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Introduction

The question of the relative advantages and disadvantages of a cluster
of 12 1200 megawatt nuclear electric generating plants in a single geographic

arca vis a vis geographic dispersal of plants has been the subiect of several
recent studies. These studies have indicated that nuclear enexrgy centers

do not involve technical issues that would inhibit their construction and
operation. Indend, it is the potential savings in constructicn costs that
provide somc of the appeal of the NEC relative to dispersal of sites.

ever, it has been noted that in regard to the NEC concept, "The more diffi-
cult issues appear to be institutional and revolve around land use planning,
land requisition, taxation and cguitable revenue distribution, ownership,
and maragement of WLC's, the legal and regulatory aspects of transmitting
/electricity across state boundaries, and the roles of the various levels

of government in all of the above." [2, p- 1-11].

These institutional issues must be addressed at the regicnal level

where the region of interest is the area to be impacted by the construc-

tion and operaticn of a NEC [3]. The question of the sociceconomic impact

of a NEC may be addresscd by refef;nce to the now widely used economic-
demographic models of large scale construction [see 3, 4, 5 for ercellent
examples of how thesc models might be applied to nuclear erergy plants].
However, economic-demographic models can only be a starting point for the
socioeconomic impact of a NEC. These models forecast population, employ-
ment, government revenues and expenditures in a spatial and temporal con-
texwt. Accordingly, the forecasts provided are vital sources of information
to the local political subdivisions that make social overhead capital in-

vestment decisions. Better forecasts provide the opportunity for a wiser




investment strategy by public and private decision makers as they re-
spectively attempt to maximize comaunity satrisfaction or maximize profits
over time.

In summary, thoe purposes 5f this paper are to provide a methodology
that is generally applicable for vhe asscessment of the regional impact
of a Nk and to apply the methodology to the Anderson County,; South

3.

lina site. Regional dmpact is derined for these purposcs Lo incliude the
cmployment, poprulation and income impacts on the region of interest and
the spatial allocation of these variables within the study region. Of
course, from the perspective of 1l local policy makers, estimates of
and expendituraes in the public sector are impertant considerations.
he public scctor analvsis neceds to ke carricd cut once the ec nemic-

demographic impacts are known. Fortunately, e many riscal impact

models available; a yeview of some are presente in Burchelli and Listokin

[6].

The Study Region

Although the propcsed NEC would be located in Anderson County, South
Carolina, the arca impacted by the construction and operatic.. of a NEC
gqoes beyond the county borders. The impact is a 12 county area in
South Carolina and Georgia.

The impact arca was defined to include the counties of residence for

workers that commute to Ancderson County, South Carolina. It 1S assumed
that a NEC in Anderson County will draw workers, at least, from those
counities that were supplying labor to Anderson County as of 1970. This

is a conservative estimate of the size of the regional labor pool for a

project as large as a NEC.
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The Regional

The model used to forecast output, emp loyment and income for the re-
gion 1is a nonsurvey input-output (10) technique developoed by Mulkey and
nitel[7]. This model may be employved to forecast regional economic activ-
ity for any rcgion in the U.S. for which sectoral employment data exist.
The model may be employed to forecast both a bascline level of activity

for the region (without the NEC) and an impact scenario (the NEC impact).
(See the Appendix for model derivation)

The NEC Impact
The NEC impact is estimated in threce steps. Pirst, direct cemploy-=
ment and income effects fronm the construction and operation ol a NEC are
considered. Second, indircct jobs and income generated frcm material
purchases and payrolls during NEC construction and operation are cstimated.
Third, the spatial distribution of the employment, income and population

changes associated with the NEC is estimated for a 12 county impact region.

Fstimates of the NEC Impact
Given the final demand vectors (estimated from engineering data [13]),

the indirecct effects follow from the procedures described below:

r -1
(1) &x° = (1 - 1) Lyt

r r b
(2) AT a A%

(1) aE" = pt oavs

r . .
where: AX change in regional output vector, nxl,

ba . . . . S
AY change in regional final demand associated with the NEC,

nxl,

1. A note of caution is needed here. Nonsurvey technigues have been
subjected to criticism (sece Miernyk [2¢] for a recent example) . Moreover,
small regions (c.g., one county) have large and unstable impsrt cocfficients.




_..1;—

nouschold row coefficient vector, 1xn, in the regionalized
. r
matrix A,

change in regional employment vector, nxl,

productivity {(employment /output) rati s vector, lun,

t rended to the forecast year.

review ol prior studies [16-21] led to the assumption of a 3% per-
cent rate of inmigration for construction workers and 10 percent for operat-
ing and maintenance workers. Indirect workers were assumed to be supplied
locally after consideration of the ability of the regional lu.bor force
to provide the regional indirect workers (see Henry [29]). Table 1 re-
veals the 12 county employment impact of the NEC. The population impact
is then determined from applying an average family size to inmigrating
workers (sce Hoenry [29]. Once this region-wide impact is determined, the

spatial allocation of the new employees and population follows.

