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EXECUTIVE SUMMARY

The -omplex and comprehensive safety analysis activities carried out at
Hanford for nonreactor nuclear facilities require data from a number of
scientific and engineering disciplines. The types of data that are required
include data pertaining to current population and population projections. In
this regard, Pacific Northwest Laboratory (PNL) has worked in conjunction with
a Westinghouse Hanford Company engineering staff person and a consultant from
the private sector to produce a document which provides the demographic data
required for ongoing safety analysis work at the Hanford Site.

The types of data found in this document include 1990 census totals for
residential population within a 50-mile radius of the 100-N, 200, 300, and 400
Area meteorological towers. This document also contains 50-year projections
for residential populations within a 50-mile radius of these four meteoro-
logical towers.

The analysis of population projections indicates that residential
population within a 50-mile radius of the four meteorological towers in
question will continue to grow through 2040, although at a slower rate each
decade. 1In all cases, the highest growth is projected for the decade ending
in the year 2000. The annual growth rate for this period is projected tc be
0.646, 0.633, 0.543, and 0.570 in the 100-N, 200, 300, and 400 Areas,
respectively. By 2040, these growth rates are projected to drop to 0.082,
0.068, 0.078, and 0.078, respectively.
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1.0 HANFORD AREA POPULATION PROJECTIONS

The Pacific Northwest Laboratory (PNL) is currently supporting safety
analysis of activities at Hanford. Federal regulatory requirements (NRC 1975;
NRC 1988) mandate that population estimates and projections be prepared for
the years 1990-2040 for the areas surrounding specific locations on the
Hanford Site. Sommer et al. (1981) prepared estimates for an earlier safety
analysis in 1981.

To remain consistent with Sommer et al., the population estimates and
projections were prepared for a 50-miie radius from four origins on the
Hanford Site: 100-N Meteorological Tower, 200 Area Hanford Meteorological
Station (622-R), 400 Area Meteorological Tower, and the 300 Area
Meteorological Tower (303C). These four 50-mile areas encompass twelve
counties in two states. The Washington counties include Adams, Benton,
Franklin, Grant, Kittitas, Klickitat, Walla Walla, and Yakima. The Oregon
counties include Morrow and Umatilla. The 100 Area radius also includes small
(unpopulated) portions of Chelan and Douglas Counties in Washington, which are
not further analyzed.

The projected populations of the grid areas were determined in two
steps. First, the population totals were estimated for each county for the
years 1990-2040. Second, the projections in question were placed into a
Geographic Information System (GIS) software package in order to produce
projections for each grid area and to display these projections
geographically.

Appendix A explains in detail the methodology and assumptions used to
determine county population projections for the years 1990, 2000, 2010, 2020,
2030, and 2040. In brief, the ratio of each of the ten counties’ share of the
national population was determined for each census year retrospectively to
1910. These shares were trended and multiplied by national population
projection figures. To more precisely adjust the estimates, a version of the
cohort-component method addressing three core components of population change
(births, deaths, and migration) was used. In the case of Benton County, the
trended share was advanced by 10 years to account for near-term population
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growth expected as a result of major projects at the Hanford site during the
1990s. No other county data were adjusted in this manner.

The county population projections for the six decennial years analyzed
(1990, 2000, 2010, 2020, 2030, 2040) were then entered into the GIS package,
ARC/INFO. (Appendix B explains the methodology used.) An existing ARC/INFO
data set, deveioped on another project (Hanford Environmental Dose Recon-
struction project), was used in a modified form for this project. This data
set contains the boundaries of the counties and census tracts (CTs) for the
12-county study area. It also contains CT population estimates for 1990, to
which the county population projections for all six years were added. The CT
populatior projections for the remaining years were generated based on an
assumption that the CT population growth rate corresponds to the county popu-
lation growth rate and that population is evenly distributed throughout the
CT. Therefore, a CT popuiation projection for a given year was generated by
multiplying the 1990 CT pcpulation by the ratio of the 1990 county population
to the county onopulation of the year in question. (See Appendix B for further
details.)

