Pacific Northwest Energy Related
Regional Assessment Program

Systems Methodology for Assessing
the Demographic Implications of
Energy Development

BNWL-2084
RAP-6

ucC-11

ENVIRON
»Alf‘llbgg'g;Solar
“’v AIRC

WATER :2

l < ; ‘-'
OGN L RVATIO.. TEALTH ON>

6 FF_ONON.\CSES
}

l A ( 1 health Gas Sola
&)

ONSERVAT l“\ ™ E

HEALTHEG= [ L
NUCLEARZ =

LA HEA}%
RESOURCES Swarer

September 1976

nd

let

_l\l-u alr l1
_I __N
CONSERVATION La

OIL

Prepared for the U.S. Energy
Research and Development Administration
under contract AT(45-1):1830

%< Battelle

Pacific Northwest Laboratories




NOTICE

This report was prepared as an account of work sponsored by the United States Government. Neither the
United States nor the Energy Research and Development Administration, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness or usefulness of any imformation, apparatus, product or process
disclosed, or represents that its use would not infringe privately owned rights.

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE
for the
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
Under Contract E(45-1)-1830

Printed in the United States of America
Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road ;
Springfield, Virginia 22151
Price: Printed Copy $5.50; Microfiche $2.25

ERDA-AL MICHLAND, wa



3 3679 00062 6475

SYSTEMS METHODOLOGY FOR ASSESSING THE
DEMOGRAPHIC IMPLICATIONS OF ENERGY
DEVELOPMENT

by
J. J. Jacobsen

September 1976

BATTELLE
Pacific Northwest Laboratories
Richland, Washington 99352

BNWL-2084
RAP-6
uc-1i



SUMMARY

The objective of the Pacific Northwest Regional Assessment Program is to
estimate changes in the Region's environmental, socioeconomic, and health
status that could result from various energy development or conservation sce-
narios. Battelle, Pacific Northwest Laboratories, uses a dynamic simulation
model to help evaluate pertinent issues in the Northwest (Alaska, Idaho,
Montana, Oregon, Washington, and Wyoming). One of the primary sectors of this
model is the demographic sector, which provides the needed demographic informa-
tion to other model sectors. Specifically, it traces the effects of various
energy development scenarios on employment and population growth. The demo-
graphic sector simulates the interactions among the population, birth rate,
death rate, net migration rate, and jobs available in the Region from 1960 to
2020. The population is disaggregated so that age-specific birth and death
rates, age-specific propensity to migrate, and age-specific labor force par-
ticipation rates can be used.

The following factors relative to the trends in the Pacific Northwest
are incorporated in the demographic sector of the model:

e The population is expected to increase due to the high percentage of
people who will enter the ages of highest birth rates and also because
of increases in employment opportunities.

® In response to the increases in employment opportunities the labor sup-
ply will increase in the next 20 years.

o Death rates will remain constant.

The output for the demographic sector of the model is a report generated
every 5 years. It includes the three components of population change: births,
deaths, and net migration for the previous 5 years. It also notes the percent
change in population, births and deaths per 1000 people, age distribution,
labor force, unemployment rate, and number of households.

The demographic sector is still in its developmental stage. Further work
may include making birth rates and labor force participation functions of



regional unemployment. The number of household size classifications may be
reduced from six to two or three; and the demographic sector of the model
should be disaggregated to include state subregions.
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SYSTEMS METHODOLOGY FOR ASSESSING THE
DEMOGRAPHIC IMPLICATIONS OF ENERGY DEVELOPMENT

INTRODUCTION

The Pacific Northwest (defined in this report to include the states of
Alaska, Montana, ard Wyoming as well as Washington, Oregon and Idaho) contains
a large share of the domestic fossil energy resources of the United States.
The increasing utilization of fossil fuels prior to development of more
advanced energy supply technologies will change the Region's natural envi-
ronment, economic development patterns, and Tife style. The objective of the
Pacific Northwest Regional Assessment Program is to establish and implement an
integrated analytical assessment program to evaluate changes that could result
from various energy development or conservation scenarios.

The majority of such energy-related actions characteristically have time
scales measured in decades--long planning and implementing periods are involved
and the Tife cycle of such actions span several decades. Similar time scales
therefore apply to the magnitude of the environmental, health, socioeconomic
and demographic consequences. The cumulative effect of small increments of
stress undoubtedly extend this time even further. For these reasons, the time
horizon of the analysis extends to the year 2020.

After considering various approaches to integrated assessment of actions
with Tong-term consequences at a regional level, Battelle, Pacific Northwest
Laboratories, has included a dynamic simulation model as part of its overall
Regional Assessment Program. This model has been structured within a frame-
work of ten sectors (Figure 1). Each sector involves its own submodels that
receive information either from outside the model as "exogenous inputs" or
from other sector submodels.

As shown in Figure 1, there are three primary "driving" sectors--economics,
energy and demography. The dynamic results from these sectors in turn cause
the primary changes in "driven" sectors at the right of the figure. These
sectors can also generate constraints (e.g., air quality limits) that would
constrain developments.
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FIGURE 1. Analytical Framework of the Pacific Northwest Regional
Assessment Program Simulation Model

Energy-related development activities in the relatively sparsely popu-
lated areas of the Pacific Northwest may result in significant demographic
changes, particularly at a subregional scale. Although demographic forecasts
are routinely prepared by state and Federal agencies, few, if any, of these
consider possible perturbations of major energy development activities and
changes in the relative availability or price of energy. In addition, demo-
graphic changes may more significantly stress the environmental quality and
the socioeconomic conditions of an area than the energy facility per se. As
a result, the Pacific Northwest simulation model both drives and, in turn, is
driven by the demographic sector.

There are three purposes for the demographic sector:

1. To provide consistent demographic information to other model sectors to
help determine energy demand, water usage, land requirements and health
impacts.

2. To provide information about the size and occupational distribution of
the Tabor force to the economic sector.

3. To trace the effects of various energy development scenarios on regional
unemployment, unemployment within various industrial categories, and
regional population growth.



At the present time the demographic sector of the model is coded and
operating using the GASP IV simulation language in conjunction with the other
sectors of the model which are coded. However, the demographic sector does
not interact directly with any of these sectors. As a result, all inputs
required from these other sectors are simulated using exogenous time-dependent
table functions. Consequently, the demographic sector has been de-emphasized
until the other sectors are more fully structured and the inputs required by
them are better understood. As a result, some of the data in the demographic
sector are for the Nation as a whole and have not been verified for the Region.
In other cases, exogeneous data are constant over time although they should be
varied with time to give accurate results. For these reasons, the demographic
sector of the model is still in its developmental stage.

The following pages consider the major factors in the demographic system
of the Pacific Northwest, a general description of the demographic sector of
the dynamics simulation model, the equations used, and a sample of the demo-
graphic sector output. The final section deals with suggestions for further
work. Appendix A is a compilation of population data for the Pacific North-
west Region.



FACTORS IN THE DEMOGRAPHIC SYSTEM

Before describing the demographic sector of the dynamic simulation model,
features and trends of the Pacific Northwest Region are discussed. These
include population growth, birth and death rates, age distribution, labor
force and employment.

POPULATION GROWTH

During the period from 1970 to 1975, the population of states in the
Pacific Northwest Region generally grew at a rate significantly above the
national average. As shown in Table 1, all states in the Region, except
Washington, ranked among the top 15 based on percent change from 1970 to
1975.

TABLE 1. Population Change 1970-1975

Population National
Population July 1, 1975 Percent Change Ranking by
State April 1, 1970 (Provisional) 1970-1975 Percent Change

Alaska 303,000 352,000 20.8 4
Idaho 713,000 820,000 14.9 6
Montana 694,000 748,000 i 15
Oregon 2,092,000 2,288,000 9.5 13
Washington 3,413,000 3,544,000 .5 32
Wyoming 332,000 374,000 12.5 10
u.s. 203,304,000 213,121,000 1 -

Source: Bureau of the Census, 1975 (Reference 1).

