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n·ear S'tockholder: 

As illustrated on the cover, 1979 marked the lOOth 
anniversary of Thomas Edison's development of the 
first practical incandescent light bulb. 

· Edison's remarkable lamp did more than light up 
the world; it opened the door to the age of electricity. 
Prior to that time, electricity was largely unknown. 
And like rriany unknowns, it frightened people. 

When John Wanamaker &. Company announced 
in 1879 that electric arc lighting would replace gas 
lights at its Philadelphia store, the news caused an 
uproar. Protesters took to the streets. The news media 
reported the protests and the public danger posed by 
the new technology. · 

As we look back, this incident seems absurd. Elec
tricity is an essential part of our lives. People not only 
accept it; they demand it. The public has learned that 
the benefits of electricity far outweigh its risks. 

Today, the technology under attack is nuclear 
power. The pickets, protests and media reports have a 
familiar ring. Yet, just as electricity overcame its 
critics, so also, .in our judgment, will nuclear power. It 
is the safest, cleanest, most ·reliable and most 
economical way we have of producing electricity. 

While we do not minimize the seriousness of the 
accident at the Three Mile Island (TM I) nuclear 
power plant, the truth is that no one was injured. 
Indeed,. in more than two decades of comf!1ercial 
operation in the U.S., no one has ever been injured by 
a reactor accident, although this is not to say that it 
could never happen. 

In the short term, TM I has slowed the development 
of nuclear power. However, in the long term, we 
believe it will have beneficial effects for at least three 
reasons. 

First, much has been learned from the accident, and 
this knowledge is already being put to good use m 
making nuclear power an even safer technology. 

The number of investigations completed or in 
progress is impressive. Besides the Kemeny Commis
sion (supported by 85 staff members and profession
als), several congressional task forces and N 14clear 
Regulatory Commission study groups have thoroughly 
examined the accident and recommended ways to im
prove reactor safety. 

In addition, various nongovernmental agencies, 
such as industry trade associations, the Electric Power 
Research Institute, individual utilities, independent 
advisory panels (see page 5 for a discussion of the 
Edison panel report), and nuclear equipment vendors 
have conducted studies and made suggestions, or are in 
the process of doing so. Some recommendations grow
ing out of these diverse examinations have already 
been adopted while others are being considered for f u
ture implementation. 

Second, while, as a result ·of TMI, the public has 
become keenly aware of the risks of nuclear power, we 
believe it also is developing an awareness that these 
risks must be compared with the great benefits of 
nuclear generation and w.ith the risks associated with. 
other rriethods of energy production. · 

For example, coal mining accidents and black lung 
disease take hundreds of miners' lives each year. 
Moreover, the burning of coal causes pollution, despite 
advances in precipitator technology and other clean
air systems. Although the mining and burning of coal 
cause more harm day i.n and day out than nudear 
power, coal's risks have been accepted because they are 
familiar and less frightening to the public. 

The third reason TM I will be beneficial in the long 
term is because it has focused attention on the im
portant role nuclear power must play in the nation's 
search for an adequate energy supply. 

The choice is not merely whether to be for or against 
nuclear power. Rather, we must choose from an ex
tremely limited number of alternatives for producing 
additional electricity between now and the year 2000. 

One such alternative is imported oil, which endan
gers national security, worsens the U.S. balance of 
payments deficit, and contributes to inAation and. the 
instability of the dollar. 

Another alternative is to rely on those technologies 
not yet adequately developed, which could lead to 
power shortages, rising unemployment and a danger
ous downward economic spiral. 

A third possibility is to develop only coal-fired 
generation. However, the problem with this alter
native is that although coal has vast potential, it can
not do the job by itself over the next 20 years or so. 
Thus, it seems to me that the practical alternative for 
increased power production is to use a combination of 
coal aad nuclear power. 

The facts clearly demonstrate that nuclear power 
is clean, reliable and economical. A nation desperately 
searching for additional energy resources cannot turn 
its back on nuclear power. Together with coal, it can 
supply an increasing amount of the energy required to 
sustain a viable economy and provide a better quality 
of life for the American people during the remainder of 
this century. 

Sincerely, · 

Thomas G. Ayers 
Chairman 
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THE LICENSING PROCESS 

Obtaining an NRC construction permlt.,--or a limited work 
authorization, pending a .decision on issuance of a construction per· 
mlt-is the first objective of a utility or other company seeking to 
operate a nuclear power reactor or other nuclear facility under NRC 
license. The process is set in motion .with the filing and acceptance of 
the application, generally comprising ten or more large volumes of . 
material covering both safety and environmental factors, in accord
ance with NRC requirements and guidance. The second phase con
sists of s8Iety and environmental factors, in accordance with NRC r&

quirements and guidance. The second phase consists of safety, 
. environmental, safeguards and antitrust reviews undertaken by the 

NRC staff. Third, a safety review is conducted by the independent 
Advisory Committee on Reactor Safeguards (ACRS); this review is 
required by law. Fourth, a mandatory public hearing' is conducted 
by a three-member Atomic Safety and Licensing Board (ASLB), 
which then makes an initial decision as to whether the permit should 
be granted. This decision is subject to appeal to an Atomic Safety and 
Licensing Appeal Board (ASLAB) and could ultimately go to the 
Commissioners for final NRC decision. The law provides for appeal 
beyond the Commission in the Federal courts. 

As soon as an initial application is accepted, or "docketed," by the 
NRC, a notice of that fact is published in the Federal Register, and 
copies of the application are furnished to appropriate State and local 
authorities and to a local public document room (LPDR) established 
in the vicinity of the proposed site, as well as to the NRC-PDR in 
Washington, D.C. At the same time, a notice of a public hearing is 
published in the Federal Register and local newspapers) which pro-· 
vides 30 days for members of the public to petition to intervene in the 
proceeding. Such petitions are entertained and adjudicated by the 
ASLB appointed to the case, with rights of appeal by the petitioner to 
the ASLAB. 

The NRC staffs safety, safeguards, environmental and antitrust 
reviews proettd in parallel. With the guidance of the Standard For
mat (Regulatory Guide 1. 70), the applicant for a corutruction permit 
lays out the proposed nuclear plant design in a Preliminary Safety 
Analysis Report (PSAR). If and when this report has been made suffi. 
ciently complete to warrant review, the application is docketed and 
NRC staff evaluations begin. Even prior to submission of the report, 
NRC staff conducts a substantive review and inspection of the appli
cant's quality assurance program covering design and procurement. 
The safety review is performed by NRC staff in accordance with the 
Standard Review Plan for Light-Water-Cooled Reactors, initially 
published in September 1975 and updated periodically. This plan 
states the acceptance criteria used in evaluating the various systems, 
components and structures important to safety and in assessing the 
proposed site, and it describes the procedures used in performing the 
safety review. 

The NRC staff examines the applicant's PSAR to determine 
whether the plant design is safe and consistent with NRC rules and 
regulations; whether valid methods of calculation were employed 
and accurately carried out; whether the applicant has conducted his 
analysis and evaluation in sufficient depth and breadth .to support 
staff appro"al with respect to safety. When the staff is satisfied that 
the acceptance crheria of the Standard Review Plan have been met 
by the applicant's preliminary report, a Safety Evaluation Report is 
prepared b)· the staff summarizing the results of their review regard
ing the anticipated effects of the proposed facility on the public 
health and safety. 

Following publication of the staff Safety Evaluation Report, the 
ACRS completes its re,iew and meets with staff and applicant. The 
ACRS then prepares a letter report to the Chairman of the NRC 

presenting the results of its independent evaluation and recommend
ing whether or not a construction permit should be issued. The staff 
.Issues a supplement to the Safety Evaluation Report incorporating 
any changes or actions adopted as a result of ACRS recommend.-

. tions. A public hearing can then be held, generally in a commimlty 
near the propo.o;ed site, on safety a5pects of the licensing decision. 

• In ·appropriate cases,.NRC may grant a Limited Work Authoriza
tion to an applicant in advance of the final decision on the construc
tion permit in order to allow certain work to begin at the site, sa'ing 
as much as seven months time. The authorization will not be given, 
however, until NRC staff has completed environmental impact and 
site suitability reviews and the appointed ASLB has conducted a 
public hearing on emironmental impact and site suitability with a 
favorable finding. To realize the desired saving of time, the applicant 
must submit the environmental portion of the application ~ly. 

The environmental review begins with a review of the applicant's 
Environmental· Report (ER) for acceptability. Assuming the ER Is 
sufficiently complete to warrant review, it is docketed and an· 
analysis of the consequences to the emironment of the construction 
and operation of the proposed facility at the proposed site Is begun. 
Upon completion of this analysis, a Draft Emironmental Statement 
is published and distributed with specific requests for review and 
comment by Federal, State and local agencies, other interested par
ties and members of the public. All of their comments are then taken 
into account in the preparation of a Final Environmental Statement. 
Both the draft and the final statements are made available to the 
public at the time of respective publication. During this same time 
period NRC is conducting an analysis and preparing a report on slte 
suitabilit)' aspects of the proposed licensing action. Upon completion 
of these acthities, a public hearing, with the appointed ASLB 
presiding, may be conducted on emironmental and site suitability 
aspects of the propsed licensing action (or a single hearing on both 
safety and environmental matters may be held, iI that is indicated). 