The estimates produced for several of the nodes in the 1990 10-mile pop-
ulation wheel centered at the Hanford meteorological station in the 200 Area
were compared with aerial photographs ¢f the area. The photographs indicate
that the simplifying assumption of even population distribution throughout CTs
resulted in inaccurate estimates for those nodes lying closest to the Hanford
Meterological Station. To compensate for this discrepancy in the short run,
all of the nodes were constrained to zero, and the estimated population was
reassigned to the nearest town. This modification was done only for the year
1990. Estimates for other decades were unchanged. Because population growth
in these particular nodes is deemed very likely, the estimates are credible.

A Tonger term fix for this problem is te create artificial CTs for each
of the larger towns in the study area. This device will provide a more
accurate distinction between the population 1iving in incorporated places and
those 1iving outside of incorporated places. Our research team hopes to make
such refinements in the near future. '
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A 16-sector compass grid was then overlaid onto the existing map of the
county and CT boundaries. The grid in question contains concentric rings at
10-mile intervals extending to 50 miles. It was placed at four distinct
origins: the 100-N, 200, 300 and 400 Area meteorological towers. Each grid
may therefore overlap county and CT boundaries, creating one or more polygons
within the grid area. (The methodology for determining the population within
these grids is further explained in Appendix B.) ~

Population projections by grid area for each of the four Hanford
operational areas at 10-year increments from 1990 to 2040 are shown in
Appendix C.

1.2 REFERENCES
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2.0 POPULATION DISTRIBUTION AND TRENDS

Population size and distribution are important criteria for assessing
the nagnitude of risk to the public from radionuclide exposure, whether from
accidents or in the course of normal operations. Data pertaining to popula-
tion size and distribution are required to ensure that nonreactor nuclear
facility Safety Analysis Reports are in compliance with U.S. Nuclear Regula-
tory Commission (NRC) Regulations, U.S. Environmental Protection Agency (EPA)
regulations, and U.S. Department of Energy (DOE) Orders relative to environ-
ment, safety and health. Population data are also one component in some of
the radiological dose calculations carried out by Hanford scientists and
engineers.

In addition, decision makers within the DOE, Westinghouse Hanford Com-
pany, Pacific Northwest Laboratory, or other Hanford contractors may be
inclined to review recent data on population size and distribution, as well as
long-term population projections, before making final determinations of future
locations for new Hanford facilities. Also, management decisions regarding
where on the Hanford Site new waste management processes or other related
technological developments should be located may depend to some extent on the
magnitude and location of anticipated population growth. This would be
especially true in the case of population growth anticipated near the
boundaries of the Hanford Site. Finally, elected officials and members of the
public may use population data and population growth projections as one of the
many variables on which to base their personal opinions regarding the
potential offsite risks posed by onsite industrial activities.

2.1 CURRENT POPULATION

The 1990 population data contained in this section are based on popula-
tion tabulations developed for locations within circles drawn at a 10-, 20-,
30-, 40- and 50-mile (80-kilometer) radius and divided radially into 16 com-
pass point directions. The graphical depiction resembles a wagon wheel, so
the 50-mile area is called a "population wheel." In the example of a 200 Area
population wheel, the Hanford Meteorological Station would be the focus of the
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concentric circles in question. Similarly, the nexuses of the 100-N, 300, and
400 Area population wheels are the respective meteorological towers within
those three areas.

Census data delineating size and distribution of 1990 residential popu-
lation, within a 50-mile (80-kilometer) radius of the four Hanford meteoro-
logical towers, are shown in Appendix C, Figures C.14, C.26, C.38, and C.50.
These figures are essentially a plot of 16 compass point directions upon
which, as mentioned previously, five concentric circles have been superimposed
at 10-mile intervals for 50 miles (80 kilometers). There are €7 separate and
distinct sectors per population wheel. The number of persons residing in a
sector is reported for each of the 80 sectors in question.

