics are discussed below. 

(1) Accessibility of h i s tor ica l  sites - 
No histor ical  sites are affected by the plant or i ts  transmission 

system additions. 

( 2  ) Accessibility of archaeological 

- s i t e s  - No areas of known archaeological significance are affected by 

t h e  plant or i ts  transmission system additions. 

(3) Setting of h i s tor ica l  sites - Plant 

construction has not modified the local  landscape at any h is tor ica l  

s i te  since none were effected. 

(4) Land use - Si t e  land requirements 

are about 840 acres for  t he  base plant. Alternatives for  heat dissipa- 

t ion  have the following land requirements: 

Heat Dissipation p u t  Land Area mew Land Area 
Alternative Required (acres ) Required (acres ) 

0 Diff’user - 
Mechanical draft 

N a t u r a l  draft 

Spray canal 

cooling t owers 250 0 

cooling towers 70 0 

Cooling lake us* 10,000 
us* 350 

The additional land required for  e i ther  

spray canal or cooling lake would have had t o  be converted from farming 

or mral use t o  power plant use. 

*Bwludes sane reservoir shoreline area. 
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( 5 )  Property - 
(a)  Impact of the plant si te 

on property values - Browns Ferry Nuclear Plant s i t e  was acq-uired by 

TVA i n  December 1967 and construction began i n  1968. 

any impact of t h e  plant on land values in the  proximity should be evi- 

dent by now. 

TVA investigated all real estate transactions occurring within a 5-mile 

radius of the plant s i t e  since 1965. I n  addition, information concern- 

ing 152 transactions occurring since 1962 within Limestone County as a 

whole have been analyzed t o  develop reference-point data. 

Consequently, 

To asaertain the  effects  on property values i n  the  area 

Since 1965 

some 60 real estate transactions have taken place within t h e  5-mile 

zone. 

den t i a l  homesites near Athens, Alabama; and 15 are sales of farm properties. 

Twenty of these are residential Lakefront l o t s ;  25 are rural resi- 

The 20 residential lakefront 

lots investigated haw r i sen  i n  price f r o m  $2,500 i n  1965 t o  $3,500 

i n  1972, an increase of approximately 5.7 percent per year. 

of rura l  residential properties 3 t o  5 miles away from the  plant range 

from $200 t o  $3,150, depending primarily on location relative t o  

Athens, Alabama, and the kind of road f’rontage serving the  property. 

The prices 

The 15 farm property sales within 

the 5-mile zone have s o i l s  equal t o  or better than the  county average. 

Almost all the  land is =ow cropped and has a cotton allotment. In  the  

impact study zone the farmland prices average $472 an acre w i t h  a median 

value of $489 an acre. 

$417 an acre with a median value of $381 an acre. 

land near t h e  plant s i te  is  i n  large holdings, and m ~ n y  owners believe 

Elsewhere throughout t he  country farmland averages 

Most of t h e  agricul tural  

I 



tha t  the future highest and best use of t h e i r  land w i l l  be industr ia l ,  

although no pending location by industly is  now known or  contemplated. 

Investigations revealed no 

adverse effect  on r e a l  es ta te  values within 5 miles of the  Browns Ferry 

Nuclear Plant site. Sale prices fo r  farmland and rural res ident ia l  

properties equal o r  exceed prices of comparable properties i n  other 

areas of Limestone County. Lakefront subdivision lots i n  the  5-mile 

zone apparently are not as desirable as those downstream on the Elk 

River embayment, and any difference i n  value i s  at t r ibutable  t o  such 

factors as s i l t  problems, prevailing winds, dock damage on the  main 

channel, and poor road access. 

show any discernable effect, either adverse or  otherwise, a t t r ibutable  

t o  proximity t o  the  nuclear plant site. 

In no event d i d  the  investigations 

(b) Impact of transmission 

l ines  on property values - A l l  transmission l i nes  required for  the  

Browns Ferry Nuclear Plant have been completed. 

t ion began i n  1963 and extended through 1967. 

i n  t h e  vicini ty  of Decatur, Alabama, most of t he  property traversed by 

the Browns Ferry transmission l i n e  system is farmland and low-density 

rural resident ia l  property. 

Right of way acquisi- 

Except for a corridor 

Recent investigations by TVA 

revealed no discernable loss i n  value attributable t o  the transmission 

l ines  outside the  right of way proper. 

occurs within the right of way where buildings are prohibited. 

t igat ions i n  other agr icul tural ,  res ident ia l ,  and indus t r ia l  areas 

throughout the "VA power service area show similar land value behavior 

The only measurable damage 

Inves- 



8.2-16 

character is t ics ,  and TVA ant ic ipa tes  no adverse e f fec ts  by transmission 

l i n e s  on lands i n  t he  Browns Ferry Nuclear Plant s i t e  area. TVA can 

f ind  no evidence tha t  t h e  presence of the  transmission l i n e  system 

will inh ib i t  orderly land development i n  t h e  area and normal t r ans i t i on  

from agr icu l tura l  use t o  r e s iden t i a l ,  commercial, and indus t r i a l  use 

should future  demands require  such t rans i t ion .  

(6)  Flood control - The Browns Ferry 

project has no implication for  flood control. 

(7)  Erosion control - The average 

amount of s o i l  displaced by erosion due t o  construction a c t i v i t i e s  at  

t h e  Browns Ferry s i t e  i s  estimated t o  be 10,000 tons per  year through- 

out the construction period. This estimate includes t h e  e f f ec t s  of 

d i rec t  erosion of  cleared land and a lso  the  displacement of dredge 

material i n  Wheeler Reservoir. Before the  decision t o  add cooling 

towers at Browns Ferry, t h i s  estimate w a s  only s l i gh t ly  less: 

tons per year. 

be expected t o  contribute a p p r o x h a t e l y t h e  same quant i t ies  of land 

erosion as t h e  construction of mechanical draft cooling towers with the 

exception of a spray canal or a cooling lake. 

made for these,  but la rger  erosion rates would be expected. 

9,875 

Additions of other  a l te rna t ive  cooling f a c i l i t i e s  could 

No exact estimates were 

16. Transportation - Browns Ferry w i l l  receive 

18 truck shipments of  new fuel in a normal year;  32 ra i l  shipments of 

spent fuel will be made i n  a normal year; and about 53 shipuents of 

radioactive waste w i l l  be made i n  a normal year. 

deliveries of fie1 o i l  rurd chemicals will require receiving 

about 300 tank-truck shipmnts in a normal Year. The 

In  addi t ion,  
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environmental review has demonstrated t h a t  the transportation shipments 

t o  and f romthe  plant considering normal and accident conditions can be 

eccwrplished with a mi.nlmum impact. 

17. Accidents - A spectrum of postulated accidents 

ranging i n  severi ty  A.om trivial t o  very serious have been divided i n t o  

9 classes by AEC. This characterization of accident by c la s s i f i ca t ions  

brackets t h e  qua l i ta t ive  assessment of environmental costs  and aids 

the development of t h e  overal l  balancing of environmental costs  and 

benefits. Table 2.3-2 of section 2.3 i n  t h i s  volume gives a summary 

of the radiological consequences of t h e  postulated accidents. This 

environmental r i s k  f o r  t h e  range of postulated accidents considering 

the probabi l i ty  of occurrence indicates that the  annual po ten t i a l  

exposure t o  the population frosl all postulated accidents i s  a very 

smaU f rac t ion  of the  exposure of the  same population fram natural 

background radiat ion and, i n  f a c t ,  is w e l l  within naturally occurring 

var ia t ions inbackground radiation levels. 



Table 8.2-1 

RRms QCRRY mLEAR PLMg 
GENERATING AND ENVIRONME3lTAJ, COSTS 

1 2 3 4 Alternative (Definedat end of table)- 

1. Heat Discharge t o  Water 1.1 Cooling capacity - Btu/hr 2. 44x1OlO 10 open 
M Y  heat rejection 2. 44X1O1O 3. 6dO8 2. 44X1010 1.36xlg helper 

4.5x10 closed 
acre-feet water 
agected 165 55 165 165 helper 

55 closed (5 F isotherm) 

165 open 

1.2 Aquatic biota - within 
affected area see text 

1.3 Migratory fish no barrier no barrier no barrier no barrier 

2. Effect8 on Water Body 2.1 Primary producers and varies 
of Intake Structure and consumers seasonally - 
Condenser Cooling Systems see text 

2.2 Fisheries - larval 12.5xI.O 9 open 
10. 5x108 9 helper 

91-day sample period 12. 5X1O9 6.5~10 1.2. %09 6.5~10 closed 
fish mortality during 0 

3. Chemical Discharge t o  
Water Body 3.1 People - dilution volume 

t o  meet standards 0 0 0 0 

3.2 Aquatic biota - affected 
Popul a t  ion 0 0 0 0 

3.3 Water quality - chemical 
dilution volume required 
t o  meet s t a n d a s  0 0 0 0 



Table 8.2-1 (contd. ) 

AlternatIVe (Deflnedat end of table) 1 2 3 4 

Generating Coats - ~haueands of Dollars 1,056,%3 1,118,054 1,068,554 l,lll ,454 

4. consumption of Water 4.1 People - =re-feet of 110 open 
water evaporated 110 220 U O  220 helper 
per day 220 cloaed 

4.2 Property - affect8 on 
irrigation supplies none none none none 

5. Chemical Discharge t o  5.1 A i r  quality - chemical - 
Ambient A i r  highest percentage of 

standard 0.6% 0.6% 0.68% 0.6M 

5.2 A i r  Quality - odor none none none none 

6. S a l t s  Discharged Froan 6.1 people - gal/= of 
B o o l i n g  Towers affected water 0 0 0 0 

6.2 Plants affected none none none none 

7. Chemical Contamination 7.1 People - gallons of water 
of Ground Water contaminated 0 0 0 0 

7.2 Plant8 affected none none none none 

8. Radionuclides Diecharged 8.1 Peuple - rem/yr 2x10-6 2x10-8 2X10-8 
t o  Water Body External contact man-rem/yr 5x10'3 5x10'5 5x10-~ 

8.2 People - ingestion rem/yr ~ ( 7 3  l~lo-5 MO-5 m o - 5  
man-rem/yr 80 0.8 0.8 0.8 



Table 8.2-1 (contd. ) 

m m  FERRY NUCLFIAR P r n  
GENERATING AND EWIRONMENTAL COSTS 

Alternative (Defined a t  end of table). 1 2 3 4 

Generat- Costs - Thousands of Dollars 1 , 0% , 863 1,118,054 1 , 068,s 5 4 1,111 , 454 
-4 

8.3 primary consumers rad/yr 2x10-2 = o - ~  2x10 

8.4 Fish rad/yr 5~l.O'~ 5 f i 0 ' ~  5XK4 g ~ l o ' ~  

9. Ftadiormclides Discharged 9.1 people - 
t o  Ambient A i r  External 

0.170 5x1~-4 

890 890 1.6 23 (x, 
man-rem/yr . 

N 
I 

~ I O - ~  1.8~10-~ 1.8~10-~ Iu 0 9.2 People - ingestion re yr 2X10m4 
0.79 0.73 0.73 man-rem yr 0.79 

9.3 Plant8 &nd h h d S  

0.170 W O ' ~  1.6~10'~ - rad/yr 0 170 

10. Radionuclide CoIltemina- 
t ion of Ground Water 10.1 People - r../y. ~ I O - 5  l ~ l o - 7  MO-7 1x10-7 

man-rem/yr 0.1 WO-3 -10-3 MO-3 

10.2 Plants and animals see text 

11. Fogging and ICW ll.l Ground transportation 0 445 0 80 

ll.2 Air transportation 0 0 0 0 

11.3 Water transporation 147 610 147 217 

11.4 manta 0 0 0 0 

Houre/Year 



Table 8.2-1 (contd.) 

Alternative (Definedat end of table) 1 2 3 4 

Generating Coats - Thoueande of Dollars 1,056,863 1,118,054 1.068.554 1,111,454 

12.1 People - 
at&. Water affected 0 0 0 0 

12.2 Plant8 - acres affected 0 0 0 0 

13. Ambient Noiee 13.1 People see text 

14. Aesthetics 14.1 Appearance see text 

15. Permanent Reeiduale of 15.1 Acceeslbility of hietorical 
03 
Iu 

Construction Activity eitee see text 

15.2 Acceesibility of archeolo- I 

see text r" glcal eltee 

15.3 Setting of historical 
eitee see text 

15.4 Iand uee see text 

15.5 Property Bee text 

15.6 nood control none none none none 

15.7 Eroaion control tone/year 9,875 10,OOO 9,875 10,m 

16. Transportation 16.1 Transport of radioactive 
mat er i  a1 see text 

17. Accidents 17.1 Radiological effects see text 
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Table 8.2-1 (contd.) 