The antitrust re,iews of license applications are carried out by the 
NRC and the Attorney General in advan~ of, or concurrently "';th, 
other licensing re\iews. If an antitrust hearing is required, it is held 
separately from those on safety and emironmental aspects. 

About two or three years before construction of the plant is 
scheduled to be complete, the applicant files an application for an 
opera ting license. A process similar to that for the construction per
mit is followed. The application is filed, NRC staff and the ACRS 
review it, a Safety Evaluation Report and an updated Environmental 
Statement are issued. A public hearing is not mandatory at this stage, 
but one may be held if requested by affected members of the public 
or at the initiative of the Commission. Each license for operation of' 
nuclear reactor contains technical specifications which set forth the 
particular safety and environmental protection measures to be im· 
posed upon the facility and the conditions that must be met for tht 
facility to operate. · 

Once licensed. a nuclear facility remains under NRC surveillan<:'< 
and undergoes periodic inspections throughout its opcratin1; lift'. Ir 
cases where the NRC finds that substantial, additional protection i 

necessary for the public health al')d safety or the common defefl.5(' an, 
security, the NRC may require "back!itting" of a licensed plant, tha 
is, the addition, elimination or modification of structures, S)"Sterns o· 
components of the plant. 
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9. ALTERNATIVES 

9.1 ENERGY SOURCES 

9.1.1· · Alt~rnatives Not Requiring New Generating Capacity 

In Section 8 the staff found a probable need for the capacity (2750 MWe) of the proposed Yellow 
Creek Plant beginning in 1985. TVA could avo1d the construction of the Yellow Creek Plant only 
if other interconnected utilities could maintain an equivalent baseload capacity in excess of 
their own needs. The staff does not believe such an excess can reliably be projected. Thus, 
the purchase of an equivalent amount of capacity is,not a viable alternative to the construction 
of the Yellow Creek Plant. 

As discussed in Section 8.3, TVA intends to rlplace ol~er coal-fired plants with nuclear units 
to serve baseload requirements. About 6000 MW of current baseload capacity will be relegated to 
intermediate duty. This is reasonable because TVA has 35 coal-fired units that are more than 
30 years old. Al so, additional generating capacity to meet peak loads as well as additional 
overall energy production will be needed by the applicant. Operating TVA's peaking capacity as 
baseload would geherate more energy during the off-peak periods, but this is not a· cost-efficient 
option"and would not be sufficient for the output and reliability required during peak periods. 
Therefore, it is not a viable alternative. 

9.1.2 Alternatives Requiring New.Generating Capacity 

The staff believes that only nuclear- or coal-fueled power plants are reasonable choices for 
generating stations being planned at this time. Both types are feasible in the TVA system. 
Other types of generating plants were considered by the staff but judged to be unsuitable for a 
co1TTI1ercial plant being undertaken at this time. A brief discussion of the alternatives con
sidered unsuitable is given below. 

9.1.2.l Noncompetitive Sources 

Solar and Wind Power 

The U. S. Energy Research and Development Administration (ERDA) has initiated a research and 
development program that may lead to co1TTI1ercialization of several types of generating plants 
deriving their energy dire~tly from the sun or indirectly from wind or ocean thermal gradients. 
However, the ERDA plan i.s expected to achieve a nationwide level of power production from wind 
energy by 1985 equivalent to only one or two nuclear units. For the solar alternatives, only 
small demonstration plants will be achieved prior to 1985. 

Natural Gas. 

Although highly desirable as a fuel from the environmental standpoint, natural gas is now in 
short supply and will be more so in the future. Accordingly, for reasons of practicality and 
public interest, new industrial consumption of this valuable fuel should be avoided. 

Geothermal 

Geothermal resources are classified by the U. S. Geological S~rvey according to their potential 
values. Areas are classified as "Known Geothermal Resource Areas" (KGRAs) when" ... the pros
pects for extraction of geothermal steam or associated geothermal resources are good enough to 
warrant expenditures of money for that purpose." 1 Most KGRAs in the United States are located 
in 14 western States. Not one is recognized in the TVA system. 
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Petroleum Liquids 

'In view of the uncertain supply of imported on (over one-third of U. S. consumption), and the 
importance of petroleum as motor-vehicle fuel and as petrochemical feedstock,· the staff believes 
it desirable that new iridustrial uses be avoided. 

Advanced Nuclear Sources 

Two advanced nuclear energy sources are the breeder reactor and the controlled thermonuclear 
reactor. Scientific feasibility of the latter has not yet been demonstrated. A demonstration. 
breeder reactor plant is now in the design stage, but more than a decade will be required to 
construct and operate the breeder to demonstrate cormiercial feasibility. Therefore, a breeder 
reactor is not a practical source for cormiercial power needed in the mid-1980s. 

Hydroelectric Power 

No undeveloped hydro sites of substantial potential for baseload ·operation exist within the TVA 
system. The development of many low-potential sites would be uneconomic and of uncertain feasi
bility because of environmental restrictions. 

Municipal Solid Wastes 

The burning of muni.cipal wastes (mixed with coal) as power-plant fuel has been demonstrated 
successfully and several utilities are now undertaking programs to exploit this fuel. The staff 

. considers this fuel as a supplement to coal rather than a distinct alternative. 

9:1.2.2 Competitive Sources - Economic Costs 

After reviewing both conventional and potential future energy sources, the staff concluded that 
coal is the·only viable alternative source of energy for the proposed nuclear power plant. 
Costs for ·a power-generating plant that uses coal are compared in this section with those for 
the proposed nuclear plant. The comparison is based on the proposed 2600-MWe two-unit nuclear 
plant and a high-sulfur coal;fired plant comprised of three units, each with a rated capacity.of 
800 MWe, for a total generating capacity of 2400 MWe. 

_ .. ·. 
The staff's ecoriomic-cost estimates for the alternative coal and ·nuclear ~fants are preserited in 
Table 9.1. The assumptions and methods used in making the comparison are discussed below. 

Capital Cost for Generating Units 

The staff used capital-cost .estimates obtained from the CONCEPT computer code by Oak Ridge 
National Laboratory (ORNL). The CONCEPT code is in the process of being updated. A new cost 
model is now available .for PWRs. However, only a previously existing model was available for 
estimating costs of coal facilities. 

CONCEPT estimated the cost of a two-unit, 2600-MWe PWR with mechanical-draft cooling towers at 
$893/kWe. CONCEPT estimated the cost of a three-unit 2400-MWe coal-fueled plant with scrubbers 
at $643/kWe. Based upon experience with CONCEPT and after review of a number of studies by 
consultants and architect/engineers, it is apparent there is'a correlation between the costs of 
nuclear plants and coal plants. This is because many of th.e unit costs; i.e. labor and materials, 
are the same for both. Therefore, the staff adjusted the coal cost by simple proportion to make 
it compatible with the new PWR cost model. The adjusted figure is $761/kWe. 

Fixed Charge Rate 

The Tennessee Valley Authority (TVA) will be the sole owner and operator of the proposed Yellow 
Creek Plant. Based on interest rates to be paid on TVA's 1975 bond issues, the staff estimated 
TVA's cost of money at 8.5%. Using the 8.5% interest rate as the discount factor, the staff 
calculated a sinking-fund factor for depreciation of 0.81%. 

Nuclear-liability insurance and interim replacement costs are included in operation and main
tenance (O&M) costs. TVA is self-insured with respect to property. The staff estimated the 
cost to TVA of underwriting its own risks to be about 0.07%. 

e. a_. ..use_; f UP~ ... ::"' .' SfO'· ;. . , .... z;=-q 4. ! _ -• ... & 
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Table 9.1~ Capital Cost and Unit Generating Cost Comparison 
for Nuclear and Coal-Fired Generating Plantsa 

Ca~acit.z: 

Nuclearb 
Factor (%) 

Cost so 60 70 so 
Unit cos.t (mills/kWh). 

Charges on capital (9.4%) 19. 1 1 S.9 13. 7 16.3 

Operation and maintenance 
Fixed 3.3 2.7 2.3 S.9 
Variable 0. 1 0. 1 0. 1 3.9 

Fuel cost 13.0 13.0 13. 0 21.0 

Carrying charge on fuel 2.4 2; 1 1.8 0.3 
working capital 

Decommissioning 0.3 0.3 0.2 

Total 38.2 34. 1 31. 1 47.4 

aUnit generating costs are JO-year levelized values. 
bTwo 1300-MWe P1t1Rs. ( $893/kw net) 
cThree 800-MWe coal plants with scrubbers. ($761/kw net) 

Coale 

60 70 

13.6 11. 7 

4.9 4.2 
3.9 3.9 

21.0 21.0 

0.3 0.3 

43.7 41. 1 

Being a Federal agency, TVA pays no Federal income tax. It pays in lieu of taxes to State and 
local governments. This payment is not based on capital investment and would be the same for 
either coal or nuclear units that generate the same amounts of energy. Therefore, the staff has 
not included taxes in the fixed charge rate. 