Spatial Allocation Model

The regioh—widc forecasts of employment and population are next dis-
aggregated to the county, County Census Division and municipal level.
This stage of the analysis is likely the most difficult in terms of
accuracy Lut the need for forecasts at the community level are necessary
if the fizcal impact of a NEC is to be estimated. County and municipal
officials neced estimates of the likeiy change in employment and popula-
tion in their areas if they are to plan effectively for the provision
of public scrvices.

Spatial Allocation of NEC Impact Population,
Employment and Income

People moving into the region to work at the NEC will considexr two

major facets of the particular area they select as a residence. ESEEEiE




TABLE 1

Local and Non-Local NEC Employment Impacts - 12 County 2Area

3 b c Sum Project Related: Locald
Construction Operation Indirect % Projected Lab
Total Local Total Local Total Local Total Local Force

—

Qe 800 . 1719 1439
SR 1300 . 3659 3029
9836 3100 . 6220 5135
087 4200 . 8238 67638
H88 5400 - . 10558 8668
959 5900 . 11570 9505

[

190 5500 147 132 . 10687 8747
1991 5300 221 199 . 10439 8562
1992 5600 294 265 . 11200 9211
1993 5650 441 397 11514 9497
1994 5400 515 463 . 11184 9242
1995 5500 588 529 . 11579 9595 501,744

1990 5300 735 661 . 11419 9490
1997 5400 809 728 11773 9807
1oy 5800 882 794 12727 10609
1999 5400 1029 926 . 12203 10210
000 5300 - 1103 993 . 12217 10252 542,945
Su0l 5600 1176 1058 . 13045 10967

Continued




TABLE 1

(Continued) Local and Non-Local NEC Employment Impacts -
12 County Area

R b . Sum Project Related: Local@
Construction Operation Indirect % Projected Lab
Total Local Total Local Total Local Total Local Force

1323 1191- 12880 10858
1397 1257 12898 10303
1470 1323 7906 6814
1617 1455 . 5115 4533
1764 1588 . 4000 3649
1764 1588 . 2923 2747

EBASCO [13] and assumes 65% is locally supplied.

Derived from EBASCO [3] and assumes 90% is locally supplied.

10 Model Projections: assumes 100% is locally supplied.

“ paiseline employment projection from 10 model are multiplied by 1.05 to reflect labor force available.




paribus, it can be expected that pcople will desire to locate near the
site so‘as to minimize transportation costs.2 At the same time, people
are likely to be attracted to a place that provides a wide range of pri-
vate and public goods. Population of a place provides a proxy for the
availability of these goods. Gravity models have been employved in eco-
nomi c-demographic impact models to allocate project-related in-movers
associated with large scale construction projects of fossil fuel electric
generating plants in western North Dakota [25].

Of coursc, places that are similar in population and distance to
site may differ in their attractiveness for a variety of recasons. Housing
costs and availability, shopping facilities, etc., may differ enough so
that one of these places is preferred by in-movers. Thus, local knowledge
of such variables as the local housing market allows some further local
judgement to be incorporated into the spatial allocation process [see 24
for a general discussion of the gravity model].

In genéral, the spatial allocatioh procedure to be employed is:

Bi

Bi number of movers to place i,

Pi = population of place i,

Di distance of place i from the site,

W constant to be empirically estimated,

Al proportion of inmigrants to be allocated to place i,

o population elasticity to be estimated,

2. When in-movers to Duke Power Company's Catawba Plant were asked to
notc their reasons for locating in a particular place, "Bcing close to work"
was very important to 53 percent of the in-movers, "Cost of Housing" was
very imporiant to 12 percent o
very lmporzant to 19 percent o

the in-movers, "Availability of Housing" was

the in-movers, "fCuality of Schools™ was very

t
£
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f = distance clasticity to be estimated.
The elasticity measures, o and B are expected to differ for construction
in-movers and non-movers to the site and are estimated from Duke Power
Company survey data for the Catawba Nuclear Plants in South Carolina.3
Using CCD's as the qcographical units, the a and R parameters werce found
using ordinary least squares: log Bi = y + a log Pi + & log Di, where Y =
log W. Empirical results arce summarized in Table 2.

