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PREFACE

In March, five months ago, the Tayloe Murphy Institute (TMI) began an
intensive study on the costs and benefits of mining and milling uranium
in Pittsylvania County. This study exemplifies TMI's role, which is to
conduct research serving government, business, and citizens of Virginia.
The work was prepared under contract for the Virginia Cocal and Energy
Commission and funded by the Commission and the TMI endowment. In
fulfillment of the contract, TMI performed the following tasks: a)
obtained background information on the industry; b) reviewed past stud-
ies on uranium mining; c) surveyed cost-benefit literature; d) gathered
information on the local economy; e) reviewed material on economic anal-
ysis of secondary benefits and on other relevant subjects that was pre-
sented in support of uranium development in Pittsylvania County by the
Mariine Uranium Corporation and Union Carbide Corporation;l/ and f)
reviewed assumptions and data that had been provided, checked for method-
ological and computational accuracy, evaluated the quality of estimates,
and developed alternative estimates when appropriate.

In the course of our analysis, the project team had detailed discussions
with employees of Marline Uranium Corporation and its consultants,
representatives of state and federal agencies responsible for environ-
mental regulation, and persons connected with environmental organ-
izations. The project team contacted the staff of the Bureau of Economic
Analysis in order to gain an understanding of the RIMS II input-output
model used to develop local multipliers. Team members reviewed publi-
cations about the uranium industry and about other industries that
create real or perceived negative environmental effects. In addition, we
examined the cost-benefit literature. We also visited the proposed site
and contacted individuals in the local area affected by the project.

Without the assistance of many individuals, the completion of this study
would not have been possible. Appendix G contains a complete listing

of persons who assisted, but we would also like to give special recog-
nition to a few individuwals. Richard C. Collins and his staff at the
Institute for Environmental Negotiation at the University of Virginia
were instrumental in getting TMI involved in the study and provided
assistance by sharing information, conducting fact-finding meetings, and
commenting on concepts and study design. Georgia H. Herbert and Tamara
A. Vance of the Piedmont Environmental Council provided useful analyses
and information. Robert J. Nagy of Gibbs and Hill, Inc. was helpful in
retracing the economic analysis previously done by his firm for the
original study developed by the Marline Uranium Corporation and Union
Carbide Corporation. John A. Yellich of the Marline Uranium Corporation

1/ The subsidiary of Union Carbide now involved in the project is known
as Umetco Minerals Corporation.
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served as the principal contact for the joint venture proposing the proj-
ect. His hospitality at the site and his efforts to answer our ques-
tions were greatly appreciated.

We gratefully acknowledge all of the assistance we received in the prep-
aration of this report, but, of course, we accept full responsibility
for the analyses and conclusions based on the information we obtained.

John L. Knapp
Project Leader
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EXECUTIVE SUMMARY

The purpose of this study is to analyze the costs and benefits asso-
ciated with a proposed uranium mining and milling facility at the
Swanson site in Pittsylvania county. 1In this study, we review and eva-
luate information presented in support of the project by Marline Uranium
Corporation and Umetco Minerals Corporation (Marline-Umetco), the com-
panies that propose to jointly develop the site. In addition, we also
make independent estimates for some costs and benefits.

Although many quantitative estimates are provided, we wish to emphasize
that a large degree of uncertainty exists as to the magnitude of some
costs and benefits. Where we do not find it feasible to assign dollar
values to particular costs or benefits, we discuss the possible outcomes
qualitatively. Although we refer to some costs and benefits as
intangible, we consider them no less important than those that can be
quantified in dellar terms; but we are unable to estimate their value.
In addition, as is the general practice in cost-benefit studies, we do
not consider the distribution of costs and benefits; we consider only
their aggregate value. We do not ignore distributional issues because
they are unimportant, but because they are beyond the scope of this
study.

We examined the proposed project's effects from the perspective of the
state and residents of the regional study area (RSA--the cities of
Danville and South Boston and the counties of Halifax and Pittsylvania).
Because of this focus, we evaluated some of the costs and benefits dif-
ferently than Marline-Umetco. Marline-Umetco, for example, counted the
value of uranium oxide produced as a benefit. We, however, do not
include it because the benefits accrue primarily to individuals outside
the state. Similarly, we do not address the guestion of whether the
project would be profitable, except to the extent that its profitability’
affects the costs or benefits received by residents of the RSA or state.
Nor do we consider the costs and benefits that have occurred in the past
because such dollar amounts have already been spent and will not be
changed by the decision to allow uranium mining and milling at the
Swanson site.

Currently, excess capacity and low levels of output and employment
characterize the uranium industry in the U.S., yet between now and the
end of the century the industry is expected to gradually recover from
its depressed state. Two factors could cause the recovery to be
stronger than anticipated: the introduction of import restrictions on
uranium and an unexpected surge in the use of nucler power. Other fac-
tors could weaken the recovery: additional cancellations or delays in
the construction of nuclear power plants, the introduction of fuel
reprocessing in the U.S., and the exploitation of new high-grade are
deposits in foreign countries. Although the foregeoing observations apply
to the industry as a whole, the profitability of the Marline-Umetco
project depends on costs and other conditions unique. to the Swanson site.
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It appears that the company would enjoy a slight cost advantage relative
to other domestic producers because of the use of nonunion (and thus lower
wage)} labor and the use of open pit, rather than underground, mining
techniques. However, we believe that costs would be significantly

higher at the Swanson site than at sites outside the U.S.:; in

comparison, many foreign firms benefit from higher ore grades, more
cheaply exploited deposits, and less stringent environmental, health,

and safety regulations.

A major benefit we considered is the stimulus that the project would
provide to the economies of both the RSA and the state. Specifically,
we examined the project's effects on employment, earnings, and tax reve-
nues for both the 18-month construction phase and the 13-year operations
phase. During the operations phase, which has the largest effect on the
local economies, direct annual employment by the company would be 468
and earnings would be $6,117,228. After allowing for multiplier
effects, the increase in employment would be 620 in the RSA and 810
statewide. Earnings would range from $6,748,000 to $10,122,000 in

the RSA and from $9,706,000 to $14,560,000 statewide. These estimates
represent an increase from current levels of less than 1 percent.

The major categories of costs examined were increased state and local
government expenditures caused by the project, effects on industry in
the area, and environmental degradation. For example, if the project is
approved, the state government would incur regulatory costs. The regula-
tions governing uranium mining and milling have not been established,
and for this reason, our estimates of regulatory costs are necessarily
incomplete. OQOther costs include services provided to Marline-Umetco
employees, road improvements, and road maintenance. Local governments
in the RSA would incur costs for services provided to the company and to
the households of employees immigrating to the area. Pittsylvania
County, the location of the site, would also incur a small cost because
of the loss of property tax revenue on land that remains unavailable for
use after the mine closes.

The effect of the mine/mill complex on industries in the area is dif-
ficult to predict. Based on literature concerning activities perceived
to have negative externalities (spillovers) and on interviews with indi-
viduals in the RSA, we make several observations concerning the poten-
tial effects of the project on the agricultural sector: 1) the uranium
mine and mill could affect demand for local agricultural goods based on
perceived rather than actual environmental changes; 2) because the size
and composition of the agricultural industry are changing, it is dif-
ficult to isolate the effect of uranium mining and milling on agri-
culture in the RSA; and 3) the input-output model employed in the study
could be used to estimate the effects of a change in demand if the
necessary data were available.

We do not anticipate that the project would have any measurable negative
effects on local businesses. We base our judgement on the following
observations: 1) respondents to an informal survey of local businesses,
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institutions, and chambers of commerce do not expect adverse effects as
a result of the proposed project; 2) uranium mining and milling in other
locations has not resulted in any discernible adverse effects on local
industry; and 3) the accident at Three Mile Island, another situation

in which there was a risk of radiological contamination, did not cause any

measurable, long-term damage to local industries or the local economy in
general.

Another category of cost that we considered is the effect of uranium
mining and milling on the environment. The major topics covered within
this section are air quality, radiation, and water resources.

Based on the data provided to us, air pollution should not be a serious
problem. We emphasize the following caveats:

1. Our conclusions are based on the assumption that the State Air
Pollution Control Board would insure Marline-Umetco's use of an
adequate dust suppressant system and that Marline-Umetco institutes
"continuous" recliamation of the site so that only one-tenth of the
tailings (the waste material from mining and milling) are exposed
at any given time.

2. All of our data pertain only to the operations phase of the proj-
ect. Air pollution would likely be a more sericus problem during
the 18-month construction phase. Also, peak concentrations of the

pollutants examined would be higher than the annual concentrations
indicated,

The mine/mill facility would cause increased exposure to radon, a
radicactive gas. We estimate only the loss from the increased probabi-~
lity of cancer deaths caused by radon exposure. These probabilities,
which are very small, are converted to costs by using estimates of the
value of a life that are taken from the economics literature. During
operations, the present value of the incurred loss ranges from $63,119
to $166,104. During post-operations and post-closure, the estimates are
small, never exceeding $111.

The analysis of water resources includes groundwater and surface water.
We draw the fecllowing conclusions:

1. Provided that the General Assembly implements the State Water
Control Board's (SWCB) proposed standard of zero degradation, we
can conclude that there would be no adverse effects on the quality
of groundwater. Even if the SWCB's proposed standards are not
implemented, it appears that federal regulations, if enforced,
would prevent significant degradation of groundwater.

2. There would 1likely be some localized depression of the water table
associated with the mine pit. Marline-Umetco estimates that this
would be minimal. .The SWCB has expressed concern that the effect
may be more widespread than Marline-Umetco believes.



3. Except for some increase in sedimentation due to the diversion of
Mill Creek, no significant degradation of surface waters is expect-
ed during normal operations, assuming enforcement of current state
and federal regulations.

4, The diversion of Mill Creek would cause the destruction of its
aquatic habitat and may alsc have adverse effects on the ecology
of downstream areas. We have no way of valuing the losses asso-
ciated with the environmental changes if Mill Creek is diverted.

3. Our analysis emphasizes the costs and benefits associated with
this project during normal operations, but because of difficulties
in establishing the probability of different events, we do not
attempt to estimate the loss due to accidents. We do, however,
give a hypothetical example to illustrate how such calculations
could be performed if reliable data concerning probabilities and
damages were available,

We compared total benefits and costs for those elements that can be
quantified. Since most of the costs and benefits occur over a long
period of time, or at different points in time, we discount them to pres—
ent values using appropriate real discount rates. Total benefits of

the project range from $101,024,000 to $149,892,000. total costs range
from $4,046,000 to $5,611,000. Thus, using the middle values of the
estimates, the benefit to cost ratio is 26:1. Although this favorable
ratio is certain to be of interest to readers, we caution that it is
based on incomplete and rough information and certain costs and benefits
have not been quantified. We encourage a careful reading of the full
study and the review of additional information that will be provided by
other consultants.
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CHAPTER 1

INTRODUCTION

PURPOSE_OF STUDY

In this study, we propose to examine the costs and benefits to the
Commonwealth of Virginia of allowing Marline Uranium Corporation and
Umetco Minerals Corporation (Marline-Umetco) to mine and mill uranium at
the Swanson site in Pittsylvania County.

We wish to emphasize that a large degree of uncertainty exists as to the
magnitude of some of the costs and benefits. Where possible, dollar
values are assigned to the individual costs and benefits that are antici-
pated to result from this particular project. For costs and benefits

that cannot be estimated with a reasonable degree of accuracy, we pre-
sent a range of values that we feel represent the most likely outcomes.
Where we do not find it feasible to assign dollar values to particular

.costs or benefits, we discuss the likely outcomes in a gualitative

manner.

The following three points should be emphasized:

1.

We were commissioned to provide information to the state to assist
decision—-makers in their deliberations concerning the mining and
milling of uranium in Pittsylvania County. The decision concerning
the economic viability of the project is a private one, given the
institutional and regulatory framework established by government
agencies. Our emphasis here is on the governmental decision of
whether or not to pursue the issue of uranium mining and milling at
the Swanson site. Hence, we confine our study to the likely effects
of the project on the area and state in terms of the economy, the
population, and the environment. The economic viability of this
project to its owners is a separate issue from Virginia's decision
to license such projects and is considered only to the exitenit that
it affects the costs and benefits accruing to the people of
Virginia.

This cost-benefit study is specific to the Swanson project area in
Pittsylvania County; we assume that all uranium ore is to be mined
and milled at this site. Although many of the same types of costs
and benefits would be present in other areas, their magnitudes would
likely vary depending on, among other things, size of the project,
type of mining and milling processes, population of the area, types
of industry present in the area, and the specific gecophysical and
hydrological characteristics of the area. While our results are
specific to the Swanson project area, we feel that our basic methed-
ology could easily serve as a model for analyzing the costs and
benefits of uranium mining and milling in other areas within the
state.



3. Although cost-benefit analysis places a dollar value on many of the
costs and benefits associated with a given project, it will not give
a final answer to the question of whether benefits are greater than
costs. Cost-benefit analysis is as much an art as a science.
Accordingly, views differ concerning what this analysis actually is.
Some feel that it should provide unequivocal answers to allocative
questions; in other words, when properly estimated, if total bene-
fits exceed total costs, then the project is, on balance, desirable.
Others argue that the cost-benefit criterion is but one of a number
of criteria on which a project should be Judged. Not only must_ one
evaluate the costs and benefits of a project but one must also con-
sider how they are distributed among different groups in society—-
that is, who gains or loses if the project is implemented. Although
there is much we can say about the dollar value of particular bene-
fits and costs, some benefits and costs, by their nature, preclude
precise valuation in money terms. For this reason,. cost-benefit
analysis should not be used as the sole criterion for making a
policy decision; rather, it should be viewed as a way of providing
information to decision-makers concerning the possible effects of a
particular course of action. Decision-makers and the public must
decide whether the benefits of this project exceed the costs, based
on their own valuation of those benefits and costs that cannot be
accurately represented in money terms.

DESCRIPTION OF THE SWANSON SITE

The Marline Uranium Corporation and Umetco Minerals Corporation have
formed a joint venture to develop what is thought to be a major uranium
deposit in Pittsylvania County, Virginia. The Swanson site is located
about 20 miles north of Danville, Virginia, just east of U.S. 28. The
two towns nearest the site are Chatham, seven miles to the southwest,
and Gretna, seven miles to the northwest. The site encompasses approxi-
mately 1,460 acres. About 44 percent of this land is used for agri-
culture; the rest is forested.l/

In this analysis, we focus our attention on the effects the project
would have on the regional and state economies. In examining the
effects of this project, we focus on a regional study area (RSA) that
incorporates the counties and cities that will be most directly affected
by the mining and milling operations. Specifically, the RSA is defined
as the counties of Pittsylvania and Halifax and the cities of Danville
and South Boston. The majority of the benefits and costs of this proj-
ect will accrue to the residents of Pittsylvania County. Halifax County

1/ Except where noted, the information in this section is from Marline
Uranium Corporation and Union Carbide Corporation, An Evaluation of
Uranium Development in Pittsyivania County, Virginia, 15 Gctober

1983, vol.1l, sec. A-7.
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and the cities of Danville and South Boston were included in the RSA
because of their proximity to the Swanson site. Increased incomes due
to the project, increased demand for social services, and other possible
effects of the project will be concentrated within the RSA. The project
may have direct effects on some of the counties adjacent to the RSA; for
example, some people employed at the site may live outside the RSA.
Therefore, some of the benefits may accrue to these individuals.
Adjacent counties are not included in the RSA because the vast majority
of the effects of the project will occur in the counties of Halifax and
Pittsylvania and the cities of Danville and South Boston. Little addi-

.tional information would be obtained from incliuding other areas in the

RSA.

According to the 1980 Census, the population of the RSA is 149,481. The
largest concentrations of population within the RSA are in the cities of
Danville with a population of 45,642 and South Boston with a population
of 7,093. The area immediately surrounding the site is sparsely popu-
lated. The population within one mile of the site is approximately 200.
Within two miles of the site, there are just over 700.residents.l/ The
two largest concentrations of population near the site are located in
Chatham with a population of 1,390 and in Gretna with a population of
1,255,

Manufacturing, centered in and around Danville, provides about half of
the employment in the RSA; textiles and furniture are two of the major
manufacturing industries. 1In terms of income generated, agriculture is
another major industry in the RSA. Tobacco is, by far, the most impor-
tant agricultural commodity in the area, accounting for about 75 percent .
of -total agricultural sales.

Total employment in the RSA was 66,223 in 1981. During the operations
phase, Marline-Umetco will employ 468 workers, or roughly 0.7 percent of
all employees in the RSA. They will pay a total of $6,117,000 (in
constant 1981 dollars) per year in wages, which represents roughly 0.9
percent of the total wages and salaries paid to workers in the RSA
during 1981.

The Swanson site's approximately 1,460 acres include the mine, mill,
tailings management, and clay barrow areas. Mining operations will
cover about 135 acres; the mill complex will cover about 25 acres. It
is anticipated that after an initial construction phase of 18 months,
mining and milling operations will continue for approximately 13 years.
The estimated average ore grade for the deposit is 0.1 to 0.2 percent
{two to four pounds of uranium oxide per ton of ore), which is about
average for uranium deposits in the U.S. Marline-Umetco's plans call
for a conventional open pit mining and milling complex with the
capacity to handle approximately one million tons of ore annually.
After processing, this ore will produce roughly 1,000 tons of uranium

1/ Based on estimates using 1980 Census block data.



oxide per year. In the milling process, the uranium is separated from
waste rock by crushing and then chemically treating the ore., The resi-
due left after the removal of the uranium from the ore is called the
tailings. Because the removal of uranium does not significantly reduce
the volume of the ore, the tailings will be nearly equal in volume to
the ore removed.

After the ore is exhausted, the site will be decommissioned and
reclaimed. The mine pit will be allowed to £ill with water, eventually
forming a lake of approximately 100 acres. The mill will be decom-
missioned in accordance with applicable federal and state laws. The
tailings from the milling process will be stored in the tailings manage-
ment area along with equipment that is not decontaminated and salvaged.
A clay liner and cap will supplement the use of waste rock in the encap-
sulation of the tailings. As a final step, a layer of soil will be
placed over the waste rock, and the area will be revegetated. After
reclamation is complete, the tailings management area will be approx-
imately 220 acres and 100 feet high and will be fenced and monitored.

It is anticipated that, except for the 220 acres used for the tailings
management area, the Swanson site will be available for unrestricted use
after decommissioning and reclamation. Under current Nuclear Regulatory
Commission regulations, the tailings management area is unlikely to be
available for any commercial, industrial, or residential use.

STATE OF THE URANIUM INDUSTRY

The benefits of the proposed uranium mining and milling project are par-
tially dependent on the condition of the uranium industry. Marline-
Umetco's plans call for full-time, year-round operation of the mine/mill
complex, and assume that full-time operation will be economically
viable, which partially depends on conditions in the uranium industry.
For this reason, we have included a brief description of the uranium
industry in our report.l/

Currently, excess capacity and low levels of output and employment
characterize the uranium industry in the U.S. Established to meet mili-
tary needs in the 1940's and i1950's, the industry now relies on demand
generated by civilian use of nuclear power. In fact, since 1970 the
federal government has made no purchases of uranium on the open market
and has, instead, relied on previously stockpiled uranium,

The uranium industry's depressed state is the result of several factors.
First, mining and milling capacity grew rapidly in the early to mid
1970's in response to optimistic predictions that nuclear generating
capacity would expand rapidly through the rest of the century, but this

1/ Most of our information came from U.S. Department of Energy,
United States Uranium Mining and Miliing Industry: A Comprehensive
Review, A Report to Congress by The President of the United States, May
1984; hereafter, we refer to this as- The President's Report-.




expansion has not materialized in the United States. In fact, the
1970's saw the cancellation or delay of many planned nuclear facilities
as the result of rapidly increasing construction costs. Since 1972, 105
reactors have been canceled.l/ Second, the decline of the uranium
industry in the U.S. is partially due to the relaxation of processing
restrictions on imported uranium and the development of mining and

milling operations overseas, particularly in Australia, Canada, and
South Africa.

Because of the rapid expansion in the use of nuclear energy anticipated
throughout the century, utilities entered long-term purchase agreements
for uranium. When construction plans were scaled back beginning in the
early 1970's, uranium inventories rapidly accumulated. Currently, util-
ities using nuclear power hold uranium inventories approximately four
times larger than desired. As a result of increased foreign competition
and large inventories, the market price of uranium has dropped dras-
tically, from over $65 per pound in 1976 to $17.50 per pound currently.2/
At this price, most domestic producers cannot produce uranium as cheaply
as it can be purchased from foreign sources or currently held inven-—
tories. Output has also fallen sharply. From a peak of 21.9 thousand
tons in 1980, domestic output fell to only 10.6 thousand tons in 1983.
This rapid drop in production caused a large amount of excess capacity
to develop. 1In 1983, only 12 of 23 mills in the U.S. were in operation:
those 12 mills operated at 58 percent of capacity. Including mills not
in operation, the industry operated at 33 percent of capacity.

Historically, imports have been an insignificant part of the uranium
market in the United States. Between 1964 and 1977, the federal govern-.
ment would not process imported uranium. Because the federal government
had a monopoly on uranium processing, this regulation effectively elimi-
nated any imports of foreign uranium. Between 1977 and 1984, the
restrictions on processing foreign uranium were gradually lifted.
Presently, no restrictions remain on the amount of imported uranium that
may be processed, and as a result the importation of uranium has
increased. Imports delivered for enrichment increased from 700 tons in
1977 to 2,200 tons in 1983. The percentage of uranium delivered for

processing from non-domestic sources rose from 4.7 percent to almost 17
percent between 1977 and 1983.

Reasons for the Decline of the U.S. Uranium Industry

The most important reason for the decline in the domestic uranium
industry is the cutbacks in the construction of nuclear power plants.

In the late 1960's and early 1970's, demand for electricity was expected
to grow about 7 percent per year. The actual rate of growth has been

1/ "Cost May Halt New TVA Reactors," Washington Post, 17 July, 1984.

sec. A, p.2.

2/ All prices are in constant 1983 dollars.



less than half that, about 2 percent per year. Because of this slow
increase in demand, many utilities have cut back on the construction of
new capacity. WNuclear capacity in particular has suffered because of
rapid increases in construction costs relative to conventional plants.
With this cutback in the construction of nuclear plants, the demand for
nuclear fuel has declined, as is reflected by large inventories and
recent declines in output from domestic mining and milling operations.

Domestic firms are at a competitive disadvantage relative to foreign
producers because of lower grade ores and higher coests. Presently, the
average grade of the domestic ore being mined is 0.2 percent uranium
oxide (four pounds of uranium oxide per ton of ore), and is expected to
decline to about 0.1 percent (two pounds of uranium oxide per ton of
ore) by the 1990's. In contrast, some foreign operations are mining ore
that is 2 to 3 percent uranium oxide (40 to 60 pounds of uranium oxide
per ton of ore). Much of American uranium is mined underground while
many of the newer operations opening outside the U.S. are using less
expensive open pit mines. Also, American mines are on average deeper
and thus more expensive to operate than those outside the U.S. Besides
these disadvantages, U.S. producers have experienced higher costs than
foreign operations due to increasingly stringent health, safety, and
environmental regulations.

Future of the Uranium Industry

With the depletion of excess inventories, the current decline in the
domestic uranium  industry is expected to bottom out in the mid-1980's
and in the following decade to improve slowly with prices and output
increasing gradually. Beginning in the mid-1990's with increasing
foreign use of nuclear power and the partial depletion of low cost
foreign resources, it is anticipated that the uranium industry will grow
more rapidly with prices and output levels continuing to rise into the
next century. These predictions assume that regulatory policies will
not change and that domestic and foreign use of nuclear power will grow
as anticipated.

From a current price of $17.50 per pound of uranium oxide, prices are
expected to increase to $50 per pound by the mid-1990's and to $73 by
the year 2000. It should be noted that there is a great deal of uncer-
tainty attached to these projections of future prices. The President's
Report indicates that the 95 percent confidence interval for the price
of uraniom in 1995 is $22.90-%$73.50. In the year 2000, the spread is
even larger, with the 95 percent confidence interval being $24.80-
$121.40. :

Domestic production is expected to remain at or below the current level
of 10.6 thousand tons through the 1980's, then after 1990 it is expect-
ed to increase slowly in response to increases in domestic and foreign

- demand. By the end of the century, the projected annual output is 17.5

thousand tons per year, still below the 1980 peak of 21.9 thousand tons.



Under current regulations, imports are expected-to capture a larger
share of the market as new contracts are negotiated for lower cost
imports. At their peak in 1987, imports will account for between 41 and
54 percent of domestic utility requirements. In the 1990's, this share
is expected to decline to between 32 and 46 percent due to an increase
in foreign demand and an increase in the cost of imports caused by the
depletion of some deposits.

Qualifications

Although the domestic uranium industry is expected to grow steadily, it
could either improve more rapidly than anticipated or remain relatively
stagnant due to certain qualifications listed below.

1. Possible Import Restrictions: Congress has expressed interest in
maintaining a viable domestic uranium industry. It is possible that
import restrictions will be imposed in response to perceived threats
to the viability of the industry. The President's Report examined
the effects of several different types of import restrictions.

These included limiting imports to 20, 30, or 40 percent of domestic
requirements or imposing a 25 percent duty on imported uranium. The
40 percent restriction has little effect on projected prices or out-
put. The more severe restrictions of 20 or 30 percent increase both
price and output. It appears that price is more sensitive to these
restrictions than output. With the most severe restriction of
~limiting imports to 20 percent of the market, projected output is

24 .7 thousand tons annually by the year 2000, compared to 17.7
thousand tons in the absence of the restrictions. The projected
price is significantly higher at $106 per pound than it would be in
the absence of the restriction. (Without restrictions, the pro-
jected price in the year 2000 is $73 per pound.} The effect of a
tariff of 25 percent would be between the effect of limiting impoits
to 20 percent of the market and limiting them te 30 percent of the
market.

2. Fuel Reprocessing: Reprocessing of used nuclear fuels could cut the
demand for newly mined uranium. Depending on how soon such a reproc-
essing program is instituted and whether or not plutonivm is also
reprocessed, fuel reprocessing could cut the demand for newly mined
and milled uranium by 10 to 15 percent per year.

3. Cancellation of Orders for New Plants: One of the primary reasons
for the current depressed state of the uranium industry is the
slower than anticipated growth in the use of nuclear power. Since
the publication of The President's Report in May of 1984, ten
planned nuclear generating stations have been. canceled due to large
increases in construction costs. Additional cancellations, either
here or abroad, would have a depressing effect on the market .1/

1/ There is some indication that cancellations of nuclear plants are
continuing. See "Closings of Nuclear Plants,” U.$. News and World
Report, 97 (30 July, 1984): 58. :




4. Potential Opening of New Mines: There are several areas outside the
U.S. such as Australia, Canada, and South Africa with large, high-
grade deposits of uranium ore. The government of Australia is
currently discussing the opening of mines that have a potential
output of 50 thousand tons of uranium oxide per year, about five
times the current output of U.S. mines.l/ The exploitation of such
areas would tend to keep the price of uranium down.

Summar

Conditions in the uranium industry indicate the economic enviromment in
which Marline-Umetco has to operate if it proceeds with the Swanson proj-
ect. The United States uranium industry is currently in a depressed
state. Output, price, and employment are all at very low levels com-
pared to the recent past. The outlook for the industry between now and
the end of the century is somewhat better. Though employment and output
are not anticipated to reach their previous peaks, prices are expected
to rebound to their former levels {in constant 1983 dollars). These
projections assume no change in the regulatory environment of the
industry. Two factors could cause the improvement in the industry to be
stronger than anticipated—-the introduction of import restrictions and
an unexpected surge in the use of nuclear power. Other factors could
weaken the recovery, such as the introduction of fuel reprocessing in
the U.S., additional cancellations or delays in the construction of
nuclear power stations, and the exploitation of new high-grade ore de-
posits in foreign countries.

While conditions in the uranium industry give an indication of the eco-
nomic viability of the uranium industry as a whole, the profitability of
this particular project depends on costs and other conditions unique to
the Swanson site. Although they will have to meet more stringent
environmental regulations than many domestic firms because of recently
passed legislation, other factors lead us to believe that Marline-Umetco
will enjoy a slight cost advantage relative to other domestic producers.
The factors that lead us to believe that costs will be below average are
the use of nonunion (and thus lower wage) labor and the use of open pit
rather than underground mining techniques. Other factors, however, lead
us to believe that costs will be significantiy higher than at many
foreign sites: lower ore grades, more stringent environmental, health,
and safety regulations, deeper mines, and expenses associated with the
start up of the mine/mill complex that current producers do not face.