The costs of money, depreciation, and property insurance total 9.38%. The staff used a fixed 
charge rate of 9.4%. 

Escalation and Discount Rates 

Forescasting electricity generating-cost changes over a 40-year period (i.e., from 1976 to the 
end of the reactor life) obviously is subject to much uncertainty. There are likely to be 
significant fluctuations in these costs during the period. Nevertheless, the staff believes 
that, over the long term, a reasonable assumption is that generating costs will not vary sub
stantially from general inflation levels. An escalation rate of S% per year is assumed for 
general inflation. Therefore, coal, nuclear fuel, and O&M costs ~re escalated at SI per year. 
·Before escalating nuclear fuel costs, certain upward adjustments are made to current costs. In 
the case of uranium, the base price is adjusted upward from current production costs to reflect 
the continual depletion of higher grade ores and the need to open new mining ar.eas. Enrienment 
costs .are adjusted upward from current charges to the charge likely to exist on a full-cost
recovery basis, i.e. $7S per SWU. These adjusted nuclear fuel costs are then escalated at S% 

.Per year. Coal fuel costs are likewise escalated at SI per year, although transportation costs, 
in particular, may well exceed this rate. Note is also made that· no allowance is given to 
depletion of high-yielding coal areas even though this may well occur over a 30~year period. 

The discount rate used by the staff is the weighted cost of money to the utility. In TVA's 
case, the average cost of recent bond issues best represents the cost of money. Thus, a value 
of 8.S% was used. 
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Operation and Maintenance. 

The O&M costs were obtained from the OMCST computer program by ORNL. The OMCST code is designed 
to assist 1n examining average trends in costs, in determining sensitivity to technical and 
economic factors, and in providing cost projections. The OMCST code provides the annual cost 
for O&M staff, the fixed and variable costs for maintenance materials, the fixed and variable 
costs for supplies arid expenses, the cost for insurance and fees {including nuclear liability. 
insurance), and· the cost for insurance and fees (including nuclear liability insurance), and the 
cost of administration and ~eneral expenses. The fixed and variable annual costs are totaled 

,and converted to unit cost (mills/kWh) for the selected capacity factor. Costs are escalated to 
·the year of initial operation (l98S for Yello~ Creek Unit~ 1 and 2). The O&M cost estimates· are 

summarized in Table 9.2. · · 

• 

Table 9.2. Fixed and Variable Portions of O&M Costa 

Capacitl Factor (%) 
Nuclear Coal 

Cost 70 60 so 70 60 

198S O&M cost (mills/kWh) 
Fixed 1. 33 1. SS 1'. 86 2.40 2.80 

Variable 0.06 0.06. 0.06 2.22 2.22 

afrom "A Procedure for Estimating Non-fuel Operation and Maintenance Costs for Large Steam
Electric Power Plants," ERDA 76-37. 

Fuel Cost - Nuclear 

so 

3.36 
2.22 

Calculations of cost of the nuclear fuel cycle were based on the general procedures outlined in 
"Guide for Economic Evaluations of Nuclear Reactor Plant Designs," NUS-S31. The no-recycle-case 
cost components as developed .in the ''Final Generic Environmental Statement on the Use of Recycle 
P.lutonium in Mixed Oxide Fuel in Light Water Cooled Reactors," (GESMO), NUREG-0002, were used 
after extending them to the year 2020. The values used are su1TV11arized in Table 9.3. 

The fuel-cycle calculations were based on equilibrium conditions. After removal from the reactor 
the fuel is stored for five years and then shipped to a repository for disposal. The staff's 
assumptions concerning the reactor and other elements of the fuel cycle appear in Table 9.4. 

Costs for the various components of the fuel cycle were calculated in terms of dollars per 
kilogram of heavy metal {$/kg HM) and converted to mills/kWh based on arr irradiation level of 
32,600 MWd/MTHM. The costs were escalated at 5% per year to 1984. The 198S present value for 
the 30-year life of the plant was calculated by escalating the 1984 cost at S% per year and 
Jiscc~nting at 8.S% per year. The present value for the 30-year period was then amortized over 
30 years. 

It should be noted that in addition to the 5% per year escalation, U308 prices were further 
increased to account for depletion of the resource. The additional increase is based on an 

·assumption of 507 GWe of ~uclear capacity in the year 2000 with no new construction after that 
date. The fuel-cycle cost is summarized in Table 9.5. 
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Table 9.3. Material and Service Unit Co~ts 
(l97S Dollars) 

Mining and milling ($/kg U306 )a 
Conversion to 'UF 6 ($/kg U) 

Uranium enrichment ($/SWU) 
UOi fabrication ($/kg HM) 

Sp~nt-fuel transportation ($/kg HM) 
Spent-fuel storage ($/kg HM-yr) 

Spent-fuel disposal ($/kg) 

aFirst-year cost. 

SS 
3.S 

7S 
9S 
lS 
s 

100 

Table 9.4. Assumptions Used in the Fuel-Cycle Calculations 

Reactor size and type 

Net .thermal efficiency (%) 

Specific power (MWt/MTHM) 

Irradiation l eve 1 (MWd/MTHM) 

Fresh fuel enrichment (% U-23S) 

Spent fuel enrichment (% ~-23S) 
Tails assay (% U-23S) 

Losses in conversion to UF 6 (%) 
Losses in fabrication (%) 

aFrom "Nuclear Power Growth," WASH-1139, 1974. 
bGESMO. . 

1300-MWe PWR 

33 
38a 

32,600a 
3. 21 a· 

0.90a 
0.3b 

o.s 
1. 5 

Table 9.S. Summary of Nuclear-Fuel-Cycle Cost 
(30-Year Levelized) 

$/kg-Ua Mills/kWh 

U30e 1875 7.26 

Conversion to UF 6 68 a.26 

Enrichment 786 3.04 
Fabrication 258 1.00 

Storage 68 0.26 

Transportation 41 o. 16 

Disposal 271 1. 05 

Total 3367 . 13.04b 

aContained in fuel. 

bin the U- and Pu-recycle case this figure would be 10.28 mills/ 
k'..Jh. 
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Carrying charges on the funds required to support the fuel cycle were calculated based on the 
following set of assumptions: 

1. One year from U308 purchase through conversion.to UFs, enrichment, and 
fabrication. 

2. Resident ·time iii the reactor based on_ capacity factors of 50'.t, 60'.t, and 
70'.t and 32,600 MWd/MTHM exposure. 

3. A five-year storage period before final disposal. 

4. An 8.5'.t interest charge on invested fund.s required to support the fuel cycle. 

The carrying charges .are sulllllarized in Table 9.6 • 

.. 

Table 9.6. Carrying Charges for 
(30-Year Levelized) 

Nuclear Fuel 

(mi 11 s/ kWh) 

Ca~acit_l'. Factor { '.t} 
50 60 70 

2.42 2.08 1.84 

1.50a 1. 32a 1. 19a 

aln the U- and Pu-recycle case. 

Fuel Cost - Coal 

The staff based its estimated coal price on prices for 1975 contract deliveries as reported in 
the Federal Pewer Convnission publication "Annual Surrrnary of Cost and Quality of Steam Electric 
Plant Fuels, 1975." Because the Yellow Creek site is near the Tennessee-Mississippi-Alabama 
border, the use-weighted average for those three States was used. Its 1975 value was 84.5¢/106 
Btu. The thirty-year levelized value is 229.1¢/106 Btu or 21.0 mills/kWh, based on 5'.t escala
tion, an 8.5'.t discount rate, and a heat rate of 9150 Btu/kWh. 

Jhe staff assumed that a three-months supply of coal would be stockpiled at the generating 
plant. Also it is assumed that if it should be necessary to use this coal at any time the 
stockpile would be credited at the then-current price for coal and the amount used would be 
replaced at the same price. The carrying charge for the coal stockpile is based on 8.5% inter
est, 1985 price for coal, and a three-months coal supply. The cost of the coal stockpile and 
carrying charges are surrrnarized in Table 9.7. 

Decommissioning Cost 

The staff's estimate of deco11111issioning costs assumes complete restoration of the site. The 
1975 cost-for such restoration would have been about $70 million for a two-unit site. 

At the end of plant life {2014) this figure would escalate to $469 mill ion. The sinking-fund 
payment required over 30 years at 8.5% is $2.85 million. The resultant unit costs are displayed 
in Table 9.8 . 
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Table 9.7. Carrying Charges for Coal Stockpile 

Ca12aciti: Factor {%) 
50 60 70 

Cost of three-month. 
(dollars x 106) 

stockpile 31. 5 37.8 44.2 

Unit cost of 
(mills/kWh) 

carrying charges 0.25 0.25 o.25 

Table 9.8. Decommissioning Unit Cost (mills/kWh) 

Ca12acity Factor (%) 
50 60 70 

0.31 0.26 0.22 

9.1.2.3 Competitive Sources--Health Effects Attributable to Coal and Nuclear Fuel Cycle 
Alternatives 

In addition to the environmental costs attributable to coal and nuclear fuels (Table 9.9), the 
differing health effects from using coal and nuclear fuels have been considered in the environ-

. mental assessment of each alternative. In making these assessments, the entire fuel cycle 
rather than just the power-generation phase was considered in order to compare the total impacts 
of each cycle. For coal, the cycle consists of mining, processing, fuel transportation, power 
generation, and waste disposal. The nuclear fuel cycle includes mining, milling, uranium enrich
ment, fuel preparation, fuel transportation, power generation, irradiated fuel transportation 
and reprocessing, and waste disposal. 