BROWNS FEFtRY mu- PLANT 
GENERATING AND ENVIRONMENTAL COSTS 

Alternatives have the following subsystems: 

Alternative 

E w e  plant 

Minimum water 
imF=t - land/ . .  
air impact 

Plant license 
request 

Heat Dissipation 
ssrstem 

~ 

difYuser 

mechanical draft 
t Owers --closed 
cycle only 

dif’f’user 

mechanical draft 
cooling towers- 
combined cycle 

Gaseous * 
Radwaste 

30-nimrte 
holdup 

30-minute 
holdup 

ORGDP or 
cryogenic 

hydlrog- 
recombiners 
and 6 C h a r -  
coal beds 

Liquid 
Radwaste 

filtration and 
demineralization 

base plant and 
evaporation 

base plant and 
evaporation 

base plant and 
evaporation 

*Base plant 30-minute holdup included in a l l  alternatives. 
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Table 8.2-2 

BROWNS FERRY NUCLEAR PLANT 

ALTERNATIVES FOR LIQUID RADWASTE SYSTEM 

COSTS WHICH VARY FROM BASE PLANT 

Filtration 
Alternative Liquid Filtration and Additional Demineralization, 
Radwaste System Demineralization Demineralization and Evaporation 

Incremental Generating 
Cost (thousands of 
dollars ) base 5,711 1,991 

Dosage Rates to People 
due to Radionuclides 
Discharged to Water 
Body - External Contact 

(r=/yr) 
(man-rem/yr 1 

2 x 
5 

Dosage Rates to People 
due to Ingestion 

(rem/yr 1 1 
(--rem/yr) 80 

Dosage Rate to Primary 
Consumers (rad/yr) 2 x lo-* 

Dosage Rate to Fish 
(rad/yr 5 x 

Dosage Rates to People 
due to Radionuclide 
Contamination of 
Ground Water 

(rem/yr 1 
(man-rem/yr 1 

1 10-5 
0.1 

3 x 10:; 
6 x 10 

1 
10 

-6 2 x 
1 x 10 

2 x 
5 10-5 

1 10-5 
0.8 

5 x 10 -4 
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Table 8.2-3 

BROWNS F m Y  NUCLEAR pI;ANT 

ALTERNATIVES FOR GASEOUS WWASTE SYSTEM 

COSTS WRICH VARY FROM BASE PLAmT 

2 I 

I 
Hydrogen 

A l w t i v e  Recmbiner Recombiner 
G a S W  30- and six and Twelve Radwaste Minute Hjrdrogen cha;rcoa3 Beds chaxcoal Beds ORGDP cryo- 
Svstem Holdup Recombiners per unit per unit Systems genic 

Incremental 
Generating 
cost 
(thousands 
of dollars) base 6 Y O  
Dosage Rates 
t o  People 
f'rom Exter- 
nal Contact 

rem/yr 0.170 1.61clO'~ 
--rem/yr 890 260 

Dosage Rates 
t o  People 
f h m  Inges- 
t ion 

rem/yr 2 ~ 1 0 ~  1.8~10-4 
msn-rem/yr 0.79 0.73 

Dosage Rate 
t o  Plants and 
Animals 

M / Y r  0,170 1 . 6 ~ l O ' ~  

10 500 

Not 
E s t i -  
mated 9,700 

-4 
1.6x10-~ 6IclOA 5x10 5x10'~ 

23 6.8 1.6 1.6 c 



Table 8.2-4 

BROWNS FERRY NVCLEAR PLANT 
ALTERNATIVES FOR HEnT DISSIPATION SYSTEM 

COSTS WHICH VARY FROM BASE PLANT 

Alternative Mechanical Mechanical Natursl D r a f t  
Heat Dissipation Draft Tawere D r a f t  Towers Cooling 

System Canbined Cycle Closed Cycle Towers Diffusers Spray C a n a l  Cooling Pond 

Estimated Incremental 

(Thousands of Dollars) 

Reservoir Heat Affected 

Generating Cost 43,600 59 y 200 

165 - open 
Volume (acre-feet/rnode) 165 - helper 55 

Reservoir Heat Input 
( B tu/hr -mode ) 

Larval Fish Mortality l2.5xlO; - open 
due t o  Condenser Passage l0.5xlO8 
(fish-mode) 6.5fi0 - closed 

55 - closed 

8 2.~rxlol0 - open 
1.36xlr - helper 4.5xJ.O 
4.5xlO - closed 

8 - helper 6.5~10 

Water Consumed 
(acre-feet/day 1 140 

Transportation Affected 
(hr/yr) Ground - 80 

Water - 217 

Additional Land 
Required (acres) 0 

220 

445 
610 

0 

Erosion (T/yr)  loyoOo 10,Ooo 

54 Y 2 m  Base None 
made 

None 
made 

165 - open 165 - open 165 - open 
165 - helper 165 

55 - closed 55 - closed 55 - closed 

2.44X1d.O - open 2.44~1010 - open 2.44~ld.O - open 
1 . 3 6 f l p  - helper 2.44X1010 
4.5xlO - closed 4.5fi0 

9 

6.5X10 - closed 6. 5X108 

l2.5X10 9 
9 12.5x10g - open 

10.5x108 - helper l2.5xlO 

140 U O  140 

0 
0 

0 0 350 

1 0 , m  9,875 > 1 0 , m  

a3 . - closed 4.5xl08 - closed Iu 

9 u 
I 
Iu - open 12.5X10 - open 

8 - closed 6 . 5 ~ ~  - closed 

140 

0 
0 

10,Ooo 

> 10,000 

* For closed-cycle operation, $67,600 thousand. 
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native Subsystems - Tables 8.2-2, 8.2-3, and 8.2-4 present the economic 

costs and environmental impacts for  the  alternative subsystems evalu- 

ated fo r  l iquid radwaste, gaseous radwaste, and heat dissipation res- 

Environmental Cost-Benefit WeighinR and BalanCinK of A l t e r -  

I 
pectively. 

and benefits  associated w i t h  each of these subsystems. 

This section presents weighing and balancing of t h e  costs 

1. Liquid  radwaste system - As discussed i n  

section 3.1 of Volume 3, the l iquid radwaste system as originally 

designed would have resulted i n  releases of approximately 40 curies 

per year of radioactivity (exclusive of tritium) in to  Wheeler Reservoir. 

Two alternatives were considered for  reducing these releases: 

modify the operation of t he  l iqu id  radwaste treatment system t o  demin- 

eralize low conductivity l i q u i d  from the  f loor  drain, o r  (2) i n s t a l l  

an evaporator t o  treat the  l iquid radwaste. 

mated t o  have an instal la t ion cost of $1,000,000 wi th  an annual operat- 

ing cost of $85,000 fo r  a t o t a l  cost of $1,991,000. 

of the floor drains was estimated t o  cost $490,000 annually for a t o t a l  

cost of $5,711,000. As indicated i n  %ble 8.2-2, ins ta l la t ion  of the 

evaporator shows an economic advatage of $3.7 million and results i n  

ad additional reduction factor over the demineralization of floor drain 

alternative.  

along with its associated buildings and equipment should be installed.  

TVA considers t h a t  there are no other  feasible alternatives which would 

further reduce the l iquid radioactive discharges. 

for treatment of radioactive liquids yields a very low (0.00005 mrem) 

annual t o t a l  body dose t o  any individual which is  0.001 percent 

(1) 

The evaporator was esti- 

DePlinerslization 

Based on t h i s  analysis TVA has concluded that an evaporator 

The system chosen 



of the numerical guidancf ..slue provided by the - zoposed Appendix I 

t o  10 CFR Part 50. The ~zzinura annual dose t o  any body organ i s  only I c 
I 0.01 mrem which i s  0.2 percent of the numerical guidance value provided 

by the proposed Apendix I. 

2. Gaseous r a d w t e  system - As discussed in 

section 3.1 of Volume 3, the gaseous radwaste system as or iginal ly  

designed included 3O-minute holdup and elevated stack release. Four 

I 
- 4  
R alternative ways t o  reduce radioactive gaseous discharges at Browns 

Ferry were evaluated. These included: 

1. m o g e n  recombiners 

2. Hydrogen recambiners and charcoal absorber 

3. m e n  recmbiners and absorption by solvent (ORGDP system) -m 
i 
I 
I 
1 
I 
1 
1 
1 
P 

40 Hydrogen recambiners and cryogem ' c  disti l lat ion 

Table 8.2-3 presents an evaluation of hydrogen 

reconibiners and hydrogen recombiners augmented w i t h  either 6 or 12  

charcoal beds per unit, ORGDP system, or cryogenic distillation. 

As shown in  table 8.2-3, the original system 

(30 mimte holdup) assuming 8 release rate of lOO,OOOpCi / s  per un i t  

resulted in a 170 mrem dose t o  people f r o m  external contact. 

addition of hydrogen recombiners at 811 investment of $6 million resulted 

i n  reducing this dose fram 170 mraa t o  16 mrem for a reduction of 

The 

1% men. The augnenting of the bydrogen recdbiners with 6 charcoal 

beds per unit at an incremental cost of $3 million (total  cost of 

$9 million) resulted in a -her reduction of 14.4 mrem t o  1.6 mrem 

per year. 

beds t o  include a t o t a l  of 12 charcoal beds at an incremental cost of 

Further augmentation of the m e n  recombiner and 6 charcoal 

$1.5 million (total  cost of $10.5 million) resulted in a Auether 

i reduction of only 1 mrap t o  0.6 mzwn per year. 
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Both the OFGDP system and cryogenic system 

offered the potential for reducing the dose t o  people from external 

contact t o  a level of 0.5 mrem per year. A cost estimate was not 

developed for  the ORGDP system; however, indications were that it 

would be considerably less -ive than the other alternatives 

being considered. 

million. 

and reliability in wcleax plant service. 

date with the ORGDP system has been w i t h  bench and pilot  size systems. 

The cryogenic disti l lat ion system, while proven for industrial 

applications, is a camplex system compared t o  charcoal absorption 

SYstePls and could experience operating problems end presents the potential 

for accidental release of concentrated waste t o  the environment. 

The cryogenic system was estimated t o  cost $9.7 

Neither of these systems have demonstrated performance 

The only experience t o  

Based this - i s ,  W A  has concluded that 

the recombiner Snd six-charcosl bed (per unit) alternative L i c h  results in a 

dose reduction of 148.4 mrem per year t o  1.6 mrem per year, represents 

the best balance of ecoxmnic cost, reduction in environmental fmpact, 

and feasibility. TVA believes the benefits t o  be gained by M e r  

reducing the radioactive gaseous releases are not commenmarate 

w i t h  the cost associated with the reduction. The proposed system 

results in a "fence post dose" of 1.6 mrem. This  very low "fence 

post dose" is l6 percent of the numerical guidance provided by the 

proposed Appeadix I. 

(about 1 percent) of the n&urally occuring bsckgrauaa dose. 

It also represents a vely small percentage 

3. Heat dissipation - The original plant design 

called for condenser waste heat dissipation by means of diffusers on 
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the bottom of Wheeler Reservoir. The or ig ina l  method was designed t o  

permit a maximrrm 10% temperature rise which  was the pruposed Alabama 

thermal water quality cr i ter ia  at  the time of in i t i a l  plant planning. 

A recent change i n  the proposed Alabama thermal mi te r ia  l imi t in@;  the 

temperature r ise  to  a maximum of 5% concurrent with the environmental 

review of Browns Ferry, prompted TVA t o  give further consideration t o  

alternative methods of heat dissipation. The alternatives considered 

were mechanical. and natural draft cooling towers, a spray cenal, and a 

cooling lake. Details on these alternatives, including cost estimates, 

when deemed feasible, are given in Volume 3, section 3.4. 

Analyses were performed using t f E  following factors as 

a basis: 

The analyses were car r ied to  the extent required t o  determine the acceptability 

of each alternative when considering these factors. 

feasibility, environmental considerations, and economic considerations. 

This resulted in a 

complete analysis of only the cooling tuwer alternatives. 

Estimates of envirozxnental impacts were made as discussed 

above i n  section 8.2. The results are summarized i n  Table 8.2-4. 