1/ See David Dickson, "Uranium Shortage Turns to Glut,"” Science 22 {3
August, 1984): 484; and "Meltdown," Economist 291 {(19-25 May, 1984):
p. 87-88.
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SCOPE OF THE ANALYSIS

In this analysis, we focus on the costs and benefits to the residents of
the Regional Study Area (RSA) and the Commonwealth of Virginia of the
proposed mining and milling operation in Pittsylvania County. Many
cost-benefit studies analyze government spending decisions--for example,
the construction of dams and harbor improvements. In contrast, we are
examining the costs and benefits of govermment licensing of a particular
type of private investment. Therefore, we focus on the costs and bene-
fits associated with the state's decision to license uranium mining and
milling operations in Pittsylvania County. We do not address the
question of whether the project would be profitable if it is allowed to
proceed, except to the extent that the project's profitability changes
the level of costs or benefits received by residents.

For the purposes of this study, we focus strictly on the direct benefits
to the RSA and the state. These benefits are divided into three broad
categories: increased employment, regional income, and tax revenues at
the state and local levels.

We also examine costs from the perspective of the project's effects on
the residents of the RSA and the state: expenditures by state and local
governments for licensing and monitoring the project, public outlays for
services provided to new residents and to the mine/mill complex (for
example, road improvements and law enforcement), reductions in local

tax revenues due to the removal of land from the tax base, and changes
in the local environment.

Because we are examining the effects of the licensing decision on the
residents of Virginia, benefits that accrue to Marline-Umetco or indi-
viduals outside the state are not included. For instance, one of the
primary benefits of the project is the value of the uranium oxide pro-
duced. However, because these benefits accrue to Marline-Umetco rather
than to the residents of the RSA or the state, they are not included.
Similarly, the other primary benefits of the project--such as possible
reductions in the price of nuclear fuels, additional generation of
electricity, and reduced reliance on foreign supplies of fossil fuels—-
accrue mainly to people outside the Commonwealth. For this reason, we
do not include them. :

LIMITATIONS AND ADVANTAGES OF COST-BENEFIT ANALYSIS

Limitations inherent in any cost-benefit analysis include the valuation
of intangibles, the treatment of uncertainty, and the neglect of the
distributional aspects of the project. One problem encountered in this
particular study is that, for some topics, we were forced to examine
total costs and benefits of the Swanson project, rather than the addi-
tional, or incremental costs and benefits, because of the difficulty of
obtaining these estimates. 1In this section, we discuss each of these
issues in turn. Another problem common to all cost-benefit studies,
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which we discuss in Appendix E, is the appropriate method of discounting
future costs and benefits. After the discussion of the limitations of
cost-benefit studies, we briefly examine some of their advantages.

Intangibles

Inevitably, in any cost-benefit analysis, some costs and benefits cannot
be accurately summarized in dollar terms. Such costs and benefits,
usually referred to as intangibles, are an especially severe problem in
this study because one important effect of the project, environmental
degradation, is largely intangible. Like authors of other studies, we
find it difficult to obtain precise estimates of the environmental
effects of this project, let alone place a dollar value on such changes;
by referring to costs and benefits as intangible, we do not intend to-
indicate that we consider them any less important than those that can bhe
quantified in dollar terms, only that we cannot enumerate them in such
terms. We include a description of important intangible costs and bene-
fits, and where possible we include an estimate of the magnitude of such
intangibles.

Uncertainty

In any cost-benefit study, a degree of uncertainty is often attached to
the estimated values of the costs and benefits of a project. Our esti-
mates for this project depend on information gathered from a variety of
sources; hence, our estimates will only prove accurate to the extent
that the information provided to us is accurate. Two examples will
illustrate the nature of uncertainty and show how our estimates of costs
and benefits are related to the information provided. The first example
will be the effect of uncertainty on one aspect of estimated benefits,
the second on estimated costs.

Following Marline-Umetco's example, we assume that the mining and
milling facilities will be operated full time for 13 vears. However,
whether or not these facilities actually do operate full time for 13
years depends on a number of factors that cannot be accurately pre-
dicted. These factors include:

1. The grade and extent of the ore body: Marline-Umetco has made its
prediction of a 13-year operating life based on geological surveys
of the Swanson site. The ore body may be larger or smaller than
anticipated or the average grade of the ore may be higher or lower
than expected. Either of these two factors may cause the project to
last longer or shut down sooner than anticipated. The length of the
operational stage, of course, affects the size of the benefits
accruing from the preject. If the project continues longer than
expected, then the benefits will be larger: if it shuts down sooner
than anticipated, the benefits will be smaller than projected.
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2. The future price of uranium: There are several reasons the future
price of uranium is uncertain: decreased demand due to the possibil-
ity of additional cancellations of nuclear power facilities, large
increases in supply as a result of the development of rich uranium
deposits outside the U.S., and trade policies that may be instituted
by the federal government to protect the domestic uranium industry.
Clearly, if the price of uranium is higher than anticipated, the
operation will be more profitable and may continue longer than orig-
inally planned; just the reverse would be true if the price of ura-
nium is lower in the future than currently expected.

3. The stringency of regulation: A third factor, the stringency of the
health, safety, and environmental regulations that' the state sets
for mining and milling can influence the length of operations at the
Swanson site. If regulations are more stringent, the project will
be less profitable, increasing the chances that it will not be
undertaken, will not be operated full time, or will close down
sooner than anticipated, thus eliminating or reducing the benefits.
If regulations are less stringent, the project will be more profit-
able, increasing the chances that it will be undertaken; if so, will
continue to operate beyond the planned 13 years, thus increasing the
benefits of the project.

Not only is there uncertainty about the size of some benefits but also
of some costs. One of these costs is the possible adverse effect on

the health of local residents. Assuming that all applicable eavironmen-
tal standards are met, we can predict the maximum releases of various
pollutants into the environment. We cannot, however, precisely predict
what the exposure of any one individual may be, nor can we predict the
health effects of such releases. Although the absence of data for most
pollutants prevents us from estimating the losses associated with them,
we were able to collect sufficient data to estimate the losses due to
cancer caused by radon emissions from the tailings management area.
Uncertainty alsoc arises because we focus on the costs of the project
during normal operations. As with any project of this nature, accidents
could cause much greater changes in the environment and, thus, larger
costs than anticipated.

As can be seen from these examples of benefits and costs, many factors
can affect the magnitude of costs and benefits resulting from the
Swanson project. We have pointed out the areas where we feel that
uncertainty is most important and have attempted to give a plausible
range of values.

Distributional Aspects

As with all cost-benefit studies, this one deals only with the aggregate
dollar value of the costs and henefits of a particular project. As
such, it ignores the issue of the distribution of costs and benefits
among the residents of the RSA. :
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A project may have total benefits greater than total costs (including
intangible costs and benefits), and yet still be undesirable because of
its effect on the distribution of income. An example might be a local
government using tax revenues for the construction of a yacht club. The
benefits to those who use the facility may well be larger than the costs
of construction and maintenance, yet most people would consider such a
project undesirable because of its effect on income distribution. The
benefits of such a facility would accrue almost entirely to the wealthy,
who can afford yvachts. A substantial part of the costs would be borne
by those less wealthy in the form of taxes they paid to support the proj-
ect. Thus, the effect of the project would be to redistribute wealth
from the relatively poor to the relatively wealthy.

Conversely, a project may have total costs greater than total benefits
and still be desirable due to a beneficial redistribution of income.

All welfare programs are of this nature. In any welfare program, the
benefits received by the beneficiaries will be less than costs because
it is costly to administer such programs. For each dollar that goes
toward such programs, less than a dollar is received in benefits because
of administrative costs. Therefore, for any welfare program, the iden-
tifiable costs are greater than the identifiable benefits, vet such
programs are considered desirable because they redistribute income from
the relatively wealthy to the relatively poor.

Total versus Incremental Costs and Benefits

In this cost-benefit analysis, we have examined some of the effects of
the Swanson project in terms of total costs and total benefits.

Ideally, we would iike to examine only the incremental costs and bene-
fits of the project, but we have sometimes focused on total costs and
benefits because to discuss incremental benefits we would have to know
how the site would be used in the absence of the Swanson project.
Currently, the area is used for agriculture, yet over the next 15 to

20. years .other industry may develop in the absence of the project.
Because we do not have predictions concerning future use, we cannot
determine the incremental costs and benefits of uranium mining and
miliing. Hence, for some effects, we focus on total costs and benefits.
An example will illustrate the distinction between incremental and total
costs and benefits.

We have assumed that the increase in employment in the RSA will equal the
number of people hired at the Swanson site and also that labor income
will ingrease by the full amount of Marline-Umetco's expenditure on
labor. For several reasons, we expect that these assumptions will tend
to overstate the employment benefits of the project.

First, other employment opportunities would most likely develop if the
Swanson project were not undertaken. Therefore, some of the people
hired by Marline-Umetco would be emploved anyway, even without the
Swanson project. 0Only if we make the assumption that all the people
hired at the project remained unemployed in its absence can we say that
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total employment at the site equals the amount of the benefit. If some
of the people obtained jobs in the absence of the project, then only the
addition to employment, over what it would be without the project,
should be counted as a benefit.

Second, some of the people hired at the Swanson site will likely be
hired away from other jobs in the area. If the vacated jobs are filled
by people who receive the same wage as those they replace, then the
benefits of the increased employment are correctly measured by the total
wages paid. If the vacated jobs remain unfilled, then only the increase
in the workers' salaries should be included in benefits. We have
assumed that the total earnings of workers emploved by Marline-Umetco
correctly measures benefits received, though actual benefits would
likely be slightly less. We made this assumption because of the dif-
ficulty of predicting where employees will be hired from, whether the
vacated positions will be filled, and what the workers' previous
salaries might have been.

Third, there may be some second earners who leave the labor force as a
result of the hiring by Marline-Umetco. The classic example is the hus-
band who has been out of work for a period of time and whose wife has
entered the labor market to provide supplemental income. After the hus-
band finds another job, the wife quits hers and returns to being a full-
time housewife., While employment increases with the addition of one
worker, it also decreases as a secondary earner leaves the labor force.
In this case, there is no net change in employment, vet thére may be an
increase in wages or total man-hours of employment because the husband
may work for a higher wage or longer hours.

The limitations of cost-benefit analyses emphasize the fact that they
are not intended to be the single criterion for judging a public proj-
ect. Rather, such studies should be viewed as one piece of information
available to officials when making decisions.

Advantages of Cost-Benefit Analysis

In spite of the limitations, cost-benefit studies are an important tool
in the analysis of any major project. Some of their advantages are
listed below: ‘

1. Orders of magnitude can be obtained for some types of costs and
benefits. For example, it is much more useful to a policymaker to
know that a particular project will likely increase tax revenues hy
$100,000 per year, plus or minus 10 percent, than it is to know that
the project will probably increase tax revenues, but by some unknown
amount.

2. For subjects about which there is a great deal of uncertainty con-
cerning the level of costs or benefits, a study can proint out that
such uncertainty does exist and attempt to show the most likely out-
come of the project. In situations where it is impossible to
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discern one outcome more likely than others, a study can point out a
range of possible outcomes that are about egually likely.

3. It may not be possible to estimate dollar values for some types
of costs and benefits. However, in a cost-benefit study, these
intangible costs and benefits can be examined within context, and
their relative importance discussed.

4. In cost-benefit analysis, one of the most significant advantages
is the convenient way in which we can, in a consistent manner, enu-
merate all the various costs and benefits (including intangible
costs and benefits) of a particular program. This is an aid to
policymakers in their examination of the many diverse factors that
bear on the decision of whether or not to pursue a particular
program.

5. A second advantage is that in doing cost-benefit analyses we may
discover important gaps in information that can be filled by doing
additional research.
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CHAPTER 2

BENEFITS

INTRODUCTION

In this chapter, we examine benefits that would result from the Swanson
project under various given assumptions. The major benefits to the
local and state economies are employment and earnings provided directly
to Marline-Umetco's workers and suppliers, employment and earnings
generated by the additional spending, and taxes paid by Marline-Umetco,
workers, local businesses, and institutions as a result of this project.
One issue we do not address in depth is the distribution of benefits
among residents of the RSA and state. We do not neglect this issue

because it is unimportant but because it is beyond the scope of our anal-
ysis.

Marline-Umetco spent a total of $19,012,000 for uranium exploration and
development activities in Virginia during the period 1977 to mid-1983
and a portion of these expenditures were for the Swanson site. Although
these expenditures were a benefit to the state, they have no bearing con
the decision by the General Assembly to either ban or allow uranium
mining and milling. The legislature is concerned with future benefits
and costs, not those already incurred, which in business terminology are
known as "sunk costs." Therefore, even though past expenditures are
evidence that Marline-Umetco has a commitment to mining and milling ura-

nium in the state, it is inappropriate'to include them in the analysis
that follows.

EMPLOYMENT AND EARNINGS IMPACTS OF THE PROJECT

Introduction

The Marline-Umetco project will have both direct and indirect impacts
upon the local and state economies. The direct impacts of the project
are defined as the company's expenditures on goods and services and the
employees' consumption expenditures within the relevant geographical
area. The indirect impacts are defined as the expenditures by other
firms resulting from the initial purchases by Marline-Umetco.

This section reports our estimates of both types of impacts. The
estimates of the direct impacts are revised and updated versions of
Marline-Umetco's anticipated expenditures.l/

1/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation of Uranium Development in Pittsylvania County, Virginia (15
October 1983), vol. 3.--henceforth referred to in tables as
Marline-Umetco.
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Direct Impacts

Table 2.1 shows the summary of direct employment and earnings resulting
from the Marline-Umetco project. Our estimates of the direct expendi~
tures are reported in Tables 2.2 through 2.5. Each of these tables sum-
marizes the direct expenditures, in 1981 dollars, of a particular phase
of the project on a given geographical area. Table 2.2, for example,
shows the direct impacts of the construction phase of the project on the
RSA. Our estimates differ from those of Marline-Umetco for several
reasons:

1. Marline-Umetco omitted expenditures on tailings management from its
analysis. New data from Marline-Umetcol/ indicate that expenditures
on tailings management will be about $16 million during the 18-month
construction phase of the project, and $4.8 million annually during
the operations phase. We have heen able to approximate the distri-
bution of these expenditures across Bureau of Economic Analysis
(BEA)Q/ industry categories,§/ and so have incorporated them into
our analysis.

2. Our estimates of wholesale expenditures, exclusive of expenditures
on tailings management, are 15 percent of fthose reported in the
Marline-Umetco tables. In making this reduction, we conform to the
procedure of Gibbs and Hill, Marline-Umetco's economic consultants,
who reduced the wholesale figures in their I-0 model by this percent-
age on the grounds that most of the deollars received by wholesale
agents would be passed through to manufacturers without affecting
the regional or state economy.i/ Gibbs and Hill did not, however,
reduce the wholesale figures in their expenditure tables. We accept
the lower figure and its rationale, but believe that numbers used in
the I-0 model should be consistent with numbers reported in the
table of direct impacts.

3. Our wage bill for the construction phase is approximately 7.43 per-
cent higher than that reported by Marline-Umetco. We made this

1/ Letter of July 30, 1984 from John A. Yellich-of Marline Uranium
Corporation to John L. Knapp of the Tayloe Murphy Institute.

2/ The Bureau of Economic Analysis (BEA) of the U.S. Department of
Commerce has -developed an industrial taxonomy used in the input-output
analysis employed by Marline-Umetco.

3/ For details see Section I1.B of Table A.2.

4/ Letter of July 13, 1984 from Joseph Nagy of Gibbs and Hill to John
L. Knapp of the Tayloe Murphy Institute.
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TABLE 2.1

SUMMARY OF DIRECT EMPLOYMENT AND EARNINGS

Average
Period Employment Annual Salary Cost
Construction
excluding tailings management
year 1 305 $12,0869 $3,681,000
year 2 (6 months) 305 12,069 1,840,000
5,521,000
Construction
including tailings management
year 1 305 13,567 4,138,000
year 2 (6 months) 305 13,567 2,069,000
6,207,000
Operations
excluding tailings management 453 13,071 5,921,000
Operations - a/
including tailings management 468 13,071 6,117,000=

Source: Marline-Umetco Table 1.3-6 with adjustments.

a/ In the expenditure and I-0 tables, we report a total wage bill for
the operations phase of $6,112,000; this was derived by adding

$192,000 for tailings management (=.04 x $4,800,000) to Marline's esti-
mate of $5,920,000. The discrepancy probably reflects the fact that
Marline's suggested 4%/96% split between labor and nonlabor expenditures
for tailings management is only an approximation.
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TABLE 2.2

SUMMARY OF THE ALLOCATION OF CONSTRUCTION AND TAILINGS MANAGEMENT
EXPENDITURES DURING THE CONSTRUCTION PHASE--REGIONAL STUDY AREA2/

Industry
Classification Allocation
Wholesale Trade $ 6,619,000
Labor 6,207,000
Stone and Clay Mining

and Quarrying 4,581,000
Ready-mixed Concrete 4,008,000
Miscellaneous

Professional Services 3,659,000
Real Estate 802,000

Total $25,876,000

Source: Tables A.6, A.7 and A.8.

a/ This téble is also shown as Table A.9 in Appendix A.

TABLE 2.3
SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING AND TAILINGS
MANAGEMENT EXPENDITURES DURING THE OPERATIONS PHASE--REGIONAL STUDY AREA2/

Industry
Classification Allocation
Wholesale Trade $ 1,557,000
Labor ) 6,112,000
Stone and Clay Mining

and Quarrying 379,000
Ready-Mixed Concrete 332,000
Electrical Services 671,000
Gas Production

and Distribution 1,264,000
Miscellaneous

Professional Services 303,000

Real Estate 210,000

Total $10,828,000

Source: Tables A.10, A.11, and A.12.

a/ This table is also shown as Table A.13 in Appendix A.
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TABLE 2.4

SUMMARY OF THE ALLOCATION OF CONSTRUCTION AND TAILINGS MANAGEMENT
EXPENDITURES DURING THE CONSTRUCTION PHASE--VIRGINIA2/

Industry
Classification

Wholesale Trade
Labor

Stone and Clay Mining
and Quarrying ‘

Ready-mixed Concrete

Paints and Allied
Products

Concrete Block and
Brick

Electrical Industrial
Apparatus

Gas Production
and Distribution

Pipes, Values, and -
Pipe Fittings

Miscellaneous
Professional Services

Real Estate

Construction Machinery
and Equipment

Mining Machinery

Total

Allocation
$ 1,151,000

6,207,000

3,569,000

3,128,000

904,000

6,328,000

2,965,000

808,000

3,872,000

7,924,000

833,000

5,166,000

5,166,000

$48,016,000

Tables A.14, A.15, and A.16.

a/ This table is also shown as Table A.17 in Appendix A.
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TABLE 2.5

SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING AND TAILINGS
MANAGEMENT EXPENDITURES DURING THE OPERATIONS PHASE--VIRGINIAQ/

industry
Classification Allocation
Wholesale Trade % 838,000
Labor 6,112,000

Stone and Clay Mining
and Quarrying 224,000

Ready-mixed Concrete 196,000

Paint and Allied
Products 57,000

Concrete Block and
Brick 398,000

Electrical Services 671,000

Electrical Industrial )
Appliances 186,000

Gas Production and
Distribution 5,307,000

Pipes, Value, and

Pipe Fittings 243,000
Miscellaneous

Professional Services 498,000
Real Estate 196,000

Industrial Inofganic
and Organic Chemicals 1,812,000

Explosives 1,208,000 .

Construction Machinery
and Equipment 325,000
Mining Machinery 325,000

Total $18,596, 000

Source: Tables A.18, A.19 and A.20.

a/ This table is also shown as Table A.21 in Appendix A.
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adjustment because historical data indicate that Marline-Umetco
slightly understated the average annual salary for construction
workers .1/

The reader interested in a more detailed development of our estimates
of these expenditures may refer to Section III of Table A.2.

Direct and Indirect Impacts

In order to estimate indirect impacts we use input-output {I-0) analysis
and economic base analysis, two well known techniques used in regional

impact studies. We will employ both in order to determine if the results
are roughly comparable.

Input-Gutput Estimates

The I-0 model we use to estimate the indirect impacts of the project is
the same as that used by Gibbs and Hill, namely the Regiomnal Industrial
Multiplier System (RIMS II) of the Bureau of Economic Analysis. A brief
discussion of the nature and limitations of I-0 analysis, and a detailed
exposition of the assumptions, data, and calculations in our use of RIMS

IT, are contained in Appendix A. Here, for the sake of brevity, we only
report the results. .

Again, following Gibbs and Hill, we estimate the effects in four dif-
ferent categories, each of which attempts to capture the impacts of a
certain phase of the project on a given geographical area. Thgse cate—
gories are denoted as:

1. RSA/Construction

2. RSA/Operations

3. State/Construction

4, State/Operations

The construction phase is assumed to last 18 months, the operations
phase 13 years. -

For each of the categories, table 2.6 shows the total estimated increase
in earningsgf resulting from the project. The column labeled middle

1/ For a more detailed discussion of the calculations, see III.D.1. of
Table A.2. There also seem to be minor arithmetic or typographical
errors in Marline-Umetco's calculation of the wage bills. Our calcula-
tions correct these errors. See III.D.2 of the same table.

2/ Earnings are defined as the sum of wages, salaries, other labor

income, and proprietors income. The estimated earnings reported for the
construction phase cover the entire 18-month period.
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TABLE 2.6

TOTAL ESTIMATED INCREASES IN EARNINGSQ/

USING I-O ANALYSIS

FROM THE SWANSON PROJECT

Low Value Middle Value High Value
RSA Construction b/ $12,975,400 $16,219,300 $19,463,200
RSA Operations o/ 6,748,100 8,435,100 10,122,100
Stéte Construction b/ 25,102,300 31,377,900 37,653,500
State Operations c/ 9,706,900 12,133,600 14,560,300

a/ In thousands of 1981 dollars; derived by reflating I-0 estimates
with the 1981 GNP Price Deflator of 195.14. See U.S. Congress Joint
Economic Committee, Economic Indicators, May 1984 (Wwashington, D.C.:
U.S. Government Printing Office, 1984), p. 4.

b/ Total earnings during the 18-month construction period.

¢/ Total annual earnings during the operations period.

value is calculated using the direct impacts reported in the preceding
Tables 2.2 through 2.5. The high and low values are generated by varying
expenditures upwards and downwards by 20 percent.i/ For example, esti-
mated total increases in RSA earnings during construction range from
$12,975,400 to $ 19,463,200. The middle value is $16,219,300. The
following figures are middle values. The estimated increase in state
earnings during construction is $31,377,900. During operations, the
estimated increase in earnings is $8,435,100 for the RSA and $12,133,600
for the state.

Table 2.7 shows the estimated increases in employment, with the same
range of plus and minus 20 percent. Construction and operations
employment are shown in terms of average number of jobs at an annual
rate. The construction jobs are expected to have a duration of 18
months. Marline-Umetco presents construction employment estimates in
person-years (see Marline-Umetco Table I.3-7). Thus, the companys'
average. nunber of jobs at an annual rate is converted to 457.5 person
years by multiplying 305 x (18 months/12 months) Although this method is
acceptable, we prefer to show employment in terms of average number of
jobs at an annual rate because we think the concept is easier to grasp.

1/ John A. Yellich of the Marline Uranium Corporation assumes that
expenditures will fall within this range. Letter of July 23, 1984 from
Yellich to John L. Knapp of the Tayloe Murphy Institute. Earnings
vary by exactly the. same percentage as expenditures because of the
linearity of the model.
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TABLE 2.7

TOTAL ESTIMATED INCREASES IN EMPLOYMENT FROM THE SWANSON PROJECT
USING I-0 ANALYSIS

Low Value Middle Value High Value
RSA Constructiong/ 521 852 782
RSA Operationshj 496 . 620 744
State Constructioné/ 625 782 938
State Dperationsh/ 648 810 972

a/ Average number of jobs at an annual rate during 18-month construc-
tion phase.

b/ Average number of jobs at an annual rate during operations.

The estimated increase in employment in the RSA during construction
range from a low of 521 to a high of 782; the middle value is 852, The
following estimates are the middle values. The estimated increase in
state employment during construction is 782. During operations, the
estimated increase in employment is 620 for the RSA and 810 for the
state. ‘

Limitations of the I-0 Modgl

There was a time in the 1950's when the advantages and disadvantages

of I-0 analysis were hotly contested within the economics profession.l/
No definitive answers issued from this debate, and we do not presume to
provide any now. Nonetheless, we believe that the fundamental limita-
tions of I-0 analysis in general, and of this application of RIMS II in
particular, should be enumerated so that policymakers will not put
unwarranted faith in the numbers generated by these models.

1. A traditional criticism of I-0 analysis has been the assumption
that the relative proportions of inputs used in production are

1/ See the collection of papers and comments in National Bureau of
Economic Research, Studies in Income and Wealth, vol.18, Input-Output
Analysis: An Appraisal {Princeton, New Jersey: Princeton Unilversity
Press, 1955). - -
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fixed. This assumes that if relative prices of inputs change, pro-
ducers will not make substitutions nor will they use more of the
cheaper input. However, prices found in a region do change and they
do influence the flow of resources into and out of the area. This is
especially true over a long period of time when producers can adjust
their production process. However, the RIMS II model has not been
used in a short-run context.l/ The model is based on 1972 national
coefficients, and it is being employed here to make forecasts
through the end of the century. When one considers the profound
structural changes that the American economy has experienced since

. the oil price shocks of 1974, the inadequacy of forecasting with a
static I-0 model is apparent.2

2. It is possible that the size of the project may induce structural
changes in the local economy even in the short run, thus changing
the I-0 coefficients. This probably will not be important over the
operations phase of the project, but could be fairly significant
over the construction phase.

3. RIMS II is a single-region model, and hence not capable of capturing
feedback effects with adjacent regions. This means RIMS II is most

appropriate to compact, fairly self-contained areas that include most

of the inputs supplying industries appearing in the structural
matrix.3/ The RSA defined for this study may not meet this criterion
because of its obvious linkages north (to Lynchburg) and south {to
North Carolina) with other economic regions.

Economic Base Analysis Estimates

As previously mentioned, economic base analysis is also used to derive
estimates of employment and earnings multipliers. The description and
limitations of the.technique along with our sources of data are con-
tained in Appendix B. In Tables 2.8 and 2.9, which appear below, we
present the estimated increases on earnings and employment from the
base analysis and compare them with the results of input-output analy-
sis,

The estimated increased earnings to the RSA during construction are
$8,876,000; estimated increased earnings to the state are $10,614,000.

1/ See Carl F. Christ, "A Review of Input-Output Analysis," in NBER,
Input-Output Analysis: An Appraisal, 140-141; and Walter Isard,
Methods of Regional Analysis: an Introduction to Regional Science
(Cambridge, MA: The M.I.T. Press, 1967), p. 340.

2/ Dynamic I-0 models have been developed, but scarcity of data has
prevented their wide use. See Miernyk, Input-Output Analysis, pPp.
113-125, )

8/ Cartwright, RIMS II: Regional Input-Output Modeling System, p. 59.
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TABLE 2.8

ESTIMATED INCREASES IN EARNINGSE/ FROM THE SWANSON PROJECT,

COMPARISON OF I-0 AND ECONOMIC BASE ANALYSIS

RIMS II
Economic
Base Analysis Low Value High Value

Earnings Earnings Earnings
RSA Construction $ 8,876,000 $12,975,400 $19,463,200
State Construction 10,814,000 25,102,300 37,653,500
RSA Operations 8,747,000 6,748,100 10,122,100

10,460,000
State Operations 17,066.0009/ 9,706,900 14,560,300

a/ In 1981 dollars.

b/ The economic base analysis estimate is computed here using the dif-
ferential multiplier.

TABLE 2.9

ESTIMATED INCREASES IN EMPLOYHENTQ/ FROM THE SWANSON PROJECT,
COMPARISCON OF I-0 AND ECONOMIC BASE ANALYSIS

RIMS II
Economic
Base Analysis Low Value High Value
Employment Employment Employment
RSA Construction 457 521 782
State Construction 783 625 938
RSA Operations 702 496 744
’ 1,203
State Operations 1,1149/ . 648 972

a/ Average of jobs at an annual rate.

b/ The economic base analysis estimate is computed here using the dif-
ferential multiplier.
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Both figures are below the ranges derived from the I-0 model.l/ The
estimated increased earnings to the RSA from operations are $8,747,000;
estimated increased earnings to the state are $10,460,000 and

$17,066,000.§/ Except for the estimated state earnings of 517,066,000,§/
the estimates are within the I-0 range.

The estimated increase in employment for the RSA during construction is
457. As with earnings during construction, this figure is below the
range derived from the I-0 model. The estimated increase in employment
for the state during construction, 783, is within the I-0 range.
Estimated increased employment in the RSA during operations, 702, is
also within the I-0 range. Two estimates of increased employment for the
state during operations are 1,203 and 1,114.24/ Both figures are above
the I-0 range.