The population of the Pacific Northwest states is expected to continue to
grow throughout the time horizon of the model analysis. Figure 2 shows a low,
high, and average population forecast derived from the most recent population
data prepared by the individual states in the region and the Bonneville Power
Administration. The data for Figure 2 are presented in Appendix A, along with
similar graphs for each state in the Region. The estimated 1975 population
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FIGURE 2. Derived Low, High, and Average Population Projection
and Extrapolation for Pacific Northwest States

for the six-state Region was 8,126,000.(1) As shown in Figure 2, the popula-
tion is likely to increase to between 12 and 13.5 million by the year 2020.
While some of this will come from natural increase (approximately 1% per year),
the Targer percentage will be due to migration.

A number of factors are responsible for this anticipated in-migration.
In addition to the energy resources which are likely to be developed, the North-
west enjoys relatively inexpensive electrical power, has great potential for
expanded agricultural production, and offers a generally rural lifestyle that
has become an attractive alternative to more urbanized regions.

BIRTH RATES

The birth rate in the United States and the Pacific Northwest Region has
shown a steady decline for the past 15 years. As shown in Table 2, the



national rate of live births per 1000 population has dropped from 23.7 in
1960 to 14.8 in 1975 with the states in the Region showing a similar decrease.

TABLE 2. Live Birth Rate Per 1000 Population

State 1960 1965 1970 1971 1975
Alaska 33.4 27.9 24.5 22.9 -
Idaho 25.7 19.3 19.5 19.1 -
Montana 25.9 19.3 17.9 17.2 -
Oregon 21.7 17.4 17.3 15.8 -
Washington 22.9 17.7 17.9 15.7 -
Wyoming 25.8 19.3 19.1 17.4 -
u.s. 23.7 19.4 18.2 17.3 14.8

Sources: Statistical Abstracts 1973, p. 53 (Reference 2).
Vital Statistics 1976, p. 1 (Reference 3).

Recent research has suggested that the historical decline shown in
Table 2 may be reversed in the years ahead. It has been suggested in a recent
study that the country will experience a birth rate increase in the next few
years. According to the study the low birth rates in the 1960's and early
1970's were caused in large part by a trend to postpone marriage and child-
bearing. In addition, the women born during the peak baby boom years of the

middle and Tate 1950's will be reaching their prime reproduction ages.(4’p'693)

DEATH RATES

In contrast to birth rates, death rates have remained relatively constant
during the past 15 years. As shown in Table 3, nationally the death rate per
1000 population has dropped from 9.5 in 1960 to 9.3 in 1970, with the Pacific
Northwest states showing similar behavior.

AGE DISTRIBUTION

An age-sex pyramid provides much information about the social attributes
of the inhabitants concerned. The age distribution for the Pacific Northwest
states is illustrated in the age-sex pyramid shown in Figure 3.
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The most notable feature of this pyramid is the relatively high percent-
age of people in the lower age categories. During the period from 1970 to
1990, people in the four lower age groups are entering the ages of highest
birth rates and highest household formation rates. If birthrates and family
formation rates remain constant or increase, there will be an increase in

births and new families in the Region.

This increase in young people also points to an increase in the regional
labor supply. At the same time the people aged 1 through 20 are entering the
period of highest labor force participation the people aged 45 to 65 are gener-
ally retiring and leaving the labor force. As shown in Figure 3, in the next
20 years, the number of people entering the labor force will exceed the number
of older people leaving, further increasing the labor supply in the Region.

LABOR FORCE PARTICIPATION

An increasing percentage of women are entering the labor market and find-
ing jobs. This trend is especially strong among the younger age groups.
Nationally this trend has been evolving since World War II. Figure 4 shows
the national Tabor force participation rate for wives with school age children
for the past 30 years. The female labor force participation rate for Washing-
ton for 1960 and 1970 is shown in Figure 5. This behavior is typical for all
the Northwest states.

On the other hand, the male labor force participation rate has remained
quite stable during this period. There has been a slight trend toward earlier
retirement which has reduced the labor force participation for the ages 50
through 65. Figure 6 presents the behavior of the male labor force participa-
tion rate in Washington for 1960 and 1970.

EMPLOYMENT

The employed civilian labor force for the six states in the Region for
1960 and 1970 are listed in Table 4 along with the resulting percentage
change.
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FIGURE 6. Washington 1960 and 1970 Male Labor Force
Participation
TABLE 4. Employed Civilian Labor Force
Percent Change
State 1960 1970 1960-1970
Alaska 58,243 90,723 55.7
Idaho 232,858 262,277 12.6
Montana 236,562 248,342 4.9
Oregon 638,824 788,475 23.4
Washington 1,001,909 1,250,270 24.7
Wyoming 120,812 125,558 3.9
Total 2,289,208 2,765,645 20.8

Source: Bureau of the Census, 1960 and 1970
(References 6 and 7)

10



The data shown in Table 4 do not reflect changes in the states' economic
activity from 1970 through 1975. Energy development in Montana, Wyoming and
Alaska increased employment opportunities in these states, while Washington
suffered a reduction in employment opportunities in the aerospace industry
beginning in 1969.

1



DESCRIPTION OF DEMOGRAPHIC SECTOR

The demographic sector of the dynamics simulation model simulates the
interactions among the population, birth rate, death rate, net migration rate,
and jobs available in the Region from 1960 through 2020. These elements and
some of their interactions are shown in Figure 7. Births, deaths, migration,
and labor force participation are strongly influenced by the age structure of
the population. For this reason the population is disaggregated so that age-
specific birth rates and death rates, age-specific propensity to migrate, and
age-specific labor force participation rates can be employed. There are six
age classifications used: 0 to 17, 18 to 24, 25 to 29, 30 to 44, 45 to 64, and
65 and over. The rationale for selecting these classifications is based on
arguments similar to those presented in the final report on "A Dynamic Model

(8)

of the Economy of the Susquehanna River Basin," included as Appendix B.

The population is also disaggregated by household size to allow the effects
of changing family size on energy use to be evaluated. There are six household
size classifications: single, married without children, and married with one,
two, three, or four or more children. As shown in Figure 7 this categorization
scheme can be viewed as a two-dimensional array, the axes being age and house-
hold size.

As shown by the three arrows pointing toward the population array, change
in the population over time is determined by three factors: the number of births
and the number of deaths, which combine to give the natural increase, and the
net migration. The total number of births is computed by multiplying the age-
specific birth rates by the number of women in each age group and summing the
births from all age groups. Similarly, the total number of deaths is computed
by multiplying the age-specific death rates by the number of people in each age
group and summing.

Determining the net migration is a more complex procedure. The research

(9)

tors that have influenced migration include job opportunities, perceived job

literature dealing with determinants of migration is quite extensive. Fac-

opportunities, wages, age, educational achievement, race, and climate. Also, .
factors that influence in-migration may be different from those determining
out-migration:

12
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Interactions Within the Demographic Sector

"A finding common to a number of gross migration studies is that
income (and job) opportunities provide a better explanation of
in-migration than they do of out-migration. H. S. Perloff
argues that localities with attractive economic conditions can
draw sizeable numbers of migrants from other localities, though
only small numbers may come from any single 10ca11’ty.(a On the
other hand, what is important in determining out-migration from
a locality suffering from economic distress is the percentage

of the labor force that is willing to leave in order to search
for opportunities elsewhere. This percentage, argues Perloff, is
sensitive to the personal characteristics of the residents of the
locality, such as their age and their level of education.“(g)

(a) H. S. Perloff, E. S. Dunn, Jr., E. E. Lampard and R. F. Muth,
Regions, Resources, and Economic Growth. Baltimore: Johns
Hopkins Press, 177, 1960.