The spray c a d  alternative would require a cooling 

canal approximately 5 miles i n  total  Length and 200 feet wide with 700 

spray modules and would require the purchase of an additional 350 acres of 

land. 

reductions i n  environmental inpacts that could not be accomplished with the 

cooling tower alternatives. Due to the limited operating eeerience with 

spray canals and the absence of aay installations with a heat rejection of 

the magnitude of Browns Ferry, the spray cand was not considered a feasible 

The analysis of the spray canal alternative showed no significant 

alternative for th i s  plant. 
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The cooling lake alternative would require a lake of 

approximately 5,000 acres and the purchase of an additional 10,000 acres 

of land. 

impoundment of a reservoir of this size would require many miles of canals 

and high dikes and would have resulted i n  a reservoir level 50-100 feet  

above the existing reservoir. 

i s  not a feasible alternative for this plant. 

Due t o  the unfavorable topography a t  the Browns Ferry s i t e ,  

Thus, it was concluded that a cooling lake 

A comparison of the mechanical and natural draft cooling 

tower alternatives was made in the same operating mode. 

disadvantages of the inechanical &af% cooling towers when campared 

t o  natural draf't cooling towers are the possible higher Frequency 

f o r  fogging aad icing and higher noise levels. 

mechanical draft; cooling towers showed an economic advestage of $10.6 

million and required approximately t w o  years less t o  construct. 

first set of mechanical draft towers can be in operation prior t o  

cammercial operation of Browns Ferry Ut 3. 

of the' feasibility considerations (including short construction time), 

emironmental considerations and econamic costs, TVA has concluded that 

the mechanical draf% cooling towers offer the best balance of these 

factors for  providing auxiliary cooling for the Browns Ferry 

plant . 

The principal 

However, the 

The 

Based on the analysis 

The mechanical d r a f t  cooling towers t o  be installed can 

aperate i n  the open, helper, or closed mode. 

presented i n  Table 8 - 2 4  is based on making plaximum use of the heat dissipation 

capability of the reservoir and reflects operation 7 percent o f t h e  time 

The conibined cycle information 

I 
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i n  the closed mode, 21 percent of the time in the helper mode, and 72 

percent of t h e  

tower closed cycle alternative, the cmibined cycle shows an economic 

advantage of $15.6 million. 

for  combined cycle operation, the only potentially significant impact 

i s  that  resulting from larval f i s h  mortality due t o  condenser passage. 

The signif’icaace of these larval f ish mortalities is  not known. Since 

the environmental costs of this impact cannot be determined a t  this  time, 

TVA plans t o  u t i l i ze  the c-ined cycle operating method due t o  the 

significant econmic advantage. 

operation during c r i t i ca l  periods should envlronmental monitoring indicate 

s i g n i f i c e  adverse effects OR fish populatioas in Wheeler Reservoir. 

ime i n  the open mode. When canpared t o  mechanical d r a f t  

While the environmental impacts are greater 

TVA has the capability t o  modify plant 
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9.0 CONCLUSION 

The Browns Ferry Nuclear Plant was i n i t i a t ed  before NEPA 

became effective, and the TVA Board of Directors has determined that 

it i s  not practicable t o  reassess the basic course of action i n  the 

6 ‘design and construction of t h i s  plant. 

impacts considered at the outset of the project have been reevaluated 

so as t o  minimize adverse consequences. For example, extended radwaste 

treatment, additional chemical treatment f a c i l i t i e s ,  and mechanical 

However, the environmental 

d raf t  cooling towers have been provided. 

The three-volume f i n a l  detailed environmental statement 

traces the environmental cmsidera t ims  and manner i n  which they were -- 

incorporated in to  TVA’s decision-making process. 

process has ident i f ied the principal ways i n  which the plant w i l l  in te r -  

act  with the environment as (1) minute additions of radioactivity t o  

the a i r  and water, (2) release of large quantit ies of heat t o  the 

environment, and (3)  change in  land use from farming t o  industr ia l .  

The addition of the BrDwns Ferry Nuclear Plant t o  the TVA 

In addition, t h i s  

system w i l l  enable TVA t o  continue t o  carry out i t s  responsibil i ty t o  

provide an ample supply of e l ec t r i c i ty  for the TVA region. 

weighing the environmental costs and the  technical, economic, environ- 

After 

mental, and other benefits  of the  project and adopting alternatives 

which affect  the  overal l  balance of costs and benefits  by lessening 

environmental impacts, TVA has concluded that the overall  benefits of 

the project far outweigh the monetary and environmental costs.  

It i s  concluded that the plant as now designed closely 

approaches a minimum impact plant and can be operated without significant 

r i s k  t o  the health and safety of the public. 
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APPENDIX I 

I 
I 
I 
t 
3 

RADIOLOGICAL IMPACT OF GASEOUS EFFLUENTS 

The following doses to humans living in the vicinity of the 

Browns Ferry Nuclear Plant (BFNP) are calculated fo r  routine releases 

of radioactive gases: 

1. external beta doses 

2. external gamma doses 

3. 

4. I thyroid doses due to inhalation of radioactive iodine 

thyroid doses due to reconcentration of radioactive iodine in 

m i l k  produced near the site. 

The doses which appear in the tables in this appendix are 

calculated assuming operation of three units w i t h  an average annual noble 

gas release rate of 100,OOO pCi/sec/unit (after 30 minutes decay). The 

basic assunptions and calculational methods used in cmputing the doses 

due to gaseous effluents are described in this section. 

Gaseous radionuclides will be released fram the Browns Ferry 

Nuclear Plant through the 600-foot plant stack and from vents on top of 

various plant buildings. In czlculating dawnwind, ground level air 

concentrations or radioactive gases frm stack releases, an elevated, 

point source dispersion equation is used (see equation 1). 
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To calculate downwtnd, ground Irwe- ,ir concentrations of 

radioactive gases resulting from releases fronbuilding vents, a ground 

level, volume source dispersion equation is used (see equation 2). The 

radioactive gases are a s m e d  to be caught in the turbulent wake down- 

wind of the building and mixed across the vertical building height. 

Building Release 

where 

xb = average annual, ground-level a-: concentration of a p a r t i c u l a r  

nuclide i n  sec to r  k a t  d i s t ance  s , ( C i / m 3 ) ,  

fijk = f r a c t i o n  of the  release period during which t h e  wind 

blows i n  d i r e c t i o n  k, with speed j ,  and atmospheric 

s t a b i l i t y  condition i, 

Q = release rate of nuc l ide ,  (Ci/sec),  

Oyim = hor i zon ta l  standard devia t ion  of t h e  plume f o r  s t a b i l i t y  

condition i a t  d is tance  %, (m), 

= vertical standard devia t ion  of t he  plume f o r  s t a b i l i t y  ‘Zim 

condition i a t  d is tance  5, (m), 

h j  = e f f e c t i v e  release height f o r  wind speed j , (m) ,  

cA = cor rec t ion  f a c t o r  t o  account f o r  i n i t i a l  mixing of t h e  

gases i n  the  turbulen t  wake of t h e  r e a c t o r  building,(m2), 

+ = downwind d i s t ance  a t  which air  concentration i s  calculated,(m),  

u = wind speed j , (m/sec) , 
j 



8 = sector  width, (radians),  

X = radioactive decay constant f o r  a pa r t  

(sec”) . 
cular nuc i d e ,  

These equations are used t o  predict the average annual ground 

level air concentration of the gases over the width of a 22.5’ sector. 

In e m t i o n  2, c is taken as 0.5 a n d A  is taken as the minimum cross 

sectional axea of the reactor building. 

For these analyses, and uZh, as measured by TVA,l axe 

used. The frequencies, fiSk, in equations 1 and 2 aze obtained by TVA 

meteorologists using meteorological data measured a t  the BFNP site. The 

data axe grouped fo r  three stability conditions (very stable, moderately 

stable, and unstable) and for six wind speed ra,ngq$-($?-3, 4-7,, 8-12, 13-18, 

19-24,z 25 q h ) .  

1. External beta doses - The individual beta doses 

are computed using an immersion dose m o d e l  described by the equation: 

D~ = 4.64 x l o9  EB X, 

where 

DB = external  beta  dose due t o  submersion i n  a cloud, (mrem/yr), 

4.64 x l o 9  = a constant used i n  calculat ing external be ta  dose, 

- 
EB = average be ta  energy of isotope being considered, (Mevrdis), 

x = average annual, ground l eve l  air concentration as calculated 

by equation 1 or 2, 
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In this equation, a geometry correction factor of 0.64 

is  included t o  account for  the semihemispherical cloud and a geanetry 

correction factor of 0.5 is  included t o  account f o r  self  shielding by 

the human body. 

The x used i n  equation 3 is the same as X- i n  equations 

1 and 2.  To obtain the t o t a l  beta dose derived from a mixture of several 

noble gases and radioiodines, equation 3 is  applied f o r  each isotcrpe, and 

the resulting doses are summed. The average beta energies for  the isotupes 

being considered are calculated fram information contained i n  the reference. 2 

I n  computing the t o t a l  population beta dose within 50 

miles of the B F P ,  the area is  divided into 16 directional sectors and U. 

concentric rings, i.e., the area within 50 miles of the plant is  divided 

into 176 Smau area elements. 

each element and multiplied by the nuuiber of persons residing i n  that 

element. A summation of the element dose multiplied by element population 

over all elenents gives the t o t a l  population dose within 50 miles of the 

plant. In  calculating the population dose, the projected population fo r  

the year 2010 is  used. 

li beta dose i s  computed at the center of 

For each source, the annual releases of the various 

isotapes considered in these analyses are given in Table 1, and the 

corresponding individual and papulation external beta doses are given 

i n  Table 2. 

2. External aamma doses - The elevated release, -- 

immersion dose approach grossly underestimates the external ground level  

gamma dose a t  daJnwind distances where the bulk of the radioactive plume 

is above the ground. I n  this situation, the immersion dose approach predicts 



a dose based on the very l a w  ground 1 vel a i r  concentration whj e the 

major contribution t o  the ground level gannna dose comes from the radioactive 

materials contained in  the overhezd plume. 

For a very stable akmospheric condition, the bulk, of 

a radioactive plume released from the 600-foot stack e,t BFIP w i l l  remain 

overhead for distances beyond the 5O-mile radius within which population 

doses w e  calculated. To adequately assess the ground level gvnma doses 

from an overhead plume, the plume nust be divided into a f i n i t e  number of 

volume elements (sources), and the dose contributions from a l l  volume 

elements t o  each point on the ground under consideration nust be calculated 

and summed. 

s i t e  boundary doses for  the BFLYP. 

not give a representative estimate of grmnd level  gamma doses at dcrwnwind 

distances beyond 10 miles frcxn the release point. 

for  both elevated and building releases were calculated using a "hybrid" 

computer model vhich executes the foUowing sequence: 

Such a model has been developed by TVA 3 for  use i n  computing 

This f i n i t e  volume element model does 

Ground level gamma doses 

1. A ground level gamma dose is  calculated at  1,200 m dotmwind f r o m  

the release point using the finite volume element gamm dose model 

for  an elevated or  a building release (whichever i s  appropriate). 

2. -4 pound level gamma dose is  calculated at 100,OOO m dmmwind from 

the release point using the building (ground level) release, immersion 

dose model. 

A log-log interpohtion is  performed between these t w o  end points 

t o  obtain ~aarmg. doses a t  intermediate points. 

3. 

The TVA f in i te  volume element m o d e l  is described i n  de ta i l  

i n  the references 394 and will not be discussed further i n  this appendix. The 

inrmersion dose m o d e l  used t o  compute the ground level gamma dose a t  100,000 m 

i s  given by equation 4. 
(4) D~ = 7.21 x 10% 

Y 
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where 

Dv = ex te rna l  gamma dose due t o  submersion i n  a cloud, (mrem/yr), 

7.21 x l o 9  = a constant used i n  ca l cu la t ing  ex te rna l  gamma dose, 
I \ 

- 
E = average gamma energy of i so tope  being considered, (Mev/dis), 

Y 
x = average annual, ground level a i r  concentration as ca lcu la ted  

by equation 1 o r  2, (Ci/m3). 

In th i s  equakion, a geanetry correction factor of 0.5 i s  

included t o  account for the semihemispherical cloud. 

at 100,ooO m is  obtained using equation 2. 

The a i r  concentration x 

Where several isotopes contribute t o  the external gamm,= 

dose, the dose due t o  each isotcrpe is  c q u t e d  and a summation (over all isotopes) 

is executed t o  obtain the t o t a l  external gamma dose. 

used in czlculating external ~anrma duses were oanq>uted A.am data contained in 

the reference. 