In preparing this assessment it has been recognized that there are large uncertainties due to 
the lack of an adequate data base in certain areas of each fuel-cycle alternative. The overall 
uncertainty in the nuclear fuel cycle is probably about an order of magnitude (increased or 
decreased by a factor of ten), whereas there is as much as a two-order-of-magnitude uncertainty in 
the assessment of the coal fuel cycle. The much greater uncertainty associated with the coal 
fuel cycle results from the r~latively sparse and equivocal data regarding cause-effect rela
tionships for most of the principal pollutants in the coal fuel cycle, and the effect of Federal 
laws on future performance of coal-fired power plants, mine safety, and culm-bank stabilization. 

Health effects, as the term is used here, is intended to mean excess mortality, morbidity 
(dis.=ase and illness), and injury among occupational workers and the general public. ("Excess" 
is used here to mean effects occurring at a higher-than-normal rate. In the case of death it is 
used synonymously with premature mortality.) The most recent and detailed assessments of 
health effects of the coal fuel cycle have been prepared by the Brookhaven and Argonne National 
Laboratories.2- 7 The most complete and recent assessment of the radiological health effects of 
the uranium fuel cycle for normal operations was. prepared for the "Final Generic Environmental 
Statement on the Use of Recycle Plutonium in Mixed Oxide Fuel in Light Water Cooled Reactors" 
(GESMO I). 9 
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Table 9.9. Comparative Environmental Costs for an 1800-MWe Coal Plant 
and the Yellow Creek Nuclear Plant at Full Output 

Impact 

Land Use, hectares 

Station proper and associated 
ponds; fuel and waste storage 
areas 

Release to Aira 

Dust, tonnes/day 
Sulfur dioxide, tonnes/day 

Nitrogen oxides, tonnes/day 

Radioactivity, Ci/yr 

Releases to Surface Water 
Chemicals dissolved in blowdown, 
tonnes/day 
Radioactivity, Ci/yr 
Water consumed, m3/min 

Fuel 

Consumed 

Ash 

Coal 

"' l ,600 

20 

230 

132 
Sma 11 

b 

None 

"' 55 

"' 20,000 tonnes/day 

"' 2,000 tonnes/day 

Moderate 

Nuclear 

470 

None 

None 

None 

21 ,000 

160 
l 06 

1.2 tonnes/dayc 

Moderate 

Esthetic Both require large industrial type 
. structures and cooling towers. 

Coal yard, asn pit, tall stack 
required. · 

aCoal-fired plant emissions estimated on the basis that the plant just meets 
applicable EPA standards. 

b . 
Information not available. 

c 
U308. 

However, in accordance with 10 CFR Part 51.20(e), the current impact of the uranium fuel cycle 
(excluding reactors and mines) is defined by the 14 March 1977 revision of Table S-3, 10 CFR 
Part 51. [Consistent with the Commission's announced intention to reexamine the rule from time 
to time to accommodate new information (39 FR 14188, 22 April 1974, and 42 FR 13803, 14 March 
1977), staff studies are underway to determine what areas, in addition to waste management and 
reprocessing, may require updating in Table S-3 (Notice of Proposed Rulemaking, Docket No. 
RM 50-3, Environmental Effects of the Uranium Fuel Cycle, 41 FR 45849, 18 Oct~ber lg76).] Using 
the Table S-3 effluents and the models developed for GESMO !, it was possible to estimate the 
impact of the uranium fuel cycle on the general public for routine operations. These values are 

·shown in Tables 9.10 and 9.11 and some critical assumptions related to estimates.are shown in 
Appendix E. 
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Table 9.la. Surmiary of Current Energy Source Excess Mortality per Year per a.8 GWy(e) 

accueational General Pub l iC 

Fuel Cycle Accident Disease Accident -Disease 

Nuclear (U.S. population) 
(all.nuclear) a.22a · a. l4b a.as' a.06b 

(with laai of elec-
tricity used in the 
fuel cycle produced 

0.24-a.2Sa,d a.l4-a.46b,e a. lOc,f. . g 
by coal power) 0.64-4.6 

Coali(regional population) d 0.35-0.65. a-7e 1. 2f 13-llOg. 

Ratio of coa 1 to nuclear (range): 32-260 (all nuclear) 

14-22 (with coal power)h 

aPrimarily fatal nonradiological accidents such as falls, expl6sions, etc. 

Totals 

0.47 

1.1-5.4 

15-12a 

bPrimarily fatal radiogenic cancers and leukemias fro~ normal operations at mines, mills, power 
plants, and reprocessing plants. 

cPrimarily.fatal transportation accidents (Table S-4, 10 CFR Part 51) and serious nuclear 
·accidents. 
dPrimarily fatal mining accidents such as cave-ins, fires, explosions, etc. 
ePrimarily coal workers pneumoconiosis (CWP) and related respiratory diseases leading to 
respiratory failure. 

fPrimarily members of the general public killed at rail crossings by coal trains. 
gPrimarily respiratory failure among the sick and elderly from combustion products from power 
plants, but includes deaths from.waste-coal-bank fires. 

hWith 10a% of all electricity consumed by the nuclear fuel cycle produced by 'coal power; amounts 
to 45 MWe per a.8 GWy(e). 

;Coal effects are based on a regional population of 3.8 million people within 80 km of the coal 
plant. In the year 2aoa the population within 80 km of Yellow Creek will be about 0.5 million 
people .. Therefore, the health effects related to coal should be reduced by one order of mag
nitude (0.1). The coal effects outside an 8a-km radius have not been considered by the staff; 
however, it is the staff's·opinion that they would be greater than those calculated for the 
8a-km radius. 

Because Table S-3 excludes radon releases from uranium mines, the health effects of such releases 
on the general public are not included in Tables 9.10 and 9.11. The effects of such releases 
would result in some small increases in the total risks of mortality and morbidity as discussed 
below under "Other Considerations." 

In addition, Table S-3 does not generically address releases for light water cooled power 
reactors. The estimated total body _population dose commitments for both occupational .workers 
and the general public were taken from GESMO I (U recycle only option). In addition, the occu
pational dose commitments to workers in uranium mines, mills, uranium hexafluoride plants, 
uranium fuel plants, and uranium enrichment plants were taken from GESMO I, because they are not 
considered .in Table S-3. However, these dose commitments are comparable to those that would 
result from the radiological releases described in NUREG-0216, which provides background support 
for Table ~-3. 

The dose commitments to the public and occupational workers in the March 1977 Table S-3 were 
used for estimating health effects from the.reprocessing and waste-management aspects of the 
uranium fuel cycle. The risk estimators used to estimate health effects from radiation dose 
coirmitments were taken from GESMO I and WASH-1400.9 

The impact of accidents in fuel-cycle facilitieslO and reactors 9 generally does not markedly 
increase the impact of normal operations for the uranium fuel cycle, but has been included in 
this assessment for completeness. No comparable analysis of health effects resulting from 
accidents in coal-fired plants is available at this time. · 
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Table 9.lOa. Excess Mortality per 0.8 GWy(e)--Nuclear 
(Breakdown of Table 9.10) 

Fuel Cycle Component 

.Resource recovery 
(mining, drilling, etc.) 
Processingg 

Power generation 
Fuel storage 

Transrorta tion 
Reprocessing 

Waste management 
Total 

aRef. 2. 
b Ref. 8. 
Clo CFR Part 51, Table S-3. 
dlO CFR Part 51, Table S-4. 
eRef. 9. 

Occupational 
Accfdenta Diseaseb,c,d 

0.2 

o.005h 

0. 01 

0. 22 ~ 

0.038 

0,042 
0.061 

0.003 

o. 14 

General Public 
Accfdentd,e Diseaseb 

f 

0.002 

0.04 0.011 
'I.() 

0.01 'I.() 

0.050 

0.001 
0.05 0.064 

Total 

0.48 

fThese effects are not included in Table S-3, 10 CFR Part 51. Ref. 8 indicates .about 0.023 
excess deaths per 0.8 GWy(e) due to radon-222 emission. 

91ncludes milling, uranium hexafluoride production, uranium enrichment, and fuel fabrication. 
hCorrected for factor of 10 error based on referenced value (WAS~-1250). 
;The effects associat.ed with these activities are not known at this time. Although such 
effects are generally believed td be small, they wnuld increase the total in th~ column. 

Table 9.lOb. Excess Mortality p~r 0.8 GWy(e)--Coai 
(Breakdown of Table 9. lO)a · 

Occupational General Public 
Fuel Cycle Component Accident Disease Accident Disease 

Resource recovery 0.3-0.6 0-7 b b 
(mining, drilling, etc.) 
Processing 0.04 .b b 10 
Power generation 0. 01 b b 3-100 
Fuel storage b b b b 
Transportation b b l. 2 b 
Waste management b b b b 

Total 0.35-0.65 0-7 l. 2 13-110 

aFrom Ref. 2. 