There are currently no permanent residents on the Hanford Site. Com-
munities closest to the Hanford Reservation include Richland, Kennewick,
Pasco, West Richland, Benton City, Prosser, Sunnyside, Grandview, and Mesa,
all of which are located in southeastern Washington state. The 1990 popu-
lation of these and other nearby communities can be seen in Figure 2.1. The
closest major city to any facility sited on the Hanford Reservation is
Richland, Washington. Richland is located in Benton County and had a 1990
population of 32,315.

During the late 1970s and early 1980s, the population of Benton and
Franklin Counties, where most Hanford employees reside, grew at an annual rate
among the highest in the nation. However, during the early 1980s, there were
profound regional economic reversals, associated with Washington Public Power
Supply System’s (WPPSS’s) bond defaults, and the virtual cessation of plu-
tonium production activities at the Hanford Reservation. Many workers
employed in WPPSS reactor construction or in weapons grade plutonium produc-
tion lost their jobs and were forced to leave the area. This had the effect
in Benton and Franklin Counties of cutting the average annual rate of popu-
lation growth for the decade of the 1980s to 0.378%.
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FIGURE 2.1. Population (1990 Census) for Counties and Selected Cities Within
’ a 50-Mile Radius of the Hanford Meteorological Station

2.2 PROJECTED POPULATION

Population growth is highly correlated with regional economic growth.
It is also closely related to such variables as the present size, age struc-
ture, and ratio of men to women of the indigenous population. Birth and death

2.3



rates, as well as migration into and out of a given area, are also key param-
eters in estimating population growth. Growth projections for 80 population
sectors within a 50-mile (80-kilometer) radius of the respective Hanford Area
meteorological towers are based on computer simulation techniques incorporat-
ing parameters delineated in Appendixes A and B. Figures in Appendix C show
population sector estimates within a 50-mile radius of each Hanford Area
meteorological tower. Sector estimates are derived from computer simulations
for the decennial census years 2000, 2010, 2020, 2030, and 2040, respectively.

Tables 2.1 through 2.4 show total population within a 50-mile
(80-kilometer) radius of the meteorological towers for the decades 1990 - 2000
through 2030 - 2040, and the corresponding average annual growth rate for the
decades in question. The highest average annual growth rate for Benton and
Franklin Counties will occur between 1990 and 2000. The average annual popu-
lation growth rate is then projected to attenuate during the decade of 2000 -
2010 and plateau thereafter for the remainder of the period during which
population is being projected.

Benton and Franklin Counties are currently experiencing growing pains
associated with a strong economic recovery fueled by the change of mission at
Hanford from weapons material production to environmental restoration and
remediation (Scott and Belzer 1991). Hanford employment level continue to be
significant factors in the economic growth of the Tri-Cities. This phenomenon
has precipitated shortages of affordable housing in Richland, Pasco, and

TABLE 2.1. Projected Residential Population Within a
50-Mile Radius of the 100-N Meteorological
Tower (1990 - 2040)

Average Annual Rate of

Year Decade Growth During Decade (%) Population
1990 . 375,249
2000 1990 - 2000 0.646 400,225
2010 2000 - 2010 0.421 417,415
2020 2010 - 2020 0.351 432,304
2030 2020 - 2030 0.158 439,163
2040 2030 - 2040 0.082 442,788
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Year
1990
2000
2010

2020 -

2030
2040

Year
1990
2000
2010
2020
2030
2040

Year
1990
2000
2010
2020
2030
2040

TABLE 2.2.

Decade
1990 - 2000
2000 - 2010
2010 - 2020
2020 - 2030
2030 - 2040

JABLE 2.3.

Decade
1990 - 2000
2000 - 2010
2010 - 2020
2020 - 2030
2030 - 2040

JABLE 2.4.