The average gamma energies 

2 

The t o t a l  population gamma dose within 50 miles of BFNP is  

calcula.ted using the method described for the papula.tion beta dose. 

individual and population e x t e n d  gamma doses, calculated far the releases 

sham in Tbble 1, are given in Table 2. 

The ammal 

3. ThW oid doses due to  iodine inhalation - The dose 

equation used in  calculating inhda t ion  doses for  routine releases of radioiodine 

fram BFmP is: 

( 5 )  D = 8.76 x l o 3  X(BR) (DCF) , 

where 

D = thyroid dose committed during release per iod ,  (mrem c o m i t t e d / y r ) ,  

8.76 x l o 3  = a constant represent ing  the  number of hours per  year,  



X = average annul,  ground level air concentration as calculated 

by equation 1 or 2, (Ci /m 3 ), 

BR = breathing rate for  person receiving dose, (m 3 /hr), 

DCF = dose commitment factor for iodine inhalation, (mrem/Ci inhaled). 

The Federal Radiation Council 5 recammended a one-year-old child 

as the c r i t i ca l  receptor for thyroid doses due t o  intake of radioiodine. 

I n  accordance with th i s  recommendation maximum individxal doses are cal- 

culated for  a one-year-old child. Population doses a re  calculated using 

adult parameters and the same method described for beta doses. 

The breathing rate used for a one-year-old child is 0.29 m 3 6  /hr 

and for an adult is 0.83 m 3 /he7 The inhalation dose commitment factors 

for the one-year-old child and for the ad-t are obtained for the five 

radioiodine isotapes considered using data from the reference. 8 

For each source, the annual radioiodine releases axe shown in 

Table 1, and the  calculated annual individual and population iodine 

inhalation doses are shown in Table 3. 

4. !cbyr oid doses due t o  iodine ingestion - The equation 

used in calculating the thyroid doses to a receptor due t o  iodine ingestion 

through the milk food chain is: 

D = t m o i d  dose camitted &ring release period, (=em 

ccnnmitted/yr) , 
3.15 x lo7 = a constant representing the nuuiber of seconds 
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x = average annual, ground level air concentration as calculated 

by equation 1 or 2, (Ci/m3), 

v = radioiodine deposition velocity, (m/sec) , 
g 

14 = empirically determined vdue of miUc concentration of 

radioiodine per unit deposition rate, 

CR = m i l k  consumption rate, (l/day), 

DCF = dose commitment factor for iodine ingestion, (mrem/Ci ingested). 

In calculating milk ingestion doses due to routine 

releases of radioiodine from BFNP, only 1-13 and 1-133 isotopes are 

considered. 

1-135) have short half lives (47 hours) and trill have essentially disappeared 

due to radioactive decay before significant reconcentration in the milk 

occurs. 

The other iodine isotopes listed in Table 1 (1-132, 1-134, and 

The one-year;old child is assumed to be the critical 

receptor in calculating the m a x h  dose to an individual drinking m i l k  

produced at the nearest dairy farm (2.6 miles SSW of the plant). 

doses to persons witkin 50 miles of the plant are calculated using adult 

parmeters. 

of the BFNP is consumed within the area. 

pastures during the entire year. 

v ’, doy mu, and DCF uy8 were taken From the references indicated. 

Population 

The assumption is made that all milk produced within 50 miles 

C a r s  m e  assumed to graze the 

The numerical values used for the parameters 

g 

The individual and population milk ingestion doses are 

reported in T&le 3. 

5 .  Maximum average annual radioiodine concentration - 
The maxhm average anrmal concentration of each radioiodine isotope released 

from the BFNP occurs in the l!lXW sector. 

the points at which they occur) are shown for each source in Table 4. 
concentrations are calculated using equations 1 and 2. 

These maximum concentrations (and 

These 

1 
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Table 1 

CAWTF.D ANNUAL GASEOUS RELEASES DURIm NORMAL OPERATION OF THREE UNITS WITH R E ~ S E S  

CONSIS- WITH A N0BI.X GAS RELEASE RATE OF 100,OOO pCi/sec/unit (after 30 minutes decay) 

Source of Release 

Routine Release Sources  _ _  A l t e r n a t e  Waste Treatment  Systems 
Waste Waste Waste 

Purgeb Pumpb BuildingC Beds Decay d Only 

Mechanical Treatment Treatment Treatment 
Turbine 6 Charcaal  30 Minutes Recombi ers 3 Containment Vacuum 

(El (B) (E) (El (El 
I s o t o p e  ( c i  / y r  ) (Ci/yr ) (Ci/yr)  (Ci /yr )  ( C i l y r  ) (Ci I y r  1 

1-131 
1-132 
1-133 
1-134 
1-135 

Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Kr-89 
X e - 1 3 l m  
Xe- 13 3m 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 

1. 
2. 
1. 

2.0 
4.0 
1 . 6  (+2) 5.8 (+3) 
2.0 (+1) 
6.5 (+1) 8.6 (+2) 

1.1 (-2) 6 .5  ( -3)g 
1 .0  (-1) 6.0 (-2)g 
7.5 (-2) 4 .5  (-2)g 
2.1 (-1) 1 .2  (-1)g 
1.1 (-1) 6.5 (-2)g 

9.3 (+2) 2.7 (+5) 
4.3 (+4) 5.3 (+5) 
1.9 (+3) 1.9 (+3) 
2.1 (+3) 1.4 (+6) 
3.2 (+4) 1 .7  (+6) 

9.2 (+2) 1 .4  (+3) 
2.8 (+3) 2.6 (+4) 
2.9 (+5) 7.8 (+5) 
2.5 (+3) 6.5 (+5) 
2 . 1  (+3) 2.1 (+6) 
1 . 4  (+4) 6.3 (+4) 
8.4 (+3) 2.0 (+6) 

2.2 (+4) 
1.9 (+5) 
1.9 (+3) 
4.2 (+4) 
3.2 (+5) 

1.4 (+3) 
2.5 (+4) 
7.5 (+5 )  
2.5 (+3) 
1 . 2  (+6) 
1 . 4  (+4) 
8.4 (+3) 

a .  (E) = s t a c k  release; (B) = b u i l d i n g  release 
b. Release taken  from t h e  Browns F e r r y  Nuclear  P l a n t  FSAR 
c.  Based on 100 g a l / d a y / u n i t  l eakage ,  a t o t a l  DF of 2 x lo ' ,  and no decay 
d.  Based on a i r  ejector flow ra te  of 18.5 scfm; i n c l u d e s  release due t o  gland seal leakage  
e. Assumes a DF of 1,000 for all isotopes; includes release of @and seal leakage 

g. Assumes a DF of 100 due to washout 
f. 1.8 x 10-2 

Waste 
Treatment  

1 2  Charcoal  
Bedsd 

(Ci/yr) 
(E 1 

3.4 (+2) 
9.9 (+3) 
1.9  (+3) 
1.9  (+3) 
4.7 (+3) 

6 . 1  (+2) 
3.4 (+2) 
1.1 (+5) 
2.5  (+3) 
2.1 (+3) 
1.4  (+4) 
8.4 (+3) 

Waste 
Treatment 

Gas Removal 
systems= 
(El 

( C i l y r )  

3.4 (+2) 
7.7 (+2) 
3.8 
1.9 (+3) 
2.2 (+3) 

2.8 
5 . 2  (+1) 
1 . 5  (+3) 
2.5 (+3) 
3.3 (+3) 
1.4  (+4) 
8 .4  (+3) 



T a b l e  2 

c w m  ANNUAL MTERNAL GAMMA AND BETA DOSES DURING NORMAL OPERATION CIF THREE UNITS 

WITH ~I,EASESC~XVSIS!CENT WITH A NOBLE (US RF,IEASE RATE CfF 100,OOO uCi/sec/unit (after 30 minutes decw) 

Source of Release 

Routine Release Sources  

Maximum I n d i v i d u a l  
Gamma Dose 

( m r  em) 

Maximum I n d i v i d u a l  
Beta Dose 

( m r e m )  

Tot  a1 P o p u l a t i o n  
Gamma Dose 

Within 50 miles 
(man-rem) 

T o t a l  Popula t ion  
Beta Dose 

Within 50 m i l e s  
(man-rem) 

a. 2 . 1  x 10'' 

Mechanical 
Containment Vacuum 

Purge Pump 

2.1 (-4Ia 2.2 (-3) 
(150%) (1509111) 

2.0 (-4) 4.5 (-3) 
(240Om) (24004 

5.3 (-3) 1.3 (-1) 

Turbine 
Bui ld ing  

4.0 (-5) 
(1509m) 

2.0 (-5) 
(1509111) 

1.6 (-4) 

7.9 (-5) 

Waste 
Treatment 
6 Charcoal 

Beds 

1.3 
(1509m) 

3.4 (-1) 
( 2 4 0 h )  

1.5 (+1) 

7.2  

Waste 
Treatment 
30 Minutes 

Decay 

1.5 (+2) 
(1509m) 

2.2 (+1) 
(240Om) 

6.7 (+2) 

2.2 (t21 

A l t e r n a t e  Waste Treatment  Systems 
Waste Waste Waste 

Treatment Treatment 
Recombiners 1 2  Charcoal  

Only Beds 

1 . 3  (+1) 4.9 (-1) 
(1509m) (1 509m) 

3.3 1.6 (-1) 
(2400111) ( 2 4 0 h )  

1 .9  (+2) 3.9 

7.1 (+1) 2.6 

Treatment 
Gas Removal 

Systems 

4 .1  (-1) 
(1509m) 

8.0 (-2) 
(240Om) 

9 . 5  (-1) 

3.6 (-1) 



Table 3 
CALCULATED ANNUAL, THYROID DOSES DUE TO IODINE INTAKE DURINQ NORMAL OPERATION OF THREE WITS 

WITH RELEASES C ~ I ~  WITH A NOBLE GAS RELEASE RATE OF 100.000 pCi/sec/unit ( a f t e r  30 minutes decay) 

Source of Release 
Routine Release Sources Alternate Waste Treatment Systems 

Waste Waste Waste Waste Waste 
Mechanical Treatment Treatment Treatment Treatment Treatment 

Containment Vacuum Turbine 6 Charcoal 30 Minutes Recombiners 1 2  Charcoal Gas Removal 
Purge Pmp Building Beds Decay Only Beds systems 

Iodine Inhalat ion 

Maximum Individual 
Thyroid Dose 

(mrem) 

Total  Population 
Thyroid Dose Within 

50 miles 
(man-r em) 

6.3 (-4)' - 3.9 (-2) c 1 . 2  (-3) - 
(2400111) (1509m) (2400111) 

9.7 (-3) - 1.0 (-1) - 1.0 ( - 2 )  - 

Iodine Injgestion v i a  Mi lk  

Maximum Individual 
Thyroid Dose a t  

Nearest Dairy Farm 3.3 (-2) - 1.5 (-1) - 1.3 (-2) - 
(mrem) (420Om) (420Om) (4200111) 

Total  Population 
Thyroid Dose 

(man-r em) 
W t h i n  50 miles 1.5 (-1) - 5.8 (-1) - 5.6 ( - 2 )  - 

a. 6.3 x lo-' 



Table 4 
CALCULATED MAXIMUM A."UAL IODINE COI'EE"J!RA!CIoNS DURING NOFMAL OPERATION QF TMIEE UNITS 

WITH RJWASES CONSISTENT WITH A NOBLF: GAS RELEASE RATE QF L00,OOO u C i / s e c / u n i t  (after 30 m i n u t e s  decay) 

Source of Release 
Routine Release Sources Alternate Waste Treatment Sys tems 

Waste Total, Waste Waste Waste Waste 
Mechanical Treatment A l l  Treatment Treatment Treatment Treatment 

Containment Vacuum Turbine 6 Charcoal Routine 30 Minutes Recombiners 1 2  Charcoal Gas Removal 
Sys tems Decay Only ee ds Purge Pump Building Beds Sources 

- - Max. Annual Conc. of 1.8 (-17)a - 2.3 (-16) - 2.4 (-16) 6.6 (-18) - 
1-131, pCi/cc ( 2 40Om) (1509m) (1509m) (2 400m) 

- M a x .  Annual Conc. of 2.0 (-18) - 1.9 (-15) - 1.9 (-15) 5.6 (-17) - - 
1-132, pCi/CC ( 2 400111) (150%) (1509m) (240Om) 

- - Max. Annual Conc. of 1.4 (-17) - 1.5 (-15) - 1.5 (-15) 4.5 (-17) - 
1-133, pCi/cc (24004 (150901) (1509m) (2400m) 

- - M a x .  Annual Conc. of - - 3.7 (-151 - 3.7 (-151 9.7 (-17) - 
1-134, p C i / c c  (1509m) (1509m) (2400119 

Max. Annual Conc. of - 
1-135, pCi/cc 

a.  1 .8  x lo-'' 

- 2.2 (-15) - 2.2 (-15) 6.4 (-17) 
(1509m) (1509m) (2400m) 

H 

k 
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AImNDIX I1 

RADIOLOGI(=AL IMPACT CIF L I Q U I D  EFFLUENTS 

The calculation of radiation doses t o  organisms that are exposed 

in a natural or incampletely controlled environment is a difficult task. 