TABLE 2

Gravity Model Estimates for In-movers@ and Non-moversP for the Catawba
Nuclear Plant ’

Numbecr of
CCD's R2  Statistic

In-movers 4.12 .409 -1.896
(3.97)* (4.12)* (-9.87)*

Non-movers 1.56 .545 -1.322
(1.34) (5.29)* (-8.28)*%*

Note: t valuesare shown in parenthesis
* Statistically significant at the 1% level

ain-movers arc defined to be employees that have moved their place of resi-
dence in order to work at the construction site

brijon-movers are constuction workers from the region that did not move to the

site but commute

e ————

) - . .
3. For example, 1n north Dakota, the distance parametcer was -1.5 for
construction workers, —2.3 for operating workers, and -1.6 for project

related indirect workers (25, 1. 727,

8




In-movers associated with the peak yecars of impact 19838-2003 will com-
prise about two percent of the expected labor force. The year 1989 repre-
sents the peak construction labor force year with a total of 5,900 workers
and 2,065 in-movers. with about 40 additional in-movers for operation, a
total of about 2,100 in-movers is expected. Once this inmigration has occurred,
little additional inmigration is'expected from the NEC project as these workers
are expected to become long-term residents. The additional inmigration of
operating workers is more than offset by eventual reduction in construction
in-movers4 (sce Table 1). Thus, the problem is to distribute these employecs
to each of the cities in the region. After the employees have been located,
the number of in-movers with families, average family size, and number of
school age children, as determined from previous nuclear plant impact studies

in the arca [15-20], may be used to estimate the total population impact for

specific communities. Spatial allocation of income is based on the resulting

residential spatial allocation.
Spatial allocation of non-rmovers is the remaining question in terms of
disaggregation of the regional impact of the NEC. Three groups of non-movers

are affected by the NEC; construction, operating and indirect workers.

4. It is assumed here that when construction jobs finish that out-
migration will result for those workers that moved to the area. . However,
an equally plausible assumption is that there will not be a wave of out-
migration as the NEC construction jobs end. The reason is that the NEC
construction jobs may last 15 years rather than 2 to 3 years with other
nuclear plant construction. Once a person lives in an area for 15 years,
it is quite likely he will remain in the area after the NEC construction

phase e¢nds.




Construction

Commuter pattoern:s of non-mover constuction workers at other nuclear
_plants are analyzed using the bDuke Power Company survey data. As poted in
Table 2 the spatial cl asticitics are a = .55 and o= =-1.32 for non-mover
construction workers. The absolute value of the distance clasticity is
smaller for non-imover: than Ln-movers, indicating that current residonts
of the region are willing to commute further to work than in-movers (v =
-1.90). This smaller distance olasticity is expected since residents within
commuting distance have social and economic ties to their current places
of residence and noewed not move to the work site whereas in-movers have made
the decision to move to the region and are expected to be more strongly

affected by the distance paramcters as they make their residential decision.

Operating

Operating workforces arc cxpected to be less-willing to—commute long
distances than construction workers since the operators generally have longer
term employment than construction workers. Accordingly, it would be expected
that the distance clasticity for operating workers would exceed that of con-
struction workers [sce fontnote 3 for example]. However, the HNEC construction
phase (18 years) 1is a long-term construction job and thus the operation and
construction workforces can both be expected to behave in a similar fashion
with respect to their cvaluation of the friction of distance. Thus, the
assumption is made that operating and construction commutérs will have the

same distance clasticity.5

5. purther evidence of a high distance elasticity is the cxpected effect

of rising transportation costs on residential location nreferences. In the
1 .

nlonso framework, increases 1L commuting costs will a1t i steeper bid

Drice CUrves for rosidential users of land and rosuls i locsrtion olonoer into
\ T 4 i

Cine oeorhoaite ST, 1.




Indirect
The indircct i:nbor force associated with the project is distributed to
count ivs and CCD's according to the distribution of the construction and
operating workforces. Table 3 lists the 1980 NEC related employment and
income changes for cach of the 93 CCDL's and 12 counties of the impact rcqion.6

NEC vopulation impacts ma be estimated by multipl ing the in-movers column
i i i

by 2.41, the average family sizc.

Ssummary and Conclusion

The thrust of this rescarch has been to integrate scveral socioeconomic
models (IO, gravity) with various demographic assumptions (inmigration patterns,
average family size, cte.) based on prior studies to arrive at a framework
for estimating the cconomic impact of a NEC 1in a rural area of South Carolina.

Clearly, therc arc many areas where improvements could be made given the
& J

resources. First, population forecasts witn demographic detail for age and

sox arce desirable for many public decision makers. A cohort-survival model

scems appropriate, [sce 5]. The IO model needs to be adjusted for changes

in technology and relative prices expected during the forecast year [see 28].
Key behavioral assumptions regarding in-movers and commuting patterns

may bhe reconsidered from the perspective of the desirability of living near

a NEC. Unfortunately, cven very large socioeconomic research budgets may not

be sufficient to shed light on the magnitude of paramcters such as the per-

centage of in-movers for a NEC in Anderson County, South Carolina.