Total 

15-120 

bThe effects associated with these activities are not known at this time. Although such effects 
are generally believed to be small, they would increase the total in the column. 
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Table 9.11 .. Surrrnary of Current Energy Source Excess Morbidity and Injury 
per 0.8 GWy(e) Power Plant 

OccuQational General 
Fuel Cycle Morbidity Injury Morbidity 

Nuclear (U.S. population) 
(all nuclear) 0.84a 12b 0. 78c 

(with 100% of elec-
tricity used by the 
fuel cycle produced 

l. 7-4. le 13-14b l.3-5.3f by coal power) 

Coalj(regional population) 20-70e 17-34 h 10- lOOf 

Ratio of coal to nuclear (range): 4.1-15 (all nuclear) 
3.4-8.8 (with coal power); 

aPrimarily nonfatal cancers and thyroid nodules. 

Public 
Injury 

0.1 d 

o.55g 

lOg 

Totals 

14 

17-24 

. 57-210 

bPrimarily nonfatal injuries associated with accidents in uranium mines such as rock falls, 
explosions, etc. 

cPrimarily nonfatal cancers, thyroid nodules, genetically related diseases, and nonfatal ill
nesses--such as radiation thyroiditis, prodromal vomiting, and temporary sterility--following 
high radiation doses. 

dTransportation-related injuries from Table S-4, 10 CFR Part 51. 
ePrimarily nonfatal diseases associated with coal mining such as CWP, bronchitis, emphysema, 
etc. 

fPrimarily respiratory diseases among adults and children caused by sulfur emissions from coal
fired power plants and waste-coal-bank fires: 

gPrimarily nonfatal injuries among members of the gener~l public frcim collisions with coal 
trains at railroad crossings. 

hPrimarily injuries to coal miners from cave-ins, fires, explosions, etc. 

iwith 100% ·of all electricity consumed by the nuclear fuel cycle produced by coal power; amounts 
to 45 MWe per 0.8 GWy(e). 

jCoal effects are based on a regional p.opulation of 3.8 million people within 80 km of the coal 
plant. In the year 2000 the population within 80 km of Yellow Creek will be about 0.5-million 
people. Therefore, the health effects related to coal should be reduced by one order of mag
nitude (0.1). The coal effects outside an 80-km radius have not been considered by the staff; 
however, it is the staff's opinion that they would be greater than those calculated for the 
80-km radius. · 

Estimates of death, disease and injury from nonradiological causes for. the uranium fuel cycle 
are from the Brookhaven evaluations, 2 - 4 with the exception of transportation-accident-related 
~eaths, which were taken from.Table S-4, 10 CFR Part 51. The results of these assessments are 
shown in Tables 9. 10 and 9.11. It should be noted that there are two lines under the nuclear 
fuel.cycle: the first assumes all of the electricity used within the uranium fuel cycle is 
generated by nuclear power (i.e. all-nuclear economy); the second line assumes, as shown in 
Table S-3 (10 CFR Part 51), that 100% of the electricity used within the nuclear fuel cycle 
comes from coal power. This is equivalent to a 45-MWe coal-fired plant, or 4.5% of the power 
produced. 

The Uranium Fuel Cycle 

Currently the NRC estimates that the excess deaths per 0.8 gigawatt-year electric [GWy(e)] will 
be about 0.47 for an all-nuclear economy. This is probably somewhat high due to the conservatism 
required in evaluations of generic plants and sites. (Conservatism is used here to mean that 
assumptions regarding atmospheric dispersion, dep1)sition of particulates, bioaccumulation, etc., 
generally result in estimates of impact that are typically "upper bound" estimates. In most 
cases, the estimates would be lower for real plants.) However, it is not greatly different from 
estimates by others such as Comar and Sagan 11 (0.11 to 1.0), Hamilton 2 (0.7 to 1.6), and Rose 
et al. 12 (0.50). The uncertainty in the estimate is about an order of magnitude. If, as shown 
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Table 9.lla. Morbidity and Injury per 0.8 GWy(e)--Nuclear 
(Breakdown of Table 9. 11) 

Occueational General Public . 
Fuel Cycle Component Morbidity Injuri Morbidity 

Resource recovery c 10 d 
(mining, drilli~g. etc.) 

- Processinge c 0.6 d 
Power. generation c l. 3 d 
Fuel storage c f d 
Transportation c < ·1 d. 
·Reprocessing c f d 
Waste management c ~ f d 

Total 0.84 12 0.78 ... , 

aFrom Ref. 2. 

bTable S-4, }O CFR Part 51. 

cNonfatal cancers s fatal cancers (excluding thyroid) or"' 0.14. 
Nonfatal thyroid cancers and benign nodules "' 3 x fatal cancers or "' 0.42. 
Genetic defects "'2 x fatal cancers or "'0.28. 

dReactor accidents: 10 x fatalities or "'·0.40 nonfatal cases. 
Normal operations: Nonfatal cancers s fatal cancers or "' 0.064. 

Injuryb 

"' 0 

"' 0 

"' 0 

"' 0 
o. 1 

f 

"' 0 

o. 1 

Nonfatal thyroid cancers and nodules "'3 x fatal cancers or "'0. 19. 
Genetic effects "' 2 x fatal cancers or "' 0.013. 

Total 

14 

eincludes milling, uranium. hexafluoride production,.uranium enrichment, and fuel fabrication. 
flhe effects associated with these activities are not·known at this time. Although such ~ffects 
are generally believed to be small, they would increase the total 1n the column. 

Table 9. llb. Morbidity and Injury per 0.8 GWy(e)--Coal 
(Breakdown of Table 9.ll)a 

Occueational General Public 
Fuel Cycle Component Morbidity Injury Morbidity Injury Total 

Resource recovery 20-70 13-30 b b 
(mining, drilling, etc.) 
Processing b 3 b b 
Power generation b 1.2 10-100 b 
Fuel storage b b b b 
Transportation b b b 10 

Waste management b b b b 

Total 20-70 17-34 10-100 l Q" 57-210 

aFrom Ref. 2. 
bThe effects associated with these activities are not known at this time. A~though such effects 
are generally believed to be small, they would increase the total in the column . 

........ ..,.. _ ___,, __ -----,---~..,,...,,,..........,....,.,_,....., ____ --~-·,-. _,_.,.,...._,__ ______ """·'"'-&-
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in Table S-3, 100% of the electriCal power used by the uranium fuel cycle comes from coal-fired 
power.plants, the NRC estimates there would be about 1.1 to 5.4 excess deaths per Q.8 GWy(e). 
Of this total, about.0.62 to 4.9 excess deaths per 0.8 GWy(e) would be attributable to coal . 
power (see Table 9. 11~); The uncertainty in the estimate is about one order of maqnitude. 

The tot~l number of injuries and diseases that might occur among workers and the entire u. s. 
population as a result of normal ·operations and accidents in the uranium fuel cycle was esti
mated to be about 14 per 0.8 GWy(e) for an all-nuclear economy. Injuries among uranium miner's 
from accidents a~count for 10 of the. 14 cases (see Table 9.11). If 100% of the electrical power 
used by the uranium fuel cycle ~omes frdm coal-fired pdwer plants, the NRC estimates there would 
be about lT to 24 injuries and diseases per 0.8 GWy(e). Of this total, about 3 to 10 excess 
events ~er 0.8 GWy(e) would be attributable to coal power (see Table 9.lla). The uncertainty in 
the estimate is also about.one order of magnitude. . · 

Although anticipated somatic (nongenetic) effects associated with normal releases of radioactive 
effluents from the nuclear fuel cycle. are limited to potential cancers and leukemias for the 
higher doses associated with serious nuclear accidents there is some small risk of v~rious 
nonfatal somatic effects (see.Table 9.11, footnote c). At thi~ time only light-water-cooled 
power reactors have been thoroughly evaluated. 9 However, it should be noted that power reactors 
probably account for most of the potential health effects associated with nuclear accidents in 
the uranium fuel cycle. 

This results from the fact that power reactors represent 80% of all fuel-cycle facilities 
expected to be operating for the balance of this century8 and account for the majority of occu
pationally exposed invididuals. In addition, although the probability of serious accidents is 
extremely small, if one were to occur, the health effects would be larger than for any other 
type of fuel-cycle facility. Serious nuclear accidents in power reactors might also contri.bute 
about 0.04 excess deaths per 0.8 GWy(e), whereas transportation-related accidents are estimated 
to contribute about 0.01 excess deaths per 0.8 GWy(e) (see Table 9.10, footnote c). 