Because of the complexity of biological ftmctions and the interrelationship 

between organisms and their emrironments, it is necessary t o  develop 

simplified dose models that caa predict the more hqortant characteristics 

of the system under analysis. 

that are descriptive of average behavior and average conditions of the 

ecosystems. 

variances of a system and while the results of an analysis may not be 

applicable t o  a l l  menibers of a population, assumptions are chosen so that 

the radiation doses are conservative, i.e., overestimated. 

assumptions are given in this appendix along w i t b  a brief outline of the 

models andmethods of calculation. 

It is  further necessary to  apply assumptions 

Whiie these models may be unable t o  follow the detailed 

Only the basic 

Doses are calculated for the radionuclides l i s ted  in Table 1 

which are expected t o  be released during normal operation of the Browns 

Ferry plant. For Convenience, the act ivi t ies  are nonnalized t o  a t o t a l  

of 1.0 C i  with the assumption that the nuclides Y-90, Tc-m,  La-140, 

and Pr-144 are in equilibrium with their respective parents at the time 

of release. 

act ivi ty  by 8.5 percent hnd the ratios between the activities in Table 1 

and those in Table 2.4-2 of this volume are 43.4, 5.42, and 0.434 for the 

40 C i ,  5 C i ,  and 0.4 C i  values respectively. These act ivi t ies  correspond 

t o  the expected aDllual releases (1) from the system as designed, (2) for 

interim operation w i t h  dernineralizers, and (3) for operation with the 

c q l e t e  radwaste system including evaporator. 

Inclusion of these daughter nuclides increases the total 

Doses in Table 2.4-3 of 
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this volume are derived from the normalized dose estimates listed in the 

tables of this appendix by the application of the factors 5.42 and 0.434 

as appropriate. 

a normalized release of 1 Ci per year. 

computed by applying the appropriate factor to this normalized value. 

Tritium doses are considered separately and are based on 

The annual tritium dose may be 

Calculations of doses to humans include estimates of the doses 

to bone, G.I.  tract, thyroid, and skin tissues as w e l l  as the total body. 

Dose estimates for organisms other than man are not detailed by organs 

other than the t o t a l  body because of a lack of applicable data. 

1. Doses to man from the ingestion of water - Calculations 
of dose commitments from the-consumption of Tennessee River water use data 

for the public and industrial water systems listed in Table 2. 

pupulations for the year 2010 are used based on a uniform ratio of 1.7’7 x 1970 

population within 50 miles of the Browns Ferry site. The plant effluent is 

assumed to be mixed with 65 percent of the riverflow at or near the outfall 

at Browns Ferry. Although natural water turbulence should increase the 

total dispersion (and reduce the activity concentration) in the 19.1-mile 

reach to the first water supply intake at Wheeler Dam, there are uncertainties, 

e.g., the degree of m i x i n g  of the main riverflow with the Elk River inflow 

at TRM 283. 

effected until the water passes Wheeler Dam. 

Projected 

Therefore, it is assumed that complete mixing would not be 

Dilution is calculated using average annual flow data 

for the Tennessee River as measured during’1899-1968. The average flaw 

ranges f’ran approximately 45,000 ft 3 /s at the site to 54,000 ft 3 /s at 

Pickwick Landing Dam, Radioactive decay and the buildup of daughter 

activity are based on estimates of the transport t h e  using data for water 
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velocities which vary between 0.2 and 2.6 ft/s within the reach from the 

nuclear plant s i t e  t o  Pickwick Landing Dam. 

considered between the time of intake in  a water system and the time of 

consmption. 

water per day (the average daily adult ingestion from all sources including 

drinking water, food, bottled drinks, etc.) . 

No radioactive decay i s  

It is  assumed that each individual consumes 2,200 m l  of 

Due to  a lack of definitive data, no credit is  taken 

for  removal of activity f r o a n  the water through adsorption on solids and 

sedimentation, by deposition in the bioanass, or by processing within water 

treatment systems. 
t h  Internal doses, Di j, for the jth organ from the i 

radionuclide are calculated using the relation 

Dij = (DCF)ij x Ii, (1) 

where (DCF) = the dose commiiment factor for an average adult ij 
assuming that the dose can be accumulated Over a 

50-yeax interval, (mrem/MCi), 

= the activity of the ith radiamrclide taken into the Ii 

body amuaIJy via ingestion, (rci) .  

The dose ccumnitment factors were derived from data 

given i n  the references l isted 1y2y3 and are defined in a t s  of (mrem/rCi) 

by the equation 

where 51.2 x lo3 = g-rad dis integrat ionj  (z) - 
(MeV ) ( uCi-day 
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fraction of the ith radionuclide taken into the 

body by ingestion that is retained in the jth or-, 

(dimensiord.ess) , 
effective energy absorbed in the jth organ per 

disintegration of the ith radionuclide including 

daughter products, (Mev-rem/dis-rad) , 
the effective decay constant of the ith radionuclide 

integration time, (18,250 days) , 
th mass of the j organ, (g). 

Tables 3 and 4 show a detailed breakdown of the dose 

each public water supply intake. 

For ccmpazison, dose cmmitments are also calculated 

for a hypothetical individual whose entire yeazly water supply is dbtained 

f r m  the plant discharge conduit prior to dilution in the Tennessee River. 

These estimates are upper limits based on a continuaus discharge flow rate 

of 50,OOO GPM which corresponds to the minimum f l o w  rate w i t h  cool ing towers 

operating in a closed-cycle mode. 

Doses to humans from ingestion of Tennessee River water 

affected by slug releases can be estimated using the d a t a  in section A of 

Tables 3 and 4 provided (1) the distribution of activity is the same as for 

the dose estimates for normal operation, (2) the total activity of the slug 

release is knuwn, and (3) the river velocities and dilution factors are not 

grossly different from the average values on which the routine dose estimates 

are based. 

I 
1 
1 
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2. Doses t o  man from the consumption of f i s h  - 
Calculations of the dose cwmitments from the consumption of f ish assume 

a sport f i s h  hamest 4 of 15.2 Ib/acre 8nd an edible caprmercial f i sh  

harvest 5 of 13.7 lb/acre taken from a total of 125,000 acres. It is  

assumed that the entire harvest of edible f i s h  contributes t o  the 

estimatedpopulation dose comitment. 

f i sh  are estimated by the product of the average concentration of n t e r  

activity in the reach from TEW 294.0 t o  TRM 233.0 and a concentration 

factor for  each r a d i o n u ~ l i d e . ~ , ~  It is assumed that the 

consumption of f i sh  by an individual is 45 lbs. 

not considered between the time the fish is removed froan the water and 

the t i m e  of consuqption and the entire mass of the f i sh  is assumed t o  

be eaten. 

The radioactivity levels i n  these 

' annual 

Radioactive decay is  

Shellfish consumption is  assmed t o  be negligible. 

Dose commitnents are calculated with equations 1 and 2 

which are discussed for  water ingestion in the previous section, and the 

results are sham i n  Tables 3 and 4. 

3. Doses t o  man due t o  water sports - Estimates of 

the doses from immersion in the Tennessee R i v e r  are calculated for each 

radionuclide 

For the 

II 
For the 

using the following relations: 

dose rate t o  the skin, 
3 = 51.2 x 10 C Ri 

dose rate t o  the to t a l  body, 
3 

E Y i  
= 51.2 x 10 cwi Ri 

(3) 

(4) 

where 51.2 x lD3 = (see equation l ) ,  
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= water concelrtratian for the ith radionuclide, c w i  

( W g )  , 
Eyi or (e /2 + E )i = average effective energy emitted 

by the ith radionuclide per dis- 

integration, (Mev-rem/dis-rad) . 
B Y 

Dose rates for those activities such as boating are 

assumed to be given by equations 3 and 4 divided by 2. 

Population doses are calculated for the reach from 

the Browns Ferry site (TRM 294.0) to Tennessee River mile 233.0 using 

estimates of 2,518,000 &we-water visits and 480,000 in-water visits per 

year based on information given in reference 8 and 9.  

doses for above-water use of the river are estimated for a cannnerical 

The maximum individual 

fisherman who is not a water sport enthusiast but who might be exposed 

for 300 days per year at 5 hours per day. 

for in-water activities are estimated for a person who swims 918 hours 

per year (6 hours per day for the 5 warm months) at a location just below 

the Browns Ferry site. In order to estimate the maximum possible tritium 

dose to a swimmer, continuous immersion in the Tennessee River just below 

the Browns Ferry site is assumed. 

The maximum individual doses 

4. Doses to organisms other than man - A comprehensive 
analysis of the radiation dose6 to species other than man would require 

many man-years of effort that could be justified only if a significant 

radiological impact on a particular species were anticipated. After 

consultetion with professionals in the health physics and radioecology 

fields, a decision was made by TVA to restrict the analyses to those 
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organisms living on or near the B r m s  Ferry s i t e  that  would most l ikely 

receive the greatest doses. 

aquatic plants, aquatic invertebrates, and fish.  

These include t e r r e s t r i a l  vertebrates, 

(1) Terrestrial vertebrates - Radioactivity 

contained i n  nlrclear plant l iqu id  effluents i s  reconcentrated i n  f ish,  

invertebrates, and plants by factors that range fram less  than 1 t o  greater 

than 10 5 depending on interrelated physical, chemical, and biological 

factors. Terrestrial vertebrates will receive a radiation dose fram 

liquid effluents if their  food chain includes aquatic organisms that 

have reconcentrated radionuclides. 

green algae concentrate trace elements t o  a greater extent than do f i s h  

and invertebrates. 6 Therefore, internal dose estimates have been made 

for  ducks and muskrats with the conservative assumption that their  diet  

consists entirely of green algae fram algolmasses growing near and 

affected by the Browns Ferry outfall.  

are used fo r  estimating internal dose. 

muskrat has a mass m of 1,OOO g, an effective radius of 10 a, and consumes 

333 g of green alwe per day. 

Sr-90 can deliver significant portions of the t o t a l  dose canrmitment long 

after the time of ingestion. 

for  the integration of intenml T. 

I n  general, aquatic plants such as 

Equations 1 and 2 froan section 1 

It is assumed that the duck or 

Long lived radionuclides such as 

Therefore, a period of 5 years was chosen 

In  the absence of data specifically 

applicable t o  ducks or muskrats, ICRP data 2 are used for the fractional 

uptake fhJi and for the biological half l i f e  of parent radionuclides. 

use of human data for the biological half l ives  is conservative because, 

in general, warm-blooded vertebrates that are smaller than man exhibit 

The 
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more rapid elimination rates. 

assrrmptions with equations 1 and 2. 

Equation 5 is a combination of the above 

F mad, ( 5 )  = 6.23 x 10 6 fwi ci (1-e - A T  i cWi pl 
Di 

where T = 1,825 days, 

= water concentration, (pCi/g), 

= concentration factor's7 for aquatic plants, 
%i 

F 
Pi 

(dimensionless). 

External doses are estimated with equation 4 

using the conservative assumption that the duck and muskrat are exposed 

continuously by fuJl immersion in the water. 

Table 5 shows the estimates of the doses to 

a duck or muskrat. 

(2) Aquatic plants, invertebrates, and fish - 
Radionuclide activity internally deposited in these organisms is estimated 

fram the concentration in the water in the Tennessee River just below the 

liquid effluent outfall, assuming 65 percent mixing, multiplied by the 

applicable concentration factors .6s7 Doses are estimated for organisms 
having effective radii of 3 cm and 30 cm. 

geometries are reported, an effective radius of 30 cm could represent 

organisms weighing up to 250 podds. 

overestimates of the doses. 

benthic invertebrates from radionuclides having higher concentrations 

in bottom sediments than in the water are not included in the calculations. 