13



Before the final demographic sector of the model can be implemented, the
significant causes of both in- and out-migration in the Pacific Northwest must
be determined and included either implicitly or explicitly. At the present
time a simple representation of the determinants of migration is used, namely,
the relative job opportunities in the Region compared to employment opportuni-
ties in the surrounding Regions. The relative employment opportunities are
used to determine both in- and out-migration and, as a result, both in- and out-
migration are combined and net regional migration is used.

Defining migration rates as a function of employment opportunities is the

most common approach used in regional simulation mode]s.(g’ 10,11)

To deter-
mine the regional employment opportunities the demand and supply of laborers

in the Region must be known. The regional labor force supply is computed by
multiplying the male and female age-specific labor force participation rates

by the number of males and females in each age group in the labor force.
Information about the regional labor force demand is provided by the economics/
industrial sector of the model. Comparing this information with the employ-
ment opportunities in the surrounding regions indicates the relative regional

employment opportunities and, in turn, the net regional migration.

The dashed Tines in Figure 7 indicate three additional feedback 1links
that have been shown to exist in other demographic modeling efforts.(g) These
include the effect of unemployment or economic factors on the birth rate and
the effect of unemployment on labor force participation. A summary of the
reasons why the 1ink between labor force participation and unemployment was
incorporated into the Susquehanna River Basin model states:

"During Phase III a feedback connection was introduced between employ-
ment conditions and labor-force-participation rates. The existence
of such a relationship is supported by at least three different and
independent empirical studies. A test of the new formulation shows
that it helps to explain a considerable amount of the variation in
participation rates among the Susquehanna subregions. There is
furthermore, from a comparison of the Susquehanna findings with

those of the other studies, some evidence that the labor-force-par-
ticipation rates respond more dramatically to employment conditions

in Tocal economies than for the nation as a who]e.“(8’ p. G-13)

14



The birth rates change Tinearly with the smoothed Tocal unemployment rate
in the Susquehanna River Basin model; the higher the unemployment rate, the
lower the birth rate. The relationship between birth rates and the unemploy-
ment rate for the 20 through 24 year age group for the Susquehanna River Basin
Model is shown in Figure 8.

No effort has yet been made to incorporate these relationships between
unemployment and the birth rate and unemployment and labor force participa-
tion into the model. It is not clear that the effort required to verify and
parameterize them would be justified considering the overall purpose of the

analysis.
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MODEL EQUATIONS

As mentioned in the previous section the population aged 18 and over is
disaggregated into five age classifications and six household size groups. The
population aged 0 through 17 is categorized in a single group reflecting the
assumption that a negligibly small percentage of the people in this age bracket
are married or have children. These classifications are shown in Figure 9.

4+ child. 6
3 child. 5
2 child. 4
N1 child 3
- -
=
] married 2
[}
v
=)
[}
x single j=1

i=1 2 3 4 5

18-24 25-29 30-44 45-64 65+
Age of head-of-household

FIGURE 9. Age-Household Size Array

As shown, the age of the household heads is classified along the horizon-
tal axis (i = 1 to 5) and the size of the household is classified along the
vertical axis (j =1 to 6). It is assumed that each married household either
with or without children consists of two people of the same age.

In general there are eight mechanisms or flows by which households move
within this classification scheme. Aging, births, deaths, youths maturing and
forming their own households, and migration all combine to change the charac-
teristics of a regional population over time. These flows are shown in
Figure 10.

16
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FIGURE 10. Rates Regulating the Movement of People Within
the Age-Household Array

The number of people leaving a classification each year due to aging is
computed by dividing the total households in each classification by the number
of years in that classification. For example, the people aging out of a classi-
fication in the 25 to 29 age group will be the number of households in that
category divided by five, the number of years they spend in that category. 1In
general,

= *
DLHART.j DLHAMi DLH_ij

where
DLHARij = household aging rate; households aging out of
category (ij)
DLHAMT = household aging multiplier; 1/duration of Ith age
classification
DLH = households; number of households in category (ij)

1]
The number of births in any age category is computed by multiplying the
applicable birth rate by the number of women in that category. It is assumed
that there are an equal number of males and females in all categories, i.e.,
the sex ratio of the population is equal to 100. The birth rate is assumed

17



to be a function of not only the age of the mother but also is a function of
how many children the mother already has.

A special case exists for the movement of households from the j = 1
(single) grouping to the j = 2 (married without children) grouping. This move-
ment is caused not by births but by marriages. As a result the multiplier used
to compute the number of households making this transition represents the proba-
bility that an individual in a specific age classification will get married.
By varying this parameter the effects of changing marriage ages on the population
can be evaluated. The movement of households due to births or marriages can be

represented in equation form by:

= *
DLHMBRij DLHMBMij DLHij

where
DLHMBRij = household marriage/birth rate; number of births or
marriages in each grouping
DLHMBMij = household marriage/birth multiplier; probability of

marriages for j = 1, probability of births for
J=21t 6

At present the probabilities of births, or more simply the birth rates,
are exogeneous to the model and remain constant for all time periods. Since
there has been a significant drop in the birth rates in the United States and
the Pacific Northwest during the past 10 years, future work should include
making the birth rate variable either as a function of time or as a function
of socioeconomic variables.

The deaths are calculated in a similar manner: the deaths in each cell
being the number of households in the cell multiplied by probability of death
in that age group.

= *
DLHDRij DLHDM_i DLHij

where

DLHDRij household death rate; number of people dying in
grouping (ij)
household death multiplier; probability of death

DLHDMi
for age (i)

18



The age-specific death rates are currently set exogeneously to the model and
are constant. Little accuracy would be gained by making the death rates vari-
able since death rates have remained relatively constant during recent years.

The movement of households from a j to a j-1 grouping is due to the matu-
ration of youths, i.e., youths reaching 18 years of age. Assuming a constant
age distribution of youths in all classifications, the number of households
making the transition from a j to a j-1 grouping will be the number of people
in that grouping divided by 18. In equation form:

= *
DLHMRij DLCMRMl.j DLHij

where
DLHMRij = household maturation rate; number of households
moving from j to j-1
DLCMRMij = child maturation rate multiplier; 1/18

It is important to have a clear definition of the relationships among the
population, the Tabor force, the Tabor force participation rate, employed per-
sons, and the unemployment rate to understand the equations used to determine
migration. Figure 11 graphically defines these terms and their relationships.

The total labor force is compiled by adding the youths aged 14 through 17
in the Tabor force to the adults in the labor force. Again, the total popula-
tion is assumed to be half female and half male.

DTL = DC*DCLFD*DCLFPR +i§1 g_](DLFLPi*O.S*DLHij + DLMLPi*O.S*DLHij)
where
DTL = Total labor force
DC = Total youths (ages 1 through 17)
DCLFD = Youth labor force duration; all persons 14 and over
are defined as being able to work, = (18-14)/18
DCLFPR = Youth labor force participation, percent
DLFLPi = Female labor force participation in age
classification (i)
DLMLPi = Male labor force participation in age classification (i)
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As shown earlier in Figure 6, the age-specific male labor force partici-

pation rates have been relatively constant since 1960 in the Pacific Northwest

and are constant in the model.

rates have increased in recent years and changed as a function of time.

In contrast, female Tabor force participation
The

female Tabor force participation rates for various ages in Washington State

for 1960 and 1970 were shown in Figure 5.

To compute the net migration into or out of a classification, the total

net migration is first found and then apportioned among the various groupings.