Early and latent nonfatal somatic effects that might be expected after high radiation doses 
include a variety of effects (see Table 9.11, footnote c). It is possible that nonfatal somatic 
effects could be an order of magnitude greater than excess deaths resulting from accidents;9 
thus, the total number per 0.8 GWy(e) would be .about 0.4. This accounts for about one~third of 
the morbidity shown for the ~eneral public and an all-nuclear economy in Table 9.11. The number 
of nonfatal thyroid cancers (5%-10% mortality rate) and benign thyroid nodules would be about ·· 
0.6 per 0.8 GWy(e) from routine releases to the public and occupational exposures .(primarily 
external irradiation), whereas other nonfatal cancers would be less than or equal in number to 
fatal cancers [about 0.2 per 0.8 GWy(e)] (see Table 9.11, footnote c). 

It is believed that genetically related diseases (e.g. cystic fibrosis, hemophelia, certain 
anemias, and congenital abnormalities such as mental retardation, short-limbed dwarfism, and 
extra digits) and abnormalities in the descendants of workers and the general.public from both 
normal operations and accidents would be perhaps twice the number of excess deaths due to cancer 
from total body irradiation; 7 •13 this could add another 0.3 health effects per 0.8 GWy(e) among 
workers and 0. 2 health eff~cts per 0.8 GWy(e) among the general public (see Table 9.11, 
Table g,lla, footnote c). 

In assessing the impact of coal power used in the uranium ~el cycle, Table S-3 (10 CFR Part 51) 
was the basis for the assumption that 100% of the electricity used in the uranium fuel cycle, 
primarily .. for uranium enrichment and reactor operation, came.from coal-fired plants. Adding 
4.5: of the health effects per 0.8 GWy(e) from the coal fuel cycle significantly increases the 
heal th effects per· 0.8 GWy(e) from the uranium fuel cycle, as shown on the second 1 ines of 
Tables 9.10 and 9.11. 

The Coal Fuel Cycle 

Current estimates of mortality and morbidity resulting from the coal fuel cycle are quite uncer
tain; this is the principal reason for the wide range of values reported in the lit~rature. 
These uncertainties result from the limited number of epidemiological studies and differences in 
interpretation of the results of such studies. There is additional· uncertainty regarding the 
effects of new Federal laws on coal~cycle facilities in the next decade. Current estimates of 
excess deaths for the entire coal cycle range from 15 to 120 per 0.8 GWy(e), whereas disease and 
injury estimates range from 57 to 210 per 0.8 GWy(e). 

In the case of occupational effects, there is considerable uncertainty because of anticipated 
reductions in health effects resulting from the implementation of the Federal Coal Mine Health 
and Safety Act of 1969 (PL 91-173). The provisions of this act shou~d result in significant 
improvement of the underground work environm~nt, particularly regarding coal dust. Coa~ d~st is 
both a cause of underground explosions and fires, and a cause of coal workers pneumoconiosis 

·······. --·-----· .. ···-··--· ..... - -·-··--· 
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(CWP), corrmonly called black lung disease, and subsequent progressive massive fibrosis (PMF).2-6 
In addition, more coal in the years ahead is expected to be produced by strip mining, which 
results in lower mortality rates. 2 As a result, the frequencies of both types of events are 
anticipated to decline in the years ahead~ on a per GWy(e) basis. On the oth~r hand, statistics 
show new coal miners experience higher mortality and injury rates than experienced miners. 6 As 
a result of expected increases in coal production, an influx of inexperiehced miners will tend 
to increase the mortality and injury rates for miners as a group. 

For the general public,_ there is also considerable uncertainty in the estimation of health 
effects. (In the case of coal-plant effluents, consideration .of health effects was li~ited to 
the population within 80 km of such plants.) For example, although there are estimates of 
health effects related to burning culm bank~ (waste banks from coal screening), recent efforts 
by mine operators have greatly reduced such fires, and future processing activities are exp~cted 
to avoid fires as a result of new methods of stabilizing.the banks to prevent slides.1 4 Current 
estimates of excess deaths in the public from sulfates from such fires range from l to 10 per 
0.3 GWy(~) (see Table 9.10, footnote g). Power generation is estimated to result ·in 3-100 
excess deaths per 0.8 GWy(e) (see Table 9.10, footnote 9), whereas excess morbidity ranges from 
about 10-100 per 0.8 Gwy(e) (see Table 9.11, footnote e). . · 

The uncertainties are even greater in th~ power-generation phase of the coal cycle~ where esti
mates of health effects range over several orders of magnitude.II This is largely due to the 
lack of a reliable data base for predicting health effects from the various pollutants emitted 
from coal plahts, and the effect of the EPA New Source Performance Standards for coal plants 
regarding particulate and sulfur emissions in future years on a long-term basis. There is some 
uncertainty as to whether these standards can be met in large coal-fired power plants over the 
life of the plant. The major pollutants emitted inelude: 

1. Particulates: Contain large amounts of toxic trace metals in respirable parti
cle sfze 15 such as arsenic, antimony, cadmi~m. lead, selenium, manganese, and 
thal-lium,6 significant quantities of beryllium, chromium, nickel, titanium, 
zi~c. molybdenum, and cobalt, 16 and traces of radium-226 and -228 and thorium-
228 and -232.1 7 

2. Hydrocarbons: Include very potent ca re i no gens (cancer-causing substances) such 
as benzo(a)pyrene. 

3. Sulfur oxides. 

4. Nitrogen oxides. 

5. Other gases: Include ozone, carbon monoxide, carbon dioxide, mercury vapor, and 
radon-222. 

Regarding the preceding list of pollutants, there are no well-established epidemiologic cause
effect relationships that·can be used to estimate total health effects ~ccurately, either from 
acute exposures during air-pollution episodes or from chronic long-term exposures. 

Although definitive cause-effect relationships are lacking, tentative cause-effect relationships 
for sulfur ~missions have been ~sed by numerous groups to estimate health effects from sulfur 
emissions from coal plants. They are described by the National Academy of Sciences in a recent 
report to the U. S. Senate.IS The most widely quoted studies are those by Lave and Seskin,19 
Winkel stein et al., 20 and an unpublished study by EPA that was used in the NAS/NRC study for the 
U. S. Senate. IS 

In general, the effects range from excess deaths from cardiovascular failure and increases in 
asthma attacks during severe air pollution to excess repiratory disease from long-term chronic 
exposures. Most of the acute deaths are among the elderly and the severely ill, whereas mor
bidity from long-term exposure also includes children. Although widely accepted cause-effect 
relationships were not derived from studies of acute air-pollution episodes in London in 1952, 21 
Donora, Pennsylvania, 1948, 22 and New York, 23 these studies definitely support the conclusions 
regarding excess death and disease associated with emissions from combustion of coal. 

There are no estimates of possible long-term carcinogenic effects by sulfur oxides or associated 
pollutants. In addition, the recently completed (1976) large-scale EPA Corrvnunity_ Health and 
Environmental Surveillance System (CHESS) study failed to provide any new or definitive cause
effect relationships for any of the pollutants from coal-fired plants that could be used to 
provide better estimates of health effects than are currently available. 24 The $22 million 
CHESS study attempted to correlate air-pollution data collected from six U. S. cities with a 
variety of health problems. 
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Assuming that new coal-fired plants in the 1980s can meet EPA New Source Performance Standards 
(which could require 90% sulfur removal for high-sulfur coal and about 99'!: particulate removal) 
and other Federal taws regarding mine safety and culm-bank stabilization, the number of deaths 
should be reduced. Thus, current estimates of 15 to 120 per 0.8 GWy(e), due largely to sulfates 
from combustion coal, may be reduced by about half. 

Recently, Argonne_ National Laboratory developed a predictive model for deaths.from emission of 
· benzo(a)pyrene, which indicat_es about 1 to 4 deaths per 0.8 GWy(e) depending on us_e of conven
tional combustion or fluidized-bed.combustion. 7 Such effects, although greater than the expected 
deaths from the entire uranium fuel cycle (all-nuclear economy), do not significantly change the 
total impact of the coal fuel cycle and were not included in the effects listed in Table 9.10. 

Probably the most reliable estimates of deaths associated with the coal fuel cycle are those _ 
associated with transportation accidents. Because a 1000-MWe coal-fired plant consumes about 
2.7 million tonnes (three million tons) of coal per year, there are literally thousands of 
carloads of coal being transported by rail from mines to plants. It has been estimated that 
about one out of every ten trains in the United States is a coal train going to a coal-fired 
power plant. 25 These trains are estimated to travel an average distance of about 480 km (300 
mi) from the mine to the plants. 14 As a result, there are about 1.2 deaths per 0.8 GWy(e) among 
workers and the genera 1 pub 1 i c. Further, because most of these .deaths occur at ra i 1 road crossings, 
the numbers can be expected to increase as more automobiles are operated and driven greater 
distances, and as rail-transportation distances increase when hauling low-sulfur western coals 
to eastern markets. 

Sickness among coal miners and. the general public accounts for most of the nonfatal occu_rrences 
in the coal fuel cycle, with most of the remainder due to injuries among coal miners. As a 
result of ·implementation of Federal laws, it is probable that future rates among underground 
miners will be substantially reduced. It is not unreasonable to assume that current estimates 
of about 57 to 210 cases of sickness and injury among workers and the general public could be 
reduced in the years ahead, inasmuch as occupational sickness and injury currently account for 
about half of the total nonfatal health effects. 