Decade
1990 - 2000
2000 - 2010
2010 - 2020
2020 - 2030
2030 - 2040

Projected Residential Population Within a

50-Mile Radius of the Hanford Meteorological
Station (1990 - 2040)

Average Annual Rate of

Growth During Decade (%)

Projected Residential Population Within a

0.633
0.413
0.351
0.157
0.068

Population
375,860

400,346
417,200
432,062
438,909
441,911

50-Mile Radius of the 300 Area Meteorological
Tower (1990 - 2040)

Average Annual Rate of

Growth During Decade (%)

Projected Residential Population Within a

0.543
0.376
0.330
0.141
0.078

Population
281,609

297,275
308,658
318,995
323,512
326,057

50-Mile Radius of the 400 Area Meteorological
Tower (1990 - 2040)

Average Annual Rate of
Growth During Decade (%)

2.5

0.570
0.394
0.330
0.140
0.078

Population
283,229

299,793
311,813
322,249
326,802
329,364



Kennewick and raised some concern regarding the ability of the communities to
provide required levels of affordable housing and community services. Even
so, based on data generated by local public utilities after the 1990 census,
area population continues to grow at a rate correlated to the number of new
jobs being created.

Long-term economic and demographic projections are at best indetermi-
nate, even when done with the greatest of care and methodological rigor. How-
ever, it is not unreasonable to predict that the environmental restoration and
remediation program at Hanford, along with expansion in regional construction
and manufacturing sectors, will continue to fuel regional population growth
well into the next century.

2.3 REFERENCES

Scott, M. J., and D. B. Belzer. 1991. Tri-Cities Economy Review and Outlook:
March 1991 Update. Pacifiz Northwest Laboratory, Richland, Washington.
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Countywide 1990-2040 population projections by sex and five-
year age group for ten counties in the Hanford area were
prepared under Battelle Subcontract 141471-A-K1l. This
report deals with the projection assumptions and key
methodological details. Key computer code, tables, and
graphs are appended.

STRATEGY

It may be wise to abandon normal assumption-building
procedures and methods when dealing with extremely long
range projectionms.

For example, unforeseen technological changes can alter both
national and local economies and thereby make assumptions
about an area's future economic base inappropriate.

Consider changes between 1940 and 1990 in the Hanford area.
Could knowledge of 1940 employment by industry help forecast
industry employment in 1990? Probably not. Industrial
sector analysis may be satisfactory in forecasting to
perhaps a 20-year horizon. Therefore, it was not

considered for this 50-year projection. Another reason way
this otherwise reasonable approach was not used was the
highly changeable nature of Federal policy, both from the
Administration and Congress, regarding nuclear activities in
the Reservation. A case in point was the sudden
Congressional action removing Hanford from consideration as
a repository site a few years ago.

Another appoach would have been to trend components of
population change (rates of fertility, mortality, and net
migration). Since age-sex detail has not yet been released
from the 1990 census, we cannot get 1980-90 net migration by
age and sex to calibrate a demographic projection model. We
can estimate net migration over the decade for the
population only, but this statistic, when compared with the
same statistic for earlier decades, is partly influenced by
changes in the age structure.

Another measure of local change is the local population's
share of the national population. For the ten-county study
area, it was possible to calculate such ratios back to the
year 1910. This statistic combines the effects of local
variations from the nation in terms of age structure and
rates of component change; but for the most part, it
reflects local variation in migration and fertility.

For a closer horizon--say 20 or 30 years--use of component
change rates makes the most sense. But for distant
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horizons, a single, simple, summary measure is appealing.

J. Scott Armstrong, in his book Long-Range Forecasting
(Wiley-Interscience, 1978) favors simplifying methods as
horizons become distant, and the present writer is inclined
to agree. Therefore, total population was based on trended
national shares, and demographic detail was adjusted to suit
this constraint. .

METHODOLOGY

County shares of the national population were calculated for
each census inclusive of 1910 and 1990 and graphed on semi-
log paper (see the appended graph). These shares were
trended and then multiplied by the most recent 'Middle
Series' U.S. Census Bureau national population projection
(see Current Population Reports, Series P-25, No. 1018,
Table 1.B). This projection series shows the U.S.
population peaking in 2038.