Given the roughness of both techniques, the estimates provided by the
two approaches are acceptably close. In the remainder of our report we
will only refer to the estimates obtained from the I-0 model.

STATE AND LOCAL GOVERNMENT REVENUE

Marline-Umetco would pay various state and local taxes during the
construction and operation phases. These are called "direct taxes."
Additional taxes, called "secondary taxes" or "indirect taxes" would be
paid by Marline-Umetco employees, suppliers, and residents benefiting
from the multiplier effects of the mine/mill activity. Because of the
difficulty of gquantifying the multiplier effects on revenue, the esti-
mates of secondary taxes are restricted to the taxes paid by Marline-
Umetco employees. Similarly, when we estimate costs to the state and
local governments, we limit secondary costs to those associated with
Marline-Umetco employees.

Direct Taxes, Construction Phase

In the RSA, the real estate tax would be the major source of revenue,
Other sources of revenue would be the machinery and tools tax, the
tangible personal property tax, and the 1 percent local sales tax.
Together, these sources would provide $212,572 in year 1 of construction
and $329,062 in year 2 (see Table 2.10). All of this revenue would go to
Pittsylvania County, except a portion of the sales tax that would be
received by Danville, South Boston, and Halifax County.

1/ Construction is usually considered part of the nonbasic sector.
Therefore, it is not surprising that our results are gquite different.

2/ Two types of state earnings multipliers for operations are derived. See

Appendix B for details.

3/ The multiplier for coal mining is used as a proxy for uranium
mining.

4/ Two types of state employment multipliers for operations are
derived. See Appendix B for details.
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TABLE 2.10

MAJOR DIRECT TAXES DURING THE CONSTRUCTION PHASE——
REGIONAL STUDY AREA

Tax Base {1981%) Rate Year 1 Year 2

Real property Land $ 1,000,0003/ ,0033%/ § 3,300 $ 3,300
Building 70,600,000 .0033R/  $116,490C/ 232,980

Machinery and

tools 12,000,000 00304/ 36,000 36,000
Tangible

personal

property 820,0008/ .01275L/ 10,455 10,455
Sales 9,265,500&/ .01 46,3270/ 46,327h/

$212,5721/  $329,0621/

Source: Marline-Umetco Table 1.4-19 with adjustments as noted below.
a/ Increment over current land value as estimated by Marline-Umetco.
b/ 1984 nominal rate of 35¢ per $100 multiplied by the average

assessment ratio (94.4%) as estimated by the Virginia Department of
Taxation in its 1982 Assessment/Sales Ratioc Study.

¢/ Assumes one-half completion in first year.
d/ 1984 nominal rate of $3.00/3100 multiplied by 10% assessment ratio.
e/ Limited to mobile equipment as shown in Marline-Umetco Table I.4-5.

f/ 1984 nominal rate on motor vehicles of $4.25 per $100 multiplied by
30% of the average trade-in value.

g/ Based on Table A.6 (limited to direct construction) categories

"plant concrete and excavation" less labor; "building, structural, paint-
ing" less labor; "electrical" less labor; and "instrumentation”" less
labor. The result was multiplied by 1.42, the ratio of total direct
construction and tailings management expenditures to total direct
construction expenditures. Purchases subject to the sales tax were based
on Virginia Department of Taxation, "Virginia Retail Sales and Use Tax
Regulation 1.65.2: Mining and Milling Processing” (March 15, 1983).

h/ Assumes one-half of the sales occur in each year.

i/ All of this revenue would go to Pittsylvania County, except a portion
of the sales tax that would go to Danville, South Boston, and Halifax
County. Marline-Umetco (Table I.4-20) assumed that 33% of sales tax
collections would go to Pittsylvania County, 57% to Danville, and 10% to
Halifax County. '



-28~

TABLE 2.11
MAJOR DIRECT TAXES DURING THE CONSTRUCTION PHASE——
VIRGINIA
Tax
Tax Base (19813%) Rate Year 1 Year 2
Corporate Ne income assumed
income during construction
phase
Sales $16,714,000g/ 0.03 $250,7109/ $250,7109/
Motor
vehicle
sales and
use 820, 0008/ 0.02 16,400

$267,110 $250,710

Source: Marline-Umetco Tables 1.3-4 and I.4-5 with adjustments as noted

in footnotes. Letter from John A. Yellich to John L. Knapp dated July
30, 1984.

a/ Based on Table A.14 (limited to direct construction expenditures)
total categories "plant concrete and excavation” less labor; "building,
structural, painting" less labor; "electrical" less labor; and
"instrumentation" less labor. The result was multiplied by 1.19, the
ratio of total direct construction and tailings management expenditures
to total direct construction expenditures. Purchases subject to the
sales and use tax were based on Virginia Department of Taxation,
"Virginia Retail Sales and Use Tax Regulation 1.65.2: Mining and
Milling Processing" {(March 15,1983).

b/ Assumes one-half the sales occur in each year.

¢/ Based on Marline-Umetco Table I.4-5 category "mobile equipment."”
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At the state level, total collections were estimated to be $267,110 in
vear 1 and $250,710 in year 2 (see Table 2.11). Most of the total in
year 1 and all of the total in year 2 are attributable to the state's 3
percent sales tax. No taxable corporate income was assumed during the
construction years.

Direct Taxes, Operations Phase

In the RSA, annual local tax revenue collected from Marline-Umetco would
total $284,775 with the real estate tax accounting for more than foupr-
fifths of the total (see Table 2.12). Except for a small amount of sales
tax, the revenue would be collected by Pittsylvania County.

At the state level, the principal source of revenue would be the corpo-
rate income tax (see Table 2.13). Marline-Umetco has estimated that
during operations its taxable income would be $20 million in 1981
constant deollars. Based on the state's 8 percent rate, the annual tax
revenue would be $1,200,000. The company's tax estimate assumes the
mine/mill complex would be taxed as a single entity. The more likely
occurrence is that the Virginia facility would be treated as a joint
operating venture by both Marline Uranium Corporation and Umetco
Minerals Corporation, each of which would probably be subject to taxes
in Virginia and other states. The joint venture income attributable to
each corporation would then be subject to the allocation and apportion-
ment factors applicable to multistate corporations. These factors are
property, payroll, and sales. If this were the case, then the taxable
income in Virginia would be estimated based on each company's total
taxable income and on each company's total property, payroll, and sales
as well as on the respective values for Virginia. In the absence of
information on all of these variables, we have not provided an estimate
of the company's income tax liability.l/

Most of the company's purchases during the operations phase would be
exempt from the sales tax according to Virginia Department of Taxation
regulations for mining and milling processing.ﬁ/ We estimate that only
$410,00038/ of purchases would be subject to the state's 3 percent sales
tax. Thus, the annual tax would be $12,300.

1/ For a fuller description of the corporation income tax see Peggy M.
Ware, Virginia: An OQutline of State and Local Taxes (Richmond: Virginia
Divigion of Industrial Development, June 1984), pp. 4-7.

2/ Virginia Department of Taxation, "Virginia Retail Sales and Use Tax
Regulation 1.65.2: Mining and Milling Processing" (March 15, 1983).

3/ One-half of total maintenance and repair parts shown in Table A.18
multiplied by 1.18, the ratio of total operations and tailings manage-
ment expenditures to total operations expenditures.
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TABLE 2.12

MAJOR ANNUAL DIRECT TAXES DURING THE OPERATIONS PHASE——
REGIONAL STUDY AREA

Tax ' Base (1981%) Rate Amount
Real property Land $ 1,000,000% .00335; $ 3,300
Building 70,800,000 . 0033~ 232,980
Machinery and o/
tools 12,000,000 . 0030~ 36,000
Tangible
personal
property 820,0008/ 012758/ 10,455
Sales 204,000£/ .01 2,040

$284, 7758/

Source: Marline-Umetco Table I.4-19 with adjustments as noted in foot-
notes.

a/ Increment over current land value as estimated by Marline-Umetco.

b/ 1984 nominal rate of 35¢ per $100 multiplied by the average
assessment ratio(94.4%). ’

¢/ 1984 nominal rate of $3.00 per $100 multiplied by 10% assessment
ratio.

d/ Limited to mobile equipment as shown in Marline-Umetco Table I.4-5.

e/ 1984 nominal rate on motor vehicles of $4.25 per $100 multiplied by
30% of the average trade-in value.

£/ One-half of maintenance and repair parts shown in Table A.10. The
result was multiplied by 1.20, the ratio of total direct operations and
tailings management expenditures to total direct operations expen-
ditures. Purchases subject to the sales tax were based on Virginia
Department of Taxation, "Virginia Retail Sales and Use Tax Regulation
1.65.2: Mining and Milling Processing" (March 15, 1983).

g/ All of this revenue would go to Pittsylvania County, except a por-
tion of the sales tax that would go to Danville, South Boston, and
Halifax County. Marline-Umetco (Table I.4-20) assumed that 33% of sales
tax collections would go to Pittsylvania County, 57% to Danville, and
10% to Halifax County.
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TABLE 2.13
MAJOR ANNUAL DIRECT TAXES DURING THE OPERATIONS PHASE——
VIRGINIA
Tax Base ($1981 ' Rate Amount
Corporate income *xxx  a/ 06 .
b/
Sales 410, 000= .03 12,300

Source: Marline-Umetco Table I1.4-23 with adjustments as noted in foot-
notes.

a/ We did not estimate the company's income tax liability. See text
for explanation.

b/ One-half of total maintenance and repair parts shown in Table A.18.
The result was multiplied by 1.18, the ratio of total operations and
tailings management expenditures to total operations expenditures.
Purchases subject to the sales tax were based on Virginia Department of
Taxation, "Virginia Retail Sales and Use Tax Regulation 1.65.2: Mining
and Milling Processing" (March 15, 1983). .

Secondary Taxes, Construction Phase

Major RSA secondary taxes that would be collected from Marline-Umetco
employees are shown in Table 2.14. To make the estimates, we followed
Marline-Umetco's assumption that most of the construction employees
would be hired locally. Therefore, they would not represent new house-
holds and with the exception of sales taxes, their tax liabilities would
not increase. For the ten new employee households forecast by the com-
pany, we allowed for real estate and other taxes (see Table 2.14). As
explained earlier, we developed a range of earnings estimates for
Marline-Umetco employees. These different estimates are used to develop
low, middle, and high tax estimates for all employee households.

Because of the difficulty of disaggregating the data for the 18 month
construction period, most of the estimated tax collections are based on
the full period. The total amount collected would range from $23,079 to
$32,511. Over three-fifths of the revenue would be received by Danville
and the remainder by Pittsylvania County.

Major state level secondary taxes are estimated in Table 2.15. In order
to develop our estimate, we calculated the ratio of selected state taxes
to personal income and then applied that ratio to our earnings estima-
tes. Using this method, taxes during the 18 month period would range
from $173,810 to $260,680.
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TABLE 2.14

MAJOR SECONDARY TAXESQ/ DURING THE CONSTRUCTION PHASE--—
REGIONAL STUDY AREA

Tax

Ten employee householdsC/

Real property tax
Danville
Pittsylvania County

Other local taxes
Danville

Pittsylvania County

All othér emplovee households

Sales tax
Danville
Low
Middle
High
Pittsylvania County
Low

Middle
High

Totals, all emplovee households,

Low
Middle
High

Base Rate Amount

$ 75,000%? $0.0060§; $ 450
675, 0008 0.0033% 2,228
2,678

£/

30,0002 0.0178/ -

£/ o/ 510
270, 000> 0.0088 2,160
2,670

h/
1,359,958 0.01 13,600
1,721,654 0.01 17,217
2,083, 3562 0.01 20, 834
413.128%5 0.01 4,131
523,006, 0.01 5,230
632,8842 0.01 6,329

RSA

$23,079
$27,795

$32,511
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TABLE 2.14 (continued)

MAJOR SECONDARY TAXESa/ DURING THE CONSTRUCTICN PHASE--
REGIONAL STUDY AREA

a/ Restricted to taxes paid by Marline-Umetco employees.

b/ With the exception of the ten households, the taxes apply to an
18 month period.

¢/ Based on Marline-Umetco assumptions, one household from outside the
area would locate in Danville and nine would locate in Pittsylvania. See
Marline-Umetco p.I.4-40 and Table I.4-15.

d/ According to the company, the average house value would be %$75,000.
See Marline-Umetco, Table I.4-20.

e/ Rates based on 1984 nominal rates and assessment/sales ratios as
estimated by the Virginia Department of Taxation in its 1982
Assessment/Sales Ratio Study. (Danville: $0.76x.793=$0.60: 60;
Pittsylvania: $0.35x.944=%$0.33.)

£/ According to the company, the average salary of the ten employee

households will be $30,000. See Marline-Umetco, Table I.4-14.

g/ Ratio of local taxes other than real property taxes (1981-82) to
personal income (1982). Sources: taxes——Auditor of Public Accounts,
Comparative Report of Local Government Revenues and Expenditures Year
Ended June 30, 1982 (Richmond: Auditor of Public Accounts, 1983);
personal income--Survey of Current Business 64:1 {april 1984).

h/ (Wages of Marline-Umetco employees - Wages of 10 households) x 0.38 x
S where 0.38 = the ratio of taxable sales to personal income in the com-
bined Danville-Pittsylvania Area and where S = the share of 1982 total
taxable sales in each jurisdiction (23.3% in Pittsylvania County and
76.7% in Danville). Sources: wages-— Table 2.1; Sales——-Eleanor G. May,
Retail Sales in Virginia, 1983 (Charlottesville: Tayloe Murphy
Institute, May 1984).
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TABLE 2.15
MAJOR SECONDARY TAXES DURING THE CONSTRUCTION PHASE--
VIRGINIA
Base (19818)3/ Ratel’ Amount.
Low $4,966,000 0.035 $173,810
Middle 6,207,000 0.035 217,245
High 7,448,000 0.035 260, 680

a/ Earnings of Marline-Umetco employees during 18 month period.
Source: Table 2.1.

b/ Ratio of selected state taxes in 1981-82 to 1982 personal income.
The taxes selected were general sales and gross receipts taxes and indi-
vidual income taxes. Sources: taxes--U.S. Bureau of the Census, State
Government Finances in 1982, GF82 No. 3 (Washington, D.C.: U.S.
Government Printing Office, October 1983); personal income--Survey of
Current Business 64:4 (April 1984).

Secondary Taxes, Operations Phase

The RSA estimates in Table 2.16 share the methodology used to develop
Table 2.14. We followed Marline-Umetco's assumption that there would be
45 new employvee households. Total annual taxes are estimated to range
from $37,063 to $46,351, depending upon which earnings estimate is used.
Slightly over one-half of the revenue would be collected by Pittsylvania
County with the remainder going" to Danville.

The state of Virginia annual secondary taxes. are shown in Table 2.17.
The estimates are based on the same methodelogy used to develop Table
2.15. State tax collections range from $171,150 to $256,690 depending
upon which earnings estimate is used.
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TABLE 2.16

MAJOR ANNUAL SECONDARY TAXES2

/

DURING THE
REGIONAL STUDY AREA

OPERATIONS PHASE--

Tax

45 emplovee householdsP/

Real property tax

Danville 3

Pittsylvania County 3,

Other local taxes

Danville

Pittsylvania County 1,

All other emplovee households

Sales tax

Danville
Low ' 1,
Middle 1,
High 1,

Pittsylvania County

Low

Middle
High

Totals, all employee households

Low
Middle.
High

Base

375,0009;

000, 000%

135, 3008/
082, 4008/

070,329%
426,493/
782,6578/

325,1458/

433,3418/
541,537&/

Rate Amount
$0.00604/ $ 2,250
0.00334/ 9,900
12,150
0.017%/ 2,300
0.008L/ 8,659
10,959
0.01 ' - 10,703
0.01 14,2865
0.01 17,827
0.01 3,251
0.01 4,333
0.01 5,415
$37,063
$41,707
$46,351
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TABLE 2.16 (continued)

MAJOR ANNUAL SECONDARY TAXESQ/ DURING THE OPERATIONS PHASE-~--
REGIONAL STUDY AREA '

a/ Restricted to taxes paid by Marline-Umetco employees.

b/ Based on Marline-Umetco assumptions, five households from outside
the area would locate in Danville and 40 would locate in Pittsylvania
County. See Marline-Umetco, Table I.4-15,

¢/ According to the company, the average house value would be $75,000,
See Marline-Umetco, Table I.4-20.

d/ Rates based on 1984 nominal rates and assessment/sales ratios as
estimated by the Virginia Department of Taxation in its 1982
Assessment/Sales Ratio Study. (Danville: $0.76 x .793 = $0.60;
Pittsylvania County: $0.35 x .944 = $0.33.)

e/ According to the company, the average salary of the 45 employee
households will be $27,060. See Marline-Umetco Table I.4-14.

f/ Ratio of local taxes other than real property taxes (1981-82) to
personal income (1982). Sources: taxes——Auditor of Public Accounts,
Comparative Report of Local Government Revenues and Expenditures Year
Ended June 30, 1982 (Richmond: Auditor of Public Accounts, 1983);
personal income-- Survey of Current Business 64:4 (April 1984).

g/ (Wages of Marline-Umetco employees — Wages of 45 households) x 0.38
X 3 where 0.38 = the ratio of taxable sales to personal income in the
combined Danville-Pittsylvania Area and where S = the share of 1982
total taxable sales in each jurisdiction {23.3% in Pittsylvania County
and 76.7% in Danville). Sources: wages--Table 2.1; sales--Eleanor G.
May, Retail Sales in Virginia, 1983 (Charlottesville: Tayloe Murphy
Institute, May 1984).
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TABLE 2.17
MAJOR ANNUAL SECONDARY TAXES DURING THE OPERATIONS PHASE--
VIRGINIA
Base (1981$)§/ Rateg/ Amount

Low $4,8920, 000 0.035 $171,150
Middle 6,112,000 0.035 213,920
High 7,334,000 0.035 256,690

a/ Earnings of Marline-Umetco employees. Source: Table 2.1,

b/ Ratio of selected state taxes in 1981-82 to 1982 personal income.
The taxes selected were general sales and gross receipts taxes and indi-
vidual income taxes. Sources: taxes—-U.S. Bureau of the Census, State
Government Finances in 1982, GF82 No. 3 (Washington, D.C.: U.S.
Government Printing Office, October 1983); personal income--Survey of
Current Business 64:4 (April 1984).

Unemployment Insurance

The company would be subject to the unemployment insurance tax. New
employers must pay a rate of 3.4 percent of the first $7,000 of each
employee's annual wage until they establish their experience rating in
three years. Rates based on experience ratings now range from 1.0 per-
cent to 7.1 percent of the first $7,000 of taxable wages. According to
the U.S.. Department of Labor, employers in Virginia are paying an
average tax rate of 1.0 percent of total wages for 1984.1/ Assuming
that Marline-Umetco was treated as a new employer at the onset of
construction and that it later paid the average rate on total wages, its
taxes would be as shown in Table 2.18.2/ Based on a discount rate of
6.5 percent, the present value of the taxes paid over the 13-year period
would be $635,487.

1/ Peggy M. Ware, Virginia: An Outline of State and Local Taxes

(Richmond, VA: Division of Industrial Development, June 1984}, p. 11.

2/ We have assumed that construction would be performed by Marline-Umetco
employees. TIf this were not the case, the unemployment insurance tax
would still be paid, but the rate would depend on the average employer
rating of the contractors involved.
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TABLE 2.18

ESTIMATED UNEMPLOYMENT TAXES DURING CONSTRUCTION AND OPERATIONS

Employment Wage Base Rate Tax

Construction
Year 1 305 $2,135,000 3.4% $ 72,590
Year 2 - 305 2,067,000a/ 3.4 70,278
Operations
First year 4168 3,276,000 3.4 111,384
Next 12 years
(per year) 468 6,117,000 1.0 61,170

Source: Tables 2.1.

a/Since total wages for the 18-month construction period were estimated
to be $6,207,000 in 1981 dollars, it was assumed that in six months one-
. third of that amount would be paid. Because the average wage per worker
for six months of $6,777 would be below the $7,000 taxable wage limit,
the entire $6,777 would be subject to the 3.4% rate.

Unemployment insurance taxes are earmarked for the Unemployment Insurance
Trust Fund. This fund is used to finance payments to workers eligible
for unemployment insurance. The fund will incur costs on behalf of eli-
gible Marline-Umetco employees laid off during the construction, opera-
tions, and closing phases of the project. We have no basis for
forecasting layoffs during construction and operation, but it is quite
likely that some construction workers will be eligible and, if the
mine/mill does not operate at full capacity, periodic unemployment could
occur during operations. If, at the end of 13 years of operation, the
facility were shut down, then most of the 468 emplovees would be eli-
gible for 26 weeks of regular unemployment insurance bhenefits.

According to the Virginia Employment Commission, the average laid off
worker draws ten weeks of benefits. Thus, if all were eligible for the
maximum benefit ($150 per week) and the average period were ten weeks,
the total cost to the Unemployment Insurance Trust Fund would be
$702,000. Adjusted to present value, the figure would be $272,461. If
the present value of the benefit payments is subtracted from the present
value of the unemployment taxes, then the net benefit to the state is
$429,039. This benefit is probably overstated because it contains no
allowance for layoffs during construction and operations.
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CHAPTER 3
COSTS

INTRODUCTION

In this chapter, we consider costs that the Swanson project would create
under various given assumptions. The major costs considered are expendi-
tures by state and local governments, environmental degradation, and

the possible negative impact on existing and potential industry. The
distribution of costs will vary depending on their nature and geographic
coverage. For example, local government costs will be borne by tax-
payers in the RSA, and environmental health costs will be borne by the
individuals who suffer ill effects. As previously mentioned in the
introduction to Chapter 2, although these distributional issues are im-

portant, they are beyond the scope of this analysis and therefore not
discussed.

STATE AND LOCAL GOVERNMENT EXPENDITURES

Introduction

Marline-Umetco will have direct and secondary effects on local and state
government expenditures. For example, if the company's trucks require a
heavier roadbase and wider roads, then the increased expenditures on
roads by the Virginia Department of Highways and Transporation will be a
direct expenditure effect of the proiect. The direct effects that we
analyze are the following: 1.) expenditures by state and local govern-
ments for the approval process, monitoring, and protection; 2.) outlays
by the state government for road improvements necessitated by the

‘existence of the mine/mill complex; and 3.) loss of revenue to local

governments caused by the future removal of land from the tax base. The
secondary effects that we analyze are outlays by local and state govern-
ments for services provided to Marline-Umetco employees (as residents)
during construction and operation phases. Secondary or indirect effects
are those additional government outlays caused by the company's
employees and by suppliers and residents benefiting from the multipliier
effects of the mine/mill activity. Because of the difficulty of gquan-
tifying the multiplier effects on government outlays, we limit the esti-
mation of secondary expenditure effects to government outlays

attributable to the company's employees. (We treated secondary taxes in
a similar manner.)

Expenditures by the State for Approval Process,
Monitoring, and Protection

Introduction

As part of the review process for considering mining and milling at the
Swanson site in Pittsylvania County, the Commonwealth has devoted
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many man-hours of agency time and has paid for consulting studies. The
total amount of the expenditures is not determined; however, Ms. Georgia
Herbert of the Piedmont Environmental Council has compiled some cost
figures. Such expenditures represent the state's commitment to attract
new industry consistent with protecting the environment and health of
its citizens. These expenditures, while acknowledged, are considered
"sunk costs" and do not depend on the legislature's decision to either
ban or allow uranium mining and milling. Therefore, it is inappropriate
to include them in the analysis that follows.

According to the Institute for Environmental Negotiation, Virginia will
undertake steps to become an agreement state if uranium mining and
milling are approved by the General Assembly. Therefore, the following
estimates and analyses are based on the assumption that Virginia will
seek and be granted agreement status. Our information was taken from the
report, “"Agreement or Non-Agreement Status: Options for Virginia," pre-
sented to the Uranium Administrative Group by the Agreement/Non-Agree-
ment Subcommittee. Information concerning non-agreement status and the
corresponding regulatory cost estimates for non-agreement status can be
found in the same report,

Agreement Status

The Nuclear Regulatory Commission's (NRC) Agreement State Program
enables states to assume regulatory control over one or more areas in
the atomic energy and radioactive materials field that would otherwise
be regulated by the NRC. A state that assumes such regulatory contral is
considered an agreement state and must fund and staff its programs.
Standards set by agreement states must be at least as stringent as stan-
dards adopted by the NRC and the Environmental Protection Agency (EPA).
It is expected that Virginia will seek and be granted control over ura-
nium milling and tailings site licensing.

Costs of Regulation

Various state agencies made estimates of developing and maintaining a
regulatory program for uranium.1l/ Tables 3.1 and 3.2 show the esti-
mated costs of regulating uranium millihg, which are divided into ini-
tial or infrequent costs and annual costs. One time or infrequent costs
are estimated to be $405,750 to $538,300. Annual costs are estimated to
be $248,731 to $444,425. We did not include costs associated with regu-
lating exploration, mining, and reclamation because the information is
not available. The NRC currently exempts mining from their regulations.

1/ Because state agencies made estimates of required resources independ-
ently, some have suggested that there may be duplication of required

state expenditures. Also, some costs may have been omitted because it is
not possible to determine specific figures for each agency until regula-

tions are in effect and responsibilities assigned to the relevant agen—
cies.
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TABLE 3.1

ONE TIME OR INFREQUENT COSTS ASSOCIATED WITH THE REGULATION OF

URANIUM MILLING BASED ON AGREEMENT

STATUS

Program and Regulation Development

Laboratory method development

Training trip to federal and
state laboratories

P.S8.D. permit
Attorney (contract)

Subtotal

Equipment

Sampling devices

TLD's and reader

4 wheel drive vehicle

Total suspended particulate
sampling monitors (2)

QOven, ball mill, other sampling
prep. equipment

Platinum ware for fusions

Alpha spectrometry detectors
and electronics

Pulse height analyzer system

Radon counter and cells

Subtotal

Preoperational Analysis

Analysis for samples as
outlined in Reg.Guide 4.14

Additional agricultural
sampling

Subtotal

Licensing Expenditures

Environmental Impact Study

Total

Total
{1983 dollars)

$ 12,000

2,000
1,850- 10,200
50,000

65,650- 74,200

20,000
14,000
10,500

1,800

1,000
10,000

10,000
40,000
5,000

112,300

35,000

17,800

52,800

175,000-300, 000

$405,750-539, 300

Source: Tables F-1-1 and F-1-2, "Agreement or Non-Agreement Status:
Options for Virginia", Presented to the Uranium Administrative Group by
the Agreement/Non-Agreement Subcommittee, November 18, 1983; and

discussions with Dr. Bernard Caton and Mr. Michael Ward, Division of

Legislative Services.
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TABLE 3.2

ANNUAL COST OF REGULATING URANIUM MILING DURING OPERATIONS
BASED ON AGREEMENT STATUS

Total
Annual Cost
Personnel {1983 dollars)
Radiation safety specialist 3 23,500
Radiation safety technicians ($19,239/person) 38,460
Radiation safety supervisor 31,860
Clerk-stenographer ) 12,600
Water sampling technician ($30,000/person) 60,000-240,000
Agricultural inspector 467-827
Subtotal 166,887-347,247
Sampling Program
TSP (1-2) 6,000- 12,000
Agriculture sampling 296- 762
Transportation 5,000
Inspections (frequency depends on compliance) 188- 2,258
Enforcement actions {frequency depends on compliance) 1,520 6,240
Subtotal ' 13,004~ 26,258
Analysis
Analysis for samples as a/
outlined in Reg.Guide 4.14 27,800~
Additional agricultural sampling 8,000
T.S.P. sample analysis 4,160~ 6,240
Subtotal 39,960- 42,040
Overhead and Operation Expenses
- Lead agency 28,880
Total $248,731-444,425

Source: Table F-1-2, "Agreement or Non-Agreement Status: Options for
Virginia," November 18, 1984, Presented to the Uranium Administrative
Group by the Agreement/Non-Agreement Subcommittee: and discussions with
Dr. Bernard Caton and Mr. Michael Ward, Division of Legislative
Services.

a/ $33,000 for the first year of operations: $27,800 for subsequent
years.
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If the General Assembly allows the Swanson project to proceed, then the
Commonwealth will incur these costs. The magnitude of such costs will

depend upon the regulations that are put into effect, which are pre-
sently undetermined.