The total migration is calculated as follows:

DLTMR = [JOBS * (1.0 + SRUNE) - DTL]/MDT

where
DLTMR
JOBS
SRUNE
DTL =

1]

total net migration rate
total jobs available in the region
unemployment rate in the surrounding regions

MDT

total laborers in the region
migration delay time
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Notice that the net migration rate will be positive (indicating net in-
migration) if the regional unemployment rate is Tower than the unemployment in
the surrounding regions and negative (indicating net out-migration) if the
regional unemployment rate is higher than the unemployment in the surrounding
regions. The net migration rate will be zero if the two unemployment rates
are the same. The net migration for each grouping is then calculated using the
total net migration rate. As mentioned earlier the propensity to migrate is
dependent on age, people aged 18 through 30 being more likely to migrate than
the older ages. This fact is incorporated into the model by a normalized
"net migration age factor" which is higher for the younger age groups than for
the older classifications. It is assumed that people migrating all have the
same household size distribution as the existing population within any age

category.
DLHNMRij = DLTMR * DLNMAFi * (DLHij/DLHATj)
where
DLHNMRij = household net migration rate into group (ij)
DLNMAFi = net migration age factor
DLHATi = total households in age classification (i)

The youths aged O through 17 are assumed to migrate with their associated
households.
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MODEL OUTPUT

As explained in the introduction the demographic sector of the model is
in its preliminary stage of development. As a result, demographic sector out-
put shown in this section simply indicates the type of information that will
be provided rather than projections of actual behavior. A report such as the
one shown in Figure 12 is generated every 5 years. The 5-year reporting
interval was arbitrarily selected since the information provided is updated
and available every quarter.

The three components of change of the population--births, deaths and net
migration--for the previous 5 years are listed across the top of Figure 12.
The percent change in population over this period as well as the birth and
death rates per 1000 people are also computed. The age distribution for the
population is given in the lower right hand portion of the report. Several
statistics about the population are listed along the lower left. The informa-
tion presented here includes the number of people in the labor force, the
unemployment rate, and the number of households.

The behavior of some of the same variables is shown as a function of time
in Figure 13. The output shown in Figure 13 was generated by exogeneously
setting the number of jobs available in the Region so that the population would
match the average projection given in Figure 2. The labor force to job ratio
remains constant throughout the run since the unemployment in the surrounding
region is assumed to be constant and the unemployment rate in the Region seeks
to match the unemployment in the surrounding region. Of course, the relation-
ship between these parameters will be variable when the demographics sector is
integrated with other sectors of the model.
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FURTHER WORK

Further work with the demographic sector will involve three basic tasks:
(1) improvement of the existing structure, (2) integration and adaption with
the energy supply and demand and economic activity sectors, and (3) cd]]ecting
and verifying the additional data required. Since the data collection task
will largely be determined by the course of the integration and adaption task,
data collection is implicit in the following discussion. The list of possible
modifications to the demographic sector of the model include:

1. Making both birth rates and labor force participation functions of
regional unemployment. (These modifications were discussed earlier in
the report.)

2. Reducing the number of household size classifications from six to two or
three. The primary reason for having six household size classifications
was to allow the effects of household size on energy demand to be evalu-
ated. Existing energy demand models reviewed for adaption into the model
framework do not require such detailed household size information. Unless
further research shows a requirement for such information the number of
household size classifications should be reduced.

3. Disaggregating the demographic sector of the model to include state sub-
regions. There is a tradeoff between greater disaggregation to achieve
realism and credibility and the associated penalties this brings with
respect to additional data requirements, complexity, and increased
computer costs. After considering the above tradeoffs it was decided that
the initial model would be aggregated to combine all six states into a
single region. The existing demographic sector of the model reflects this
decision.

Over the course of the past year, two underlying reasons in favor of
greater disaggregation have developed. One reason stems from the fact
that the most applicable industrial energy demand equations allocate
total U.S. industrial energy use among the various statespartially as a

(12)

function of individual state population. This formulation requires

that the population of individual states be known.
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The other reason for disaggregating the model reflects the desire of
state decision makers to explicitly see the effects of various national
and regional policies on their individual state. While statewide effects
could be implicitly assumed from a more aggregated model, the model and
associated analysis gains in credibility and realism if individual states
are represented.

There seems to be little need to disaggregate the regional model to the
substate level.
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APPENDIX A

PACIFIC NORTHWEST REGION POPULATION DATA

Appendix A is a compilation of population data for the six states which
are defined as composing the Pacific Northwest Region in this study.

Tables Al and A2 1ist the actual 1960 and 1970 population of the various
states according to the U.S. Bureau of the Census. Table A3 gives the esti-
mated(a) 1975 population of the states issued by the Bureau of the Census in
November 1975,

Tables A4 through A9 1ist the most recent state population projections
for the six states prepared by agencies in each of the respective states.
Table A10 presents projections of population for Idaho, Oregon and Washington

prepared by the Bonneville Power Administration (BPA).(]3)

The data obtained from the individual states and the BPA along with the
Bureau of Census data for 1960, 1970 and 1975 are plotted for each state in
Figures Al through A6. For each projection the data were extrapolated to the
year 2020. In each case the extrapolation was made assuming population growth
will Tevel off.

The population forecast shown in Figure A7 (which is the same as Figure 2)
was derived from Figures Al through A6.

The upper dashed Tine in Figure A7 was obtained by summing the highest
population projection/extrapolation from each of the states for a given year.
The Tower dashed Tine was obtained in a similar manner except using the lowest

(a) It is useful to note the differences in the definition of estimate, pro-
jection, forecast, and extrapolation as used in this report. A forecast
is any attempt to foretell the population. Estimates, projections and
extrapolations are all different methods of making a forecast. An esti-
mate is a short term forecast (1-5 years) which is usually developed using
regression techniques on past data as well as assumptions regarding fer-
tility, mortality and migration. Projections are longer term forecasts
(5-20 years) which are prepared using fertility, mortality and migration
assumptions but not regression techniques. Extrapolations are forgcasts
prepared using graphical trend extrapolation. They are used in this
report to extend the time horizon of existing projections.
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projection/extrapolation. In the cases of Alaska, Montana and Wyoming, where
only a single forecast was obtained, the same forecast is summed into both the
high and low curves. The solid curve represents the arithmetic average of

the two dashed curves.

Tables A1l through A19 list the low, high and average population projec-
tions and extrapolations which were used in Figure A7.

TABLE Al. Actual 1960 Populations for TABLE A2. Actual 1970 Populations for
Pacific Northwest States Pacific Northwest States
Source: Census 1960 Source: Census 1970

(Reference 6) (Reference 7)
Alaska 226,167 Alaska 300,382
Idaho 667,191 Idaho 712,567
Montana 674,767 Montana 694,409
Oregon 1,768,675 Oregon 2,091,385
Washington 2,853,214 Washington 3,409,169
Wyoming 330,066 Wyoming 332,416
Total 6,520,080 Total 7,540,328
TABLE A3. Estimated 1975 Populations for

Pacific Northwest States

Source: Census 1975

(Reference 1)

Alaska 352,000
Idaho 820,000
Montana 748,000
Oregon 2,288,000
Washington 3,544,000
Wyoming 374,000
Total 8,126,000
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TABLE A4. Projected Alaska Population TABLE A5. Projected Idaho Population

1980-1983 1980-2000

Source: Alaska 1975 Source: Idaho 1976
(Reference 14) (Reference 15)

Year Year

1980 471,300 1980 970,700

1983 542,600 1985 1,119,320

1990 1,256,200
1995 1,362,780
2000 1,467,270

TABLE A6. Projected Montana Population TABLE A7. Projected Washington

1970-1990 Population 1980-2000

Source: Montana 1975 Source: MWashington 1972
(Reference 16) (Reference 17)

Year Year

1980 816,060 1980 3,672,100

1985 893,624 1985 3,915,100

1990 970,770 1990 4,168,600

1995 4,372,800
2000 4,571,900

TABLE A8. Projected Wyoming Population
1980-2000

Source: Wyoming 1976
(Reference 18)