The age-sex data were calculated using a version of the
standard cohort-component approach. Because data were
required for individual calendar years, a model was built
that deals with single years of age (up through age 84).
The data on the enclosed disk are for population aggregated
into five-year age groups (0-4, 5-9, 10-14, ..., 80-84,
85+). The computation procedures are fairly standard,
except that age-sex specific migration flows were calculated
rather than net rates (various kinds of directional
migration flow techniques are becoming more common,
however). Also, the rates of mortality and migration were
derived by using rates at key ages as parameters and then
interpolating weighted averages of model patterns dealing
with all 86 age groups. Age-specific fertility rates (for
five-year age groups) were used directly, without
interpolation.

APL code for the key projection computation programs are

appended. Not enclosed are programs dealing with data
input, etc.

ASSUMPTIONS

The population share data were trended judgmentally, based
mostly on the most recent two or three censuses. Our
general assumption was that shares would become constant
starting in 2010. This is unlikely to occur, but most of
the counties showed small 1980-1990 share changes, so it is
a long-range assumption that might not be too unlikely.
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Besides the graph, a table is appended showing historical
and projected shares by county from 1910 to 2040. On disc
are annual shares for the period 1991-2040.

Given the uncertainty about the future of activities at the
Hanford Reservation, the assumptions seem reasonable. It is
possible to examine a 'worst-case' scenario in which the
Reservation is abandoned and the economies of the
surrounding counties stagnate. An optimistic scenario would
have a new projects underway in the Reservation and growth
in other counties similar to that experienced in
California's (similar) Central Valley during the 1980s. 1If
the first case is zero and the second case is 10, our
scenario would start out at three on the scale and move to
five in 2010.

How does this compare with other projections? Here are the
most recent numbers from key government agencies.

Population in Thousands

1990 2000

County BPA State Census BPA State DBP

Adams 14.1 13.6 13.6 14.9 14.5 13.7
Benton 107.2 104.6 112.6 123.0 105.9 114.8
Franklin 37.8 34.0 37.5 40.3 34.7 39.4
Grant 55.2 52.1 54.8 59.8 56.5 60.1
Kittitas 25.1 25.4 26.7 26.4 25.4 27.9
Klickitat 17.7 16.8 16.6 20.1 17.1 16.9
Morrow 8.0 8.8 7.6 8.4 12.1 7.5
Umatilla 58.9 67.4 59.2 62.1 80.0 60.4
Walla Walla 48.6 48.9 48.4 52.2 48.8 50.2
Yakima 191.9 189.7 188.8 208.4 207.5 201.2

BPA is the Bonneville Power Administration Economic Analysis
Section numbers issued January, 1990. Census is the most
recent release of 1990 census data. State is Washington
State's Office of Financial Management, which issued
projections in 1989. For Oregon, it represents the Center
for Population and Census at Portland State University. Its
most recent projections were made in 1986 and grossly over-
projected Morrow and Umatilla counties for 1990. DBP is the
present writer's projections for 2000, which are generally
not too different from the recent BPA and OFM numbers.

Birth dzta were based on 1980-vintage age-specific fertility
rates and were adjusted so that model births in the late
1980s approximated reported births. Death rates were
assumed to decline until 2010. Migration varied so that
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total population agreed with the projected control values.

OTHER NOTES

The appended material includes two printed tables that are
also on disc in ASCII format; they could be retrieved and
displayed or printed using technology available to the
reader. Also included is a listing of files on the disc;
the county-based files are the age-sex data. A copy of the
program used to create the county ASCII files is enclosed

both in hardcopy and on disc; it contains information on the
layout of the data.
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yopulation Projections: Hanford Area Counties,

14624
14674
14696
14743

BENTON

109444
113399
111700
108700
107704
105196
104004
104100
104099
104104
112560
113120
113262
113360
113408
113680
113914
114144
114280
114427
114847
115194
115553
115904
116519
117132
117741
118338
118930
119546
120094
120664
121224
121772
122308
122827
123324
123797
124261

9 124694

125105
125488
125645
126476
126480

FRNKLN

GRANT KITTRS

A4449 28959
54747 29091
65040 29225
65326 29353
65601 29478
65869 29593
66126 29713
66370 29823
66602 29927
66821 30024
67026 30117
57214 30204
67393 30275
67554 30355

1960-2040.