Cost Recovery

Almost all existing agreement states rely on a combination of funding
such as appropriations and user fees, for their budgets. License,
renewal, amendment, and inspection fees are charged by the NRC and some
agreement states. The NRC provides funding for its activities with
agreement states; for example, it provides monies for the training of
state personnel. User fees usually do not cover all of the costs of
permitting and regulation. However, it is probable that a state with
uranium development could recover the additional regulatory costs asso-
ciated with agreement status. The extent te which Virginia would be
able to recover these costs would depend upon the regulations passed by
the Virginia legislature.

In non-agreement states, the NRC requires milling facilities to provide
financial assurance that decommissioning will be accomplished and to
make funds available for annual surveillance for 1,000 years after
closure. Neither amount can be used to cover damages if an accident
occurs during or after operations. The first requirement is satisfied
by the company's purchase of a.surety bond prior to licensing for the
amount required for decommissioning. This amount is based on engi-
neering studies and is negotiated by the NRC and the company. The
second requirement is satisfied by the company's transfer to the federal
government of a minimum of $250,000 in 1978 dollars prior to the ter-
mination of the mill license. The amount can exceed $250,000 if the
federal government determines that annual costs of surveillance will
exceed 1 percent of the fund ($2,500 in 1978 dollars). Virginia as an
agreement state would impose these requirements and would be free to
strengthen them if it desired. Based on preliminary analysis, we think

that the $250,000 reguirement would not provide sufficient income to
cover surveillance costs.

Road Improvements and Maintenance

The Virginia Department of Highways and Transportation (VDHT) has a six-
year plan to upgrade one entrance and a bridge, which will lead into the
Swanson site. State road 691 (from 685 to U.S. 29) and state road 685
{from 691 to the site) will be upgraded as a direct result of the pro-
posed uranium mining and milling operations. If current plans do not
change, the first section of road will be upgraded by 1989, the second
section by 1990, and the last section after 1990. A total of four miles
will be-affected and will meet industrial access road standards after
the planned improvements. Although there are no current plans, state
road 676 could be upgraded in the future in order to allow two entrances
into the site from route U.S. 29.
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The initial cost to the state in 1984 dollars will be $1,135,000; the
first section will cost $475,000, the second section $360,000, and the
third section $300,000. In addition to the above figures, current annual
maintenance costs are $1,500 per mile and, once improvements are made,
are projected to be $3,500 per mile. Thus, the additional annual main-—
tenance cost due to the wranium mining and milling project will be
$2,000 per mile.1l/

According to Marline-Umetco's plans, state road 690 and three miles of
683 will be closed. This closing will increase traffic on alternate
routes and possibly increase traveling time, although we do not kiow
what patterns will emerge. The Virginia Department of Highways and
Transportation does not presently have plans to upgrade the roads that
will have heavier traffic, but it is likely that alternate routes may
need improvements or additional maintenance due to increased usage.

Increased traffic on primary roads to the site is estimated at 190
passenger vehicles at peak hours during operations. During a typical
24-hour period, 6 to 24 additional trucks will be on the primary roads
due to the Swanson project.2/ The Marline-Umetco report assumes that

there will be two entrances into the site; at this time, VDHT plans one
entrance,

Forgone Revenue

After the mine is decommissioned, land devoted to the lake and tailings
pile will not be usable for agricultural production. According to
Marline-Umetco, 44 percent of the 1,460 acre Swanson site would not be
usable. The current real estate tax per acre in the vicinity of the
site is $1.67.3/ Therefore, the annual tax loss after the mine/mill
closes will be (1,460 acres) ($1.87 tax per acre) (.44) = $1,073. The
present value of this annual forgone revenue discounted at 6.5 percent
for 1000 years is $4,680.

Secondary Outlays

Marline-Umetco assumes that its employees will add relatively little to
the costs of local and state governments because most of its employees

1/ Road improvement and maintenance costs are based on the assumption
that the 40 ton weight restriction will not be exceeded. For example,
if 100 tons were allowed on the roads, then the annual maintenance cost
would be approximately $10,000 per mile.

2/ Marline Uranium Corporation and Union Carbide Corporation, An

Evaluation of Uranium Development in Pittsylvania County, Virginia, vol.
3, {15 October 1983), p.I.4-52.

3/ Information provided to John L. Knapp by John A. Yellich, Marline

Uranium Company, letter dated July 17, 1984 and phone conversation on
August 2, 1984.
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TABLE 3.3

SECONDARY OUTLAYS BY LOCAL AND STATE GOVERNMENTS DURING THE
CONSTRUCTION PHASE2/

Per Capita
Expenditures
from Own
Increased Sources Amount
RSA Populationl/ 1981-82 (1981 $)
Danville 3 $452c/ $1,356
Pittsylvania 27 113¢/ 3,051
County
Total $4,407
State 30 806d/ $24,180

a/ For simplicity, we show only one year, even though construction is
planned to require 18 months.

b/ The increased population is based on Marline-Umetco's assumption of
ten worker households hired from outside the RSA (Marline-Umetco, p.
1.4-40) and a population per household of 3.0 (Table I.4-15).

¢/ "Local expenditures funded from own sources" are defined as:
(maintenance and operation expenditures + transfers to general govern-
ment capital projects + transfers to general government debt service +
enterprise activity transfers and contributions) - {(revenue from the
Commonwealth + pass-through revenue from the federal government + direct
revenue from the federal government). Source: Auditor of Public
Accounts, Comparative Report of Local Government Revenues and

Expenditures Year Ended June 30, 1982, (Richmond,VA: Auditor of Public
Accounts, 1983).

d/ "State general expenditures from own sources” are defined as total
general expenditures minus intergovernmental revenue. Source: U.S.
Department of Commerce, Bureau of the Census, State Government Finances
in 1982, GF83, No. 3 {(Washington, D.C.: U.,8. Government Printing
Office, October 1983).
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TABLE 3.4

SECONDARY QUTLAYS BY LOCAL AND STATE GOVERNMENTS DURING THE
OPERATIONS PHASE

Per Capita
Expenditure
from Own
Increased Sources Amount
RSA Population2/ 1981-82 (1981 $)
Danville 10 $452b/ $ 4,520
Pittsylvania 126 113b/ 14,238
County

Total $ 18,758

State 136 806¢/ $109,616

a/ The increased population is based on Marline-Umetco's assumption of
45 worker households hired from outside the RSA (Marline-Umetco, p.

I.4-40) and a total household population of 136 (Marline-Umetco, Table
1.4-15). : .

b/ *"Local expenditures funded from own sources” are defined as:
(maintenance and operation expenditures + transfers to general govern-
ment capital projects + transfers to general government debt service +
enterprise activity transfers and contributions} - {revenue from the
Commonwealth + pass-through revenue from the federal government + direct
revenue from the federal government). Source: Auditor of Public
Accounts, Comparative Report of Local Government Revenues and
Expenditures Year Ended June 30, 1982, (Richmond, VA: Auditor of Public
Accounts, 1983).

g/ "State general expenditures from own sources" are defined as total
general expenditures minus intergovernmental revenue. Source: U.S.
Department of Commerce, Bureau of the Census, State Government Finances
in 1982, GF83, No. 3 (Washington, D.C.: U.S8. Government Printing
Office, October 1983).
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will already be living in the RSA and therefore will not require new
services. We agree with this assumption. It seems reasonable to assume
that the firm will draw most of its labor from the RSA, either by
inducing higher labor force participation, reducing unemployment, or
attracting commuters. Therefore, we have based our estimates on
Marline-Umetco's assumptions about the number, size, and geographic
distribution of new employee households from outside the RSA.

Secondary Government Outlays During the Construction Phase

The estimates are shown in Table 3.3. Based on average per capita

outlays,l/ the total expenditures are estimated to be $4,407 at the RSA
level and $24,180 at the state level.

Secondary Government Annual Outlays During the Operation Phase

The estimates are shown in Table 3.4. Based on the same methodology
used to develop the construction phase outlays in Table 3.3, the annual

outlays are estimated to be $18,758 at the RSA level and $109,616 at the
state level.

EFFECTS ON_CURRENT INDUSTRY

Agriculture

It has been rumored that uranium mining and milling at the Swanson site
might have a negative effect on the agricultural industry in the RSA,
particularly the dairy and tobacco subsectors. The demand for the prod-
ucts grown in the area depends upon their perceived quality by consumers
and producers. If some consumers and producers believe that the
existence of a uranium mine and mill will contaminate agricultural prod-
ucts, whether directly or indirectly, then the demand for these prod-
ucts will decline leading to lower prices and/or fewer sales. The demand
will depend not only on actnal contamination but also on perceived con-
tamination. For example, if mining and milling do not degrade the
environment, but consumers and producers believe that the contrary is
true, then agricultural products from the area will not be valued as
highly as those produced elsewhere. Conversely, contaminated products

could retain their value if consumers perceive them as being of a suf-
ficiently high quality.

The demand for agricultural products will be affected by the regula-
tions and their enforcement. We assume that the stricter the regulations
and enforcement, the smaller the probability that contamination will

1/ Marginal cost analysis is an alternative method for forecasting
outlays, but as the time span lengthens and all costs become variable,
the two techniques will yield similar results. See Robert W. Burchell

and David Listokin, The Fiscal Impact Handbook (New Brunswick, NJ: The
Center for Urban Policy, 1978), p. 4.
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occur, and the greater the probability that consumers will perceive the
regulations as being sufficient to ensure the quality of the products
they consume. Because regulatijons are not in effect, the full impact of
uranium mining and milling on agriculture cannot be accurately deter-
mined at this time,

The size and form of agriculture in the RSA are changing. From.1978 to
1982, the market value of locally grown tobacco products sold declined
from $83,622,220 to $63,092,000 (in 1982 dollars).l’/ There is a current
worldwide glut of tobacco due to decreased U.S. demand and increased
foreign supply. Congress may also remove protection currently received
by the tobacco industry. Some agricultural experts are recommending
supplementation or replacement of tobacco crops with vegetable crops,
particularly cantaloupe and broccoli.2/ In contrast, the market value
of dairy products sold rose from $5,465,138 in 1978 to $6,173,000 in
1982; however, many dairies in the RSA are experiencing financial
difficulties.3/ Due to the changing market, we are unable to predict
accurately the effects of a uranium industry on local agriculture and
are only able to consider what the possible impact might be.

If, for whatever reasons, the existence of the mine/mill complex were to
cause a reduction in demand for agricultural products, there would be
effects on earnings and employment in the RSA and the state. As a
hypothetical case, let us assume that the market value of tobacco Dro-
duced in the RSA declines by 1 percent during the period of operations.4/
This decline in agriculture can be used in the RIMS II model to show

the impact on state earnings and employment; the average estimated
increase in earnings for the Commonwealth attributed to the Swanson proj-
ect drops by $400,000, a decline of 3.8 percent, and the average esti-
mated increase in employment attributable to the Swanson project drops

1/ U.S. Department of Commerce, Bureau of Census, 1982 Census of

Agriculture, Virginia, AC82-A-46 vol.l, pt. 46 (Washington, D.C: U.S.
Government Printing Office, 1984), pp. 151,155; and U.S. Department of
Agriculture, Crop Reporting Board, Agricultural Prices, Annual Summary

1982 (Washington, D.C: Crop Reporting Board Publications, June 1983),
p.7.

2/ Charles W. Coale, Jr. A Report of the Fresh Vegetable Marketing
Study Conducted for Southside and Southwestern Virginia Vegetable
Growers by the USDA, Department of Agricultural Economics, {Blacksburg,
VA.: Virginia Polytechnic Institute and State University, March 1983).

3/ U.S. Department of Commerce, Bureau of the Census, 1982 Census of
Agriculture, Virginia, vol. 1, pt. 46, pp. 164,168: U.S, Department of
Agriculture, Crop Reporting Board, Agricultural Prices Summary 1982, p.
7.

4/ The potential impact on the dairy sector could also be shown using
the RIMS II model. The tobacco sector was chosen because it is the
largest subsector of the agricultural industry in the RSA.
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from 810 to 780, a decrease of 3.7 percent. This example is purely
illustrative and depends on precise information about the effect of the
mine/mill operation on the demand for agricultural products. Although
such information is currently unavailable, we have not found any evi-
dence to indicate that there will be a change in the tobacco sector due
to the existence of a uranium mine and mill. It is also possible to
transfer tobacco allotments to other land sites; in other words, in case

of property contamination the near Swanson site, tobacco could be grown
elsewhere in the RSA.

In summary, we wish to emphasize the following five points:

1. The uranium mine and mill could alter the sale of local agricultural
goods based on perceived rather than on actual environmental effects.

2. The stricter the environmental regulations and enforcement, the
smaller the probability that the mine and mill complex will have a
negative impact on agriculture.

3. Because the size and composition of the agriculture industry are
changing, it is difficult to isolate the impact of uranium mining
and milling on the agriculture of the RSA.

4. The RIMS II model can be used to estimate the effects of a change

in the agriculture industry if the direction and magnitude of the
change are known. :

5. Some effects could be contained within the RSA. For example, resour-

ces used to grow crops near the site may simply be transferred to
other areas within the RSA.

Nonagriculture

In sectors where the quality of water and local raw materials are impor-
tant, nonagricultural production could be adversely affected, for ex-
ample, in the food processing industry. In such sectors, contamination
could.disrupt production processes and require extensive product testing
before production or distribution could resume; an example is the acci-
dent at Three Mile Island. When the accident occurred, there was con-
cern that local food products would be contaminated, and food products
were not shipped until testing showed that federal standards were met.

Food processing is the industry that would be most severely affected by
any environmental degradation. In the RSA, the food processing industry
is small in size; first quarter 1983 employment data show that firms
classified as food processing account for approximately 0.5 percent of
all employment in the RsSA.l/ 1n spite of their relatively small size,
food processing industries in the RSA were examined because of their

1/ Virginia Employment Commission first quarter of 1983 ES-202,
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vulnerability to environmental degradation. Of those individuals con-
tacted about the possible problem, none felt that his business would be
injured by the Swanson project.

In addition to the effects on supply, we must consider the demand for
nonagricultural products, which could also be affected by a change in
the actual or perceived quality of goods. A change in the perception of
the quality of commodities would most likely be felt by food processing
firms and by those businesses providing health and educational services.
In spite of mixed opinions about what these effects may be, we have not
found any evidence to indicate that there will be a decrease in demand.

The response of businesses and consumers will depend on their percep-
tions of the risk associated with environmental changes. Given the
complexity of the issue and the lack of examples from which to draw
information, the response of businesses and consumers is hard to pre-
dict. The uniqueness of the proposed mine and mill complex makes it
difficult to draw parallels to existing mines and mills. The uranium
mine and mill, located in Cholet, France, is said to be similar to the
Swanson site in climate and industrial environment. The limited infor-
mation that we have about Cholet indicates a favorable response by

local industry and consumers to the mine and mill complex. However, ‘the
social and political structure in Cholet is different and may affect the
perception of risk.

An incident from which we can gain some understanding of individuals'
perception of and response to risk is the accident at Three Mile Island.
Prior to the accident, the power plant was viewed favorably, partially
because it provided jobs at a time when the area had lost a major
employer. Six months after the accident, workers were willing to move
to the area for jobs. The concern that was mentioned most often by
businesses was the possibility that, because of the accident, the cost
of power would become prohibitive. Agriculture declined slightly, but
that was partially attributed to the gasoline shortage that occurred at
the same time.l/ Although there are many differences between an acci-
dent at a nuclear plant and the proposed uranium mine/mill complex, the
lack of adverse effects on industrial development after the accident
indicates that firms, workers, and customers are willing to accept some
risks. Thus, it is reasonable to assume that industries could be
attracted to the RSA and consumers could continue to consume local com-—
modities.

In order to compile this section of our study, we polled a sampie of
food processing firms, other businesses, institutions, and chambers of
commerce in the RSA. We wanted to determine their response to the

1/ Office of Nuclear Regulatory Research, Division of Safeguards, Fuel
Cycle and Environmental Research, The Social and Economic Effects of the
Accident at Three Mile Island: Findings to Date, By C.B. Flynn and J.A.
Chalmers, (Washington, D.C.: U.S. Government Printing Office, January
1980}, p. 76.
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proposed project. We recognize that not all respondents were perfectly
informed, that some may net have been entirely candid, and that all were
unable to acccurately predict the projects' effects because regulations
are yet to be determined. Given these limitations, our survey findings
show that local businesses and institutions are generally not expecting
adverse effects from the proposed mine and mill.

Summary

In order to assess the possible effect of the Swanson project on local
nonagricultural industry, we surveyed local businesses, institutions, and
chambers of commerce to determine their response to the proposed proj-
ect. Those surveyed do not anticipate the project will cause any nega-
tive effects on nonagricultural industry.

We also examined uranium mining and milling operations in the west, in
particular New Mexico and Colorado, and also in France. There have been
no discernible negative effects on local nonagricultural industry.
However, the fact that the locations of western operations are in iso-
lated regions and that there are differences in the political and social
environment in France make any comparisons with the Swanson site
tenuous.

Finally, we examined the effects of the accident at Three Mile Island on
local industry. We recognize that the effects of an accident at a
nuclear power station are likely very different from those of a uranium
mining and milling project, but, the situations are similar in that
there is a risk of radiological contamination. By examining the acci-
dent at Three Mile Island, we obtain some understanding of the response
of businesses and residents to this risk.

Based on our survey and an examination of other uranium mining and
milling sites and the accident at Three Mile Island, there is insuf-
ficient evidence to indicate that the Swanson project will interfere
with production or cause a decrease in demand.

ENVIRONMENTAL EFFECTS OF THE SWANSON PROJECT

Introduction

In this section, we examine the major environmental effects that are
anticipated as a result o6f the mining and milling project proposed for
Pittsylvania County.

There are three steps crucial to valuing, in monetary terms, environmen-—
tal changes that occur as the result of a project. First, one must know
what is produced as a by-product of the preject; an example from the
Swanson project is the production of dust or suspended particulates.
Marline-Umetco estimates that the Swanson project will cause an increase
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in suspended particulates of 4.5 ug/m® during the operations stage.l/
Second, one must know the effect of the by-product on the environment.
In this example, we need to know what effects the increase in suspended
particulates has on the local environment, for instance, the damage to
vegetation and the health of wildlife and residents. Third, we must be
able to place a monetary value on the environmental changes that occur.
In our example, we need to know the dollar value of the damage to vege-
tation and the health of the wildlife and residents.

We have found it impossible to place a monetary value on many of the
environmental consequences of the Swanson project because of a lack of
data. Where we do not have adequate data to make estimates, we discuss
the project's effects in a qualitative manner and attempt to relate
environmental changes to current regulatory standards. Again, con-
tinuing with our example, Marline-Umetco estimates the increase in total
suspended particulates will be 4.5 ug/m3. Without other information,
one cannot determine the relative importance of such an increase.
However, by comparing it to the background level of 40ug/m3,2/ and the
Environmental Protection Agency (EPA) standard of 75 ug/m3,3/ one gets an
idea of the relative importance of this increase.

We wish to emphasize at the outset that the absence of a dollar value
does not indicate that a particular environmental effect is either meore
or less important than others that are so valued; it indicates only that
limitations on information prevent us from estimating the effect in
dollar terms. Also, compliance with all regulatory provisions does not
indicate an absence of envirommental effects; rather, it indicates that
such effects are within guidelines established by regulatory agencies.
Regulatory agencies typically set standards based on a reasonable cer-
tainty that there will be no adverse health conseguences; we assume that
if Marline-Umetco meets current or proposed standards for a particular
emission, then no adverse health effects will occur.

In the remainder of this section, we examine the project's likely effects
on air and water quality and public health.

1/ Marline Uranium Corporation and Umetco Minerals Corporation,
Technical Memoranda-1984, Final Draft, vol.1, p. IV-40. Suspended par-
ticulates are measured as concentrations in micrograms per cubic meter
(ug/m3). Unless otherwise stated, they are annual averages.

2/ Letter of November 10, 1983 from Mr. Bill Lynott of the
Environmental Sciences Division of Gibbs and Hill to Mr. William Park,
Director of Monitoring, State Air Pollution Control Board.

3/ 75ug/m3 is the annual geometric mean for suspended particulates.
40 Code of Federal Regulations, app. A, sec. 50-7 (revised as of 1 July
1983): 542. '
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Air Quality

The effects of the Swanson project on air quality can be divided into
two categories: increases in total suspended particulates and increases
in toxic trace elements and contaminants.

Total Suspended Particulates

Total suspended particulates (TSPs) are dust and other solid particles
that are suspended in the air for relatively long periods of time.
Particulates are measured as concentrations in micrograms per cubic

meter (ug/m3). The current EPA standards for total suspended particu-
lates are:l

150 ug/m3 maximum 24-hour concentration
75 ug/m3 annual geometric mean
60 ug/m3 guideline (annual geometric mean)

As previously menticned, the background level of particulates at the
Swanson site is 40 ug/m3. Marline-Umetco estimates that the increase in
TSPs will be 4.5 ug/m3 at downwind receptors near the site. Given the
background level, TSPs will certainly remain below the EPA guideline of
60ug/m3. Even if the actual increase exceeds Marline-Umetco's estimate,
the total should still be well within the EPA guideline. We emphasize
that, except for the EPA 24-hour standard of 150 ug/ms, all data on TSPs
are stated in terms of annual averages. The peak concentration of TSPs
could be substantially above the estimated annual average increase of
4.5 ug/ms. Although peak concentrations may be above Marline-Umetco's
estimate, it does not appear that fugitive dust particles will bhe a
problem provided permit conditions are net.2/

It should be noted that the EPA is in the process of developing a new
standard for suspended particulates called PM-10, which focuses on
extremely fine particulate matter {the proposed rules focus on particles
less than ten microns in size; one micron equals one-millionth of a
meter or 0.000039 inches). The State Air Polluticn Control Board (SAPCE)
thinks that Marline-Umetco will be able to meet PM-10 standards as they
are currently proposed.3/

1/ 40 Code of Federal Regulations, app. A., sec. 50.7 {revised as of 1
July 1983): 542.

2/ Conservation with Mr. William Park, Director of Monitoring, State
Air Pollution Control Board, August 24, 1984.

3/ 1Ibid.
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Toxic Trace Elements and Contaminants

Uranium mining and milling operations may release a number of other con-
taminants into the air. Table 3.5 shows a list of contaminants that are
expected to be produced by the Swanson project along with current state
and federal standards.l/

Based on the data provided to us, air pollution should not be a serious
problem. We emphasize the following caveats:

1. Our conclusions are based on the assumption that the State Air
Pollution Control Board will insure Marline-Umetco's use of an ade-
quate dust suppressant system. We also assume "continuous" recla-
mation so that only one~-tenth of the tailings are exposed at any
given time.

2. Our data pertain only to the operations phase of the project. Air
pollution will likely be a more serious problem during the 18-month
construction phase.E/ Also, peak concentrations of these pol-
lutants will be higher than the annual concentrations indicated.

Radiation

A great deal of controversy surrounds the health effects of long-term
exposure to low-level radiation. It is difficult to detect and assess
the health effects of radiation because of long latency periods and very
small increases in the probabilities of adverse health effects.8/ The EPA
states that "...lung cancer caused by the short-lived decay products

of radon is the dominant radiation hazard from tailings.“i/ Radon is a
radioactive gas with a relatively short half-life. (Half-life is a term
that describes the length of time required for half the atoms in a
sample of radioactive material to undergo decay. Half-lives vary from
fractions of seconds to millions of vears; radon has a half-life of 3.82
days). We base our estimates of the health effects of radiation on

1/ Estimates of background levels are not given by Marline-Umetco, but
we. can assume they are low in the vicinity of the site due to the
absence of industry and the rural nature of the area. Marline-Umetco,
Technical Memgranda—-1984, Final Draft, vol. 1, p. III-3.

2/ Based on conservations with fepresentatives of the State Air
Pollution Control Board at a meeting on July 16, 1984,

3/ Donald E. Dunning Jr.; Richard W. Leggett; and Robert E. Sullivan,
"An Assessment of Health Risk from Radiation Exposure,” Health Physics
46 (May 1984): p.1050.

4/ Federal Register, vol. 48, no. 196, (7 October 1983): 45929
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TABLE 3.5

STATE AND FEDERAL AIR QUALITY STANDARDSE/

Estimated Increase State StandardP/ Federal StandardC/

TSPs 4.0 ug/md 75  ug/mS 75 ug/m3
Ammonia d/ £/ g/
Sulfuric acid mist d/ £/ g/
Insoluable uranium e/ £/ g/ :
Sulfur dioxide 0.005 ug/m3 80 ug/m® 80 ug/m?
Nitrogen dioxide 4.6 ug/m3 100 ug/m3 100 ug/m3
Carbon monoxide a/ 10,000 ug/m3 "10,000 ug/m3
Hydrocarhbons d/ 160  ug/m3 160 ug/m3

a/ Marline-Umetco gives a background concentration only for TSPs.
Background concentrations of other compounds can be assumed to be very
low because of the absence of major industry and the rural nature of the
area. Marline-Umetco, Technical Memoranda, vol.l1l, p.III-3.

b/ State Air Pollution Control Board, Regulations for the Control and |
Abatement of Air Pollution (Richmond, VA: State Air Pollution Control
Board, 31 July 1981), pp. 47-49.

¢/ 40 Code of Federal Regulations, app. A, sec. 50.7, (Revised as of
1 July 1983): p. 542,

d/ Marline-Umetco states that some minor emissions are possible but
provides no specific estimate for these compounds. Marline-Umetco,
Technical Memoranda, vel.1l, p.IV-40.

e/ Marline-Umetco does not provide any information with respect to
emissions of insoluable uranium. They do, however, state that 500
pounds of uranium oxide will be emitted per year. This constitutes .025
percent of production {(assumed production is 2,000,000 pound per year).
Marline Uranium Company and Union Carbide, An Evaluation of Uranium
Development in Pittsylvania County, Virginia, vol.2 (15 October 1983),
p. H.3-9.
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TABLE 3.5 (continued)

STATE AND FEDERAL AIR QUALITY STANDARDS

f/ The state does not have standards for these compounds. It has,
however, issued guidelines for maximum one-hour concentrations as
follows:

Ammonia 1,750 ug/m3
Sulfuric acid mist 50 ug/m3
Insoluable uranium 1.25 ug/m3

State Air Pollution Control Board, Regulations for the Control and
Abatement of Air Pollution {Richmond, VA: State Air Pollution Control
Board, 31 July 1981), p.171.

g/ The federal government does not have ambient air quality standards
for these compounds. It does, however, have standards for these com-
pounds in the workplace. The following represent the maximum eight-hour
concentrations permitted:

Ammonia 35,000 ug/m3
Sulfuric acid mist 25 ug/m3
Insoluable uranium 1,000 ug/m3

29 Code of Federal Regulations 1910.1000, subpart Z (Revised as of 1 July
1983): tables Z1-Z3, pp. 667-672.
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information from various sources. We estimate only the loss caused by
the increased probability of death from cancer. We emphasize, there-
fore, that our estimates are low because we ignore nonfatal cancers,
cancers caused by other possible sources of radiation, and other types
of adverse health effects.  We feel, however, that the possible adverse

effects of radon are the mgst significant health issue associated with
the Swanson project.

Valuing the Incremental Risk of Death from Cancer

We estimate the loss associated with the incremental risk of contracting
a fatal cancer for two different size areas. First, we estimate the
loss expected within a radius of 1,500 meters {approximately one mile)
of the site. We feel this represents the area that will be most
strongly affected by the project. Second, we estimate the loss expected
within a 50-mile radius of the site. Beyond 50 miles, there should be
no discernible increase in cancer risk.

1,500-Meter Radius (roughly one mile)

SENES Consultants Limited states that radon concentrations decrease
rapidly with distance from the source, and, in fact, typically become
lost in the background level of radon within one kilometer of the
source.2/ This suggests that any adverse health effects caused by
radon would be concentrated within a small area surrounding the site.

For this reason, we examine an area of 1,500-meters radius from the
site.

Data

The EPA has provided us with estimates of the lifetime risk of a fatal
cancer to an individual living within 1,500 meters of the site. They
have provided these estimates for the operations, post-operations, and
post-closure phases of the project.3/

We have estimated the population within one mile of the site to be
approximately 200.4/

1/ Federal Register, vol. 48, no. 196, (7 October 1983): 45929.

2/ Letter of July 25, 1984, from Dr. D.G. Chambers, Executive Vice
President of SENES Consultants Limited to Dr. Robert Straube, Assistant
Commissioner of Health Protection and Environmental Management: p.4-5.

3/ EPA, "Health Risk Estimates for Radon Emissions from Proposed
Swanson Project and from an .Average Commercial Western Uranium Mill
Tailings Pile," enclosed in the letter of April 12, 1984 from Mr. Glen
Sljoblom, Director of the Office of Radiation Programs of the EPA to Ms.
Mary Spain, Staff Attorney of the Coal and Energy Commission.

4/ This estimate is based on census block data from the 1980 Census.