Year

1989 443,411
1985 474,694
1986 472,045
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TABLE A9. Projected Oregon Population 1980-2000
Source: Oregon 1975
(Reference 19)
Migration Assumption
Year Low Medium High
1980 2,496,982 2,517,372 2,543,523
1985 2,679,602 2,738,583 2,822,586
1990 2,835,968 2,951,277 3,126,367
1995 2,952,949 3,141,962 3,442,042
2000 3,020,208 3,301,361 3,761,465
TABLE A10. Projected Idaho, Oregon, and Washington
Populations 1980-1995
Source: BPA 1976
(Reference 13)
Year Idaho Oregon Washington
1980 911,900 2,465,700 3,776,500
1985 1,003,000 2,633,500 4,054,800
1990 1,088,800 2,795,900 4,333,700
1995 1,163,200 2,942,500 4,583,200



The superscript numbers in the following tables refer to these sources:

1. Alaska 1975 3. Montana 1975 5. MWashington 1972 7. BPA 1976
2. Idaho 1976 4. Oregon 1975 6. Wyoming 1976 8. Extrapolated
TABLE Al1l. Projected Low, High, and Average 1980
T Populations for Pacific Northwest States
Low High Average*
Alaska 471,300 471,300 471,300
Idaho 911,900’ 970,700° 941,300
Montana 816,060° 816,060° 816,060
Oregon 2,469,500 2,543,523 2,506,511
Washington 3,672,100° 3,776,500’ 3,724,300
Wyoming 543,411° 443,411° 443,411
Total 8,784,271 9,021,494 8,902,882

TABLE A12, Projected and Extrapolated Low, High, and Average

1985 Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low High Average*
580,000° 580,000° 580,000
1,003,0000  1,119,320° 1,061,160
893,6243 893,6243 893,624
2,636,700 2,822,586 2,729,643
3.915.100° 4,054,800 3,984,950
474,694° 474 ,694° 474,694°
9,503,118 9,945,024 9,724,071

TABLE A13. Projected and Extrapolated Low, High, and Average

1990 Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low High Average*
670,0008 670,0008 670,000
1,088,800’ 1,256,200 1,172,500
970,770° 970,770° 970,770
2,797,800  3,126,367% 2,962,083
4,168,600°  4,333,7000 4,251,150
472,0458 472,045° 472,0458
10,168,015 10,829,082 10,498,548
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nn

LE A14. Projected and Extrapolated Low, High, and Average

Ly

1995 Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low

750,000
1,163,300
1,025,000
2,944,400

4,372,800
472,000

o0~

oc v~

10,727,500

High

750,000°
1,362,780°
1,025,000°
3,442,042%

4,533,200’
472,000°

11,635,022

Average*

750,000
1,263,040
1,025,000
3,193,221

4,478,000
472 ,000°

11,181,261

TABLE A15. Projected and Extrapolated Low, High, and Average

2000 Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

TABLE A16.

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low

o

800,000
1,230,000
1,150,000
3,020,208

4,571,900
472,000

~ 00

X "

11,244,108

Low

£40,000
1,280,000
1,260,000
3,010,000

4,750,000
472,000

11,612,000

A-6

High Average*
800,000° 800,000
1,467,270° 1,348,635
1,150,0008 1,150,000
3,761,465° 3,390,836
4,800,000% 4,685,950
472,000° 472,000°
12,450,735 11,847,421

High
840,000
1.540,000
1,260,000
4,070,000

4,970,000
472,000

13,152,000

Extrapolated Low, High, and Average 2005
Populations for Pacific Northwest States

Average*

840,000
1,410,000
1,260,000
3,540,000

4,860,000
472,000

12,382,000



TABLE A17. Extrapolated Low, High, and Average 2010
Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low

870,000
1,320,000
1,350,000
3,050,000

4,900,000
472,000

11,962,000

High Average*
870,000 870,000
1,600,000 1,460,000
1,350,000 1,350,000
4,350,000 3,700,000
5,150,000 5,025,000
472,000 472,000
13,792,000 12,877,000

TABLE A18. Extrapolated Low, High, and Average 2015
Populations for Pacific Northwest States

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low

890,000
1,360,000
1,420,000
3,080,000
5,000,000

472,000

12,222,000

High Average*
890,000 890,000
1,650,000 1,505,000
1,420,000 1,420,000
4,550,000 3,815,000
5,250,000 5,125,000
472,000 472,000
14,232,000 13,227,000

TABLE A19. Extrapolated Low, High, and Average 2020

Alaska
Idaho
Montana
Oregon
Washington
Wyoming

Total

Low High
900,000 900,000
1,400,000 1,720,000
1,480,000 1,480,000
3,100,000 4,750,000
5,050,000 5,360,000
472,000 472,000
12,402,000 14,682,000
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Populations for Pacific Northwest States

Average*

900,000
1,560,000
1,480,000
3,925,000

5,205,000
472,000

13,542,000
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APPENDIX B

AGE GROUPING 2)

(a) Reprinted from: H. R. Hamilton, et al., A Dynamic Model of the
Economy of the Susquehanna River Basin. A report to Susquehanna
River Basin Utility Group by Battelle Memorial Institute, Columbus
Laboratories, Columbus, OH, pp. D-2 to D-8, August 1, 1966.




APPENDIX B
AGE GROUPING

Once the decision is made to divide into age groups, there is the problem of how
many and what groups to use, The problem is created in part because of practical
difficulties caused by model size, Larger models naturally require longer computer
running times and are to be avoided for this reason. Perhaps of a more serious nature
is the fear that the computer capacity will be reached before a model is complete, In
retrospect it appears that there may have been a degree of overconcern for these
eventualities in this study since the demographic sector was formulated first and turned
out to be very large in terms of numbers of equations, As a matter of fact, the other
sectors required fewer equations than originally anticipated and the potential problem
became somewhat of a straw man. It is of interest, nevertheless, to review the age-
grouping procedures.

The number of age groups depends on two factors; first, the relative emphasis
to be placed upon demography in the problem being studied, and second, the degree of
homogeneity that is exhibited by various age classes with respect to variables such as
fertility, death rates, migration, and labor-force participation., Ages with similar
characteristics in relation to these variables can be grouped, since people of all ages
in the group respond to the changing environment in a similar fashion. For example,
children from 1l year of age through the early teens are a homogeneous group in many
ways. Death rates are low, fertility is virtually nonexistent, they migrate with their
parents, and there is virtually no labor-force participation. Other ages may be as-
sembled into groups with similar characteristics, though few will exhibit as much
homogeneity as do children. The main problems in grouping seem to be related to what
might be called the transitional ages, those ages when individuals are apt to change
their role in society. A good example is the late teens, when young people have the
alternatives of continuing their education, participating in the labor force, and marry-
ing. The characteristics of these ages change rapidly with age and require rather
small age groupings of 5 years or less. Further, the choices those in the age group
make with regard to entering the labor force, etc., are not static and often change in
relation to expectations, a factor not nearly as important to the older age groups who,
in fact, often have few real alternatives open to them,

Tables D-1, D-2, and D-3 present data that are relevant to an initial grouping
of ages. Some of the more obvious groupings are indicated on the tables. The data are
certainly suggestive of others. In deriving such age groups, two factors were con-
sidered: first, the percentage change in relevant variables between groups on which
data were available, and, second, the importance of the absolute magnitudes of the
variables themselves, For instance, if a rate doubles from one age category to the
next, such a marked shift will be important unless the numbers themselves are so

small as to be insignificant.
TABLE D-1. LIVE-BIRTH RATES

(Per 1000 female population per year)

Age of Mother

Year 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49
1940 0.7 54,1 135, 6 122.8 83.4 46. 3 15,6 1.9

1950 1.0 81,6 196. 6 166.1 103, 7 52.9 15,1 1.2

1960 0.8 89.1 258, 1 197. 4 112, 7 56,2 15.5 0.9

Source: U, S. Bureau of the Census, Siatistival Abstract of the United Stutes: 1942, U, S, Department of Commerce,

(Eighty - Third Rdirien) (1962), Table T4, » 9o,
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TADLE D-2. DEATH RATES

(Per 1000 population per year)

Age 1940 1950 1960
Under 1 54.9 33.0 217.0
1-4 2.9 1.4 1.1
5-14 1.0 0.6 0,5
15-24 2.0 1.3 1.1
25-34 3.1 1.8 1.5
35-44 5,2 3.6 3.0
45-54 10. 6 8.5 7.6
55-64 22,2 19.0 17. 4
65-74 48, 4 41.0 38.2
75-84 112, 0 93.3 87.5
85 and over 235.7 202.0 198. 6

Source: U. S. Bureau of the Census, Statistical Abstract of the United
States: 1963, U. S. Department of Commerce (Eighty -Fourth
Edition) (1963), Table 67, p 62.