4. Tables for cach year of the project are available from the author.




Finally, the results of the research show that an NEC in Anderson County
will maintain the regional cconomy at nuurrfull employment throughout the con-
‘struction period. A maximum of about 2,000 workers will inmigrate during the
construction phase. An associatoed population change of about 5,000 is expected.
The total employment impact represents about two percent of the forecasted
regional labor force. These positive ceonomic-demographic expectations would
be expected to put upward pressures on real wages in the region and demands
for local government scrvices. The smaller CCD's such as Starr in Anderson
County would be expected to feel strain on theoir public services. Starr's

7

population would increcase by about 21 percent from 1985 to 1989. Although

this is a large pcrcentage change, it occurs over a four-yecar period and the

arca should have time to adjust. In other words, the boom town conditicn
of some energy development towns in the west does not appear to be appro-

priate model for-a NEC development in Anderson County, South Carolina.

7has~d on a 1985 projected povulation of 5084 for Starr CCD and a NBC

lation chance of 1,075 by 1.
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Appendix
Regionalization of the National
10 Model - Procedures
Cstimating Regional Transactions, lmports and Exports
First, location quoticents are calculated for each scctor in region
(k) using the formula:
. n mo n mo
LQig = \“ik/i;] Eig) - (k:] Eik/ii] = Eik) (1)
where E;\ is the employment in the ith industry in region k and LQjk ik
i< the location quotient for industry i and region k in a nation with n
industries and m regions. The location quotients for each regional

industry i are then used to adjust national technical coefficients for

that same industry so that:
kajj = 91 if LQj > 1 (2)
or kaij = (ajj) (LQi) if LQ; <1 (3)

vwhere kaij is the adjusted technical coefficient for industry i in region
v. 1In effect, if the regional location quotient for a given industry

is less than unity, each coefficient in the row of the national matrix
representing that industry is adjusted downward by multiplying industry
technical coefficients by the industry location quotient. These new
coefficients are then used with regional outputs totals (ka)to estimate

regional transactions, Or:

k., = (kxy) (ky..)» i=1 ...ny @113 (4)

‘1] 1)

and each estimated transactions element (ky,.) is then adjusted soO that:
'




(7 i) BF g Xi )
J e (S -

or  ky q
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where kXij i< the estimated regional transactions element. Essentially,
the adjustment in equations 5 and 6 prevents the in-region sales of a
sector from cxceeding the gross output of that sector.

The regional imports element, IMij (showing purchases by regional
sector j from national sector i), is then estimated as a residual between

total regional requircirents and regional transactions, or:

M, 5 (kx5 - ag3) - (Kxi3)> (7)
That is, total reguirements from i to j in the region are calculated
using the national coefficient (unadjusted) and imports are the differ-
ence between this figure and the regional transactions element kiij'

In estimating the regional exports matrix, exports for each regional
cector i are estimated as the residual between the output of that sector
and the estimated within-region sales of the sector. The resulting
exports are then allocated to the national sector based on the assumption
that regional sector. exports are sold only in the form of interindustry
purchases by the national sectors and that the sales patterns of each

reqgional sector are the same as the interindustry sales of the correspond-

ing national sector. These calculations are reflected by the formulae:

and £ = (E5)  (X33/1%550s

where Edj expresses the sales of the ith reqional sector to national

woctor 3, and (F;:/Sxi:) Can eanes tne Salen of national sector 1 to
] s :

T




national sector J as d percentage of total interindustry sales of
sector 1.

At this juncture;"the‘regional transactions matrix, AR, yegional
exports matrix AR, and regional imports matrix BA have been calculated.
To complete the interregional matrix system, (sce Figure A-1 - the U.S.

transactions matrix less the Region, B8, s calculated as:

bb. . = X.. - KX, forall i, ]
13 1] 1)
where bbij is an element of the matrix BB.

Figure A-1

]

Interregional Flows Matrix

"T&Rﬁ?ﬁﬁﬂ'*"'—"’“—_"""*"""‘VE@iGHET'"’"_"'—""}
Transactions Matrix \ sales to U.S. |
(Interindustry) (Regional exports) ‘

AR \ AB B
{

U, S. Sales to U. S. Transactions

(Regional Imports)

-

i

!

!

‘_

% Region Matrix less Region
% BA BB

From Mulkey-Hite [7]

To convert this accounting framework into a forecasting tool, the
pA and AB matrices are collapsed into column and row vectors BA and AB.
The KB row vector represents the purchases by the U. S. from S. C. indus-
tries and is thus equivalent to a 5. C. export vector.

After adjusting national output totals to exclude within region
output only, a matrix B is formed by augmenting BB by the additiona of
the AB and BA vectors. Then, by dividing ecach column element by the
column sum the direct input coefficients matrix A is found. The Leontief

. -1 X
inverse, (1-A) may then be frund.
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