Using the EPA's estimates of the increase in the lifetime risk to indi-
viduals within 1,500 meters of the site and the estimated population of
200, we have calculated the expected number of deaths within 1,500
meters of the site during the operations, post-operations, and post-
closure phases of the project as shown in Table 3.6. We then use the
expected number of deaths to estimate the expected loss.

Sample Calculation of Expected Increase in Cancer Deaths
During the operations phase, the additional lifetime risk of contracting
a fatal cancer to an individual living within 1,500 meters of the site

is 1.5 x 1074 = (0.00015). The population of the area is 200.

Expected deaths — _ ., o o 14-4y ¢ 200 = 3 x 102 = 0.03
during operations
TABLE 3.6

EXPECTED INCREASE IN CANCER DEATHS
1,500-METER RADIUS

Phase Population Risk Expected Deaths
Operaticns 200 0.00015 0.03
Post-operations 200 0.000000005 0.000001
Closure 200 0.00000007 0.000014

From the calculated increase in cancer deaths within 1,500 meters given
in Table 3.6, we can derive the expected loss within 1,500 meters due to
the project, shown in Table 3.7. We make the following assumptions.

Assumptions

1. The discount rate is 3 percent {see Appendix E on the use and
selection of discount rates).

2. The period of latency of cancer is 20 years.l/

1/ The latency period of cancer is long and variable. Hard tumors
seldom appear before ten years after exposure, and can occur long after
30 years. While 20 years is arbitrary, it is reasonable considering the
difficulty involved in predicting exactly what the latency period is.
Committee on the Biolegical Effects of Ionizing Radiation, Effects on
Populatlons of Exposure to Low lLevels of Ionizing Radiation (Washington
D.C.: National Academy Press, 1980), p. 185.
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TABLE 3.7

PRESENT VALUE OF LOSS DUE TO THE INCREASED RISK OF A CANCER DEATH
1,500-METER RADIUS

Loss During Loss During Loss During
Value of a Lifed/ QOperationsb/ Post-OperationsC/ Post-Closured/

$ 380,000 $ 6,312.00 $0.21 $2.95
560,000 9,302.00 0.31 4.34
600, 000 9,966.00 0.33 4.65
1,000,000 16,610.00 0.55 7.75

a/ See Appendix D for a discussion of the literature and the sources
for the value of a life.

b/ A 15-year exposure is assumed during the operations phase. The
expected number of cancer deaths resulting from the project in the
operations phase is 3 x 10-2 = {0,03).

c/ We assume a five-year exposure during the post-operations phase.
The expected number of cancer deaths resulting from the prdject in the
post-operations phase is 1 x 106 = (0.000001).

d/ Lifetime exposure is assumed after closure of the site. The
expected number of deaths per century is 1.4 x 10~9 = (0.000014).

3. Our range of estimates for the value of a life (for a discussion of
the literature and the source of our estimates, see Appendix D} are
as follows:

$ 380,000
560,000
600,000

1,000,000

Sample Calculation of Loss Caused by Increased Cancer Deaths 1,500
Meter Radius

The loss caused by the increased risk of a cancer death is equal to the
value of a life multiplied by the expected number of deaths from cancer,
discounted 20 years to allow for a long period of latency.
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Suppose the value of a life is $380,000. Then, since the discount rate

is 3 percent and the estimated number of deaths is 3 x 1072, it follows

that the value of the increased risk of cancer death within 1,500 meters
of the site is

$380,000 x (3 x 1072) x (1.03)~20 = $6,212.00

The estimates for the expected loss within a 1,500-meter radius are
small relative to the value of a life. Even when the value of a life is
placed at $1,000,000, the expected loss due to increased cancer deaths
is only $16,610. In comparison with the value of a life; the loss is
small because the expected increase in cancer deaths is also small.

50-Mile Radius

As noted previously, the majority of health effects will be concentrated
close to the site; however, we have included an estimate for the expect-
ed loss caused by the increased risk of cancer death for a larger area
of 50-miles radius from the site. Beyond 50 miles, there should be no
discernible increase in the risk of cancer.

Data

The EPA has provided us with estimates for the expected increase in
cancer deaths that will occur within a 50-mile radius of the site for
the operations, post-operations, and post-closure phases of the
project.l/ We, therefore, have used this information directly in the
calculation of expected loss for the 50-mile radius. '

Using these figures and the range of estimates for the value of a life
and assumptions used in the calculations for the 1,500-meter radius, we
have estimated the loss associated with the increased risk of cancer
death imposed on local inhabitants by the project. These estimates are
shown in Table 3.8.

Sample Calculation of Loss Caused by Cancer Deaths 50-Mile Radius

The loss caused by the increased risk of cancer death is equal to the
value of a 1life multiplied by the expected number of deaths from cancer,
discounted 20 years to allow for a long period of latency. Suppose the
value of a life is $380,000. Because the discount rate is 3 percent
and the estimated increase in cancer deaths is 0.3, it follows that the
loss caused by the increased risk of cancer death is

$380,000 x 0.3 x (1.03)720 = $63,118.00

1/ EPA, "Health Risk Estimates for Radon Emissions from Proposed
Swanscn Project and from an Average Commercial Western Uranium Mill
Tailings Pile,” enclosed in the letter of April 12, 1984 from Mr. Glen

. Sljoblom, Director of the Office of Radiation Programs of the EPA to Ms.
Mary Spain, Staff Attorney of the Coal and Energy Commission.
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TABLE 3.8

PRESENT VALUE OF LOSS DUE TO THE INCREASED RISK OF CANCER DEATH
50-MILE RADIUS

Loss During Loss During Loss During
Value of Lifed/ OperationsP/ . Post—OperationsS/ Post-Closured/

$ 380,000 $ 63,119.00 - $2.10 $ 42.08
560,000 93,018,00 3.10 T 82.01
600, 000 99,662.00 3.32 66.44

1,000,000 166,104.00 5.54 110.74

a/ See Appendix D for a discussion of the literature and the sources
for the value of a life.

b/ A 15-year exposure is assumed during the operations phase. The
expected number of cancer deaths resulting from the project in the
population within 50 miles is 0.3.

¢/ A S5-year exposure is assumed during the post- operations phase. The
expected number of cancer deaths resulting from the project in the
population within 50 miles is 1 x 107 S5 = (0.00001).

d/ Lifetime exposure is assumed after closure of the site. The
expected number of deaths per century is 2 x 107 4 - (0.0002).

A brief examination of Table 3.8 reveals several things. First, the vast
majority of the losses associated with the project are anticipated to
occur as a result of the operations phase. Losses attributable to the
post—operations phase are very small because of the relatively short
period of exposure (five years of exposure assumed) involved and a
decrease in radon emissions compared to the operations phase. Losses
attributable to the post-closure phase are small primarily because of

the decrease in radon emissions after the mine tailings are fully encapsu-
lated. Second, as one would anticipate, the expected loss due to the
operations phase varies widely depending on the selection of the value

of a life., Third, the expected loss is small relative to the value of a
l1ife used in the calculations because the small increase in the expected
number of deaths and the loss must be discounted by.the factor 1.03-20

to arrive at the present value of the loss.
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We would once again emphasize the following points:

1. We include only radon emissions from the tailings in our estimates of
losses due to cancer.

2. We assume that workers voluntarily accept any increase in risk when
they agree to work and so include only effects on residents of the area, :
not workers at the site.

3. We do not include estimates of the costs of non-fatal cancers or
other radiological health effects.

Water Resources

We divide the effects of the Swanson project on water resources into two
categories: groundwater and surface water.

Groundwater_

The proposed uranium mining and milling project can have two types of
effects on groundwater; the water table may be lowered in the vicinity
of the mine as water is pumped from the mine pit or the quality of .
groundwater may be affected as compounds used at the site "leach”

through the soil.

Quantity v

Because the bottom of the mine pit will be below the water table, ground-
water will flow into the mine and must then be pumped out. As water is
pumped out of the mine, more water will flow in, and the water table in
the immediate area will be drawn down. The area in which the water

table is affected is called the cone of depression, the size of which is
determined by the geophysical characteristics of the area. Marline-
Umetco states that the drop in the water table will be limited to the
area immediately adjacent to the site and that only three wells will be
affected, two of which are within the perimeter of the site.l/

The State Water Control Board {SWCB), however, has expressed some con- ;
cern. They point out that there are no data concerning the effects of
deep (200 - 800 feet) open pit mines on groundwater and that claims of
negligible effects on the water table are based on shallow {less than
200 feet) pump testing and professional opinion, not on deep mine pits
or deep pump tests.2/

1/ Marline-Umetco, Technical Memoranda, vol.i, p.IV 40-41.

2/ Communication with Thomas Felvey, Director of Division of Ecclogical
Studies, State Water Control Board, August 30, 1984.
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Quality

A variety of proposed rules and current regulations designed to protect
the gquality of groundwater are listed below:

1. The SWCB is proposing the requirement that "...there shall be no
degradation of groundwater from any portion of a uranium
operation”.l

2, The EPA requires that liners be used in the tailings management
area to prevent groundwater degradation and that "...the disposal
of uranium tailings be designed to maintain its integrity, in most
cases, for at least 1,000 years,"2/

3. The EPA also requires corrective actions "...to restore groundwater
to its background guality..." in the event of noncompliance with
groundwater quality regulations.ﬁ/ The problem with such a regu-
lation is that of establishing the background quality. In this
case, the SWCB has already determined background quality levels for
the physiographic province of the Piedmont.4/

Surface Water

New Source Performance Standards (NSPS) require that there be no dis-
charge from the uranium mill. We can assume that this standard will be
met and that there will be no change in surface water quality due to
discharges from the mill during normal operations. There will be
discharge from the mine that is regulated by the National Pollutant
Discharge Elimination System (NPDES) standards. The SWCB feels that
{NPDES) permit limits and procedures for addressing water quality con-
siderations will be adequate to protect the environment.2

1/ "Preliminary Proposed Laws and Regulations for Uranium Mining and
Milling in Virginia," unpublished outline presented to the Uranium Task
Force on July 17, 1984.

2/ There are two types of liners; synthetic and clay. They both have
shortcomings. Synthetic liners are impermeable, but fragile, and are
subject to rupture because of poor installation or uneven loading. Clay
liners are permeable to some compounds and may require additional
measures, such as partial neutralization of the tailings, to adeguately
protect groundwater. They are, however, expected to retain their
effectiveness for a long period of time. Federal Register, vol. 48, no.
196 { 7 October 7, 1983), pp. 45927-45931.

3/ Federal Register, vol.48, no.196 {October 1983), pp. 45927.

4/ State Water Control Board, Water Quality Standards, RB-1-80,
revised ed., (Richmond, VA: SWCB, April 1982): p.9, Groundwater Standards.

5/ Communications with Thomas Felvey Director of Division of Ecological
Studies, State Water Control Board, 30 August 1984.
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Other Considerations

Diversion of Mill Creek

Mill Creek will be diverted south of its present course into Dry Branch.
After closure, it will be rediverted into the mine pit in order to mini-
mize the time required to fill the mine pit with water.l/ Because we
have no way of valuing the destruction caused by the diversion of Mill
Creek, we give a brief description of some of the anticipated effects.
Clearly, the diversion of Mill Creek will destroy much of its aquatic
life. Marline-Umetco also mentions that the passage of water from Mill
Creek through a newly excavated channel would cause an increase in sedi-
mentation in Whitethorn Creek and the Banister River. This increase in
sedimentation "...would have localized effects on invertebrate produc-
tion, fish spawning success, and fish vitality."g/

Also, recent research indicates that headwater creeks are a major
contributor of nutrients to the entire river basin. Hence, the diversion
of Mill Creek and the consequent destruction of habitat may have much
nore widespread offects than in just the immediate area.3/ The redi-
version of Mill Creek to its original course would involve a second

disruption of habitat and its consequent effects on downstream areas.

Accidents

In discussing the effects of the Swanson project on the environment, we
have concentrated on normal operations of the mine/mill complex. One
should not, however, be lulled into thinking that there will be no
adverse effects on the environment. The Swanson project, just as any
other mining operation, has the potential for an accident that could
cause environmental damage to exceed projections based on the analysis
of normal operations. We have not attempted to determine the costs of
every conceivable accident. Instead, we give an example of a calcula-
tion done for one type of accident that has occurred during western
uranium operaticns--a retention dike failure in the tailings management
area. Based on a hypothetical value for clean-up costs, we demonstrate
how the dollar value of the damage would be estimated.

1/ Marline-Umetco, Technical Memoranda, vol.l, p.IV-44
2/ 1Ibid.

3/ K.W. Cummins, and G.L. Spengler, "Stream Ecosystems," Water Spectrum
(Fall 1978): 1-9; and Robin L. Vannate; G.W. Minshall; K.W. Cummins;
J.R. Sedell; and E.E. Cushing, "The River Continuum Concept," Canadian
Journal of Fisheries and Aquatic Sciences 37, 1 (1980)}: 130-137.
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Example of a Retention Dike Failure

Marline estimates the probability of a retention dike failure at some
point during the operations phase to be 0.03.1/ With the probability
that there would be a failure equal to 0.03 over the i3-year lifespan
of the operations phase of the project, the probability of failure in
any one year is equal to 0.0023.2/ (This assumes that the probability
of failure in any one year is independent of the probability of failure
in any other year. It also assumes that the probability of failure and
the extent of damage would be the same in any year). If we have the
hypothetical value for the damage that results from a retention dike
failure, we can calculate the present value of the expected damage.
Unfortunately, no one has reliable information on what clean-up costs
might be. Nonetheless, to illustrate the method for establishing such
costs, we can use a hypothetical example. This sample calculation is
done two ways: by assuming that the cost of the accident falls on the
residents and by assuming that the cost falls on state and local govern-
ments. (See Exhibit 8.1 and Exhibit 3.2). Again, we emphasize that the
values used for damage in these examples are hypothetical and intended
only to demonstrate how such calculations can be made. They are not
intended to show the actual value of expected damage.

As illustrated in Exhibits 3.1 and 3.2, if the hypothetical cost of an
accident were $1,000,000 and the probability of an accident were 0.03
over the project’s lifetime, then the present value of damage would .be
$23,041 if the cost were borne by residents and $17,439 if the cost were
borne by state and local governments.ﬁ/ This example shows that the
expected damage from relatively costly accidents may be low due to the
combination of very low probabilities of occurrence and because of the
discounting of future costs.

1/ This estimate is based on historical data from western uranium
operations. Due to changes in legislation concerning the construction
of tailings management areas and differences in climate, it is not clear
that this estimate is applicable to the Swanson site. The actual proba-
bility may be substantially different.

2/ If the probability that a failure occurs at sometime during the proj-
ect is 0.03 and the project lasts 13 years, then the probability of a
failure during any one year is 0.03/13=0.0023.

3/ Different discount rates are used for costs accruing to state and
local government and for those accruing to residents. For this reason,
the present value of costs differ depending on whether costs are borne
by state and local governments or residents.
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Summar

Provided that the General Assembly implements the SWCB's proposed
standard of zero degradation, we can conclude that there will be no
adverse effects on groundwater quality. Even if the SWCB's pro-
posed standards are not implemented, it appears that federal regu-
lations, if enforced, will prevent significant degradation of
groundwater.

There will likely be some localized depression of the water table
associated with the mine pit. Marline-Umetco estimates that this
will be minimal. The SWCB is concerned that the effect may be more
widespread than Marline-Umetco believes.

Except for some increase in sedimentation due to the diversion of
Mill Creek, no significant degradation of surface waters is
expected during normal operations, assuming enforcement of current
state and federal regulations.

The diversion of Mill Creek will cause the destruction of its
aquatic habitat and may also have adverse effects on the ecology of
downstream areas. We have no way of valuing the losses associated
with the environmental changes accompanying the diversion of Mill
Creek.

Our analysis has emphasized the costs and benefits associated with
this project during normal operations. We recognize the possibil-
ity for accidents during operations, but because of difficulties

in establishing the probability of different events, and the damage
they cause, we have not attempted to estimate the loss due to
accidents. We do, however, give a hypothetical example to
illustrate how such calculations could be performed if reliable
data concerning probabilities and damages were available.
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EXHIBIT 3.1

SAMPLE CALCULATION OF THE COST OF A RETENTION DIKE FAILURE ASSUMING
ENVIRONMENTAL COSTS ACCRUE TO RESIDENTS

If the costs of the accident accrue to residents of the area, then the
appropriate discount rate is 3 percent. (See Appendix E for a

discussion of discount rates.) Since future income (and costs) is not
valued as much as income received today, future income (and costs) must

be discounted so that they are comparable to income {and costs) received
today.

Assumptions:

Probability of a retention dike failure during any given year: 0.0023
Value of damage that results if an accident does occur: $1,000,000
Discount rate: 3 percent

Operations begin in 1987

With the cessation of operations, the probability of a retention dike
failure goes to zero,

To calculate the present value of the expected damage due to a retention
dike failure, we calculate the expected damage in any one year and then
sum over the number of years the project is operated.

The expected value of damage in any one year is
($1,000,000 x 0.0023)/ (1.03)7 1,

where n is the number of years from the present, for example the present
value of damage in year 10 (7 years after the project begins) is

($1,000,000 x 0.0023}/ (1.03)"10 = $1,711.

The present value of the expected damage during the entire lifetime of
the project is equal to the sum of the expected damages during any given

year. (Again this assumes that the probabilities of an accident in any
one year are independent.)

15

3 ($1,000,000 x 0.0023)/ (1.08)" % = $23,041.
i=3
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EXHIBIT 3.2

SAMPLE CALCULATION OF THE COST OF A RETENTION DIKE FAILURE ASSUMING
COSTS ACCRUE TO STATE AND LOCAL GOVERNMENTS

If the costs of the accident accrue to state and local governments, then
the appropriate discount rate is 6.5 percent (see Appendix E for a
discussion of discount rates). Since future income (and cost) is not
valued as much as income received today, future income (and cost) must
be discounted so that it is comparable to income (and cost) received
today.

Assumptions:

Probability of a retention dike failure during any given year: 0.0023
Value of damage that results if an accident does occur: $1,000,000
Discount rate: 6.5 percent

Operations begin in 1987

With the cessation of operations, the probability of a retention dike
failure goes to zero.

To calculate the present value of the expected damage due to a retention
dike failure, we calculate the expected damage in any one year and then
sum over the number of years the project is operated.

The expected value of damage in any one year is
($1,000,000 x 0.0023)/ {1.065)7°1,

Where n is the number of years from the present, for example, the present
value of damage in year 10 (7 years after the project begins) is

($1,000,000 x 0.0023)/ (1.065)710 = ¢1,225.

The present value of the expected damage during the entire lifetime of
the project is equal to the sum of the expected damages during any given
vear. (Again this assumes that the probabilities of an accident in ‘any
one year are independent.)

15 .
2, ($1,000,000 x 0.0023)/ (1.065) * = $17,439.
i=3 '
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CHAPTER 4

SUMMARY DF COSTS AND BENEFITS

The analysis of costs and benefits requires a conceptual framework.
For this study, we employ the following approach:

1.

We examine the costs and benefits of the Swanson project from the
viewpoint of the Commonwealth and its citizens.

Costs and benefits that occurred in the past should be of only
peripheral interest to decision-makers because such dollar amounts
have already bheen spent and will not be changed by the future of the
Swanson project. These sunk amounts do, however, convey an idea of
the commitment of Marline-Umetco and the concern of government offi-
cials and other groups and individuals.

The future costs and benefits of the project are the basis of our
evaluation and conclusion.

To compare costs and benefits that occur over a long time period or
at different points in time, we value the dollar amounts by
discounting them to present values, which is known as present value
analysis. In order to engage in such analysis, we must establish and

quantify costs and benefits, date them, and select appropriate
discount rates.

Our estimates of costs and benefits are based on an assumed level of
regulations. The state government obviously can revise regulations
before or after operations commence. Revised regulations most
likely would change the costs and benefits set forth in this study.

Although the profitability of the project is not considered
directly, it could influence the size of costs and benefits. The
level of profitability, the regulatory framework, and the quantity
of costs and benefits are all interrelated. If relatively more
stringent regulations were set, then benefits from the viewpoint of
the Commonwealth and its citizens would be increased because the
firm would be forced to spend more on environmental safeguards;
also, costs would fall because environmental degradation would be
reduced. However, with more stringent regulations, the firm's pro-
fits would be reduced, thus increasing the probability that the site
would remain undeveloped.

In Table 4.1, we present a summary of our results. For those estimates
that are assigned dollar values, we also indicate the present value of
the benefit or cost during the lifetime of the project. For example,
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the estimated annual earnings in the RSA during the operations phase are
$8,435,100. The present value of the sum of annual earnings for 13
years {(the assumed length of operations) is $63,954,928.1/

The present value of all measurable benefits is $101,024,000 for the low
range of estimates, $125,358,000 for the middle range, and $149,692,000
for the high range. The majority of these benefits are attributable to
the increased earnings of workers and increased tax revenues to state
and local governments.

The present value of all measurable costs is $4,046,000 for the low
range of estimates, $4,828,000 for the middle range, and $5,611,000 for
the high range. The largest measurable costs are the regulatory costs
incurred by state and local governments.

Using the middle range of estimates, the benefit to cost ratio is 26:1.
The extremes of the benefit to cost ratio are 18:1 (low benefit estimate
divided by high cost estimate)} and 37:1 (high benefit estimate divided
by low cost estimate).

Although these favorable ratios are certain to be of interest to readers,
we caution that they are based on incomplete and rough information and
that certain costs and benefits have not been quantified. As a result,
our estimates do not include all costs and benefits, only those which we
were able to quantify. The problem of valuation was more severe for costs
than benefits. Specifically, for one large section of costs, environmen-
tal costs, we were unable to obtain any dollar estimates. Therefore, in
comparison with benefits, costs are underrepresented in our estimates.
Despite this, we feel that with precise estimates for all costs and bene-
fits, the benefits would still be larger than costs, but the difference
would be narrowed. We encourage a careful reading of the full study and
the review of additional information provided by other consultants.

1/Except as noted, our estimates are in 1981 dollars. Thus the
$63,954,928 represents the present value (in 1981 dollars) of all future
earnings received by residents of the RSA as a result of the Swanson
project. The present value would he approximately 14 percent higher if
it were adjusted to 1984 dollars using the Consumer Price Index.
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APPENDIX A
INPUT-OUTPUT MODELS
This appendix provides a brief introduction to input-output (I-0)
analysis, discusses its general application to regional impact studies,
and concludes with a detailed explication of the assumptions and method-

ology of our own I-0 model.

WHAT IS I-0 ANALYSIS?L/

"The input-output method," says its creator, Wassily Leontif, "is an
adaptation of the neoclassical theory of general equilibrium tc the
empirical study of the quantitative interdependence of interrelated eco-
nomic activities."2/ Although the association with neoclassical econom-
ics may be misplaced,ﬁ/ I-0 is nonetheless unigue among the tools of

the economist in its attempt to capture quantitatively the complex
interaction among the myriad sectors and industries of the economy.

To see how I-0 models work, suppose that there are N industries in the
economy, each of which produces a homogeneous good Xi.é/ Let X;; be the
amount of industry i's output used in the production of industry j's
output, and let Y; be the "final demand" for industry i's output, that
is to say, the amount of Xj that is either consumed, exported, invested
or used by the government. Clearly, the total output of the jth )
industry must either be used to produce more outputs or be absorbed into
“final demand." Thus

(1) Xi = Xjj +Yj for all i,j = 1,2,...,N

1/ Two excellent introductions to I-0 analysis are William H. Miernyk,
The Elements of Input-Output Analysis (New York: Random House, 1957);
and Chapter 22 of William J. Baumol, Economic Theory and Operations
Research, 4th ed. (Englewood Cliffs, New Jersey: Prentice-Hall, 1965).
The locus classicus of I-0 analysis is Wassily W. Leontief, Studies in
the Structure of the American Economy (New York: Oxford University
Press, 1953).

z

2/ Wassily W. Leontief, "Input-Output Analysis" in Input-Qutput
Economics (New York: Oxford University Press, 1966): 134.

3/ Misplaced for at least two reasons: First, outputs determined by
the model need not satisfy any market equilibrium conditions (see
Baumol, Economic Theory and Operations Research, p. 538); second, the
structure of the model has no direct link with the optimizing behavior
of firms and households. See Carl C. Christ, "A Review of Input-Output
Analysis" in Input-Output Analysis: An Appraisal (Princeton: Princeton
University Press, 1955): 143.

4/ This rules out the possibility of "joint production," the simulta-
neous production of more than one output by a given set of inputs.
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Equation (1) is merely an accounting identity, however, and is not very
useful by itself. In order to generate hypotheses about the relation of

“final demands" to total outputs, I-0 analysis imposes two restrictions
on the Xjy:

First, inputs are assumed to expand in proportion to output; that is,
the production process is characterized by "constant returns to scale."”

Second, substitution between inputs is prohibited so that a manufac-
turing process that is currently labor-intensive does not have the
option of becoming more capital-intensive if the wage rate increases.l/
This implies that

{2) xij = ajjX; for all i,j = 1,2,...,N

where ajj is defined to be the fixed amount of output i required to pro-
duce a unit of output j.

Substituting (2) into (1) we arrive at the system of equations

(3) . Xy = ajjXy + ¥y for all i,j =1,2,...,N

Now let X = [X{,X3,...,XyN] be the N-element column vector of outputs;
similarly, let Y = Y[Yy,Ys,...,Yy] be the N-element column vector of
"final demands." Define A as the NxN "structural” matrix of the aj;.

Then the system of equations in (3) can be expressed in matrix notation
as

(3a) X =AX + Y
or collecting terms
(1 - A =Y

where I is the (NxN) identity matrix. Provided certain mathematical

conditions are met.ﬁ/ this system can be solved for the vector of out-
puts as '

1/ In the literature, production technologies with this property are
known as "fixed coefficient" or "Leontief" technologies. See Hal
Varian, Microeconomic Analysis (New York: W.W. Norton & Co., 1978),
p. 5..

2/ Specifically, all of the ajj'g must be non-negative. For the
derivation of these so-called Hawkins-Simons stability conditions see D.
Hawkins and H.A. Simons, "Some Conditions of Macroeconomic Stability,"
Econometrica 17 (July-October, 1949).
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(4) X = (1 - a)-1 Y

Equation (4) tells us how much of each output is necessary to support a
given level of final demand. Conversely, by forecasting an increase in
final demand, we can estimate the resulting increase in outputg/--which
is precisely how I-0 models are applied to impact analysis.

Note that in this simple model consumption appears in the vector of
demands, a specification that precludes feedback between output and
income. A rudimentaryé/ method of capturing "induced expenditure”
effects, however, is to include a vector of consumption coefficients in
the structural matrix, A.4/ If we call this new, augmented matrix A*,
our fundamental result becomes

(4a) X=(I-aA%"1y

Note also that the X vector in (4) and (4a) is measured in dollars of
cutput. For the purposes of impact analysis, however, it is often use-
ful to denominate the results in dollars of earnings,§/ rather than
dollars of output. This is a straightforward transformation, given the
ratio of earnings to output for each industry.ﬁf Another extension of

1/ For large matrices, this inversion can be prohibitively time con-
suming, even for large computers. Often, therefore, an approximation
to the inverse is used. See Alpha C. Chiang,_ Fundamental Methods of
Mathematical Economics, 2nd ed. {New York: McGraw-Hill Book Company,
1974), pp. 238-239. A variety of "shortcut" techniques are alsc
available. See Joseph V. Cartwright, Richard M. Beemiller, and.
Richard D. Gustely, RIMS II: Regional Input-Output Modelling System
(Washington, D.C.: U.S. Government Printing Office, April 1981), pp.
28-34.

2/ Norman J. Glickman, Econometric Analysis of Regional Systems {New
York: Academic Press, 1977}, p. 30.

3/ This method is rudimentary because it in effect treats households as
firms with fixed coefficient production functions.

4/ 1-0 models that treat consumption as an exogenous element in the
final demand vector are known as "open" models. In contrast, models
that treat consumption as an endogenous element by tacking a consumption
vector ontq the structural matrix are "closed.”

5/ Earnings are defined by the BEA as the sum of wages, salaries, other
labor income, and proprietors' income.