TABLE D-3, LABOR-FORCE-PARTICIPATION
RATES

By Age and Sex

{(Percent)
Age 1960 1975 (Est.)
Male
©14-17 34. 4 32.1
18-19 73.1 70.0
20-24 88.9 85.7
25-54 95,0 95.0
55-64 85,2 80,8
65+ 32.2 25.4
Female
14-17 20.8 20.2
18-19 51.0 49,7
20-44 (except) 44,6 47.2
25-34 35.8 38.0
45-54 49,3 56,0
55-64 36.7 42.5
65+ 10.5 10.5

Source: U, 5, Bureau of the Census, Statistical Abstract of the U. S.,
1963, U. S. Department of Commerce ( Eighty~Fourth
Edition) (1963), Table 288, p 220,
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In relation to live-birth rates, three obvious groupings are apparent, Births in
the group under 14 years of age are negligible, as they are among women over 45 years
of age. Other groupings are not so obvious.

Death rates are seemingly related to three groups, under 1 (infant mortality),
1-44, and 45 and over. Some division of the over-45 group seems desirable but the
breakdown is not obvious. The entire population can be broken into two groups (0-44,
45+), by subtracting infant deaths from live births, thus lowering the ""effective" birth
rate.

Labor-force-participation rates are another important consideration. Table D-3
illustrates three obvious breakouts: 14-17, 18-64, and 65+. This table also illustrates
why, for the analysis of some problems, sex distinctions may be important ~ not only
were male and female participation rates different in 1960, but their projected trends
are different.

The migration characteristics of several potential age groups were also consid-
ered, and are shown in Table D-4. These data are not particularly suggestive of any
clear-cut groups. However, it may be assumed that the majority of those under 17 will
migrate with their parents.

Table D-5 shows the obvious groups suggested by the first four tables. Apparently,
at least four age groups are needed. After further consideration, six age groups were
selected. These were 0-13, 14-19, 20-24, 25-44, 45-64, and 65+. Table D-6 shows
the number of people in each of these age groups by subregion in 1960,

The 0-13 group is quite homogeneous. Most of the few births falling in the 0-14
age category shown in Table D-1 are probably those of 14-year-olds. A finer breakout
of migration data within the 7-17 category would probably show the 0-13 group as a good
choice, particularly in light of the fact that this group surely migrates with its parents.
With regard to deaths, the breakout is superfluous but not harmful. As far as labor-
force participation, it is an obviously homogeneous group.

Groupings beyond the 0-13 category were not as clear cut, Birth-rate data sug-
gested a break somewhere prior to age 20, as did labor force-participation data; 19 was
selected for the break,

Migration data suggested the 20-24 age grouping, though surely not in a clear-cut
fashion, Birth data also suggested this as a relevant age group, again not clearly,
however. Nevertheless 20-24 was selected. The short age span of the 14-19 and 20-24
age groups reflects their transitional character.

No clear reason was apparent for not selecting the entire 25-44 age category as a
useful grouping. Birth rates dictated that 44 be about the upper limit of this next group.*

Also, death rates begin to increase at this point,

In a similar fashion, the 45-64 age group seemed viable. Labor-force participa-
tion dictates that thosc over 65 years of age be ireated separately.

ar _4

“Adinittedly, birth rates are sugyestice of grounings within the 25-141 span.
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TABLE D-4. MIGRANTS BETWEEN STATES, BY AGE,
MARCH 1959 - MARCH 1960

Age

Percent of Civilian

Population That Moved

Between States,

March 1959-March 1960

1-4
5-6
7-17

18-19
20-24
25-29
30-34
35-44

45+ slowly decreases with age from

4,

— N WO e N W
woeo—~ O w wWwumw

Source: L. S, Bureau of the Census, Current Population Reports, Series P-20, No. 113
(Janvary 22, 1962), Table 4, p 15,

TABLE D-5. PRELIMINARY AGE GROUPINGS
‘ Final
Group Births Migration Deaths Labor-Force Participation Selections
1 0-14 0-17 0-44 0-13 0-13
2 15-44 18+ 45+ 14-17 14-19
3 45+ -- -- 18- 64 19-24
4 -- -- -- 65+ 25-44
5 -- -- -- -~ 45-64
6 -~ -- - - -- 65+
BATTELLE MEMORIAL INSTITUTE
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TABLE D-6. TOTAL POPULATION BY AGE GROUP, SUSQUEHANNA RIVER BASIN, 1960

Age, years

Subregion 0-13 14-19 20-24 25-44 45-64 65+ Total
A 113,588 37,670 24,966 93,026 74, 382 41,995 385, 627
B 135,116 41,136 24,923 115,227 96, 445 50,591 463,438
C 120,551 42, 647 30, 632 108, 793 84, 396 43,684 430,703
D 52,671 18,195 10,730 50, 314 45, 636 22,733 200,279
E 152,726 52,839 29,876 16¢,810 157,847 72,455 626,553
F 74,141 24,530 14,218 65,234 56,718 28, 685 263,526
G 300, 355 91, 334 59, 849 278,398 214,048 102,997 1,046,981
H 532,363 154, 645 112, 668 513,160 354, 569 136, 340 1,803, 745

TOTAL 1,481,511 462,996 307,862 1,384, 962 1,084,041 499, 480 5,220, 852

Sources: U, S. Bureau of the Census,.U. S. Census of Population: 1960, General Population Characteristics, Maryland, U. S. Department of Commerce, Final

Report PC(1)-22B (1961), Table 27, 22-58-22-64.

U. S. Bureau of the Census, U. S. Census of Population: 1960, General Population Characteristics, New York, U. S, Department of Commerce, Final

Report PC(1)-34B (1961), Table 27, 35-155-34-173.

U. S. Bureau of the Census, U. S. Census of Population: 1960, General Population Characteristics, Pennsylvania, U. S. Department of Commerce, Final

Report PC(1)-40B (1961), Table 27, 40-230-40-247.