In the zbsence of a detailed knowledge of the *amic behavior of daughter 

products that are produced f r o a n  internally deposited parents, the conservative 

assumption is made that a l l  daughter products are permanently bound in the 

Although estimates for both 

This geometry probably results in 

On the other hand, the increased doses to 

I 
a 
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organisms and contribute energy at the rate of one disintegration of 

every daughter in a decaychain for each disintegration of the parent. 

The doses f’rm the ith radionuclide are calculated using the relation: 

(6) = 1.87 x 10 7 Cwi Fi ci mad. 
Di 

Table 6 lists the dose estimates for 

these organisms. 



Nuclide 

CO-58 

CO-60 

Sr-89 

Sr-90 

Sr-91 

Y-90 

Mo-99 

Tc-99m 

1-131 

1-133 

1-135 

CS-134 

CS-137 

Ba-140 

La-140 

Ce-144 

Pr-144 

Np-239 
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Table 1 

ROUTINE RELEASES OF LIQUID EFFLUENTS~ 

(Normalized t o  1.0 Curie)  

Release b 
(microcuries)  

1.2 (4)C 

1.2 (3) 

7.4 (3) 

5.5 (2) 

6.9 (4) 

5.5 (2) 

4.8 (4) 

4.8 (4)  

3.0 (4) 

1.4 (5) 

9.0 (4) 

3.9 (2) 

5.8 (2) 

2.1 (4) 

2.1 (4) 

8.3 (1) 

8.3 (1) 

5.1 ( 5 )  

T o t a l  1.0 x l o 6  V C i  

a. T r i t i u m  is  n o t  inc luded  
b. The fo l lowing  r a d i o a c t i v e  daughters  are assumed t o  be i n  

equ i l ib r ium wi th  t h e  r e s p e c t i v e  pa ren t s  a t  t h e  t i m e  of 
release; Y-90, Tc-99m, La-140, Pr-144. 

c. 1.2 l o 4  
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Table 3 (Continued) 

D.  U s e  of the Tennessee River for Water Sports 

g In Water f Above W a t er 
Skin Total Body Skin Total Body 

Maximum Individual 1.8 (-5) 1 . 4  (-5) 5.0 (-5) 3.9 ( - 5 )  mrem 
Dose 

Population Dose 7 . 7  (-5) 6 .0  (-5) 3.0 (-5) 2 .3  (-5) man-rem 

f .  Boating and f i sh ing ,  for  example 
g .  Swimming and water ski ing ,  f o r  example 
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Table 4 

DOSESa TO HUMANS FROM WATER CONTAINING TRITIUMb 

C A. Ingestion of Tennessee River Water 

Location 

Browns Ferry Site 
( for  comparison) 

Wheeler Dam 

Wilson Dam 

She€ f ield 

Colbert Steam Plant 

Cherokee 

Population Total 

Individual 

3.9 (-6)' 

Population 
(man-rem) 

3.6 ( - 6 )  

2.2 (-6) 

2.2 (-6) 

2.2 (-6) 

3.2 (-7) 

9.9 (-6) 

6.5 (-5) 

1.4 (-6) 

2.2 (-6) 9.2 (-6) 

8.5 ( - 5 )  man-rem 

B. 

Individual Dose Commitment 

Ingestion of Nuclear Plant Effluente Prior to Dilution in the Tennessee River 

1.0 (-3) mrem 

C. Eating Fish Taken from Wheeler, Wilson, and Pickwick Lakes 

Maximum Individual Dose Commitment 6 . 5  (-8) mrem 

Population Dose Commitment 5.2 (-6) man-rem 

D. 

Maximm Individual Dose 

Use of the Tennessee River for  Water Sports 

7.1 (-6) mrem f 

a. 
b. Normalized to 1.0 Ci total annual release 

Estimates are internal dose commitments for each annual intake of tritium 

c. 
d. 3.9 x 

Based on the estimated population in the year 2010 

e. 

f .  Assuming continuous immersion 

Assuming a continuous discharge of 50,000 GPM (minimum flow with cooling 
towers) 
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Table 5 

DOSESa TO DUCKS AND MUSKRATS LIVING NEAR THE BROWNS FERRY NUCLEAR PLANT 

1.0 Ci Tritium 

Internal 0.49 mrad 4.1 (-5) mrad 

External 3.7 (-4) mrad 0 mrad 

0.49 mrad 4.1 (-5) mrad Total 

1.0 Ci Mixture 
b 

a. 

b. 4.1 x 10'' 

Internal dose commitments for each annual intake and external 
doses from each annual exposure 
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able 6 

DOSES TO AQUATIC ORGANISMS LIVING IN THE TENNESSEE RIVER 

NEAR THE BROWNS FERRY NUCLEAR PLANT 

A. Doses from an Annual Release of a 1.0 Ci Radionuclide Mixturea 

Plants 

Internal (mrad) External 
3- an 30-cm (mrad) 

b 0.23 0.48 3.7 ( - 4 )  

Invertebrates 3.3 4.7 3.7 ( - 4 )  

Fish 0.83 1.2 3.7 ( - 4 )  

B. Doses from an Annual Release of 1.0 Ci Tritium 

Plants, invertebrates, 
and fish 7.1 (-6) mrad (internal) 

a. Excluding tritium 
b. 3.7 x 

1 
I 
I 
I 
1 
I 
1 
I 
1 
I 
il 
I 
I 
;I 
I 
J 
n 
I 
.I  
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APPENDIX I11 

RADIOLOGICAL IMPACT OF MTERNAL EXPOSW 

FROM SOURCES INSIDE THE REACTOR AI9) TURBINE BUILDINGS 

A simplified model i s  uti l ized t o  estimate an upper bound for  

the external radiation dose at  the s i t e  boundary from sources inside the 

reactor and turbine buildings. 

sources i s  eliminated by shielding. 

possible due t o  the scattering of gamma radiation which exits t h r o w  

the turbine building roof. The following assmptions are employed t o  

establish an mer bound for the radiation dose from this source: 

Direct radiation exposure from these 

Scattered radiation exposure is  

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

0. 

N-16 gaannas daminant source. 

Total source term (3 units) is 2.2 x loE photons/s. 

Isotropic point source. 

Unscattered grurrm~ls (6.13 MeV) exit turbine building vertically 

through a cone defined by the shield Walls. 

No credit is taken for  shield effect  of turbine building roof. 
~ 

A l l  gamnas leaving turbine building are scattered at  one scatter 

mean free path. 

Fraction scattered toward offs i te  dose point is calculated from 

Ccurrptan scatter cross section considerations. 

Mo f’urther scattering is assumed although the path length from 

the first scattering point t o  the dose point is about 2-$ scatter 

mean free paths o f t h e  once scattered gammas. 

Based upon the above assuuqtions the dose a t  the s i t e  boundary 

due t o  scattered radiation from the turbine building is  0.6 mrem/p. This 
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dose is less than 0.5 percent of the dose from natural background radiation. 

Therefore, a more complex analysis. which would be expected t o  show that 

the dose i s  lawer, i s  not mrrantec. 

increasing distances beyond the s i t e  boundary would l imit  the population 

dose fram t h i s  source t o  a very low value. 

The rapid reduction of t h i s  dose at  
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APPENDIX IV 

EXCERPTS FROM TVA REPORT 63-38: 

Prediction and Control of Water Temperatures i n  Wheeler Reservoir 

During op eration of the I5rowns Ferry Nuclear Plant, April  1972 

1. Hydraulic Design and Basic Studies of the 

Diff'user System - The manifold-type, wrltiport pipe system adapted for 

diffusion of the heated condenser water i s  similar t o  those used i n  

marine outW-lls. The discharged water will issue f r o m  the diffuser 

ports  at a relatively high velocity, and the turbulence created by 

these je t s  will cause mixing of the heated discharge with the cooler 

reservoir water . 
The diffuser sys-tem was designed t o  meet the following requirements: 

1. 

2. 

Each pipe must handle a flow of 1,450 ft3/s. 

The t o t a l  discharge f i p m  all three pipes must be uniformly 

distributed across the 1,800-f00t wide main channel. 

The je t  velocity must be sufficiently high t o  create complete 

mif ing of the condenser discharge with the reservoir flow 

available t o  the diffusers. 

The total head a t  the entrance t o  the pipes s b u l d  not exceed 

4.5 feet  of water. 

3. 

4. 

A model study was performed a t  the W A  Engineering 

Laboratory i n  1967 to determine the hydraulic characteristics of the j e t s  

issuing from the difArser holes. The t e s t s  were performed a t  a scale 

of 1:2, thus providing real is t ical ly  high model turbulence l w e l s  for  

the range of pipe diameters and hole sizes expected i n  prototype. The 
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study showed that the flow wiU. issue from the diffuser p o r t s  at nearly 

a 90' angle and with a discharge coefficient which i s  a f'unction primarily 

of the ratio of velocity head t o  to t a l  energy i n  the pipe, 
J 
I 
c 
1 
I 

The design of the diffuser involved selection of a 

main pipe diameter and discharge port size which, for the  design discharge 

flow, will produce a discharge distribution, jet velocity, and to t a l  

entrence head as  specified above i n  items 1 t o  4, 

the discharge coefficients determined by the model study and corrugated 

pipe friction factors measured at  the U.S. Army Corps of Engineers Water- 

This procedure utilized 

ways Experiment Station a t  Vicksburg, Mississippi.' 

inputs t o  an analytical model of the dif'f'user's hydraulic performance 

These data were 

which calculated the distribution of the discharge and the energy grade 

l ine  along the diff'user pipes. 

1 was selected on the basis of these calculations. 

(Editor's Note: 

The f i n a l  diffuser design shown i n  figure 

c 
I 
li 
I 

The preliminary design and location of the steel- 
supported warning signs t o  mark the portion of the 
present navigation channel which will be over the 
diffuser pipes has been informally coordinated 
with the U.S. C o a s t  Guard, Second District Office, 
St. b u s ,  and the Corps of Engineers, Nashville 
District Office, 
feet a-rt, leaving a clear navigsble width of 
channel of more than 1,OOO feet. When the f i n a l  
design of the signs i s  completed, it w i l l  be 
formally sent t o  those two agencies for review 
and comment. ) 

The signs w i l l  be about 1,200 

(1) 2-Dimensional Model Testing of the 

Jet Mifing Region - msed on the available state-of-the-art knowledge I 
of submerged jets, it was expected that the design discharge velocity 

of about 9 ft/s would result i n  efficient mifing of the discharge f l o w  

with the ambient flow passing over the difftuer. 

study was undertaken t o  examine the characteristics of the mixing induced 

A 2-dimensional model 
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by the diff'uer discharge and t o  detemine the angle of discharge with 

the horizontal which would minimize bed scour downstream t m m  the 

dif'fhser. 

for Water Resources and H;vdlrodynamics during 1967 and 1968. The model 

scales were 1:15 horizontally and vertically providing the undistorted 

model required for j e t  mixing zone studies. 

These tests were performed at  the MIT R. M. Parsons Laboratory 

The principal results of 

the investigations were: 

1. Mixing of the jets with that portion of the flow passing over 

the diffbsers w i l l  occur rapidly. This i s  i l lustrated by 

figure 2 which shows the temperature distribution obtained 

from model tests i n  the immediate vicinity of the diffhsers 

for a simulated steady reservoir f l o w  of 20,000 f't3/s. 

a matter of a few feet fromthe diffuser, the temperature was 

reduced t o  about ll°F above ambient. The maldmum temperature 

at  the reservoir bottom was about 6-TF above ambient over an 

Within 

area extending a distance of about 30 feet from the dif'f'user. 

A t  distances greater than about 50 feet, the observed temperature 

agreed well with the theoretical fu l ly  mixed r i se  of 5.5OF. 

Figure 3 shows the tenrpemture distribution for a flow of 

26,000 ft3/s. 

On the basis of the MIT tests, it is expected tha t  the mixing 

wi l l  result i n  uniform temperature over the f'ull depth within 

a distance of about 100-200 feet horizontally f'rcim the diffuser 

pipe. The zone of jet mixLng w i l l  extend no more than 200 feet 

from the diff'user horizontally and no more  than 5-10 feet above 

the top of the diff'user pipe. 
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2. Outside of the mixing zone the temperatures w i l l  be no greater 

than  the mixed temperature 'm which may be calculated as: 

ATc T m = T r +  
@ + l - R  
QC 

3. 

where T r  = ambient river temperature 

Ktk = condenser temperature r i s e  

Qc = condenser cooling water flow 

Qm = that portion of the t o t a l  river flow Qr which 

mixed with the diffuser discharge 

R = the fraction of the intake f low which is a t  

temperature Tm, i.e., the  amount being recircu- 

l a t ed ;  the remaining fract ion (1 - R )  w i l l  be 

a t  the ambient temperature T r  

It is clear f r o m  Equation (1) that f o r  large dilutions (m>e)  
the amount of recirculation (the value of  R) has only a small 

effect  upon the mixed temperature. 