KLICKT MORROW UMATLA

WWALLA

YAKIMA

172508
175000
175203
177000
179999
182500
183599
184399
186304
187806
188823
190892
192291
193633
194916
196144
197324
196447
199396
200314
201204
202062
202896
203718
204527
205325
206112
206882
207639
208382

¢ 209106

210098
211072
212026
212956
213858
214728
215563
216360
217117
217826
218498
219119
219¢9%
220224



2025 14764
2026 14793
2027 14819
2028 14842
2029 14862
2030 14881
2031 14897
2032 14910
2033 14949
2034 14929
2035 14934
2036 149414
2037 14942
2038 14944
2039 14942
2040 14939

126758
127007
127234
127436
127643
127767
127900
128012
128104
128177
128228
128274
128294
128299
128291
128264

220706
221148
221537
221884
222195
222465
222693
222894
223049
223184
223277
223342
223385
223394
223375
223338
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Shares of U.S. Population (times 1 million); Hanford Area Counties, 1910-2040,

Year " ADAMS BENTON FRNKLN GRANT XITTAS KLICXT MORROW UMATLA WWALLA YRKIMA
1910 118.4 86.1 55.9 94.3 201.3 110.4 47.2 220.2 346.2 452.2
1920 90.8 102.8 55.4 73.3 167.,3 87.4 53.0 244.7 259.7 600.9
1930 62.7 88.9 49.8 46.0 147.4 79.7 40.14 198.0 230.8 628.2
1940 47.0 91.2 47.7 141.0 153.%¢ 85.9 32.8 197.0 231.1 749.2
1950 43.5 339.5 89.6 160.9 146.9 79.6 31.6 275.6 265.2 896.9
1960 S5.4 346.1 130,2 259.2 114.14 75.0 27.2 247.3 235.3 809.2
1970 59.1 332.2 127.0 206.0 123.2 59.7 22.0 =221.0 207.5 714.3
1980 58.6 483.1 154.6 214.2 109.8 69.8 33.2 259.8 209.4 761.5
1990 S54.5 450.9 150.1 219.4 107.4 66.6 30.5 237.3 194.0 756.4
2000 50.9 428.0 147.0 224.0 104.0 83.0 28.0 225.0 187.0 750.0
2010 49.5 425.0 145.0 227.0 102.0 62.0 27.5 218.0 182.0 740.0
2020 49.5 425.0 145.0 237.0 102.0 62.0 27.5 218.0 182.0 740.0
2030 49.5 425.0 145.0 227.0 102.0 62.0 27.5 218.0 182.0 740.0
2040 49.5 425.0 145.,0 227.0 102.0 62.0 27.5 218.0 182.0 740.0
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CPOPCTRLALOI®
[0  POPCTRL1:MOPARS; POPT1; POPTiA; POPT2: DERTHS; SURVPOP; FRATES; FPY; FP2; IF; OF; MIGQ
SCL; RETSCL; CNT; TEMPPOP; QUEATHS; BIRTHSY ; BIRTHS2; TBIRTHS; MBIRTHS; FBIRTHS; YRPOS; CD!I
FF; CNT; ICDIFF; GCDIFF; INADJ; OUTADJ; MASK; TEMPY s TEMP2: SINK

(1) A mmmmmeemes e m e m e e e eSS S S s s S S s s
{2) n TASK: Single-year population proygection--using population total

{3] m controls. Subroutine of CONTROLY.