A number of problems related to the set of age groups selected are readily
apparent. ‘The data used to derive them are also suggestive of other groupings and
these rnay be just as valid, However, validity is a difficult concept to define in this
situation, since not even l-year breakouts will be absolutely perfect. Usefulness, is
a better criterion. Since the above grouping was not altered during the Susquehanna
program, it was obviously judged useful by the research team. This is not to say that
the team would use exactly the same breakout again, but that the payoff from the changes
thought useful was lower than might be derived from rescarch devoted to other parts
of the model. It is, after all, a sizable task to assemble the data and make parameter
estimates for new age classes for eight subregions,

If one were highly interested in the population dynamics of a particular regional
economy, a more detailed breakout of age groups might be of value in relation to two
kinds of age categories. First, the transition groups such as the middle and late teens,
as well as the younger segments of the 24-44 group, are prime targets for further
disaggregation. Also, the groups with longer age spans such as the 25-44, 45-65, and
possibly, the 0-13 groups may be somewhat too large, such that the effects of certain
population dynamics will be masked. To illustrate, suppose a region experienced a
10-year period of heavy outmigration. This migration would affect the age groups
differentially, the younger age groups feeling the impact to the greatest degree.
Therefore, a trough in the age structure such as that shown in the left-hand graph in
Figure D-3 would be created. A model with a very definitive age structure would move
this trough of deleted ages through the population structure over time virtually intact,
as shown by the solid line on the right-hand graph in Figure D-3. However, the model
assumes that the distribution of ages within an age grouping is rectangular, that is, the
number of people each year of age in the group is the same, Each year it then ages a
definite fraction of the age group into the following age group; for instance, if the age
span of the group is 20 years, 1/20th are aged, Understanding this mechanism makes
the problem clear. As a trough reaches an age group, it ''spreads out" over the age
group immediately, also affecting those aged to the next older group immediately,

w

v

o

o

®

o

=

o

[+ 8

@

&l — | )

‘S N\

o

o

E

2L ci il IR NN RN
0O 10 20 30 40 50 60 70 80 0 10 2030 40 50 60 70 80

Age Age

FIGURE D-3. THE MOVEMENT OF A TROUGH IN THE AGE STRUCTURE
THROUGH THE POPULATION OVER TIME

Recognizing the problem caused by age groups covering a large number of years,
a limited number of sensitivity experiments were performed to judge the severity of
the difficulties created. The dynamic effects were much less than might be expected
intuitively, and the problem was not judged of sufficient magnitude to warrant further
effort in relation to the Susquehanna research,

BATTELLE MEMORI AL INSTITUTE

B-6



No. of
Copies

OFFSITE

A. A. Churm

ERDA Chicago Patent Group
980C South Cass Avenue
Argonne, IL 60439

N. F. Barr

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

W. G. Belter

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

R. P. Blaunstein

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

H. D. Bruner

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

W. W. Burr

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

R. L. Butenhoff

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

D. W, Cole, Jr.

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

J. Coleman

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

R. D. Cooper

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

C. W. Edington

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

W. 0. Forster

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

No. of
Copies

DISTRIBUTION

No. of
Copies
P. Gearhardt F. 6. Lowman
ERDA Division of Biomedical Office of Nuclear Regulatory
and Environmental Research Research
Washington, DC 20545 U.S. Nuclear Regulatory
Commission
J. S. Kirby-Smith Washington, DC 20555
ERDA Division of Biomedical
and Environmental Research E. E. Held
Washington, DC 20545 O0ffice of Standards Development
U.S. Nuclear Regulatory
J. L. Liverman Commission
ERDA Division of Biomedical Washington, DC 20555
and Environmental Research
Washington, DC 20545 27  ERDA Technical Information

J. E. Miller

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

R. R. Newton

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

J. Swinebroad

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

H. R. Wasson

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

W. H. Weyzen

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

R. W. Wood

ERDA Division of Biomedical
and Environmental Research

Washington, DC 20545

H. L. Hollister

ERDA Division of Environmental
Control Technology

Washington, DC 20545

W, E. Mott

ERDA Division of Environmental
Control Technology

Washington, DC 90545

M. Reilly
ERDA Division of Fossil Energy
Washington, DC 20545

A. B. Joseph

0ffice of Nuclear Regulatory
Research

U.S. Nuclear Regulatory
Commission

Washington, DC 20555

Center

J. B. Roberts

Federal Energy Administration
Room 1992

Federal Building

915 Second Avenue

Seattle, WA 98174

L. E. Coate

U.S. Environmental Protection
Agency, Region X

Seattle, WA 98101

L. J. Hoover

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

R. Meier
Brookhaven National Laboratory
Upton, NY 11973

P. Palmedo
Brookhaven National Laboratory
Upton, NY 11973

W. Siri

University of California - LBL
Lawrence Berkeley Laboratory
Berkeley, CA 94720

R. Ritschard

University of California - LLL
Lawrence Livermore Laboratory
P.0. Box 808

Livermore, CA 94550

R. Malenfant

Los Alamos Scientific Laboratory
University of California

P.0. Box 1663

Los Alamos, NM 87545

S. J. Auerbach

Oak Ridge National Laboratory
P.0. Box X

Oak Ridge TN 37830



of

Copies

W. Fulkerson

Oak Ridge National Laboratory
P.0. Box X

Oak Ridge, TN 37830

Col. Charles A. Debelius
District Engineer
Alaska District

Corps of Engineers
Anchorage, AK 99510

R. Estess

State Clearinghouse

Division of Policy Development
and Planning

0ffice of the Governor

Pouch AD

Juneau, AK 99801

J. Lowell Jensen

Public Utilities Commission
1100 MacKay Building

338 Denali Street
Anchorage, AK 99501

W. C. McConkey

Alaska State Energy Office
MacKay Building

338 Denali Street
Anchorage, AK 99501

G. Martin

Department of Natural Resources
11th Floor, State Office Bldg.
Pouch M

Juneau, AK 99811

M. F. Thomas

Regional Engineer

Bureau of Power

555 Battery Street, Room 415
San Francisco, CA 94111

D. Guss

Bureau of State Planning and
Community Affairs

State House

Boise, ID 83720

M. Montgomery

Idaho Office of Energy
300 North 6th Street
Boise, ID 83720

K. D. Smith

Public Utilities Commission
472 W. Washington Street
Boise, ID 83720

R. J. Vissia
Regional Director
Pacific Northwest Region
(Columbia River Basin)
Federal Building,

U.S. Court House
550 W. Fort Street
Boise, ID 83724

No. of
Copies

R. N. Wise

Bureau of State Planning
and Community Affairs

State House

Boise, 1D 83720

R. Hulme

State Clearinghouse

0ffice of Budget and
Program Planning

232 Capitol Building

Helena, MT 59601

M. 0. Mortensen

Energy Advisory Council
c/o Lt. Governor's Office
Capitol Building

Helena, MT 59601

J. Nybo

Energy Advisory Council
c¢/o Lt. Governor's Office
Capitol Building

Helena, MT 59601

W. Opitz

Public Service Commission
1227 11th Avenue

Helena, MT 59601

B. Roberts

State Land Use Planning Bureau
Department of Community Affairs
Capitol Post Office

Helena, MT 59601

A. C. Tsao

Energy Planning Division

Department of Natural Resources
and Conservation

32 South Ewing

Helena, MT 59601

H. Brauner

Conservation and Development
Commission

1175 Court Street N.E.

Salem, OR 97301

Charles Davis

Public Utility Commissioner
Labor and Industries Bldg.
Salem, OR 97310

Col. C. D. Gilkey

District Engineer

Portland District

Corps of Engineers

2850 S.E. 82nd Ave. (97266)
P.0. Box 2946

Portland, OR 97208

Distr-2

of

Copies

Maj. Gen. W. E. Peel
Division Engineer
North Pacific Division
Corps of Engineers

210 Custom House
Portland, OR 97209

L. Topaz

Oregon Department of Energy
528 Cottage, N.E.