Equation (1) predicts steady-state temperatures that are approached 

asymptotically after any change i n  the river flow ra te ,  often 

over a period of hours. 

Equation (1) win predict a temperature rise tht i s  too high 

f o r  a cer ta in  length of t i m e  after a decrease i n  riverflow and 

too low afier an increase. 

unsteady behavior of the mixing are a part of the 3-dimensional 

thermal model results described i n  a later section. 

Minimum scour was observed with an elevated jet  angle of 24' 

(see figure 1). 

It i s  emphasized that 

The significance of this i s  that 

The determination of Bpl and the 
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(2) 3-Dimensional Thermal Model - The 

thermal regime induced i n  Wheeler Reservoir by the operation of Browns 

Ferry i n  either the open or  helper modes w i l l  depend upon a complex 

interaction between the intake and discharge flows and the regulated 

flows i n  the reservoir. The purpose of the 3-dimensional thermsl model 

study has been t o  assess the performance of the discharge configuration 

and t o  determine the relationship between the reservoir flow and the 

temperature distribution. 

The model encompasses a 5-mile reach of 

Wheeler Reservoir with the Browns Ferry intake and diffuser situated 

near the center of this reach. The model (see Figure 4) i s  distorted 

having a vertical scale ra t io  of 1:50 and a horizontal scale ra t io  of 

1: 250. 

The 3-dimensional thermal model i s  designed 

t o  gLve infomation about the intermediate region between the j e t  mixing 

area, immediately adjacent t o  the diffusers, and the fbr f'ield upstream 

and downstream regions. This region is  of great importance i n  evaluating 

thenual effects because the highest temperatures outside of the mixing 

zone will occur here. In  addition, the dynamics of the flow i n  the 

intermediate region may affect the magnitude of the mifing flow, Qm. 

Rhally, the .observed behavior of the heated layer provides the required 

starting boundary condition for downstream heat loss calculations. 

The dominant physical phenomena i n  the 

intermediate region are the convection of mass and heat, the formation 

of stratified conditions, and to a lesser extent the loss of heat through 

the water surfgce. The scales of the +dimensional thermal model were 
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chosen t o  ensure correct similitude of the convection, stratif ication, 

and surfgce heat loss. Field studies i n  the prototype have been conducted 

and are  continuing with the purpose of determining the pattern of 

reservoir currents and the surface heat loss characteristics i n  the 

vicinity of the plant. In  the model the distribution of the upstream 

reservoir flow may be adjusted t o  replicate prototype current conditions. 

A study of the surface heat exchange i n  the model has been made t o  

fhci l i ta te  the evaluation of surface heat loss upon model temperature 

data. Careful sens i t iv i ty tes t ing  is  continuing t o  determine whether 

or not the upstream distribution of flow, surfice heat loss, boundary 

roughness, and distorted diffbser configuration have any significant 

effects upon the observed flow and temperature structure. 

appears that the first three are  not of major significance and probably 

To date, it 

the diffuser configuration i s  not either. 

A series of steady reservoir f low tests 

have determined the 3-dimensional f low and temperature distributions 

i n  the modeled area for 1-, 20, and 3-unit operation. These t e s t s  

indicate the following pattern of behavior: 

The intake flow w i l l  be with- 

drawn f m m  the f u l l  depth and will consist of water which flows down- 

stream f r o m  the shallow area on the plant side and f’rom the righthand 

side of the main channel. 

recirculation of heated water. 

This flow distribution will tend t o  minimize 

1 

Recirculation will occur only 
~ 

i n  the low-flow situations when a l l  of the upstream flow is  being drawn 

into the mildng zone. It can be shown on theoretical grounds that the 



mixed temperature r i se  will be virtually independent of the degree of 

recirculation (see Equation (4 ) ) .  The model data confirm this conclusion. 

(Editor's Note: After the cooling towers become operational 
they w i l l  be used during most of these low-flow 
situations. ) 

For reservoir flows of large 

magnitude, i.e., gre a te r  than 50,000-70,000 f't3/s (case 1) the natural 

f l o w  distribution i n  the reservoir w i l l  not be significantly altered by 

the mixing action of the diffusers. Velocities will be i n  the downstream 

direction over the Azll depth and over the entire width of the reservoir 

(see figure 5). 

thus preventing any recirculation (R = 0 ) .  

Tm leaving the j e t  mifing region will form a heated surface layer down- 

No heated water will move upstream from the d i m s e r s ,  

The mixed flow at temperature 

stream above a lower layer consisting of that portion of the ambient 

flow which does not pass thmugh the mixing region. The mixing f low 

Qn will be determined by the amount of Row which passes over the diffuser 

naturally. 

that about 22 percent of the t o t a l  reservoir flow passes over each of 

the three diffuser sections, making a t o t a l  of about 65 percent i n  the 

deep river channel. The mixing flow Qn will depend upon how the flow 

downstream f r o m  the intake i s  redis t r ibuted acms8 the channel during 

operation of the plant. 

relatively insensitive t o  this Factor and i s  given approximately by 

Field measurements of currents i n  Wheeler Reservoir indicate 

. 

However, the resulting mixed temperature is 

where Q,r i s  the to t a l  resemir flow. 

(2) i s  for one, two, o r  three units and i s  shown i n  figure 8. 

The value of Tm given by Equation 



For reservoir flows greater than 

7-10 times the diffuser f l o w  but less than 50,000-70,000 f't3/s (case 2) 

the sum of the intake flaw and the mixing flow, Qm, demanded and diverted 

by the diffusers w i l l  be equal t o  about 7-10 times the condenser flow. 

The remainder of the riverflow Q r  w i l l  pass by the side of the diffusers 

unmixed. The flow pattern i n  these cases i s  shown i n  figure 6 .  

eddy will be present i n  the subsurface flow as the portion of the ambient 

No 

water which passes the dif'fhsers without mixing will be an underflow 

over the shallow lefthand area. Downstream from the diff'users the 

ambient flow which d i d  not mix will form a cooler bottom layer beneath 

an eddying surface layer of water a t  the mixed temperature. 

layer w i l l  spread la teral ly  across the shallow area and depending on 

The surface 

the magnitude of the riverflow may have spread upstream f r o m  the diffusers, 

No recirculation occurs for these cases, making R = 0 i n  Equation (1). 

T m = T r + -  25 
P 

where P i s  about 7-10 as shown i n  figure 8. 

r i se  is about 2.5-3.5OF. 

The resulting temperature 

For reservoir flows less than 

about 7-10 times the diffuser flow (case 3) a l l  of the reservoir flow 

w i l l  be drawn into the j e t  mixing zone. 

i s  shown schematically i n  figure 7. 

t o t a l  depta i n  the wide lef'thand shallow area adjacent t o  the diffusers 

as a result of the diversion of the riverflow. 

will pass by the dif'f'users without mixing, the entire downstream region 

will be a t  the mixed temperature over the Arll depth. 

The f low pattern i n  these cases 

A large eddy w i l l  occur over the 

Since no ambient water 

A surface layer 
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of water a t  the mixed temperature may extend upstream f r o m  the diffusers 

either because of the eddy currents or because of gravitational spreading. 

For th i s  case the mixing flow 

Qn i s  equal t o  the to t a l  reservoir flow Q,r less  the intake flow Qc(1 - R) 
and the mixed temperature i s  given by: 

which i s  independent of the 

(4) i s  also shown on figure 

amount of recirculation. 

8. 

A plot of Equation 

The upstream movement of a 

heated surface layer i s  a highly 3-dimensional phenomena which i s  only 

qualitatively similar t o  the upstream wedge i n  a 2-dimensional channel. 

I n  the cases where the surface layer reaches the upstream boundary of 

the model, with our present understanding, it i s  not possible t o  predict 

how much further the w a r m  water w i l l  extend i n  the prototype. 

it i s  expected that the vertical thickness of the layer w i l l  decrease 

i n  the upstream direction. 

However, 

The downstream flow of mixed 

water - at temperature !Dn w i l l  i n i t i a l ly  be limited t o  the deep r i v e r  

channel just below the diffusers, but within a few miles of the diff’users 

it w i l l  spread over the Arll width of the reservoir. 

discussed, the degree of vertical stratif ication w i l l  be dependent upon 

As previously 

the magnitude of the reservoir flow. 

layer will lose heat t o  the a d s p h e r e  a t  a rate independent of the depth 

of the heated layer. This w i l l  be discussed below. 

However, the downstream surface 

2. Downstream Water Surface Temperature Predictions - 
The changes i n  the downstream reservoir temperature resulting f’rom the 
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operation of Browns Ferry were determined by routing the i n i t i a l  increase 

in temperature using the followiw 1-dimensional, steady-state equation: 

-K XB 3 
P C @ + Q C  

ATX = A T O  exp [- 

where A T x  = the increase i n  surface temperature a t  the end of a 

routing reach 

A T 0  = the increase i n  surfice temperature a t  the beginning of 

a routing reach 

X = length of routing reach 

B = effective width  of the reach 

K = environmental heat exchange coefficient 

QD = the portion of the t o t a l  riverflow that mixes with the 

d i  f'f'user discharge 

Qc = the diffuser discharge 

p = density of water 

c = specific heat of water 

For computational purposes the reservoir was divided 

into s i x  reaches varying i n  length Equation ( 5 )  

was applied successively t o  each reach by using the temperature r i se  a t  

the beginning of the reach, ATo, t o  obtain the temperature at  the end 

of  the reach, ATx, which then became the init ial  temperature r i s e  for 

the following reach. 

2.1 t o  4.2 miles. 

The effective width of the heated water for  each 

reach was based on observations of the 3-dimensional modelwhich showed 

that the main body of heated water flows downstream spreading la te ra l ly  

across the reservoir and that the full width of the reservoir w i l l  be 

covered a t  a distance of about 3 miles f r o m  the diffusers, Within the 
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first 3 miles the effective width for heat dissipation w i l l  be about 

one-half of the average reservoir width.  

the shallow area opposite the plant a t  low flows was previously described. 

It was assumed for the purpose of the temperature predictions that no 

heat will be transported from the main body of flow by the eddy. The 

effect o f t h i s  assumption is  that the downstream temperature predictions 

are slightly high when such an eddy exists. 

The formation of  an eddy i n  

The environmental heat exchange coemcient affects 

the rate at  which the temperature decreases. 

coefficient causes a more rapid die-off. 

An increase in  the 

This coefficient is a function 

of meteorological conditions; hence, it varies seasonally and f r o m  year 

t o  year. 

mutings were made for each month of the 12-year period 1960 through 

1971 based upon coefficients determined for the average meteorological 

conditions that existed during the middle week of the month. 

these routings the mean and 95 percent confidence limits of the muted 

temperatures were computed. 

To account for the meteorological variations, temperature 

From 

The discharge Qn + Qc represents that portion of 

As previously the reservoir flow that will be heated above ambient. 

discussed Qn + Qc may be equal t o  o r  less  than the to t a l  reservoir flow 

depending on the magnitude of the total reservoir flow. 

the rate of tempemture die-off and the init ial  temperature r i se  i n  the 

near Field. 

temperature r i s e  decreases. 

Qn + Qc affects 

As @I + Qc increases the die-off ra te  and the i n i t i a l  

Predictions w e r e  made for  1-, 2-, and 3-unit operation 

assuming i n i t i a l  temperature r ises  of 10, 5 ,  and 3.5OF. 
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(Editor's Note: The complete results of these predictions fo r  each 
month ar' -ncluded i n  TVA remrt 63-38. Prediction - - - .  
and Contr.1 of Water Temperatures i n  Wheeler Reservoir 
During Operation of the Browns Ferry Nuclear Plant, 
Aprll 1972. Figures 9 through 20 summarize the  resul ts  
of these predictions fo r  each season of the year for  
1-, 2-, and 3-unit operation. The text has been 
modified s l igh t ly  to re f lec t  these changes.) 

3. The Steady Thermal Regime i n  Wheeler Reservoir 

During Open-hbde a e r a t i o n  - Based upon the data i n  the previous section, 

the following discusses quant i ta t ive ly the  predicted steady flow and 

temperature distributions dur ing  operation of &owns Ferry plant i n  the 

open mode. One-anit operation i s  t reated f irst  followed by discussions 

of the 2- and 3-unit ones. 