[4] A = = = = = = = = e o s o s o 2 % o s s st s s, s .-~~~
[S) m Input: CNTYR (from CONTROLL): DRATES, MIGRATES, FRATES (from sub-

{6 m routines); MO, MG, RM (from GETPARMS); POP, POP1Y, BTH, BTHiY, DTH,
{7 m DTHLY, MIG (from SETMATS); CNTRLPOP (from GETDATA); ARLAS (from

(8] =~  SIMPLPOP)

[9] =~ Subroutines: DODRATES, SETMIGLY, DOMIG1iYR, GROUPAGE

[40) a Output: POP, POPL1Y, BTH, DTH, Ml¢ :

[{1] A ~-~ceccemccccccncrrcrr e r e e e e r e s e e s s e ce s cc s e s e e o e

{12) MOPARSeMO[;v42;CNTYR-11+100000

{131 DODRATES

[14] DRATES¢(AREAS,2,86)eDRATLES

[15]1 m

[16) POPT1¢POPLY[CNTYR-1:::]

[$7) POPT1A€(AREANS,2,-B6)4POPTL[;;1B84],+/POPTiL;; 85 861

[18) DEATHS¢POPTi1AXDRATES

(193 SURVPOP¢POPTiA-DEATHS

[20) » .

[21) TFRATES¢FEL;;CNTYR-11+1000

[22) FPiew(+/POPTIAL;2:154.5)),04)C+/POPTIA[;2;204151),L41¢(+/POPTLAL;2;25+151),
[43¢+/POPTAAL;2;30+4.5)),043¢+/POPTLAL;2:35+415]),01](+/POPTIAL;2;4041.51),[.5]1+/P0
PTiAL;2;45+5)

(23] FP2¢®R(+/SURVPOPL;2:45¢.51),041¢+/SURVPOP(;2;20+151),0[41(+/SURVPOPL;2;25+415
3),043¢C+/SURVPOPL;2;304.51),043¢+/SURVPOPL;2;35¢.5]),0[41(+/SURVPOP[;2;40+.51),L.
S1+/SURVPOPL; 2:45+15)

[24] BIRTHS41€(0,.S5xFPL1+FP2)XFRATES

{23 »

[26) SETMIGIY ¢ #(YRS(3)/DLC+!

(277 MIGSCLEMGL;535;CNTYR-4]

[28) RETSCLe€RML;:;::2;CHTYR-11

[29) m

[30) m

[31) <CNTeO

[32] AGRIN:

{32] DOMIGLYR

{34) INMIGeSURVPOPXMIGRATESL ;4353

{35] OUTMIG¢SURVPOPxMIGRATESL:2;;])

[3¢] TEMPPOP«SUKVPOP+INMIG-OUTMIG

[37] nm

[368] IFeq(+/INMIGL;2:45¢153),[13C+/INMIGL;2520405)),04)¢+/INMIGL;2;25+45)),0143¢
+/INMIGL;2:304153),083C+/INMIGE;2:35415)),[4)C+/INMIGL;2:40418]),0.531+/INMIGL; 23
454, 5]

{239) OFe@’ +/0UTMIGL;2:15415)), 043¢+ 0UTMIGE ;2; 204153, 043¢ +/0UTMIGE;2:25¢150),1
110+/0UTMIGL; 2;20¢0,52),043C+/0UTHMIGL:2:354¢15)),[4)<(+/0UTMIGL;2:40+151),[.53+/0UT
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MIal:

[40]
[41]
[42]
(43])
(44)
[45]
[46]
(473
[48]
[49]
(503
(51]
(52l
[53]
[54)
[55]
[56]
571
[58]
[59]
{60]
{641
(621
(s3]
[ 641
[65]
[66]
{s7]
{68]
[89]
{701
[71]
[7al
[73]
{74]
{793
[7€l
{771
[783
[79]
(803
g3
(82]
LT

[esl
[ 84]
(85]
(86]
[87]
[ee]
(esd
(301

2:45415]

BIRTHS2€( 1F-QF)XFRATES
TBIRTHS¢BIRTHS1 ¢BIRTHS2
MBIRTHS¢TBIRTHSX0, 542

FBIRTHS¢ TBIKTHS-MBIRTHS
BIRTHS¢LO.5¢MBIRTHS,[1.5)FBIRTHS

TEMPPOPC;:4)¢+/BIRTHS
QDEATHS€DEATHS+{ INMI G-OUTMIG) XxC (1 ¢DRATES ) %:2) -4

QDEATHSL ; s 11¢DRATESL : ; 1JXxTEMPPOPL; ;1)