Salem, OR 97310

Dr. K. Woods

Energy Facility Siting Division
Department of Energy

528 Cottage, N.E.

Salem, OR 97310

W. Young

Intergovernmental Relations
Division

O0ffice of the Governor

240 Cottage Street, S.E.

Salem, OR 97310

F. S. Adair

Washington State Department of
Commerce and Economic
Development

Olympia, WA 98504

Col. N. P. Conover

District Engineer

Walla Walla District

Corps of Engineers

B1dg. 602, City-County Airport
Walla Walla, WA 99362

Col. Raymond J. Eineigl
District Engineer
Seattle District

Corps of Engineers

1519 Alaskan Way South
Seattle, WA 98134

N. Lewis

Assistant Director

Office of Program Planning
and Fiscal Management

State Planning Division

House Office Building

Olympia, WA 98504

R. Polson

Energy Facilities Site
Evaluation Council

820 East Fifth Avenue

Olympia, WA 98504

E. T. Shaw

Utilities and Transportation
Commission

Highways-Licenses Building

Olympia, WA 98504



of

Copies

K. Sherman

Washington State Energy Office
1000 Cherry

Olympia, WA 98504

M. Walsh

Department of Ecology
State of Washington
Olympia, WA 98504

A. J. Eliopulos

Public Service Commission
Supreme Court Building
Cheyenne, WY 82002

D. B. Freudenthal

State Planning Coordinator's
Office

O0ffice of the Governor

State Capitol

Cheyenne, WY 82002

D. Hoffman

Mineral Development Division

Department of Economic Planning
and Development

720 West 18th Street

Cheyenne, WY 82002

F. C. Bliood

Bonneville Power Administration
P.0. Box 362]

Portland, OR 97208

R. S. Gens

Bonneville Power Administration
P.0. Box 3621

Portland, OR 97208

J. Hoozen

Bonneville Power Administration
P.0. Box 3621

Portland, OR 97208

J. C. Loosli

Bonneville Power Administration
P.0. Box 3621

Portland, OR 97208

C. M. Moore

Bonneville Power Administration
P.0. Box 3621

Portland, OR 97208

M. Katz

Northwest Energy Policy Project
1096 Lloyd Building

700 N.E. Multnomah Street
Portland, OR 97232

R. Lewis

Northwest Energy Policy Project
1096 Lloyd Building

700 N.E. Multnomah Street
Portland, OR 97232

No. of
Copies

W. E. Bruner

Pacific Northwest Regional
Commission

1205 Washington

Vancouver, WA 98660

D. J. Lane

Pacific Northwest River Basins
Commission

1 Columbia River

P.0. Box 908

Vancouver, WA 98660

Dr. 0. Osborne

Oregon State University

Electrical Engineering
Department

Corvallis, OR 97331

Dr. R. Wensink

Oregon State Unijversity

Agricultural Engineering
Department

Corvallis, OR 97331

Dr. J. Jaksch

Corvallis Environmental
Research Laboratory

Corvallis Environmental
Protection Agency

Corvallis, OR 97331

J. Brar
Washington State University
Pullman, WA 99163

G. Hinman
Washington State University
Puliman, WA 99163

R. T. Miller

Vice President

Engineering and Gas Control
Northwest Natural Gas Company
123 N.W. Flanders Street
Portland, OR 97209

H. S. Johnson

Portland General Electric Co.
621 S.W. Alder Street
Portland, OR 97205

G. A. Perrault

Portland General Electric Co.
621 S.W. Alder Street
Portiand, OR 97205

C. L. Sauvie

Portland General Electric Co.
621 S.W. Alder Street
Portland, OR 97205

Distr-3

No. of
Copies

J. L. Williams

Portland General Electric Co.
621 S.W. Alder Street
Portland, OR 97205

R. A. Duncan

Coordination Engineer
Northwest Power Pool

920 S.W. 6th Ave., Rm. 1210
Portiand, OR 97204

H. Kosmata

Washington Public Power Supply
System

3000 George Washington Way

Richland, WA 99352

D. Renberger

Washington Public Power Supply
System

3000 George Washington Way

Richiand, WA 99352

R. Tillson

Washington Public Power Supply
System

3000 George Washington Way

Richland, WA 99352

R. Woodruff

Washington Public Power Supply
System

3000 George Washington Way

Richland, WA 99352

D. N. Morris

The Rand Corporation
1700 Main Street

Santa Monica, CA 90406

J. W. Ellis

Puget Sound Power and
Light Company

Puget Power Building

Bellevue, WA 98009

L. E. Hall

Puget Sound Power and
Light Company

Puget Power Building

Bellevue, WA 98009

B. C. Thomas

Puget Sound Power and
Light Company

Puget Power Building

Bellevue, WA 98009

T. E. Browne

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304



No. of
Copies

R. Crow

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304

M. Greenburger

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304

L. Henning

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304

H. A. Kornburg

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304

M. Searle

Electric Power Research
Institute

3412 Hillview Avenue

P.0. Box 10412

Palo Alto, CA 94304

S. Boris

Teknekron Corp.
2118 Miluia Street
Bereley, CA 94704

J. W. LaFond

City of Seattle
Department of Lighting
1015 Third Avenue
Seattle, WA 98104

R. Sheehan

City of Seattle
Department of Lighting
1015 Third Avenue
Seattle, WA 98104

J. McFadden

Energy Ave.

Box 736

Idaho Falls, ID 83401

K. Blackburn

01d West Regional Commission
Fratt Building, Suite 306A
Billings, MT 59101

No. of
Copies

G. Culp

Culp, Dwyer, Guterson, and
Grader

Hoge Building

Second and Cherry

Seattle, WA 98104

B. Goldhammer

Loyde Building

700 NE Multnomah
Portland, OR 97232

H. C. Elmore

Pacific Northwest Utilities
Conference Committee

P.0. Box 1231

Wenatchee, WA 98801

D. J. Lewis

Public Service Building
920 S.W. Sixth
Portland, OR 97204

R. A. Hofacker
Montana Power Company
40 East Broadway
Butte, MT 59701

R. H. Bendio

Idaho Power Company
P.0. Box 70

Boise, ID 83721

H. W. Harding

Washington Water Power Company

P.0. Box 3727
Spokane, WA 99220

H. G. Curtis
Public Power Council
P.0. Box 1307
Vancouver, WA 98660

Scott Alstrom
Western States Water Council

220 South Second East, Suite 200

Salt Lake City, UT 84111
J. T. Stiles

Pacific Power and Light
Portland, OR 97204

W. Rogers, Jr.

Western Interstate Nuclear Board

P.0. Box 15038
Lakewood, CO 80215

L. Harris

Western Aluminum Producers
P.0. Box 8484

Portland, OR 97207

Distr-4

No. of
Copies

W. L. Guy

Western Governors' Regional
Energy Policy Office

4730 Oakland St.

Denver, CO 80239

K. Muller

Northern Plains Resource Council

418 Stapleton Building
Billings, MT 59101

J. Binanado

Regional Planner

Bureau of Land Management
P.0. Box 30157

Billings, MT 59107

W. Tomlinson
Environmental Library
Rm 208A Natural Sciences
University of Montana
Missoula, MT 59801

R. Doell

U.S. Geological Survey
354 Middlefield Road
Menlo Park, CA 94025

Battelle-Northwest
Human Affairs Research Center (HARC)

G. Curry
Green
A. Hebert
Mertaugh
J. Merwin
E. Olsen
A. Summers
Schuller

DOTOXLITX

ONSITE
ERDA Richland Operations Office

P. W. Gottschalk
G. L. Liffick

R. H. Lindsey

B. J. Melton

Battelle-Northwest

W. Albaugh

. Bair
Bloomster
. Burnham

. Cearlock
. Clark
Clement

. Cone

. Currie

. Deonigi

OLWTroLoOxmn
e e e e v e e e s
mxX x —rwwI o



No. of
Copies

Battelle-Northwest - {Continued)

Dionne
Dragnich
Elliot
Erickson
Fraley
Foley

Fox
Harrington
Hendrickson
Hill
Jacobsen
King
Knutsen
Kula
Litchfield
McGinnis
Marks
Reardon
Renne
Rickard
Sauer
Schmid
Shupe
Swift (10)
Templeton
Uresk
Vaughan
Widrig
Wilfert
Yandon
Young

LT oOOGLE M E G

LCAODVWOEEZNIE VDEOENRGI1O0CCLMU AL A0 oOOoO©

OMrFromMmMEEr TGO IWwn>rX > X O X

20 Economics Library
3 Technical Information Files

Technical Publications

Distr-5