The overall uncertainty in the estimates of health effects for the coal fuel cycle in this 
assessment is p~obably about one order of magnitude, since the Brookhaven estimates generally 
fal 1 within the range of estimates in the literature. 

Other Considerations 

Although the Reactor Safety Study 9 has helped provide a perspective of the risk of mortality or 
morbidity ·from potential power-reactor accidents (the current experience for serious accidents 
is zero), there is the additional problem associated with individual perception of risk. Thus, 
although the Study concluded that, "All non-nuclear accidents examined in this study, including 
fires, explosions, toxic chemical releases, dam failures, airplane crashes, earthquakes, hur
ricanes and tornadoes, are much more likely to occur and can have consequences comparable to, or 
larger than, those of nuclear accidents," there will continue to be uncertainty aisociated with 
such evaluations. Furthermore, there may be a problem of public acceptance of potential acci
dents, because the consequences can be severe. In fact, it~ppears that some people more 
readily accept, for example, having 55,000 people actually Killed each year in violent highway 
accidents, one or two at a time, than they do the unlikely occurrence of perhaps several thousand 
possible deaths from a single catastrophic accident during their lifetime. 25a · 

As noted in footnote 5 to the March 1977 revision of Table S-3 (10 CFR Part 51), the GESMO I 
radon-222 release increases from 74.5 Ci to~bout 4800 Ci when releases from mines are included. 
This would result in a small increase in the total number of excess deaths shown in Table 9.10, 
although the mortality per 0.8 GWy(e) for the general public would increase by about 30%. 

With regard to the coal fuel cycle, it is a well established fact that the use of coal results 
in numerous other costs to srciety that have not yet been adequately quantified. These include: 

1. The short- and long-term impacts of sulfur and nitrogen oxides on biota and 
materials: Acid rain, for example, is known to be severely damaging to ter
restrial and aquatic habitats. Argonne National Laboratory provides a detailed 
discussion of these and other effects of sulfur and nitrogen oxide emissions. 6 

However, as more coal plants come on line, these effects can be expected to 
expand to surrounding areas. 

2. Damage to materials, such as paints, building surfaces, statuary, and ~tals, 
caused by emissions of sulfur oxides, ozone, and nitrogen oxides. A 1976 review 
of such effects indicates that the costs could range into billions of dollars 
per year in the United States alone. 26 
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3. Contamination of soil and vegetation to toxic levels by such mechanisms as 
deposition and bioactumulation of trace elements present in gaseous emissions. 

~. ·pestruction of entire ecosystems in streams and rivers by acid mine drainage, 
and the potential for public-health effects from downstream use of such water 
for domestic or agricultural purposes. 

5. In addition to ·the ·occurrence of excess mortalities, injuries, .and morbidities, 
the costs to society in terms of medical costs, lost productivity, and other 
social losses, represent a significant consideration that has not been com
pletely evaluated at this time. Some recent studies have attempted to deal with 
these extremely complex issues, 27 •28 and concluded that social costs from one 
coal-fired plant may currently be about $50 million per year, not considering 
the rest of the cost~ for the c6al fuel cycl~. · 

6. The possibility of the so-called "greenhouse effect," a phenomenon expected to 
occur sometime early in the next century as a result of the present and future 
anticipated production rates of carbon dioxide from the combustion of fossil 
fuels.29 Because each 1000-ftle coal plant produces about 6.8 to 9.5 million 
tonnes (7.5 to 10.5 million tons) of carbon dioxide per year, 2 it is believed 
these emissions from hundreds of fossil-fueled power plants may. result in 
greater releases of carbon dioxide than the atmosphere and oceans can cycle. As 
a result, the carbon dioxide concentrations would be expected to increase in the 
atmosphere. Because carbon dioxide strohgly absorbs infrared, it is postulated 
that the mean atmospheric temperature will rise several degrees .. This may cause 
all or part of the polar ice caps to melt, resulting in inundation of many 
inhabited areas of the world. At the same time, drought would be expected to 
p~evail in many of the agricultural areas of the temperate zones, resulting in 
huge crop losses. It is possible that the particulates emitted by fossil plants 
will counteract some of the greenhouse effect by reducing the amount of sunlight 
reaching the surface of the earth. · 

However, another effect from carbon dioxide released by ·coal combustion occurs 
because coal has essentially no carbon-14. In effect, the stable carbon dilutes 
the carbon-14 in the biosphere, resulting in a reduction in the ·radiological 
impact of both naturally occurring and man-made carbon-14. 

7. A~ additional consideration that ~as not been evaluated for the coal cycle--the 
radiological impact of mining and burning coal. Of interest is the release of 
radon-222 from the decay of radium-226 in coal. Not only is the radon released 
during mining and combustion, but it will continue to emanate from flyash for 
millions of years after the coal has been burned. Although Pohl30 has shown 
that this is not a problem with most eastern coal (generally of high sulfur 
content but with 1-3 ppm uranium content), the average uranium and radium content 
of large reserves of low-sulfur ~estern coal is as much as 50 times higher than that 
of most eastern coal.3!,3 2 Combustion of the coal and disposal of the remaining 
ash· leads to about the same health effects from radon-222 emissions as do uranium
mill-tailings piles. These releases would account for only about 0.02 excess 
deaths per 0.8 Gwy(e) due to fuel-cycle activities during the rest of this 
century. As a result, such releases do not significantly affect the conclusions 
reached with regard to a comparison of the two alternative fuel cycles. In 
addition, some believe3 3 that if the physical and biological properties of the 
radium released from conventional coal-powered plants (burning coal with 1-2 ppm 
U-238 and Th-232) are considered, such plants discharge relatively greater 
quantities of radioactive materials into the atmosphere than do nuclear plants 
of comparable size. EPA has estimated radiation doses from coal and nuclear 
plants of early designs and reached similar conclusions. 18 

Summary and Conclusions 

For the reasons discussed above, it is extremely difficult to provide precise quantitative 
values for excess mortality and morbidity, particularly for the coal fuel cycle. Nevertheless, 
estimates of mortality and morbidity have been prepared based on present-day knowledge of 
health effects, and present-day plant desi~n and anticipated emission rates, occupational experience 
and other data. These are summarized in Tables 9. 10and.9.11 (see footnote j, Table 9. 11), with 
some important assumptions inherent in the calculations of health effects listed in Appendix E. 

Although future technological improvements in both fuel cycles may result in significant re
ductions in health effects, based on current estimates for pre5ent-day technology, it must be 
concluded that the nuclear fuel cycle is considerably less harmful to man than the coal fuel 
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cycle.2-6,11,12,21,2s,33-36 As shown in Tables 9.10 and 9.11, the coal fuel-cycle alternative 
may be more harmful to man by factors of 4 to 260 depending on the effect being considered, for 
an all-nuclear economy, or factors of 3 to 22 with the assumption that all of the electricity 
used by.the uranium fuel cycle comes from coal-fired plants. 

Although there are large uncertainties in the estimates of most of the potential health effects 
of the coal cycle, it should be noted that the impact of transportation of coal is based on firm 
statistics; this impact alone is greater than the ~onservative estimates of health effects for 
the entire uranium fuel cycle (all-nuclear .economy), and can reasonably be expected to worsen as 
~ore coal 4s ~hipped ovei.greater distances .. In the case ~here coal-generated electricity is 
used in the nuclear fuel cycle, primarily for uranium enrichment· and-auxiliary reactor systems, 
the impact of the coal cycle accounts for essentially all of the impact of the uranium fuel 
cycle. 

However, lest the results of this be misunderstood,· it should be emphasized that the increased 
risk of health effects for either fuel cycle represents a very small incremental risk to the 
average public individual. For example, Comar and Sagan 11 have shown that such increases in 
risk of health effects represent minute increases in the normal expectation of mortality from 
other causes. 

A more comprehensive assessment of these two alternatives and others is anticipated late in \ ~~;.1 from tile National Research Council Cormiittee on Nuclear and·Alternative Energy Systems.3 7-39 
~s: study may assist substantially in reducing much of the uncertainty in the analysis presented. 

9.2 SITES 

As a continuing TVA power-program effort, identification of many s~itable sites is required. A 
balance of engineering, economic, and environmental factors is taken into con~ideration in 
determining preferred sites for a particular facility. Many of the candidate sites are further 
considered in subsequent siting studies for the continuing process of adding electrical generat
ing _plants to the TVA power system. 

The TVA siting program is organized into two functional processes: inventory siting and pro
ject siting. The inventory-siting process involves long-term planning to identify, investi
gate, and acq.uire inventory sites bel'ieved-suitable for .future power facilities. The project
siting process is directed toward the identification and investigation of sites believed suit
able for specific authorized projects. In screening to identify more favorable sites, TVA 
considers such factors as access, proximity to transmission interconnections, flooding condi
tions, topography, seismology, and availability of cooling water. Because of the size of the 
TVA service area and the large investments involved in the transmission system, the geographic 
relation of generation to load has been an important siting consideration and a principal factor 
for area investigative priorities. The staff considers this to be a reasonable approach for 
preliminary site screening. 

t 

9.2.l Regional Considerations 

The applicant states that studies of sites suitable for locating additional generating facilities 
are integral aspects of its continuing efforts to .provide ample and timely supplies of electrical 
energy throughout its service region. These studies are based primarily on projected energy
load.and supply r~quirements of various areas of the service region and also include considera
tions to minimize transmission investments, power losses, and environmental impacts associated 
with long transmission lines. 