(1) I-unit Operation - The single-unit 

condenser f low of  1,450 ft 3 /s will result i n  intake channel veloci t ies  

of about 0.4 f't/s. Heated water w i l l  be discharged through the diffuser 

section of the act ive unit and will mix with the reservoir flow i n  the 

manner described i n  the previous sections. 

jus t  downstream f r o m  the act ive diff'user section and will be approximately 

20 feet high, 200 fee t  long, and 600 feet  wide, thus occupying about 

12,000 ft 

2,400,000 fi3 of volume. The water leaving the mixing zone will be at  

the mixed temperature Tm which i s  dependent upon the reservoir flow &r 

as shown i n  figure 8. 

The jet mixing zone will be 

2 (or 9 percent) of the t o t a l  reservoir cross section and about 

For reservoir flows less than about 10,ooO t o  

14,500 ft 3 /s the en t i r e  reservoir flow will be drawn in to  the je t  mixing 

zone, either f r o m  behind the diffusers o r  A.am along the sides o f t h e  

midng region. 

Predictions of  the downstream temperature 

increase above ambient are shown on figures 9 through 12 for the middle 
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week of each month shown. Predictions were made for  the following cases: 

1. A reservoir -flow of 3,600 ft 3 /s and i t s  associated 

r i s e  of ~ O O F  

A reservoir f low of 7,200 ft /s and i t s  associated 

r i s e  of 5OF 

3 2. 

temperature 

temperature 

3. A reservoir flow greater than 10,200 ft'/s but less  than about 
50,000 ft 3 /s which gives a temperature r i s e  of 3.5OF 

The relationship between reservoir flow and temperature was taken from 

figure 8. Complete mixing of the reservoir flow 

occurs for  the first 

reservoir flow mixes 

a cooler underflow. 

two  cases. For case 3 only 

with the condenser flow and 

and the condenser flow 

10,200 ft3/s of the 

the remainder flows as  

(2) 2 - U n i t  Operation - The 2-unit condenser 
3 flow of 2,900 ft /s w i ~  result  i n  intake channel velocities of about 

0.9 ft/s. 

units are operating. 

wide and occupy 18 percent of the t o t a l  resemir cross sectional area 

The location of the mixing zones w i l l  depend upon which two 

The t o t a l  mixing zone w i l l  be about 1,200 feet  

and a volume of 4,800,000 ft'. The mixed temperature rises i n  the 

intermediate zone a= shown i n  figure 8 as a finction of the reservoir 

flow. 

occur for flows of less than 20 ,000-~ ,000  ft3/s. 

Complete midng of the reservoir flow with the discharge w i l l  

Predictions of the downstream temperature 

increase above ambient are shown on figures 13 t b u g h  16 for the middle 

week of each month shown. Predictions w e r e  made for the follawing cases: 

1. A reservoir flow of 7,200 ft 3 /s and i t s  associated temperature 

r i s e  of ~ O O F  



r i s e  of 5QF 

3. A reservoir flow greater than 20,300 ft 3 /s but less than about 
50,000 f% 3 /s which gives a temperature r i se  of 3.5OF 

The relationship between reservoir flow and temperature was taken fmm 

figure 8. 

occurs for  the first two cases. 

Complete mifing of the reservoir f'low and the condenser f l o w  I 
For case 3 only 20,300 f't3/s of the 

reservoir flow mixes with the condenser flat and the remainder flows a s  

a cooler underflow. 

(3) 3-Uni t  Operation - The condenser f l o w  
of 4,350 ft 3 /s , w i l l  result i n  intake channel velocities of about 1.3 ft/s .  

The discharge wil l  occur over the f'ull 1,800-foot diffuser structure 

resulting i n  a mifing zone which will occupy 2'7 percent of the reservoir 

cross sectional area and a volume of 7,200,000 ft 3 . The mixed temperature 

r i s e  i s  shown i n  figure 8, 

the discharge will occur for reservoir flows less than 3O,OOO to  43,500 

Complete mixiag of the reservoir flow with 

f't3/s . 
Predictions of the dmnstream temperature 

increase above ambient are shown on figures 17 through 20 for the middle 

week of each month shown. Predictions were made for the following cases: 

1. A reservoir flow of 10,900 f't 3 /s and i t s  associated temperature 

rise of ~ O O F  

2. A reservoir flow of U,8W f't 3 /s and i t s  associated tempemture 

A resemir flow greater than 30,500 ft 3 /s but less than about 
50,000 ft 3 /s which gives a temperature rise of 3.5OF 

rise of 5OF 

3. 
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The relationship between reservoir f low and temperature was taken from 

figure 8. 

occurs for the f irst  two cases. 

Complete mi*ng of the reservoir flow and the condenser flow 

For case 3 only 30,500 ft3/s of the 

reservoir flow mixes with the  condenser f low and the  remainder f l o w s  as 

a cooler underflow. 

4. Helper-Mode Operation - The construction of 

cooling towers at  Bmwns Ferry will make possible the operation of the 

condenser cooling system i n  a helper mode where a portion of the heat 

w i l l  be removed from the condenser water by the towers before it is 

discharged in to  the river. Although the de ta i l s  of the  design are  not 

final, it w i l l  involve a somewhat lower condenser waterflow (1,223 ft 3 /s) 

for  each u n i t ,  a higher condenser rise (31.7OF), and a lower temperature 

rise i n  the discharged water than i n  an open-mode operation. 

the f low f r o m  a single unit, i f  it i s  shown t o  provide more desirable 

I n  addition, 

mixing characterist ics,  may be discharged through all three diffuser 

sections. These differences from open-mde operation Will result i n  

a different relationship between the reservoir flow magnitude and the 

tempemture rises i n  the  reservoir, but operations i n  general should 

resul t  i n  similar flow and temperature patterns as described for the 

open mode of operation. 

As the designs are finned up, model t e s t s  and f i e l d  

investigations after the units are i n  operation w i l l  be used t o  predict 

the 3-dimensional flow and temperature distributions for helper-mode 

operation a s  they were predicted f o r  open-mode opemation and t o  determine 

the  most appropriate operating method for achieving the desired temperature 

standards. 
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5. 

described above a re  steady-state-values r e  

change i n  flow conditions, 

the temperature and flow distribution may never be i n  a steady-state 

condition. 

a cer ta in  magnitude, the mixed temperature rise i n  the reservoir w i l l  

never exceed the steady-state value corresponding t o  that minimum flow. 

If the  reservoir flow fluctuates below the minimum value for  some short 

length of time, the tpmperature rise may not increase significantly. A 

continuing program of t e s t ing  i n  the 3-dimensional thermal model has as 

its objective the  determination of w h a t  unsteady flow regulations w i l l  

be required t o  keep the induced temperature rises i n  Wheeler Resemir 

below the desired value. 

Unsteady Reservoir Flows - The tempemture r i s e s  

ned asymptotically a f t e r  a 

If  the reservoir flow i s  constantly changing, 

It is clear  that  i f  the reservoir flow remains greater than 

6 .  f i e l d  Measurements - The operation of Browns 

Ferry Nuclear Plant and the regulations of Wheeler Reservoir flows will 

be determined by the readings fmm a system of continuously recording 

fixed temperature monitors (see figure 21). 

surveys by boat and airborne techniques t o  measure the  de ta i l s  of the 

temperature dis t r ibut ion i n  the v ic in i ty  of' the plant. 

will begin t o  be available as soon as the plant commences 1-unit operation. 

The field data will be compared with model results to verify and refine 

the predictions presented i n  this report and t o  develop the final required 

operating procedures. 

There w i l l  also be intensive 

This information 
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AJ?€!mDIx V 

NOISE LEVEL .CALCUIATIONS - BROWNS FERRY 

MECHANICAL DRAFT COOLING TOWERS 

sound pressure levels were calculated f o r  four points 1,000 feet 

from the perimeter of the six Browns Ferry cooling towers. 

equation 

The basic 
1 

L = Lw + D I  - f ( r )  2 K 
PQ 

where L = sound pressure levels a t  distance and aagle 
PQ 
Lw = sound pressure level 

= directivity index D1O 

f(r) = an attenuation factor based on geometry and distance 

K = constant associatedwith Units aad spherical directivity 

was nodifiedto Fit the specific situation of the Browns Ferry cooling 

towers. 

1. 

The design parameters used were: 

Tawer dimensions of 600-foot length, 50-foot width, aad 50- t o  

60-foot height. 

Layout as shown in figure 2.6-8. 

Sixteen fan motors of 200 horsepower each asranged linearly 

along the major dimensioW axis of each cooling tower. 

2. 

3. 

Because fan noise is dauhant over water noise in mechanical draft 

cooling towers, fan noise was used as the design basis in the evaluation. 

The relationship used t o  calculate the sound power level of the source was: 

I& = 95 + 10 log (horsepower), an 
empirically derived equation. 2 
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Empirical data from one major manufacturer of towers l isted 

sound pressure levels for  a s l m i l a r  cooling tower in two directions a t  a 

200-foot distance, the correction constant IC i n  the derived equations was 

calculated by making the modified equation f i t  that data a t  200 feet. 

This factor i s  a sum of several correction factors, i.e., the correction 

factor f o r  a hemispherical calculation, the directivity index factor, 

the unit conversion factor, and the octave band power level distribution 

factor. It tms assumed that once K has been determined f o r  any distance 

i n  one direction, it remains constant, independent of change i n  distance 

as long as the direction outward is  not changed. 

The sound level  spectra calculated 1,OOO fee t  from the tower 

complex along the f ac i l i t y  centerlines (the long a x i s  runs approximately 

paral le l  t o  the shoreline, see figure 2.6-8) are shown below: 

Predicted Noise Spectrum, Six  Mechanical D r a f t  
Cooling Towers, 1,000 Feet from Towers, Corrected for  

A i r  Absorption a t  809? and 70 Percent RH 

Center Frequency, Hz - - - -  63 125 250 500 1,OOO 2,000 4,000 8,oOO dB(A) 

Listening Stations 

Along centerline of 
short  axis of tower 

ccmplex (NE by S7) 61 56 53 51 49 44 42 38 54 
Along centerline of 
long zxis of tower 

coqlex (NG.J by SE) 55 31 48 44 38 30 15 7 4 4  

It is expected that these theore t icd  values are well on the high 

side because the calculated model was based on worst case conditions asd 

there should be further attentuation caused by environmental factors such 

as building obstruction, shnibbery, trees, wind, temperature gradients, 

I 



ground profile, etc. These were not included in the model. These factors 

can be taken into consideration la ter  once the design parameters and layout 

configuration are firmly resolved. 

The predicted dB(A) noise levels a t  1,OOO feet may be used t o  

calculate noise levels more distant f’rcxn the towers by as- a 6 dB 

decrease in noise level with each doubling of distance and correcting 

for a i r  absorption at 80% and 70 percent RH. Again, attenuation by 

structures, topography, and vegetation was ignored, thereby leading to  

conservatively high predictions. 

by TVA industrial hygienists in Ibveniber 1971 a t  nine locations outside 

the Browns Ferry Nuclear Plant reservation boundary. 

were taken after midnight t o  minimize construction noise frm the site. 

These data provide a basis f o r  canparison with predicted operational cooling 

tower noise. 

A background noise survey was performed 

Background data 

Comparison may also be made with nonaircraft noise cri teria 

developed by tk U.S. Department of H a u s i n g  and Urban  Development (HUD). 1 

Moise levels were estimated in the direction of the short  exis  of the tower 

complex &t locations where excessive noise might become significant t o  

residents of the canmunity. Predicted noise levels were corrected for 

background noise influence where applicable. 

noise levels, the measured background noise, and the acceptablitiy of 

the operational noise w i t h  respect t o  HUD criteria me shown below f o r  

the short axis (NE by SW) listening points. 

The predicted operational 
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Predicted Acceptability 
Noise Level bym 

D i s t .  D i r .  Bkga Might Ekgd Cor- Recormmended 
f'rarm *om U/5/71 rec ted, Noise 

Listening Station Source - Saurce dB(A) a ( A )  Criteria 

A t  plaut boundary 4,200' NE 33 38 Normally 

baundary 1 m i  m 33 37 No- 

Nearest  residence 2 m i  mE 32 33 Normally 

Accept able 

Outside plant 

Acceptable 

Acceptable 

Far shore, 
34 Wheeler Reservoir 1.9 m i  SW 35 Normally 

Acceptable 

Noise levels in the direction of the long axis w i l l  be less than that 

at corresponding distances in the direction of the short axis as shown 

by the predicted noise spectrum at 1,OOO feet Avrm the towers. 
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