6/ Cartwright, et al, RIMS II1: Regional Input—Output Modeling System,
pp. 34-38,
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the model involves the translation of the earnings vector into units
of employment. This is most commonly done by multiplying each industry's
earnings by the ratio of employment to earnings of that industry.l/

REGIONAL I-0 MODELSZ”

The task of collecting the data needed to estimate the structural
matrix is truly Herculean; it requires, in principle, the determination
of both the industrial origin and destination of sales and purchases of
all firms in the economy.é/ Most regional economists have therefore
eschewed the time consuming and inordinately expensive activity of pri-
mary data collection, adopting instead less expensive "non-survey" tech-
niques of generating regional I-0 coefficients. Generally, "non-survey"
techniques generate regional I-0 coefficients by adjusting the national
I-0 table {produced periodically by the BEA) to allow for differences
between the regional and national economies.4/ There are several ways
of adjusting national coefficients. Because the Regional Industrial
Muitiplier Systems (RIMS I and II) of the BEA have effectively standard-
ized the use of I-0 models in impact studies we can focus our attention
on their method of adjustment, known as the Simple Location Quotient
(SLQ) technique.5/

1/ This is essentially the "Moore-Petersen Method," though Moore

and Petersen dealt with income and employment, rather than earnings and
employment. See Frederick T. Moore and James W. Petersen, "Regional
Analysis: An Inter-industry Model of Utah," Review of Economics and
Statistics 37 (November 1955): 368-383. Another approach to
generating employment figures from the model is described in Walter
Isard and Robert E. Kuenne, “The Impact of Steel Upon the Greater
New-York-Philadelphia Industrial Region," Review of Economics and
Statistics 35 (November 1953): 289-301.

2/ Discussions of the application of I-0 models to regional econonics
are found in Walter Isard, Methods of Regional Analysis: An Introduction

to Regional Science (Cambridge, MA: The M.I.T. Press, 1963): Norman J.
Glickman, Econometric Analysis of Regional Systems (New York: Academic
Press, 1977); and Floyd K. Harmston and Richard E. Lund, Application of
an Input-Output Framework to _a Community Economic System (Columbia,

MO: University of Missouri Press, 1967).

8/ Glickman, Econometric Analysis of Regional Systems, p. 35.'

4/ Cartwright, et al, RIMS II: Regional Input-Qutput Modeling System,
P- 5.

5/ This discussion follows Cartwright. See pp. 15-16.
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The simple location quotient of regional industry i is defined as

where Qi is a measure of output of the industry in the region; Qjn is
a measure of its national ouput; T, is a measure of aggregate economic
activity in the region; and T, is a measure of aggregate economic acti-
vity at the national level. Earnings or employment can be used as
proxies for the Qj's, while income, population, earnings, or employment
can be used as proxies for the T's.

How is SLQj to be interpreted? If it is less than one, then the indus-
try provides a smaller proportion of economic activity in the region
than in the nation, so the region must import some of output i. Con-
versely, if it is greater than one, the industry provides a greater
proportion of economic activity in the region than in the nation, so the
region must export some of output i. In short, SLQj is a summary measure
of the self-sufficiency of the region in the production of output i. A
simple method of regionalizing the national I-0 coefficients suggests

itself. If we let ajj be the ijth national I-0 coefficient, and if we
define

SLQj if SLQj < 1
(6) SLQi' =
1 if SLQ; > 1
tﬁen the ijth regional I-0 coefficient rij will be
(7) rij = SLQj' X ajjy
Cartwright provides convincing statistical evidence that the coef-

ficients estimated using this method are reasonably close to those
estimated with survey techniques.l/

APPLICATION TO THE SWANSON PROJECT

Following Marline-Umetco, we have developed four analytical categories,
each of which uses RIMS II to model the impacts of a particular phase of
the Swanson project on a given study area. These are:

1. RSA/Construction

2. RSA/Qperations

3. State/Canstruction

4. State/Operations

1/ Cartwright, RIMS II: Regional Input-Qutput Modeling Systenm,
Chapter 5.
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The final estimates of earnings and employment for these categories,
bounded by intervals of plus and minus 20 percent, are reported in
Tables 2.6 and 2.7 of the text. Our object here is to demonstrate with
a sample I-0 table how these results were generated.

Table A.1 reproduces the I-0 Table for the RSA/Construction scenario.
The 39x7 sub-matrix in the upper left of this table shows the industry
earnings multipliers generated by RIMS II for each of the seven cate-
gories of regional final demand that will be affected by the construc-
tion phase of the project. The elements of this sub-matrix show how much
earnings will increase in any given industry as a result of a dollar's
increase in a specific category of final demand. For example, if
Marline-Umetco spends $1.00 on ready-mixed concrete, earnings in the
Agricultural Production and Services industry will increase by $.0018.

The third row from the bottom of Table A.1 reports the increases in
regional final demand (in 1981 dollars) associated with the project.l/
These are simply the expenditures by Marline-Umetco summarized in Table
A.9 of the text. Because the RIMS II coefficients are based on 1972 data
it is necessary to deflate these expenditures to 1972 dollars. The
deflators are shown in the penultimate row, while the deflated final
demands are shown in the final row.2/

Total earnings generated in each industry appear in the third column
from the right. These industry totals are calculated by summing the
products of each element in a row by the associated increase in final
demand. This is best seen by example: The total increase in earnings
in Agricultural Production and Services is (3029 x .0051) + (441 x
.0006) + (3380 x .0026) + (2714 x .0018) + (1721 x .0018) + {1966 x
.0022) = 36.7. Total earnings in the RSA is then simply the sum of the
elements in this column (= $8,311,600).

Total employment generated in each industry is shown in the final
column. These figures are calculated by multiplying each industry's
projected earnings by an employment-earnings ratio,3/ shown in the
penultimate column. To continue our previous example, the increase in
employment in the Agricultural Production and Services industry is 36.7
X .1383 = 5.1. The total increase in employment in the RSA is therefore

1/ For details of the derivation of these expenditures, see the Table
A.2 of Section III.

2/ For details, see the Table A.2, Section IV.

8/ For details, see Tables A.2 and A.4.
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the sum of the elements in the final column (= 977.7).1/

DETAILS OF THE I-0 MODEL AND COMPARISONS WITH
THE I-0 MODEL OF GIBBS AND HILL

Throughout the preceding section, we have footnoted detailed explana-
tions of the assumptions, data, and calculations of our I-0 model. In
order to facilitate what must inevitably be tedious reading, we have
organized these details in an outline. The general headings of this
outline are:

I. Earnings Multipliers

Ir. Employment-Earnings Ratiosg/
III. Expenditures

Iv. Deflators

Since some readers may be interested in comparing our model with that of
Gibbs and Hill, the outline is set in tabular form s¢ that our
treatment of each of these issues can be juxtaposed against theirs.

1/ Because the construction phase will last 18 months, the earnings
figures calculated here are also for an 18-month period. The employment-
earnings ratios, calculated from OBERS data, are for a 12-month period.
To make these figures consistent, it is necessary to divide the earnings
estimate by 1.5. This yields a final column of annual employment esti-
mates.

2/ Marline-Umetco uses the term employment/earnings multipliers. This
is misleading because these ratios bear no theoretical relationship to
multipliers of any sort,
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Table A.2 {continued)

DETAILS OF THE I-0 AS USED BY TAYLOE MURPHY INSTITUTE
AND GIBBS AND HILL

a/ Unpublished printouts from the Bureau of Economic Analysis, pro-
vided to the Tayloe Murphy Institute by Gibbs & Hill.

b/ U.S. Department of Commerce, Bureau of Economic Analysis, Regional
Analysis Division Regional Input-Output Modeling System, Estimation,
Evaluation, and Application of a Disaggregated Regional Impact Model
(Washington, D.C.: U.S. Government Printing Office, April 1981): 69

¢/ U.S. Department of Commerce, Bureau of Economic Analysis 1980 OBER

Regional Forecasts vol. 8, Region 5, Southeast (Washington, D.C.:
U.S. Government Printing Office, July 1981): 180,

d/ Source: photocopy of an annotated worksheet used by Gibbs & Hill.

e/ OBERS: 180.

£/ These exceptions were deduced by the Tayloe Murphy Ianstitute and
summarized in a letter of July 3, 1984 from Dr. John Knapp of the
Institute to Mr., Joseph Nagy of Gibbs and Hil}l; they were confirmed
in Mr. Nagy's written reply to Dr. Knapp, dated July 13, 1984.

g/ Quoted from Mr. Nagy's letter of July 13.
h/ OBERS: 190.

i/ Mr. Nagy's letter of July 13.

J/ Mr. Nagy's letter of July 13.

k/ See, for example, the employment-earnings ratios reported in the
sample I-0 Table A.l for RSA Construction on page 87.

1/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation of Uranium Development in Pittsylvania County (October
15, 1983): I.4-16 to 1.4-31.

m/ Ibid., 1.4-3 to 1.4-5, 1.4-8 and 1.4-10 to I.4-14.

n/ Letter of July 30, 1980 from Mr. John Yellich of Marline Uranium
Corporation to Dr. John Knapg of the Tayloe Murphy Institute.

o/ Mr, Yellich's letter of July 30.

p/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation: I.4-3.

g/ Ibid., I.4-13 and I.4-14.

r/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation: I.3-14.
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Table A.2 (continued)

DETAILS OF THE I-0 AS USED BY TAYLOE MURPHY INSTITUTE
AND GIBBS AND HILL

s/ The proportionality assumption was accepted by Mr. John Yellich of
Marline Uranium Corporation and Mr.Joseph Nagy of Gibbs and Hill in a
telephone conference with John L. Knapp and William T. Smith II, on July
25, 1984,

t/ See the Expenditure Tables for State Operations, A.18--A.21.

u/ Virginia Employment Commission, Covered Employment and Wages
(Richmond, 1982).

v/ Deflated with the Consumer Price Index, U.S. Department of Labor,
Bureau of Labor Statistics, Consumer Price Index.

w/ 55 percent of the General and Administrative jobs listed by

Marline Uranium Corporation and Union Carbide Corporation (An Evaluation,
Table I.3-10, p.I1.3-19), were comparable to manufacturing jobs in the
RSA. (Jim Heilman, Mary Lynn Dubler, John L. Knapp, and Julia H.
Martin. Virginia Occupational Demand, Supply and Wage Information.
(Charlottesville, Virginia: Tayloe Murphy Institute, 1983): Table A.6}.
Averaging those salaries gives a wage bill that is 2.25 percent higher
than the wage bill given by Marline for General and Administrative jobs.
On the other hand, only 33 perecent of the mining jobs listed by Marline
Uranium Corporation and Union Carbide Corporation (An Evaluation, Table
1.3-8, p. 1.3-16 and Table 1.3-9, pp. I.3-16 1.3-18) were comparable to
manufacturing jobs in the RSA. Averaging those salaries yields a wage
bill that is 8.8 percent lower than the wage bill given by Marline for
mine workers. Given the paucity of information and the closeness of the
wage bills given the available information, there seems no reason to
revise the Gibbs & Hill estimate.

x/ Our discussion of Gibbs & Hill's use of the two-step procedure is
based upon a telephone conversation with Ms. Zoe Amargis of the Bureau
of Economic Analysis.

y/ U.S. Department of Commerce, Bureau of Labor Statistics. "Time
Series Data for Input-Output Industries - Qutput, Price, and
Employment,"” unpublished printout (May 22, 1984).
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TABLE A.3

COMPARISON OF RIMS [l INDUSTRY CLASSIFICATIONS AND OBER INDUSTRY CLASSIFICATIONS AS SELECTED BY
GIBBS AND HILL AND THE TAYLOE MURPHY INSTITUTE TO GENERATE EMPLOYMENT-EARNINGS MULTIPLIERS

RIMS {! Class|ficatlon

Gibbs and Hi}l's Cholce of
0BER Class!flcation

Tayloe Murphy Institute's
Choice of OBER Classificatlon

1-

2.

3.

4.

5.
6.
7
Be
9.

10.

1.
12.
13.

14.

15.

16.
17.
18.

19.

20.
21.
22-

23.
24.
25,
26.

27.

Agricu fture

Forestry and fisherles
Coal mining
Petroleum and natural

gas mining
Other mining

New construction

Maintenance and repair
Food and kindred products
Textiles

Apparetl

Paper

Printing and publishing
Chemicals

Rubber and leathetr
Lumber and furniture

Stone, clay, and glass
Primary metals
Fabrlcated metals

Nonelectr ical machinery

Electrlcal mach Inery
Motor vehicles

Other transporation
equl pment

Instruments

Miscel tanecus manufacturing
Transportation

Commun Ication

Utilitles

Agricultural production

Agrlcultural services, foresiry
and flsherles

Coal mining

01) and gas extraction

Nonmetal e minling excluding fuels

Consiructlon

Food and kindred products
Textile ml)] products

Appare] and other fabricated
textile products

Paper and allied products
Pr-inting and publishing
Chemlcals and allled products

Rubber and miscel lanecus
plastics products

Lumber products excluding
furniture and TixTures

Stone, clay and glass products
Pr-Imary metals
Fabricated metals

Machinery excluding elecir lcal
mach Inery

Electr ical machlnery
Motor vehlcles and equipment

Transportation equipment
excluding motor vehicles

Insiruments

MlIscel laneois manufacturlng

Transportation, communication,
and utilities

Agricultural production

Agricultuwral services, foresiry
and fisherles

Coal mining

Oil and gas extraction

Normetal 1ie mining excluding fuels

Construction

food and kindred products
Textile mil ] products

Apparel and other fabricated
textlle products

Paper and allled products
Printing and publishing
Chemicals and al lted products

Rubber and miscel lanscus
plastics products

Lumber products excluding
furniture and TIxTures

Stone, clay and glass products
Primary metals
Fabricated metals

Machinery excluding electrical
mach Inery

Electrical machinery
Motor vehicles and equipment

Transporation equipment
excluding motor vehicles

Instruments

Miscel lanecus manufactur ing

Transporatlon, communlcation
and utilitles

.
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TABLE Ae3 (continued)

COMPARISON OF RIMS ! TNDUSTRY CLASSIFICATIONS AND OBER INDUSTRY CLASSIFICATIONS AS SELECTED BY
G1BBS AND HILL AND THE TAYLOE MURPHY INSTITUTE TO GENERATE EMPLOYMENT-EARNINGS MULTIPLIERS

RIMS |l Classlficatlion

Gibbs and Hill's Choice of
0BER Classiflcation

Tayloe Murphy I[nstitute's
Cholce of (BER Classiflcation

28. Wholesale trade ¥Yholesale trade Wholesale trade
29« Retail trade
Retall +trade Retall trade
30. Eating and drinking
establishments
31. Finance )
Finance, Insurance and real Finance, Insurance and real
32. Insurance estate estate
33. Real estate
34. Lodging and amusement Hotels and other lodging places Hotels and other lodging places
35. Personal! services
Personal and miscel lanscus Personal and miscel lanecus
business and repair services business and repalr services
36. Business services
37. Health services Medical and other heal+h services Madical and other heal+h setrvices
38 Other services Services Services (minus hotels and other
lodging places, personal and
mlscel lanecus business and repair
services, medical and other health
services
39 Household Private housshold Pr lvate household
Scurce: Bureau of Economic Analysis, Reglonal Econamic Analyslis Division, Regional Input-Ouiput Modeling

System, Estimation, Evaluation, and Application of a Disaggregated Regional™ ImpacTt Modsl, Apr Il 1981, p. 69;
. and Boreau of Econcmic Analysis, 1980 CBERS BEA Regional Projectlions, vol. 8, region 5, Scutheast, July 1981,
Pe 180.
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TABLE A.4

EMPLOYMENT-EARNINGS RATIOS, GIBBS AND HILL VS. TAYLOE MURPHY INSTITUTE--

VIRGINIA

Industry

10.

11.

12.

13.

14,

15.

Agricultural Products &
Services

Forestry and Fishery
Products

Coal Mining

Crude Petroleum and
Natural Gas

Other Mining
New Construction

Maintenance and Repair
Construction

Food and Kindred Products:

Tobacco
Textile Mill Products
Apparel

Paper and Allied
Products

Printing and Publishing

Chemicals and Refined
Petroleum

Rubber and Leather
Products

Lumber and Furniture
Products

Gibbs & Hill2

/

Taylcoe Murphy—~
¥nstitutg v

.1432

.1746

.0548

.0896

.0896

.1020

.1020

.0631

.1189

.1865

.0700

L1037

.0693

.0868

.1145

.1434
.1751

.0548

.0459

.08899
.1020

.1020
.1082

.1190
.1860

.0693

.1050

. 0893
. 0867

.1135

b/
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TABLE A.4 (continued)

EMPLOYMENT-EARNINGS RATIOS, GIBBS AND HILL VS. TAYLOE MURPHY INSTITUTE—-

VIRGINIA
a/ Tayloe Murphyh/
16. Stone, Clay, and Glass .0885 .0884
Products
17. Primary Metals .0612 .08621
18. Fabricated Metals .0793 . 0792
19. Non-electrical Machinery .0837 .0838
20. Electrical Machinery .0820 .0820
21. Motor Vehicles and . 0603 . 0605
Equipment
22. Other Transportation .0757 .0751
Equipment
23. Instruments 1076 .1083
24. Miscellaneous .1292 .1298
Manufacturing
25. Trns., Loc. Gov't . .0676 L0877
Transt, Post.
26. Communication .0676 .0677
27. Utilities .0676 L0677 -
28. Wholesale Trade .0853 . 0853
29. Retail Trade .1684 .1683
30. Eating and Drinking .1684 .1683
Establishments
31. Finance .0782 .1030
32, Insurance .0782 L0730
33, Real Estate .0782 .1288

34, Lodging and Amusements .2185 .2181
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TABLE A.4 {continued)

VIRGINIA

Gibbs & Hi112/

Tayloe Murphy-12

Industry Institute

35. Personal Services .1267 .1266

36. Business Services . 0967 . 0967

37. Health Services . 0967 . 0967

38. Other Services .1250 .11786

39, Households L3375 .3371

a/ Marline Uranium Corporation and Union Carbide Corporation, An Evaluation

of

Uranium Development in Pittsylvania County {(October 1983), Table I.4-9,

pp.

b/

pp.

1.4-22 to I.4-24.

Calculated from data in U.S. Department of Commerce, Bureau of Economic
Analysis, 1980 OBERS BEA Regional Projections (July 1981), Tables 3 and 4,

180-181.
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TABLE A.5

EMPLOYMENT-EARNINGS RATIOS, GIBBS AND HILL VS. TAYLOE MURPHY INSTITUTE--
REGIONAL STUDY AREA

Industry

Gibbs & Hill

a/

Tayloe Murphy
Institute

10.

11.

12.

13.

14.

15.

Agricultural Products &
Services

Forestry and Fishery
Products

Coal Mining

Crude Petroleum and
Natural Gas

Other Mining
New Construction

Maintenance and Repair
Construction

Food and Kindred Products
Tobacco

Textile Mill Products
Apparel

Paper and Allied
Products

Printing and Publishing

Chemicals and Refined
Petroleum

Rubber and Leather
Products

Lumber and Furniture
Products

.1432

.1746

.0548

. 0896

. 0896
.118¢8

.1189

.0712

.1341
.2104

.0790

L1170

.0782

.0979

.1292

.1383

.1538

.0481

.0403

L0790

.0896

.0896

L1219

.1341

.2096

.0781

.1183

.0781

L0977

.1279
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TABLE A.5 {continued)

EMPLOYMENT-EARNINGS RATIOS, GIBBS AND HILL VS. TAYLOE MURPHY INSTITUTE--
REGIONAL STUDY AREA

o

.

-

L]

=
| —

——

Industry Gibbs & Hill Institute

16. Stone, Clay and Glass .0998 .0996
Products

17. Primary Metals . 0690 .0700

18. Fabricated Metals .0895 .0893

19. Non—-electrical Machinery .0944 .0944

20. Electrical Machinery .0925 .0924

21. Motor Vehicles and .0680 .0682.
Equipment

22. Other Transportation .0847 .0846
Equipment :

23. Instruments .1213 .1221

24. Miscellaneous .1457 . 1463
Manufacturing

25. Trns., Loc. Gov't .0763 .0595
Transt, Post.

26. Communication .0763 . 0595

27. Utilities .0763 .0595

28. Wholesale Trade .0962 0748

29. Retail Trade .1845 .1847

30. Fating and Drinking .1845 .1847
Establishments

31. Finance .101¢9 .0905

32. Insurance .i019 . 0694

33. Real Estate .1018 .1131

34. Lodging and Amusements . 2465 .19186

Tayloe Murphy
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TABLE A.5 (continued)

EMPLOYMENT-EARNINGS RATIOS, GIBBS AND HILL VS. TAYLOE MURPHY INSTITUTE--
REGIONAL STUDY AREA

. ...a/ Tayloe Murphy
Industry Gibbs & Hill= Institute
35. Personal Services .1429 .1112
36. Business Services .1429 _ .0849
37. Health Services .10981 .0849
38. Other Services .1410 .1033
39, Households .3807 . 2961

a/ Marline Uranium Corporation and Union Carbide Corporation, An Evaluation
of Uranium Development in Pittsylvania County (October 1983), Table I.4-7,
pp. I.4-16 to 1.4-18.
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TABLE A.6

ALLOCATION OF CONSTRUCTION EXPENDITURES DURING THE
CONSTRUCTION PHASE--REGIONAL STUDY AREA

Marline Total Allo- Industry
Classification Allocation cation Classification Allocation
Mill Process Equip. $ 279,000 100% Wholesale Trade $ 279,000
Plant Concrete and 7,552,000 26 Labor 1,989,000
Excavation ’ 39 Stone and Clay 2,968,000
Mining and
Quarrying
35 Ready-mixed 2,597,000
Concrete
Building, 1,532,000 64 Labor 982,000
Structural Painting 36 Wholesale Trade 550, 000
Electrical 1,274,000 T0 Labor 897,000
30 Wholesale Trade 377,000
Instrumentation 114,000 70 Labor 77,000
30 Wholesale Trade 33,000
Site Preparation 1,182,000 92 Labor 1,081,000
8 Wholesale Trade 101,000
Piping 770,000 64 Labor 494,000
36 Wholesale Trade 276,000
Indirect Costs 2,891,000 82 Miscellanecus 2,371,000
Professional
Services
18 Real Estate 520,000
Mobile Equipment 123,000 100 Wholesale Trade 123,000
Open Pit Mine Equip. 2,550,000 100 Wholesale Trade 2,550,000
Total $18,265,000 Total $18,265,000

Source: Marline-Umetco Table I1.4-2 with adjustments by TMI.
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TABLE A.7

SUMMARY OF THE ALLOCATION OF CONSTRUCTION EXPENDITURES DURING THE
CONSTRUCTION PHASE--REGIONAL STUDY AREA

Industry
Classification Allocation
Wholesale Trade $ 4,289,000

Labor 5,520,000

Stone and Clay Mining

and Quarrying 2,968,000
Ready-mixed Concrete 2,597,000
Miscellaneous

Professional Services 2,871,000
Real Estate - 520,000

Total $18,265,000

Source: Marline-Umetco Table I.4-2 with adjustments by TMI.
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TABLE A.8

ALLOCATION OF TAILINGS MANAGEMENT EXPENDITURES DURING THE
CONSTRUCTION PHASE--REGIONAL STUDY AREA

Industry
Classification Allocation
Wholesale Trade $2,330,000
Labor ' 687,000

Stone and Clay Mining

and Quarrying - 1,613,000
Ready-Mixed Concrete 1,411,000
Miscellaneous

Professional Services 1,288,000
Real Estate 282,000

Taotal $7,611,000

Source: Marline-Umetco Table 1I.4-2 and letter from John A Yellich to
John L. Knapp, July 30,1984.
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TABLE A.9

SUMMARY OF THE ALLOCATION OF CONSTRUCTION AND TAILINGS MANAGEMENT
EXPENDITURES DURING THE CONSTRUCTION PHASE--REGIONAL STUDY AREA 2/

Industry
Classification Allocation
Wholesale Trade $ 6,619,000
Labor 6,207,000

Stone and Clay Mining

and Quarrying 4,581,000
Ready-mixed Concrete 4.008;000
Miscellaneous

Professional Services 3,659,000
Real Estate 802,000

Total $25,876,000

Source: Tables A.6, A.7 and A.8.

a/ This Table is also shown as Table 2.2 in the text.
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TABLE A.10

ALLOCATION OF ANNUAL OPERATING EXPENDITURES DURING THE
OPERATIONS PHASE--REGIONAL STUDY AREA

Marliine
Classification

Labor

Diesel Fuel, Gas-—
oline, Lubricants

Maintenance/Repair,
Parts

Electricity

Natural Gas

Office Supplies,
Rental, Leases

Replacement Capital
Costs

Mine/Mill Operating

Total

%
Total Allo- Industry
Allocation cation Classification Allocation
$5,920,000 100% Labor $5,920,000
599,000 100 Wholesale Trade 599,000
339,000 100 Wholesale Trade 339,000
671,000 100 Electrical 671,000
Services
1,264,000 100 Gas Product}on 1,264,000
and Distribution
144,000 100 Real Estate 144,000
53,000 100 Wholesale Trade 53,000
18,000 100 Wholesale Trade 18,000
$9,008, 000 Total $9,008,000

Source: Marline-Umetco Table I.4-4 with adjustments by TMI.
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TABLE A.11

SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING EXPENDITURES DURING THE
OPERATIONS PHASE--REGIONAL STUDY AREA

Industry
Classification Allocation
Wholesale Trade $1,009,000
Labor 5,920,000
Electrical Services 671,000

Gas Production

and Distribution 1,264,000
Real Estate 144,000
Total $9,008,000

Source: Marline-Umetco Table I.4-4 with adjustments by TMI.
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TABLE A.12

ALLOCATION OF TAILINGS MANAGEMENT EXPENDITURES DURING
THE OPERATIONS PHASE-——-REGIONAL STUDY AREA

Industry
Classification Allocation
Wholesale Trade $ 548,000
Labor 192,000
Stone and Clay Mining

and Quarrying 379,000
Ready-Mixed Concrete 332,000
Miscellaneous

Professional Services 303,000
Real Estate 66,000

Total $1,820,000

Source: Marline-Umetco Table I.4-4 and letter from John A. Yellich to
John L. Knapp, July,30,19884.
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TABLE A.13

SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING AND TAILINGS
MANAGEMENT EXPENDITURES DURING THE OPERATIONS PHASE--REGIONAL STUDY AREA 3/

Industry
Classification Allocation
Wholesale Trade $ 1,557,000
Labor 6,112,000

Stone and Clay Mining

and Quarrying 379,000
Ready-Mixed Concrete 332,000
Electrical Services 671,000

Gas Production

and Distribution 1,264,000

Miscellaneous
Professional Services ~ 303,000
Real Estate ' - 210,000
Total $10,828,000

Source: Tables A.10, A.11, and A.12.

a/ This table is also shown as Table 2.3 in the text.
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ALLOCATION OF CONSTRUCTION EXPENDITURES DURING THE
CONSTRUCTION PHASE--VIRGINIA

%
Marline Total Allo-
Classification Allocation cation
Mill Process Equip. $ 834,000 100%
Plant Concrete and 7,480,000 26
Excavation 40
34
Building, 6,959,000 13
Structural Painting 11
76
Electrical 2,721,000 32
68
Instrumentation 633, 000 11
89
Site Preparation 1,919,000 65
: 35
Piping 3,695,000 13
87

Industry
Classification

Wholesale Trade $

Labor

Stone and Clay
Mining and
Quarrying

Ready-mixed
Concrete

Labor

Paints and Allied
Products

Concrete Block
and Brick

Labor

Electrical
Industrial
Apparatus

Labor

Electrical
Industrial
Apparatus

Labor
Gas Production
and Distribution

Labor

Pipes, Valves,
and Pipe
Fittings

Allocation
834,000
1,915,000
2,968,000
2,597,000
945,000
752,000
5,262,000

864,000
1,857,000

74,000
609,000

1,247,000
672,000

475,000
3,220,000
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TABLE A.14 (continued)

ALLOCATION OF CONSTRUCTION EXPENDITURES DURING THE
CONSTRUCTION PHASE--VIRGINIA

Marline
Classification

Indirect Costs

Mobile Equipment

Open-pit Mine Equip.