To facilitate studies of energy-load growth and the general power flows in the system, and to 
determine the effects of the specific locations of power-generation facilities, the TVA power 
system has been.divided into five areas as shown in Figure 9. 1. Boundaries between the various 
areas divide the system generally according to major load centers; namely, the Memphis, Nashville, 
Knoxville, Chattanooga-Huntsville, and Muscle Shoals and Mississippi load centers. 

Studies of energy-load projections have beP.n conducted by the applicant for the five areas of 
the power system. The results of the studies indicate that a significant deficit of generation 
will exist in the western portions (areas 1 and 5) of the power system unless increased gener
ating capabilities are available in the mid-19BOs (ER, Sec. 9.2.2). To alleviate the projected 
generation deficits, the applicant proposed to construct a two-unit nuclear plant, to be located 
in the western portion of the service region. 
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FOR H1:\EDIATE RELEASE DECEM3ER 7, 1.979 

OFFICE OF THE W'n!TE HOUSE PRESS SECRETAP~ 

THE WHITE HOUSE 

STATnSNT·BY THE PRESIDENT ON THE l\EMENY COHMISSION 
REPORT ON THREE MILE ISLAND 

Room 450, Old Executive Office Building 

(AT 2:45 P.M. EST) 

THE PRESIDENT: The purpose of this hrief·statment this 
afternoon is to outline to you a~ to the· public, both in this countrv 
and in other nations of the world, my own assessment of the: Kemeny 
Report recommendations on the Three Mile Island accident and I would 
like to add, of course, in the presentation some thoughts and actions 
of my own. 

I have reviewed the report of the Commission, which I 
established to ·investigate the accident at the Three Mile Island nuclear 
power plant. The Commission, heade~ by Dr.-John·Kemeny, found very 
serious si1ortcomings in the way that both the Government and the utility 
industry regulate and manage nuclear power. 

The steps that I am taking today will help to assure that 
nuclear power plants are operated safely. Safety, as it always has 
been and will remain, is my top priority. As I have said before, in 
this country nuclear power is an energy source of last resort. By this 
I meant that as we reach our goals on conservation, on the direct use 
of coal, on development of solar power and synthetic fuels, and 
enhanced production of American oil and natural gas, as we reach t~ose 
goals, then we can minimize our reliance on nuclear power. 

Many of our foreign allies must place much greater reliance 
than we do on nuclear power, because they do not have the vast natural 
resources that give ·us so many alternatives. We must get on with the 
job of developing alternative energy resources and we must also pass, 
in order to do this, the legislation that I have proposed. to the Congress, 

making an effort at every level of society to conserve energy. To 
conserve energy and to develop energy resources in our country are the 
two t-asic answers for which we are seeking. But we cannot shut t'ie 
door on nuclear power for the United States. 

The recent events in I ran have shown us the clear, stark 
dangers that excessive dependence on imported oil holds for our nation. 
We must make every effort to lead this country to energy security. 
Every domestic energy source, including nuclear power, is criti~al if 
we are '!:o be free as a country from our present over-dependence on 
unstable and uncertain sources of high priced foreign oil. 

We do not have t1e luxury of abandoning nuclear power or 
im?osing a lengthy moratorium on its further use. A nuclear power 
plant can displace ·3s,ooo barrels of oil per day, or roughly 13 million 
barrels of oil per year. We must take every possible step to incr~ase 
the safety of nuclear power production. I agree fully with t.."1e letter 
anc the spirit and the intent of the KeQeny Commission recor.~endatio~s, 
some of ...-hich are within my own power to implement, other:; o! which 
relr on the Nuclear Regulator}" Commission, or the 1-lRC, or ~'~ utility 
inch:s try itself. · 

To get the Government's O\."n house in oro~r I will take 

r.w•.~) 



several ~ps. First, I will send to the C~rcss a reorganization plan 
to strengthen the role of the C!'lairr.ian of the NRC, to clarify assignment 
of authority and responsibility and· provide this person ~ith the power 
to act on a daily basis as a chief executive officer, with authority to 
put needed safety reouirements in place and to implement better 
procedures. Tile .. Chairman must be able-·to select key personnel and to 
act on behalf of the Commission during any emergency,. 

s~cond, I intend to apooint a new Chairoerson of the 
Nuclear Regulat:ory Commission, sorne~ne from outside that agency, in the 
spirit of the Kemcny Commission recommendation. In the meantime, I have 
asked Commissioner Ahearne, now on the NRG, to serve as the Chairman. 
Mr .. Ahearne will stress safety and the prompt implementation of the 
needed .reforms. 

In addition, I will:establish an independent advisory 
committee to help keep. me and the public of the United Stat.es informed 
of the .progress of the NRC and the industry in achieving and in making 
clear the recominendations that nuclear power will be safer. 

Third, I am transferring responsibility to the Federal 
Emergency Management Agency, the FEi·iA, to h·ead up all off-site 
emergency activities, and to complete a thorough review o! emergency 
plans in all the states of our country with operating nuclear reactors 
by June, 19 80. 

Fourth, I have directed the Nuclear Regulatory Commission and 
the other agencies of the Government to accelerate our program to place 
a resident Federal inspector at every reactor site. 

Fifth, I am asking .all relevant Government agencies to 
implement virtually a·ll of the :other -recommendations of the I<erneny 
Commission. I believe there were 44 in all. A detailed factsneet is 
being issued to the public and a more extended briefing will be given 
to the press this .afternoon. 

With clear leadership and improved organization, the 
Executive Branch of Government and the NRC will be better able to 
act quickly on the crucial issues of improved ~raining ar.d standards, 
safety procedures, and the other Kemeny Commission recommendations. · 
But respor.sibility t·o make nuclear power safer does not stop with the 
Federal Government. In fact, the primary day by day responsibility 
for safety rests with utility compa:iy m.:nagement and with suppliers 
of nuclear equipment. There is no substitute for technically qu.:lified 
and committed people working on the construction, the operation, and 
the inspection of nuclear power plants .. 

Persor.&l responsibility must be stressed. Some one person 
must always be designated as· in charge, both at the corporate level and 
also at the po·~·er plant site. The incustry owes it to the Americ.:n 
people to strengthen its cor.";iitment to safety. 

I call on tJ-ie utilities to im?lement the followi·ng ch~nces · 
first, building on the ste?S already taJ:en, the industry r:oust ors.:nize' 
itself to develop e:-:hanced stance.res for safe desisn, oper.:tion, and 
co~structio~ of plants; second, the nuclear industry must work toge~~er 
to aevelop and to ~ai~tain in operation a coGprehcr.sive training, 
.:,x~~in.:tion, c.nd •.::vc:J.uati.cn prograi:: for operators anci for supervisors. 
•his trc:i.il:i.:-::; ?=:'=''=t· . .,-,m ,c·.us.t pass :-:.'.:ster -.:i:.h t.:'1e ~;:i.c throush accrecitatio: 
of L'1e tr2'i:-i:i.ng prog!:c.:-:-.s to be esta'.:>lished. 

Third, control rooms in nuclear power plants must be 
~oCer~ized, sta~CardizeC, and si~plified as ~uch as possible, to pe.!7.lit 
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better informed ·decision-making among regular operating hours and, of 
course, during emergencies. 

I challenge our utility companies to bend every effort 
to improve the safety of nuclear power. 

Finally, I ...,ould like ·to discuss how we m4'1nage this 
transition period during which the Kemeny recommendations are being 
implemented. There are a number of new nuclear plants now awaiting. 
operating licenses or construction permits.. Under law, the Nuclear 
Regulatory Commission is an independent agency. Licensing decisions 
rest with the Nuclear Regulatory Comml.ssion, and as the Kemeny Commission 
noted, it has the authority to proceed with licensing these plants on a 
case by case basis.. which may b5.used as circumstances surrounding a 
plant or its application dictate. 

The NRC has indicated, however, that it will pause in 
issuing any new licenses and construction permits in order to devote 
its full attention to putting its own house in order and tig~tening up 
safety requirements. I endorse this approach which the NRC has 
adopted, but.I urge the NRC to complete its work as quickly as possible 
and in no event later than six months from·today. Once we have 
instituted the necessary reforms to assure safety, we must resumP. the 
lice·nsing process promptly so that the new plants we need to reduce our 
dependence on foreign oil can be built and operated. 

The steps I am announcing today will help to insure the safety 
of nuclear plants. Nuclear power does have a future in the United States. 
It is an option that we must keep open. I will join with the utilities 
and their suppliers, the Nuclear Regulatory Commission, the executive 
departments and agencies of the Federal Government, and also the state 
and local governments to a?sure that the future is a safe.one. 

Now Dr. Frank Press, Stu Eizenstat, and John Deutsch will 
be glad to answer your questions about these decisions and about 
nuclear power and the future of it in our country. Frank? 

END (AT 3:00 P.?:. EST) 