Total

%
Total Allo- Industry
Allocation cation Classification Allocation
7,282,000 a0 Miscellaneous 6,589,000
Professional
Services
10 Real Estate 693, 000
123,000 100 Wholesale Trade 123,000
8,590,000 50 Construction 4,295,000
Machinery and
Equipment
50 Mining Machinery 4,295,000
$40, 286,000 Total $40,286,000

Source: Marline-Umetco Table I.4-5 with adjustments by TMI.

b4

ey
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TABLE A.15

THE CONSTRUCTION PHASE--VIRGINIA

Industry
Classification

Wholesale Trade
Labor

Stone and Clay Mining
and Quarrying

Ready-Mixed Concrete

Paints and Allied
Products

Concrete Block and
Brick

Electrical
Industrial Apparatus

Gas Production
and Distributicn

Pipes, Values, and
Pipe Fittings

Miscellaneous
Professional Services

Real Estate
Construction
Machinery and

Equipment

Mining Machinery

Total

Allocation
$ 957,000

5,520,000

2,968,000

2,597,000
752,000
5,262,000
2,466,000
672,000
3,220,000
6,589,000
693,000
4,295,000
4,295,000

$40,286,000

-

Source:

Marline-Umetco Table I.4-5 with adjustments by TMI.
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TABLE A.16

ALLOCATION OF TAILINGS MANAGEMENT EXPENDITURES DURING THE
CONSTRUCTION PHASE-~-VIRGINIA

Industry
Classification Allocation
Wholesale Trade $ 194,000
Labor 687,000

Stone and Clay Mining
and Quarrying 601,000

Ready-mixed Concrete 526,000

Paint and Allied
Products 152,000

Concrete Blocks and
Brick 1,086,000

Electrical Industrial
Apparatus 499,000

Gas Production
and Distribution 136,000

Pipes, Values, and

Pipe Fittings 652,000
Miscellaneous
Professional Services 1,335,000
Real Estate 140,000
Construction Machinery
and Equipment 871,000
Mining Machinery 871,000
Total $7,730,000

Source: Marline-Umetco Table [.4-5 and letter from John A. Yellich to
John L. Knapp, July,30,1984.
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TABLE A.17

SUMMARY OF THE ALLOCATION OF CONSTRUCTION AND TAILINGS MANAGEMENT
EXPENDITURES DURING THE CONSTRUCTION PHASE--VIRGINIA2/

Industry
Classification

Wholesale Trade
Labor

Stone and Clay Mining
and Quarrying

Ready-mixed Concrete

Paints and Allied
Products

Concrete Block and
Brick

Electrical Industrial
Apparatus

Gas Production
and Distribution

Pipes, Values, and
Pipe Fittings

Miscellaneous
Professional Services

Real Estate

Construction Machinery
and Equipment

Mining Machinery

Total

Allocation
$ 1,151,000

6,207,000

3,569,000

3,123,000
904,000
6,328,000
2,965,000
808,000
3,872.006

7,924,000

833,000

5,166,000

5,166,000

$48,0186,000

Source: Tables A.14, A.15, and A.16,.

a/ This table is also shown as Table 2.4 in the text.
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TABLE A.18

ALLOCATION OF ANNUAL OPERATING EXPENDITURES DURING THE
OPERATIONS PHASE—-VIRGINIA

%
Marline Total Allo- Industry
Classification Allocation cation Classification Allocation
Labor $ 5,920,000 100% Labor $ 5,920,000
Diesel Fuel, 3,991,000 100 Gas Production 3,991,000
Gasoline, and Distribution
Lubricants
Maintenance/Repair 695,000 100 Wholesale Trade 695, 000
Parts
Electricity 671,000 100 Electrical 671,000
Services
Natural Gas 1,264,000 100 Gas Production 1,264,000
and Distribution
Office Supplies, 144,000 100 Real Estate 144,000
Rentals, Leases
Chemicals 3,020,000 60 Industrial 1,812,000
Inorganic and
Organic
Chemicals
40 Explosives 1,208,000
Replacement 53,000 100 Wholesale Trade 53,000
Capital Costs
Mine/Mill 18,000 100 Wholesale Trade 13,000
Operating
Supplies
Total $15,776,000 Total $15,776,000
Source: Marline-Umetco Table 1.4-6 with adjustments by TMI.
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TABLE A.19

SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING EXPENDITURES

DURING THE OPERATIONS PHASE—-VIRGINIA

Industry
Classification

Wholesale Trade
Labor
Electrical Services

Gas Production
and Distribution

Real Estate

Industrial Inorganic
and Organic Chemicals

' Explosives

Total

Allocation
$ 766,000
5,920,000

671,000

5,255,000

144,000

1,812,000

1,208,000

$15,776,000

Source: Marline-Umetco Table I.4-6 with adjustments by TMI.
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TABLE A.20

ALLOCATION OF TAILINGS MANAGEMENT EXPENDITURES DURING THE
OPERATIONS PHASE--VIRGINIA

Industry
Classification Allocation
Wholesale Trade - % 72,000
Labor 192,000

Stone and Clay Mining
and Quarrying 224,000

Ready-mixed Concrete 196, 000

Paint and Allied
Products o7,000

Concrete Block and
Brick 398,000

Electrical Industrial
Apparatus 186,000

Gas Production
and Distribution 52,000

Pipes, Values, and

Pipe Fittings 243,000
Miscellaneous

Professional Services 498,000
Real Estate 52,000

Construction Machinery

and Equipment 325,000
Mining Machinery 325,000
Total $2,820,000

Source: Marline-Umetco Table I.4-6 and letter from John A. Yellich to
John L. Knapp July 30,1984.
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TABLE A.21

SUMMARY OF THE ALLOCATION OF ANNUAL OPERATING AND TAILINGS
MANAGEMENT EXPENDITURES DURING THE OPERATIONS PHASE--VIRGINIA2/

Industry
Classification

Wholesale Trade
Labor

Stone and Clay Mining
and Quarrying

Ready-mixed Concrete

Paint and Allied
Products

Concrete Block and
Brick

Electrical Services

Electrical Industrial
Appliances

Gas Production and
Distribution

Pipes, Value, and
Pipe Fittings

Miscellaneous
Professional Services

Real Estate

Industrial Inorganic
and Organic Chemicals

Explosives

Construction Machinery
and Equipment

Mining Machinery

Total

Allocation
$ 838,000

6,112,000

224,000

196,000

57,000

398,000

671,000

186,000

5,307,000

243,000

488,000

196,000

1,812,000

1,208,000

325,000

325,000

$18,596,000

Source:

Tables A.18, A.19, and A.20.

a/ This table is also shown as Table 2.5 in the text.
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TABLE A.22

DEFLATORS USED BY TAYLOE MURPHY INSTITUTE AND GIBBS AND HILL
IN THE I-O MODEL

Category of Final Demand Gibbs and Hillg/ Tayloe Murphy Instituteh/
Wholesale Trade 2.05 1.957
Personal Consumption 1,96 2.121
Stone and Clay Mining and

Quarrying 1.64 1.687
Ready-mixed Concrete . 2.09 2.790
Paint and Allied Products 2.01 1.790
Concrete Block and Brick 2.06 2.328
Electrical Services 2.70 2.519
Electrical and Industrial

Appliances 2.07 2.324
Gas Production and Distribution 2.86 3.666
Petroleum Refining 6.80 6.829
Pipes, Values, and Pipe Fittings 2.42 2.138
Miscellaneous Professional

Services 1.92 1.860
Real Estate 1.80 1.813
Industrial Inorganic Chemicals 3.648
Explosives . 2.434
Construction Mach}nery 1.92 2.847
Mining Machineryg 2.647
Tobacco 1.949

a/ Marline Uranium Corporation and Union Carbide Corporation, An Evaluation
of Uranium Development in Pittsylvania County, October 15, 1983, Table I.4-7
through I.4-10.

b/ U.S. Department of Labor, Bureau of Labor Statistics, "Time Series Data for
Input-Cutput Industries-Output, Price, and Employment," unpublished printout,
May 22, 1984.

¢/ Marline does not include mining machinery, tobacco, industrial inorganic
chemicals, or explosives as categories of final demand in the I-0 tables, and
hence reports no deflators for them.
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APPENDIX B

BASE ANALYSIS
INTRODUCTION

Economic base theory separates a local economy into two sectors——the
basic and nonbasic sectors. Those activities associated with providing
goods and services to consumers located outside the local economy
comprise the basic sector; conversely, those associated with providing
goods and services to consumers located within the local economy
comprise the nonbasic sector. The theory postulates that growth in the
basic sector stimulates growth in the nonbasic sector.

This approach considers a local economy to be open, in the sense that
resources flow into and out of the economy. Raw materials, food, serv-
ices, and manufactured products that the locality does not produce
itself are imported. Goods and services that the locality produces in
excess of local demand are exported. Consequently, the basic sector pro-

vides the means to pay for the area's imports and supports the nonbasic
sector.

The primary purpose of basic sector analysis is to understand how eco-
nomic activities at the local level interact and affect the economic
well-being of the area. Particularly applicable to this study, base
analysis can help to assess a new firm's impact on the economy.

It is assumed that there is a relationship between the basic sector and
the total economy that can be measured. The basic/nonbasic relationship
is represented in the multiplier, which is the ratio of total economic
activity to basic sector activity. Not only can the relationship be
measured but it is assumed that the relationship does not change much
over time or that the rate of change is predictable. Local economic
activity can be analyzed using various units of measure; two of the most
common are employment and income, popular because of their ready availa-
bility and relatively detailed geographic breakdown.

TYPES OF MULTIPLIER

The aggregate multiplier is defined as the ratio of total economic activ-
ity to basic sector activity.

Total Employment
Basic Employment

Aggregate multiplier =

The aggregate multiplier provides a picture of the total/basic rela—
tionship at a particular point in time.

The marginal multiplier is computed in the same way as the aggregate
multiplier but relates changes in total or nonbasic employment to
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changes in basic employmenft. It attempts to measure the changes taking
place in the total-basic relationship over time. Because the marginal
nultiplier is estimated for changes over a span of time, it reflects
trends in the total-basic relationship that develop during a time
period.

Differential multipliers are derived through analysis of the relation-
-ship between total economic activity and the various components of basic
sector activity, such as manufacturing. For example, these multipliers
can relate the change in total employment to changes in a subset of
basic employment over a period of time. Differential multipliers enable
the user to separate the effects of different subsectors, such as manu-
facturing, and measure a specific multiplier for each subsector making
up the basic sector.

At any point in time, it may not be possible to observe or measure the
relationship between the basic and nonbasic sectors. The economy does
not instantaneously respond to changes in the basic sector. Therefore,
since employment and earnings in the basic sector continually alter, the
true basic-nonbasic relationship may never be observed because adjust-
ments are always in process.

The most readily available data can also give a distorted view of the
relationship between the basic and the nonbasic sectors. For example,
employment may be too crude a measure to pick up all changes in economic
activity. Employment data only indicate if a job exists; they do not
show if the facilities and employees are being utilized at full capac-
ity. If, however, the nonbasic firms are operating at less than worker
capacity., an increase in basic employment could similarly affect the
nonbasic sector's level of operation and yet not be accurately depicted
by employment data or multipliers.

Employment statistics do not capture all economic activity that is basic
to the local economy. For example, unemployed workers may decrease their
demand for goods and services, but continue consuming due to society's
system of transfer payments such as unemployment compensation, welfare
payments, and food stamps. Transfer payments affect the local economy in
the same way as basic sector jobs; the person who receives either a job
or a transfer payment demands and consumes local goods and services,
thereby creating nonbasic jobs. In our model, we take transfer payments
into consideration.

Because. each industry affects the economy differently, using a. multi-
plier for the entire basic sector could yield erroneous results when
forecasting economic growth arising from developments in a particular
industry. We would have liked to derive differential multipliers to
determine the effects of a uranium mine and mill on the economy of the
RSA but were unable to for two reasons. First, the few firms classified
as mining in the RSA are unlike uranium mining. Multipliers derived for
mining based on these firms would not be representative of the effect of
the proposed uranium mine and mill. Second, there were insufficient

data to solve the problem of multicollinearity among’ the explanatory:
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explanatory variables.l/ Multicollinearity occurs when data for indi-
vidual sectors are so interrelated that individual trends cannot be
separated. Therefore, we combine the individual sectors to derive
marginal multipliers for the RSA.

SOURCE_OF DATA

The Bureau of Economic Analysis, U.S. Department of Commerce, published
the employment and earnings data used to derive the multiplier. Annual
data by county and independent city are reported by broad industrial
sector. We use 1969-1981 proprietors' and laborers' employment data

and 1965-1981 earnings data. We classify firms in the RSA as basic or
nonbasic according to their four digit Standard Industrial Classifi-
cation (SIC) code, previous base analyses conducted by the Department of
Planning and Budget, and conversations with local businesses and insti-
tutions. Total employment in agriculture, mining, and state and local
government, and a portion of employment in manufacturing, transportation
and public utilities, retail trade, and services are allocated to the
basic sector. To control for the impact of transfer payments on total
employment, we include transfer payments as part of the basic sector.2/

ALLOCATION OF DATA

1. Farm (proprietor and nonproprietor): We classify all farm
emplovment as basic sactor employment. Some farm employment may
serve the RSA; however, information is not available to allow
detection of nonbasic farm employment.

2. Mining: The limited mining that occurs in the RSA is unlike ura-
nium mining. According to the major employer, a producer of crushed
and broken limestone, most of the product is consumed within the
RSA. Therefore, we classify mining as nonbasic.

»

3. Federal Government, Civilian: We allocate all federal civilian
government with the exception of the postal service to the basic
sector.

4, Federal Government, Military: We classify all military as basic.

5. State and Local Government: We allocate state and local government

to the nonbasic sector. Available information shows that governmen-
tal institutions and agencies provide services only within the
local area. .

1/ Using the test derived by D. Farrar and R. Glauber, severe multiple
and bivariate correlations between the employment of the individual sec-
tors indicated multicollinearity.

2/ Employment and some categories of transfer payments are determined
together. Therefore, there is a simultaneity problem that is corrected
by using a regression technique called two stage least squares.
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6. Agricultural Services: Based on four digit SIC codes, we classify
agricultural services as nonbasic. ) :

7. Construction: We allocate construction to the nonbasic sector.

8. Transportation and Public Utilities: We divide transportation and
public utilities between the basic and nonbasic sectors. The
Virginia Electric and Power Company office located in South Boston
serves as a regional office. Based on the proportion of total
customers served who reside outside the RSA, we allocate part of
that office to the basic sector.

9. Wholesale Trade: We classify wholesale trade as nonbasic.

10. Retail Trade: We divide retail trade employment between the basic
and nonbasic sectors. The base study conducted by the Department
of Planning and Budget classified Danville-Pittsylvania as a
regional shopping area and allocated 5 percent of retail trade as
basic. Since our base analysis considers the RSA local economy
rather than Danville-Pittsylvania, we allocate only 2.5 percent of
retail trade in the Danville-Pittsylvania area to the basic sec-
tor. -

11. Finance, Insurance and Real Estate: Finance, insurance, and real
estate employment serve only the RSA, and we classify them as non-
basic.

12. Services: We divide services employment between the basic and
nonbasic sectors. We consider service categories such as hotels and
other lodging places, and museums and art galleries as basic.

We allocate health services and residential care social services
to the basic sector based on the number of patients/residents orig-
inating from outside the RSA.

13. Manufacturing: We classify all manufacturing with the exception of
newspaper publishing as basic.

REGIONAL, MULTIPLIERS

E_anl_ox!mt :

Total employment {EMPLOVt) is regressed on total basic¢ sector
employment (BASEt) and transfer payments (TRANSt).l/ The results are:

1/ "Regression analysis may be broadly defined as the analysis of rela-
tionships among variables. It is one of the most widely used statistical
tools because it provides a simple method for establishing a functional

relationship among variables." See Samprit Chatterjee and Bertram Price,
Regression Analysis by Example (New York: John Wiley & Sons, 1977),

p.1. In this study, employment is "regressed on" basic sector employment
and transfer payments in order to estimate how much of the variation in

employment. can be explained by changes in these two variables: Note, the.
explanation of the regression results in the following paragraphs.
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EMPLOYt = 8323 + 1.51BASEt + 0.107TRANSt

(0.88) (5.15) (6.21)
Adjusted R® = 0.905
F-Statistic = 58.25
DW = 1.371/

The equation and the coefficients of BASEt and TRANSt are significant at
the 99 percent level. T-statistics are in parentheses.

The estimated employment multiplier, the coefficient on basic employ-
ment, is 1.51. That means there are approximately 1.5 total jobs in

the economy for every job in the basic sector. Thus, every two jobs in
the basic sector support one job in the nonbasic sector. According to
this multiplier, if Marline-Umetco employs 305 pecple during construc-
tion, approximately 152 additional jobs in the RSA nonbasic sector will
be created for a total employment of 457. If Marline-Umetco employs 468
during operations, an additional 234 jobs will be supported for a total
employment of 702. ’

Earnings2/

Total earnings (EARNt) are regressed on total basic sector earnings
which includes transfer earnings (BASEt). The results are:

EARNt = 18649 + 1.43BASEt
(3.77)  (94.77)

Adjusted R-2 = 0.998
F-Statistic = 8982.23
DwW = 1,148/

Both the coefficient and the equation are significant at the 99 percent
level. T-statistics are in parentheses.

1/ The value of the Durbin-Watson statistic (1.37} is above the upper
bound at the .01 significance level, but within the standard bounds at
the .05 level. The Cochrane-Orcutt iterative technigue is employed to
correct for {(first order) serial correlation. The estimated coefficient
on the lagged disturbance term is not significantly different from
zero, and therefore the final regression is run without any correction
factor.

2/ The Marline-Umetco report only estimated wages and salaries, not
earnings. However, earnings are primarily composed of wages and salaries.

3/ The value of the Durbin-Watson statistic (1.14) is above the upper
bound at the .01 significance level, but within the standard bounds at
the .05 level. As with the employment equation, the Cochrane-Orcutt
iterative technique “is employed to correct for (first order) serial
correlation. The estimated coefficient on the lagged disturbance term
is not significantly different from zero, and so again the final
regression is run without any correction factor.
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The estimated earnings multiplier, which is the coefficient on earnings,
is 1.43. It indicates that every dollar increase in basic sector earn-
ings (including transfer payments) generates $1.43 in total earnings,
and $0.43 in nonbasic sector earnings.

This multiplier, which is a pure earnings multiplier, is not analogous
to the multiplier in the RIMS II model, which is an earnings-—expenditure
multiplier. If Marline-Umetcoc workers earn $6,207,000 during construc-
tion, additional earnings of $2,669,000 would be generated in the RSA,
for a total of $8,876,000 in earnings attributable to construction of
the proposed uranium mine and mill. Earnings of $6,117,000 during opera-
tions would lead to additional earnings of $2,630,000 for a total of
$8,747,000 in earnings attributable to the Swanson site.

STATE MULTIPLIERSL/

Enplog!ent

The state multipliers are estimated analogously to the regional multi-
pliers. The multiplier for total basic sector employment (the coef-
ficient of total basic employment) is 2.57. An increase in basic
employment results in an increase in total employment 2.57 times as
great. At the state level, an increase in 305 jobs during construction
leads to 783 total jobs statewide. During operations, the expected 468
jobs leads to 1,203 total jobs statewide.

At the state level, data are available to allow an estimate for differen-
tial multipliers. The differential multiplier for mining does not
completely relate to the proposed project because mining in Virginia

is mostly coal mining. However, if the coefficient for mining, 2.38, is
taken as a proxy, then an increase of 468 jobs during operations will
lead to an increase of 1,114 jobs for the state. A differential

multiplier for construction was not estimated; therefore, we only give
figures for operations.

Earnings

As previously noted, this multiplier is a pure earnings multiplier

and not analogous to the RIMS Il earnings-expenditure multipliers.

The earnings multiplier, estimated from regressing total earnings on
total basic sector earnings,including transfer payments, is 1.71. Thus,
earnings of $6,207,000 during construction would result in total
earnings for the state of $10,614,000; earnings of $6,117,000 during
operations would result in total earnings of $10,460,000.

1/ State multipliers were estimated by Philip J. Grossman and taken
from his publication, Economic Base Analysis: Theory and Application,
(Charlottesville, VA: Tayloe Murphy Institute, June 1984).
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Regressing total earnings on basic earnings for each basic industry
results in a differential multiplier of 2.79 for the mining sector.
Earnings of $6,117,000 during operations would result in earnings of
$17,066,000. A differential multiplier for construction was not estima-
ted; therefore, we only give figures for operations.

The Tables below summarize our results.

TABLE B.1

ESTIMATED INCREASES IN EARNINGS2/ FROM THE SWANSON PROJECT,
BASED ON ECONOMIC BASE THEORY

Multiplier Earnings
RSA Construction 1.43 $ 8,876,000
State Construction 1.71 10,614,000
RSA Operations 1.43 8,747,000
State Operations 1.71 10,460,000
State Operationsb/ 2.79 : 17,066,000

a/ In 1981 dollars.

b/ As noted in the text, two multipliers were derivgd>at'the state
level. This multiplier is a differential multiplier.

TABLE B.2

ESTIMATED INCREASES IN EMPLOYMENT2/ FROM THE SWANSON PROJECT,
BASED ON ECONOMIC BASE THEORY

Multipliers -Employment
RSA Construction 1.51 457
State Construction 2.57 783
RSA Operations 1.81 702
State Operations 2.57 1,203
State Operationsb/ 2.38 1,114

a

a/ Average number of jobs at an annual rate.

b/ As noted in the text, two multipliers were derived at the state
level. This multiplier is a differential multiplier..
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APPENDIX C
EFFECTS OF THE SWANSON PROJECT ON LOCAL PROPERTY VALUES

The economics profession has long recognized that many investment proj-
ects have effects on others that are not felt by those invelved in

the project. Such effects, referred to as externalities or spillovers,
may be beneficial, positive externalities, or harmful, negative exter-
nalities. One of our tasks is to identify externalities and include an
estimate of their value in the study. Often, a precise dollar valuation
of externalities is not possible. In such situations, we identify and
discuss the relative importance of such externalities.

An externality can affect either the consumption opportunities of indi-
viduals or the production possibilities of firms. If it affects indi-
viduals' consumption opportunities, then the satisfaction individuals
receive from consumption will either be enhanced, if it is a positive
externality, or decreased, if a negative externality. If it affects the
production possibilities of firms, then the output that firms can pro-
duce from a given quantity of inputs is changed; positive externalities
increase while negative externalities decrease the quantity of output
that can be produced.

In competitive markets, the amount a resource contributes to output
determines the price firms are willing to pay for it. The greater the
contribution to output, the more a firm is willing to pay for the use of
a resource. Because the presence of negative externalities reduces their
productivity, firms will not be willing to pay as much for resources
when such externalities are present. In some cases, resources can be
transferred so that the externality can be avoided. Take, for example,
a farm located near a newly opened coal-fired power plant. Assume that
the emission of sulfur compounds from the smoke stack reduces crop
vields. It is relatively inexpensive to transfer some resources such as
fertilizer, machinery, and labor to another location not affected by the
sulfur compounds. We would not expect their value to fall very much
because these resources are readily moved and can be expected to be
nearly as productive in the new location as in the previous one.

Unlike fertilizer and machinery, some resources are not easily moved
from one location to another. The most obvious example of such a
resource is land, which is immobile. While it can be transferred be-
tween uses readily, land cannot be transferred between locations. To
return to the example of the farm, the land used for the farm is a
resocurce that cannot be transferred to a new location. Because of the
sulfur compounds emitted by the power plant, crop yields are reduced.
Therefore, the amount farmers are willing to pay for the use of this
land falls because it is not as productive as it had been. 1In this
example, the presence of a negative externality caused the value of
agricultural property to fall because of a reduction in the productivity
of the land. More generally, since land is an immobile resource, any
externality that affects its flow of services, either in consumption or
production, also causes a change in its value:,
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For more than 20 years, economists have been studying the relation
between externalities and property values. Most of these efforts have
focused on the effect of negative externalities, particularly air and
noise pollution, on residential property values. As might be expected
in studying an issue this complex, researchers have had difficulty iso-
lating the effect of externalities from other factors that determine
residential property values, but they have found statistically signifi-
cant changes in property values attributable to negative externalities.
The magnitude of these effects varies widely for reasons listed below:

1. Differences in the geographical area studied: Researchers have
studied a wide variety of locations. These include large metropol-
itan areas such as Washington, D.C.,1/ surburban areas within
large metropolitan areas such as Winnetka, Illinois (a suburb of
Chicago),g/ and small towns such as Toledo, Oregon.ﬁ/

2. Differences in the externality studied: As mentioned above, most
studies examine the influence of a negative externality on property
values. However, the externality actually examined and the method
of measurement varies from study to study. Thus, we expect that

the magnitude of the effects varies depending on the source of the
externality.

3. Differences in the specification of the models used: The specific
empirical models used differ in terms of factors controlled for,
assumptions concerning the linearity of relationships, and size of
the affected area.

Virtually all of the previous work has involved ex post studies. For
the most part, these studies do not compare the value of property before
and after the appearance of an externality. Instead, they examine the
value of property in the vicinity of what is presumed to be a negative
externality (airport, power station, etc.) and compare it to the value
of similar property not subject to the externality. Differences in the
market conditions of the various locations and in the specification of

the models make it difficult to draw general conclusions from the
results to date. '

17 Robert Anderson and Thomas Crocker, "Air Pollution and Resideﬁtial

- Property Values," Urban Studies 8 (October 1971): 171.

2/ Glen Blomquist, "The Effect of Electric Utility Power Plant Location
on Area Property Value," Land Economics 50 (February 1974): 97.

8/ John Jaksch, "Air Pollution: Its Effects on Residential Property

Values in Toledo, Oregon,” Annals of Regional Science 4 (December
1970): 43.
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While researchers have reported widely differing magnitudes for the
effects of negative externalities on property values, the consistency
with which these effects are found indicates that negative externalities
are related to declines in property values. Though differences between
studies make it difficult to generalize, several broad conclusions can
be made on the basis of previous studies.

There is little doubt that air pollution has a negative effect on prop-
erty values; it has been the most extensively studied externality and
has consistently been associated with. lowered property values,
regardless of the method of measuring air pellution or the location ex-
amined.

Second, researchers have been unable to establish any effect on prop-
erty values for some activities that are widely believed to have nega-~
tive externalities. An example is nuclear power reactors. While it has
been shown that coal-fired power stations do cause a decline in property
values,l/ several studies examining the effect of nuclear power reactors
an property values have failed to show any relation between the presence
of such facilities and property values.2/ Other research has indicated
that there were no measurable adverse effects on property values in the
wake of the accident at Three Mile Island.3/ This is significant con-
sidering the widespread prediction that property values would decline in
areas adjacent to the Three Mile Island nuclear facility after the acci-
dent of March 1979.

Finally, there is some evidence that the effects of an externality
attributable to a specific source diminish rapidly as the distance from
the source increases, for example, airport noise and soot from smoke
stacks. Blomquist's study, illustrating this point, found that the
effect of a coal-fired power plant on property values diminished rapidly
and that it was limited to a distance of approximately 2.2 miles from
the plant.4/

1/ Blomquist, "The Effect of Electric Utility Power Plant Location on
Area Property Value," p.97.

2/ Hays Gamble and Roger Downing, "Effects of Nuclear Power Plants on
Residential Property Values," Journal of Regional Science 22 (November
1982): 457.; Jon Nelson, "Three Mile Island and Residential Property
Values: Empirical Analysis and Policy Implications," Land Economics 57
(August 1981): 370.

3/ Gamble and Downing, "Effects of Nuclear Power Plants on Residential
Property Values," p.457.; Nelson, "Three Mile Island and Residential
Property Values: Empirical Analysis and Policy Implications," pP.363.;
U.S. Nuclear Regulatory Commission, The Social and Economic Effects of
The Accident at Three Mile Island, by C.B. Flynn and J.A. Chalmers,
NUREG/CR-1215 (January 1980), p.77.

4/ Blomquist "The Effect of Electric Utility Power Plant Location on
Area Property Value," p.97.
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While we can draw general conclusions from previous studies, we think
that differences between the proposed uranium mining and milling opera-
tion at the Swanson site and other externalities studied make it dif-
ficult to predict whether the project will, in fact, have any effects on
property values and, if it does, what their magnitude would be. The
most important differences between the proposed project at the Swanson
site and past studies are:

1, Previous studies have concentrated on the effects of externalities
on residential property values. In the vicinity of the Swanson proj-
ect, the majority of the effects will be on agricultural property
rather than residential property. Externalities likely have dif-
ferent effects on agricultural property compared to residential prop-
erty. With the Swanson project, the important question is what
effects the project will have on the productive capacity of the
land. We would expect a negative effect on property values to the
extent that it reduces the productivity of the land. In other stud-
ies the question has heen what effect does the disamenity (any fac-
tor perceived as unpleasant or unattractive) have on the satis-
faction that consumers (homeowners) derive from their property.
The answers to these two guestions are most likely different, even
if the source of the externality is the same. This is not to say
that there would be no effects on residential property values in the
area, only that because of the low population density in the vicin-
ity of the site, we would anticipate that declines in residential
property values will account for only a small part of the total
decline in property values that might occur.

2. A second difference is that one of the potential externalities of
the Swanson project is radiological in nature. Most researchers
investigating the effects of externalities on property values have
looked at non-radiological pollutants. The reaction to radiological
compared to non-radiological pollutants may be very different.

There is evidence that the possibility of radiological pollution
does not adversely affect property values. In their study of prop-
erty values in the vicinity of four different nuclear power plants,
Gamble and Downing found no evidence that the presence of the
nuclear power plants caused any change in property values.l/ This
is interesting, particularly in light of Blomquist's finding of
significant declines in property values near a coal-fired power
plant. Also, Gamble -and Downing found no decline in property values
in the vicinity of the Three Mile Island power plant even after the
accident of March 1979.2/ This is notable because one of the
widely predicted effects of that accident suggested. that property
values would decline. (Another prediction, sharp declines in

1/ "~ See Gamble, Nelson, and U.S$. NRC, NUREG/CR-1215 {January 1980).

2/ Gamble and Downing, "Effects of Nuclear Power Plants on Residential
Property Values," p. 457.
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tourism, also failed to materialize.)l/ Gamble and Downing's
results are an indication that in the absence of accidental releases
of radiological materials there should be little or no effect on
property values.

3. Projects that are most closely analogous to the Swanson project are
other open pit mining operations. We have been unable to find any
studies that examine the effects of open pit mining operations on
local property values but would expect any effects to be localized.
Reasons for declines in property values include dust, noise, degra-
dation of local water resources, and additional local traffic.
These effects can be expected to diminish rapidly as the distance
from the site increases.

4, Previous studies have not examined the effects of water degradation
on property values. One of the possible effects of the Swanson
project is a decline in the quality of surface and groundwaters.
Past studies of other types of negative externalities indicate that
if such degradation occurs it could have an adverse effect on prop-
erty values. However, in the absence of evidence from other stud-
ies, it is not known whether or not a decline in the quality of
water would have an effect on property values and, if it does, what
its magnitude would be,

Besides possible negative effects on property values, there are two
reasons that the Swanson project may cause property values in the area
to increase. First, Marline-Umetco has guaranteed to purchase any land
on which they hold a (mineral) lease and that is immediately adjacent

to the site for 125 percent of market value. Marline-Umetco states that
it currently has 75 percent of the land adjacent to the Swanson site
under lease.2/ This purchase guarantee will increase the value of prop-
erty that is covered. However, due to the limited amount of property
covered by the purchase guarantee, the effect on total property values
in the RSA will be small. ‘

Second, Marline-Umetco argues that because of rising incomes in the
area and an increase in general prosperity, property values will
increase.3/ While possible, it is unlikely that the Swanson project
will increase incomes enough to have any significant effect on property
values.

1/ U.S. Nuclear Regulatory Commission, The Social and Economic Effects
of the Accident at Three Mile Island, p.72.

2/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation of Uranium Development in Pittsylvania County, Virginia {15
October 1983), wvo0l.3, p.J.3-3.

8/ Marline Uranium Corporation and Union Carbide Corporation, An
Evaluation of Uranium Development in Pittsylvania County, Virginia (15
October 1983), wvo0l.3, p.J.2-8 and J.3-3.
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SUMMARY

Previous studies have consistently shown that negative externalities can
cause declines in the value of nearby property. In reviewing the
literature, we can say several things about the possibility of the
Swanson project affecting property values near the gite.

1. If the project has a negative effect on property values in the

vicinity of the site, the effect is likely to be limited to a rela-
tively small area.

2. Despite widespread claims that the possibility of radiological con-
tamination will cause property values to decline, there does not
appear to be any evidence to support this notion. The absence of
any decline in property values after the accident at Three Mile
Island indicates that fears of declines in property values due to
the possibility of radiological pollution are exaggerated.

It is unlikely that there will be any significant positive effects
on property values. Marline-Umetco's guarantee to buy leased land
immediately adjacent to the Swanson site will increase the value of
that land slightly; it will have only minor effects overall.
Similarly, increases in income in the area are unlikely to have any
significant influence on property values.
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APPENDIX D
THE VALUE OF A LIFE
INTRODUCTION

Many projects or changes in regulations involve incremental changes in
the probability of death, which present special problems when doing
cost-benefit studies. Such studies require that a monetary value be
placed on the various effects of the project being examined.

The question naturally arises whether or not cost-henefit analysis can
adequately deal with situations in which there is an increase in the
probability of death. The first reaction may be to say that since the
value of any one person's life is infinite, the costs of any program
that results in an increase in deaths over the status gquo would be
infinite and should therefore not be implemented. And indeed, if you
ask someone what payment he would accept in return for the forfeiture of
his life, the answer would most likely be that there is no payment which
is large enough, an indication of infinite costs.

Unliike the previous situation, most programs do not involve the certain
death of a person. Rather, most projects involve changes in the proba-
bility of someone dying. If you ask someone what payment he would
accept in return for a slight increase in the probability of his death,
he would likely respond with some positive, non-infinite amount. Say,
for example, the probability of death for a single individual increased
from one in 100,000 per year to ten in 100,000 per year for a population
of 100,000 people. We would then expect, on average, ten deaths per
year rather than one death per year. Now, assume that each person is
indifferent between the one in 100,000 probability of death with his
present income and the ten in 100,000 probability of death with an
increase in income of %50 per year. In this situation, the implicit
value people have placed on the nine additional lives that are lost,

on average, is $555,556. (An increase in income of $50 Per year compen-
sates each of the 100,000 people for his increased risk. Thus, total
compensation for the increase of an average of nine deaths is five
million dollars, or an average of $555,556 per death.) This example
illustrates how one can argue that the infinite value of an individual
life is logically consistent with an implicit, finite value when that
value is based on compensation for risk.

Doubtless, people do, in fact, trade off increases in their risk of
death in return for some incremental benefit. For example, the risk of
being killed in an automobile accident is much greater than that of
being killed in an airplane accident, yet many people choose to drive
across country rather than fly. Presumably, the additional benefits
they receive from driving (the opportunity to sightsee, the convenience
of having an automobile when they arrive, etc.) rather than flying com-
pensates them for the extra.risk involved in driving.
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Conceptually, there are several ways to measure the value of lives lost
as a result of some program. We examine each in turn: 1} the present
discounted value of earnings lost due to premature death, 2) wage dif-
ferentials between jobs of differing riskiness, and 3) revelation through
the political process, i.e., what expenditures are made in various
programs to decrease the probability of death.

PRESENT DISCOUNTED VALUE

The traditional method of economics would be to calculate the present
discounted value of earnings lost as a result of premature death. 1In a
competitive economy, earnings are equal to the value of output produced.
Therefore, the value of forgone earnings equals the value of output
lost to society as a result of premature death. In order to strictly
apply this approach, we must know the future earnings stream of the
affected individual and his age at death and then select an appropriate
discount rate. In the absence of this specific information, we can use
the median income of the relevant population. We can then construct a
"worst case" in which the individual dies just at the beginning of his
working carreer, thus maximizing his lost earnings. The question then
becomes what discount rate should be used. (See Appendix E for a
discussion of discount rates.) Using relatively low discount rates,
which would tend to increase the value of life, the high range of esti-

mates, using present discounted values, would be on the order of
$500,000 to $750,000.

WAGE DIFFERENTIALS

Another possibility for calculating the value of a life is to use the
approach of Thaler and Rosen and base the calculations on the marginal
valuation workers place on job risk. With this approach, Thaler andg
Rosen use estimates of the probability of death in different occupations
and the wage differentials between them to estimate the increase in
wages that compensate workers for the increase in risk of a given occu-
pation. From this information, we can infer the value to the workers of
saving a life. From data obtained from the Survey of Economic .
Opportunity (1967), Thaler and Rosen calculate the value of a life to be
$200,000 + $60,000. Using 1983 prices, as adjusted by the Consumer
Price Index (CPI), that would be roughly $600,000 + $178,000.1/

i/ Richard Thaler and Sherwin Rosen, "The Value of Saving a Life,"
Household Production and Consumption, ed. Nestor E. Terleckvj (New York:

National Bureau of Economic Research, 1976), p. 265,
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REVELATION THROUGH THE POLITICAL PROCESS .

A third possibility is to examine safety and health regulations. These
will give an indication of what society is willing to pay to reduce the
risk of life-threatening situations, as revealed through the political
process. Programs such as medical screening, highway traffic safety,
airline safety, and control of radicactive and non-radioactive emissions
can be examined, and the cost per life saved can be calculated. Expend- '
itures per death avoided range from a low of about $25,000 up to several

millions of dollars; those for radioactive related risks are routinely

much greater than for others.

SUMMARY

There does not seem to be a great deal of agreement on how to measure
the value of a life, let alone what that value should be. In general,
using the present discounted value method will result in a lower value
than that obtained by examining wage differentials, The following range
of values shows entries for the value of a life from different studies.
All dollar amounts are reported in 1983 dollars, as adjusted by the CPI.

$380,000 This estimate is from Cumulative Regulatoryv Effects on the
Cost of Automotive Transportation, a study prepared for the
Office of Science and Technology. The authors examined many
of the safety and emissions control regulations affecting
automobiles. The $380,000 figure they use as the value of a
life in their cost-benefit studies is based on the
undiscounted future earnings of people who die prematurely.l/

$480,000 This estimate is from cost-benefit studies of hypothetical
automobile safety regulations presented before the Senate
Subcommitiee on Antitrust and Monopoly during hearings con-
cerning automobile liability insurance. This estimate is ’
based on discounted future earnings using a discount rate of 3
percent.2/

$600,000 This estimate, from Thaler and Rosen's study, is based on the

marginal valuation of risk as expressed in the market by wage
differentials.3/

1/ Ad Hoc Committee, Cumulative Regulatory Effects on the Cost of
Automotive Transportation (RECAT): Final Report of the AD HOG
Committee, Prepared for Office of Science and Technology, 28 February
1972, app. II-A, p. II-A2.

2/ U.S. Congress, Senate Committee on the Judiciary, Auto Insurance
Liability, Hearings before the subcommittee on Antitrust and Monopoly
on 8, Res. 40 pt.18B, 91st Cong., lIst sess., 1969, p.133802.

3/ Thaler and Rosen, "The Value of Saving a Life," p. 294.
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This estimate is based on individuals' valuation of risk as
expressed by their use of seat belts. In this study,
Blomquist corrects one of the major criticisms of Thaler and
Rosen's work. In their study, Thaler and Rosen examine wage
differentials between occupations of differing risk, which has
been criticized because the occupations they examine are much
riskier than the "average" job, Therefore, the people in
their study are likely to either handle risk better than the
average person or be less risk averse than the average. In
either case, it would bias their results in a downward direc-
tion. It is notable that Blomquist's study, which corrects
for this apparent bias, results in an estimate consistent with
Thaler and Rosen's.l/

$1,000,000+ Based on life saving expenditures on other
programs by the federal government.gf

1/ Glen Blomquist, "Value of Life Saving: Implications of Consumption

Activity,"

Journal of Political Economy 87 (June 1979) p. 540.

2/ U.S. Nuclear Regulatory Commission, Final Generic Environmental
Impact Statement on Uranium Milling, NUREG 0706, vel.l (September 1980).

p.12-19.
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APPENDIX E
DISCOUNT RATES
In this appendix, we discuss, in a very general manner, the use of
discount rates, the major issues involved in selecting an appropriate

discount rate, and the implications for this project in particular.

USE OF DISCOUNT RATES

Income received in the future is worth less than income received today
because of positive rates of interest. With positive interest rates,
one can invest a dollar today and receive more than a dollar in the
future. For example, if the interest rate is 5 percent, then one would
receive $1.05 next year in return for a dollar invested today. Simi-
larly, a dollar next year is worth only $0.95 today since $0.95 invested
at 5 percent would yield $1.00 in one year's time.

The discount rate is the rate of interest used to adjust income received
in the future so that it is comparable to presently received income. In
this study, we have used discount rates to adjust costs and benefits
received in the future in order to make them comparable to current
figures.

The formula for converting future costs or benefits to their equivalent
present value is:

P
PV = Present value of the cost or benefit received in year n
I = Dollar value of the cost or benefit in year n
r = Discount rate
n = Number of years from the present

As an example, assume that in 20 years, {(n = 20) a project provides a
one time benefit of $10,000 (I = $10,000) and that the discount rate is
5 percent (r = .05).

Then, for this example:

$10,000
PV = (“1-_:'75)20 = $3,769

In other words, assuming a discount rate of 5 percent, the value today of
$10,000 received in 20 years is $3,769.
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SELECTION OF DISCOUNT RATES

The nature of the proposed mining and milling project complicates the
issue of the proper discount rate to be used in converting streams of
costs and benefits to present values. From a theoretical perspective,
it is relatively straightforward to decide on the appropriate discount
rate to be used in a private investment project or in one financed by
the government. However, in the case of the proposed mining and miiling
project, there are aspects of both private and public projects. The proj
-ect itself is a private investment decision since Marline-Umetco ulti-
mately finances and decides whether the project is economically viable.
The public aspects of the project are the regulatory framework that will
be established by the state to deal with possible adverse side effects
and the effect on tax revenues and expenditures by state and local
governments. Cost-benefit studies are usually an evaluation of the
effects of a transfer of resources from the private to the public sec-
tor. The question addressed here is slightly different; we must decide
on the proper discount rate to use in calculating the present value of
future changes in costs and benefits incurred by governments and by pri-
vate individuals. In this case, we are evaluating a governmental deci-
sion (whether or not to pursue the issue of uranium mining and milling)
that has the potential to alter incomes and the environment in the area,
rather than a decision involving the allocation of resources between the
public and private sectors.

Two broad schools of thought exist concerning the appropriate discount
rate to use in the evaluation of the streams of costs and benefits
resulting from public project. The first argues that the discount rate
should reflect the opportunity cost of the funds used in the project
being examined. (By opportunity cost, we mean the value of henefits
that are given up by not using the funds in their best alternative use.)
According to this school, the opportunity cost of funds can most accura-
tely be represented by the selection of an appropriate market rate of
interest. An advantage of this method is that it results in benefits
and costs being discounted in the same manner for both public and pri-
vate projects. This helps avoid distortions in the allocation of
resources between the public and private sectors. The second

school argues that the appropriate discount rate should reflect the
social rate of time preference, that is, the optimal alleocation of
resources over time from society's point of view. The social rate of
time preference has no necessary connection to any market rate of
interest. In fact, it is argued that discount rates based on market
rates of interest are toc high from society's point of view.

Opportunity Cost

The opportunity cost concept of discount rates argues that any invest-
ment funds must come at the expense of some other project for which they
might have been used. 1In a fully employed economy, resources can be
obtained only from the displacement of investment by firms or from the
displacement of consumption activities by consumers. (This assumes that
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the government will not transfer resources from its own projects.} If
the resources for a given project come entirely from the displacement of
private investment, then the appropriate discount rate is the before tax
return (the rate of return before taxes are paid) on private investment.
When the government takes resources away from private investment, the
cost to society is the additional output those resources would have pro-
duced had they remained in the private sector. The before tax return on
private investment represents the additional output available to society
as the result of private investments.

If, instead of coming at the expense of investment by firms, the govern-
ment finances its project at the expense of private consumption, then
the private marginal rate of substitution between present and future
consumption reflects the appropriate discount rate. (The private margin-
~-al rate of substitution indicates how individuals choose to allocate
their consumption between the present and future.) If resources for a
government project are drawn entirely from consumption, then the private
marginal rate of substitution should be used as the discount rate. By
doing so, the government sector allocates resources between the present
and future in the same manner as the private sector. An indication of
individuals' marginal rates of substitution between current and future
consumption is their savings behavior. The after tax return to savings
(the rate of return after taxes are paid) indicates how individuals
value future consumption compared to present consumption. The after tax
return to savings can therefore be used as a measure of the private
marginal rate of substitution, and is the appropriate discount rate to
use in a situation in which the government finances a project entirely
at the expense of private consumption.

Because the appropriate discount rate for government projects varies
depending on the source of the funds, some people have argued that the
theoretically correct discount rate for public projects is a weighted
average of the marginal rate of transformation (before tax return on
private investments) and the private marginal rate of substitution
(after tax return on savings). The weights should reflect the propor-
tion of funds that come out of private investment and those that come at
the expense of private consumption.l/

Social Rate of Time Preference

The social rate of time preference indicates the optimal allocation of
resources between the present and future from society's point of view.
Those who argue that the correct discount rate should reflect the social
rate of time preference feel that there are such large distortions in

1/ See William Baumol, "On the Appropriate Discount Rate for Evaluation
of Public Projects," in Program Budgeting and Benefit-Cost Analysis, ed.
by Harley Hinrichs and Graeme Taylor (Pacific Palisades, CA.: Goodyear.
Publishing Co., 196%), p.2i2.
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capital markets that no market rate of interest will accurately reflect
the social rate of time preference. They feel that the private marginal
rate of substitution {as reflected by after tax returns to savings} must
be adjusted downward to accurately reflect the social rate of time pre-
ference and the distribution of resources between present and future
generations, which is often ignored in policy decisions. Private indi-
viduals tend to ignore the welfare of future generations. As a result,
the use of the private marginal rate of substitution as the discount
rate results in a discount rate that is too high from society's point

of view. Because such a discount rate is too high, too much consumption
takes place in this generation and too little capital is begueathed to
future generations. However, the government, which should not ignore the
welfare of future generations, can correct this market failure, at least
for its projects, by using a lower discount rate, insuring that future
generations have the stock of physical capital that they are entitled
to. In essence, those who favor using the social rate of time pref-
erence as the discount rate are arguing that decision-makers should
impose their view of the optimal time path of consumption on the pro-
ject. There does not appear to be any consensus on the basis for the
adjustment, only that the appropriate discount rate would be below any
market rate of interest.l/

A disadvantage of having the government use a discount rate below market
rates of interest is that too many of society's rescurces will be
devoted to government projects because with lower discount rates, bene-
fits will be larger and, hence, more often greater than costs. Even if
the government uses the appropriate (lower) discount rate, private firms
will still use a discount rate (the before tax return on private invest-
ment) that is too high from society's point of view. As a result, pri-
vate firms will allocate too many resources to projects that have the
majority of benefits in the near future and too few to those that have
the majority of benefits in the distant future. "

DISCOUNT RATES AS THEY APPLY TO THIS PROJECT

One of the major benefits of the proposed project is the increased
income accruing to residents of the RSA and the state of Virginia. To
these residents, this income is indistinguishable from that of any other
source. Therefore, any increase in income attributable to this project
should be discounted in the same manner that individuals would discount
any other future streams of income. In general, individuals' savings

1/ See Richard Tresch, Public Finance: A Normative Theory (Plano, TX.:
Business Publications, Inc., 1981), p. 496; and William Baumol, "On the
Discount Rate for Public Projects," Public Expenditure and Policy
Analysis, 2nd ed., ed. Robert Haveman and Julius Margolis (Chicago:

Rand McNally, 1977), p. 174; and Jacob Stockfisch, "The Interest Rate
Applicable to Government Investment Projects,” Program Budgeting and
Benefit-Cost Analysis, ed. Harley Hinrichs and Graeme Taylor (Pacific
Palisades,CA: Goodyear Publishing Co., 1969}, p. 190.
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behavior is an indication of how they discount future streams of income.
The after tax return that individuals receive on their savings is a good
measure of their private marginal rate of substitution (the rate at
which individuals are willing to exchange current income for future
income). Because for other sources of income the after tax return to
savings is the appropriate discount rate to use for discounting future
income to individuals, it should also be the appropriate discount rate
for the additional income accruing to individuals as a result of
Marline-Umetco's expenditures,

The appropriate discount rate is a separate issue from the level of
benefits to be discounted, and it will not be affected by the level of
resource employment. The amount by which Marline-Umetco's spending
increases incomes will affect the level of benefits but will not affect
the choice of the correct discount rate. There are two extremes to con-
sider with respect to the level of benefits:

1. Substantial unemployment will be present in the absence of the
Marline-Umetco project. In this situation, Marline-Umetco will not
draw rescurces from other uses, and income can be expected to
increase by the full amount of Marline-Umetco's spending. This
income should be discounted just as any other income would be
discounted by individuals.

2. No unemployment will be present in the absence of the Marline-
Umetco project. In this situation, Marline-Umetco can be expected
to compete for resources and, therefore, draw the resources it does
use from other employment. Because resources are fully employved,
any increase in their employment by Marline-Umetco must be met by
drawing resources away from other uses. Hence, any spending by
Marline-Umetco will be offset by a reduction in spending by other
firms. In this situation, there will be no net increase in
spending or income, and, therefore, no benefits to discount.

Obviously, the actual outcome lies somewhere between these two extremes.
For the purposes of this study, we assume that Marline-Umetco does not
draw its resources from other uses and that the benefits are equal to
the full amount of Marline-Umetco's spending. Hence, our estimates
represent the largest possible increase in income that can be expected
as a result of the Swanson project.

Since any environmental changes that result from the project will fall

on the individual residents of the RSA and the state, their cost should
be discounted in the same manner as the benefits accruing to individual
residents.

The other costs and benefits of the project accrue to the locail and
state governments. It could be argued that, ultimately, all costs or
benefits of the project actually accrue to the residents of the area
because the local governments are acting in their behalf. We shall
assume, however, that all taxes and revenues accruing to state and local
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governments are their property. We make this assumption to emphasize
the difference in investment opportunities available to governments and
individuals. The discount rate for the costs and benefits accruing to
state and local governments should be developed in the same manner as

it was for costs and benefits accruing to individuals--that is, by exam-
ining the investment opportunities available to state and local govern-
ments. The returns available to the state and local governments would
be reflected by the returns they could receive from investing in some
type of low risk, long-term security. The reason we would anticipate
that these returns differ from returns available to individuals would be
differences in the tax treatment of the two agents.

For discounting costs and benefits to residents of the RSA, we use the
interest rate on long term, AAA tax exempt municipal bonds, adjusted for
anticipated inflation; for discounting costs and benefits to state and
local governments, we use the interest rate on long term Treasury bonds,
also adjusted for anticipated inflation. These interest rates are
adjusted for inflation to reflect real rates of interest because all
costs and benefits are reported in constant dollars.l/ HNo attempt has
been made to adjust these discount rates for risk, but we have con-
sidered risk, in terms of ranges of possible outcomes, elsewhere in our
report. The Federal Reserve Bank of San Francisco reports that the

1/ We recognize that local governments would be unlikely to invest in
such long-term securities. However, we feel that the real return on
long-term bonds is the appropriate theoretical measure of the oppor-
tunity cost of forgone funds to local governments. Another approach to

‘determining discount rates would be to assume that, in the absence of

revenues from the Swanson project, state and local governments would
have to increase taxes or borrow in the long-term tax exempt bond
market. If it is assumed that taxes would increase 'in the absence of
the project, then all costs are ultimately borne by private individuals,
and, hence, the same discount rate would be used for all costs and bene-
fits. If it is assumed that state and local governments would increase
borrowing in the absence of the Swanson project, then the appropriate
discount rate for costs and benefits accruing to state and local govern-
ments would be the rate of interest on tax exempt long-term municipal.
bonds, adjusted for inflation. If we assume that state and local
governments increase borrowing, then, to maintain logical consistency,
we must also assume that private individuals would increase their
borrowing to finance consumption. In such a situation, the discount
rate to private individuals should reflect the long-term cost of funds.
One estimate of this would be mortgage rates, adjusted for tax treatment
and inflation.
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anticipated annual rate of inflation over the next ten years is 6.75
percent.l/ Recently, the interest rates on high-grade municipal bhonds
have been between 9.5 and 10 percent. This would indicate a discount
rate of between 2.75 and 3.25 percent for costs and benefits accruing to
individuals. We use a rate of 3 percent to discount costs and benefits
accruing to individuals. The interest rate for 30 year Treasury bonds
has been between 13 and 13.5 percent recently. This would indicate a
discount rate of between 6.25 and 6.75 percent for costs and benefits
accruing to local governments. We use a rate of 6.5 percent to discount
costs and benefits accruing to state and local governments.

1/ See "Factors Influencing Long-Term Interest Rates,"” FRB SF Weekly
Letter, Federal Reserve Bank of San Francisco (June 1, 1984), p. 1.
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ACKNOWLEDGMENTS

The following people provided us with information directly or aided
us in gathering information. We appreciate and thank them for sharing
their expertise with us.

Danville Chamber of Commerce

Charles Pendleton, Executive Director

Danville Extension 0ffice

Doris L. Pritchett, County Agent

Division of Legislative Services

Bernard J. Caton, Jr., Ph.D., Research Associate

Gibbs and Hill Inc.

Environmental Sciences Division, Denver, Colorado
William P. Lynott, Operations Director

Architecture/Urban Development Division, New York
Robert J. Nagy, Director of Planning

Halifax Chamber of Commerce

Nancy L. Poole, Executive Director
Dorothy W. Bradshaw, Secretary

Halifax County Extension 0ffice

Larry L. McPeters, County Extension Agent

Marline Uranium Corporation

John A. Yellich, Vice President for Development
C. Dudley Blancke, Jr., Mining Engineer

Piedmont Environmental Council

Georgia H. Herbert, Director of Development
Tamara A. Vance, Resource Economist

Pittsylvania Chamber of Commerce

Audrey F. Millner, Executive Director
C. D. Brvant, Businessman and Member of Chamber



158-

Pittsylvania County Extension Qffice

Stephen J. Britt, County Extension Agent
Drury J. Holland III, County Extension Agent
Bobby S. Stump, County Extension Agent

Pittsylvania County Office of Assessments

Hunt Meadows, Commissioner of Revenue

Rodgers, Golden, & Halpern

Phillip R. Hopkins, Senior Resource Planner

Southside Concerned Citizens

Liz George, Chairperson

State Air Pollution Control Board

William R, Mever, Executive Director
Division of Monitoring

William W. Parks, Director
Division of Planning

Kenneth C. Van Auken, Director

State Water Control Board

Richard N. Burton, Executive Director
Division of Enforcement and Environmental Reasearch

Michael A. Bellanca, Director of Operations
Biological Programs

Thomas M. Felvey, Manager

Catherine S. Turner, Agquatic Biologist
Water Research Programs

J. R. Bell, Water Resources Engineer

Russell P. Ellison, III, Geologist

United Methodist Church, Virginia Annual Conference

Board of Church and Society
Eloise Nenon, President

U.S. Department of Commerce

Bureau of Economic Analysis
Zoe 0. Ambargis, Regional Economist
Joseph V. Cartwright, Regional Economist
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U.5. Nuclear Regulatory Commission

NRC Contacts
Office of State Programs:
John S. Kendig, Agreement Status Officer
Robert S. Wood, Licensee Relations Analyst

Nuclear Materials Safety and Safeguards Office:
Mary Jo Seemann, Program Analyst

University of Virginia

Department of Economics
William C. Wood, Assistant Professor
Department of Environmental Sciences
H. Grant Goodell, Professor
Department of Nuclear Engineering
Thomas G. Williamson, Professor and Chairman
James L. Kelly, Professor
Institute for Environmental Negotiation
Richard C. Collins, Director
Anthony B. Dotson, Assistant Director
Francis A. Hannigan, Associate
Jason L. Gray, Graduoate Assistant
Timothy J. Mealey, Graduate Assistant

Virginia Air Pollution Control Board

Division of Monitoring
William W, Parks, Director

Virginia Coal and Energy Commission

Michael D. Ward, Staff Attorney

Virginia Department of Agriculture and Consumer Services

Product and Industry Regulation Division
Billy W. Southall, Director

Bureau of Plant Protection and Pesticide Regulation
Bernard W. Chudoba, Assistant Supervisor for Field Operations

Virginia Department of Health

Division of Epidemiology
Grayson B, Miller, Director

Division of Radiological Health
Charles R. Price, Director

Office of Health Protection and Environmental Management
Robert B. Stroube, M.D., Assistant Commissioner
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Virginia Department of Highwavs and Transportation

Charles P. Crowder, Assistant Resident Engineer

Virginia Department of Taxation

Tax Policy Division

Danny M. Payne, Director

William R. Warren, Tax Analyst

Joel T. Winks, Legislative Division
Property Tax Division

Otho C. W. Fraher, Assistant Director

Virginia Division of Industrial Development

Marketing Services
James C. McKean, Economist
Peggy M. Ware, Economist

Virginia Employment Commission

Jerry Lawson, Deputy Commissioner

Employees and friends of the following businesses and institutions pro-
vided information that was helpful in understanding the local economy.
The facts and opinions cbtained were used in our economic base analysis
in Appendix B and the section on economic impacts on existing
industries. The majority of businesses and firms contacted represent
services and food-processing. Additional industries, not listed below,
were contacted.

Averett College, Danville

Berry Hill Nursing Home, South Boston

Burlington Industries Inc., Halifax

Camelot Hall Nursing Home, Danville

Chatham Hall, Chatham

Coca-Cola Bottling Co., Danville

Danville Community Ccllege, Danville

Danville Meat Products, Danville

Farmer's Feed and Supply, Danville

Hargrave Miliatry Academy, Chatham

Neal's Warehouse, Danville

Pepsi-Cola Bottling, Danville

Virginia Electric and Power Company, South Boston
Vulcan Materials Company, Halifax and South Boston
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