QDEATHS€LO. S¢DEATHS
INMIGL;54)€10.S+TEMPPOPL s s £ IXMIGRATES 54:31)

OUTMIGL; s4)€L 0, 5+ TEMPPOP(; ; 4 JxMIGRATES ; 2;51)
MIGB6AE€INMIC,[0.5I0UTMIC

TEMPPOPC ; ; 1)« TEMPPOPL;;4)-QDEATHSC ;s 1+ INMIGL; s41-0UTMIGE ;543
POPT2¢LO. 5+ TEMPPOP

CDIFF¢CNTRLPOPL; CNTYRI~+/+/POPT2

CNTeCNT+4

+(SE"S5>I CDIFF=CNTRLPOPL ; CNTYR] ) OUT

ICDIFFeCDITFX0,. 75

OCDIFF&CDIFFx0.25
INADJEMIGSCLL ;43I x®( 2, ARERS) p( JCDIFF+4/4/1NMIC) +4
OQUTADJ¢MIGSCLL; 2;1x®( 2, AREAS) o(( "1 XxOCDIFF) ++/+/0UTMIG) +4
(]

MRSK€INADJ 0

TEMPi¢ I NARDJIXMASK

TEMP2€¢( ~MASK) xMIGSCLL:4;2x%.5

MIGSCLL;4;JeTEMP1+TEMP2
L

MASK€QUTADJ G

TEMP1€0OUTADJXMASK

TEMPze( ~MASK) xMIGSCLL:2;1x%., 5

MIGSCLL; 2;1¢TEMPL1+TEMP2
]

+{ {NT»20,/0UT

FAGRIN
L]
OuT:
]
A
FILLMATS:

H(Oxe/+/+/POPLYLCNTYR:5:1)/70LC+4 & POPLYLCNTYR;;; J¢POPT2
02+ /4/4¢/POPLCNTYR;;:2)/0LC+8 ¢ MATE€POPT2 ¢ GROUPAGE ¢ POPLCNTYR;;; J€EESU

MATEQDEATHE ¢ GROUPAGE ¢ DTHCCNTYk-1;;; J€RESULT
BTHUCNTY?=13 33 J¢BIRTHS

MATeINMIG ¢ GROUPAGE

MIGUCNTYR-1::513;)€RESULT

MATEOUTHIGC ¢ GROUFAGE

MIGICNTYF=13325; J€RESULT

SINKeQEX 'DRATES MIGRATES KRESULT'



°DODRATESCOI®
(ol DODRATES; RANGEL : RANGEZ2; RANGE3:; RANGE4; MODLMHI ; MODLMLO; MODLFHI ; MODLFLO; TRGTM
s TRETF; WGTS
R W e D DL L LDl e e e L DL LR L LRt L
[2] a TASK: Interpolates death rates for current FINT. Subroutine of
{3 m POPCTRLY{, POPCTRLS, MIGCTRLLi, or MIGCTRLS.
[4), A - - = = - - === 2« =2+ c -t mmsese s .. .-
[5] Input: MOPARS (from control program); DRATPATS (from GETPATS): ARERS
[6) m (from SIMPLPOP) ' :
{7 Output: DRATES (Sex, Ages)e, Rges = 86
[8] A ==-=cccemccccmccecc e n e mcc st us s s c s e r s e s s s a s ac s e m s m -
(93 RANGE1€0.1x19
[10] RANGE2¢0.1x.9
[14) RANGE3¢0.1x19
[12] RANGE4€0,025x139
{131 nm
{14) m Below are rates in DRATPATS for endages 1, 14, 21, 31, 7{.
{15 MODLMHle¢ 10@,055 ,00078 .00204 .00281 .06344
[46) MODLMLO¢ 10,0054 .00016 .0007% .00069 .03057
[47]) MODLFHie 100,044 ,00062 .00133 .00202 .0467
{18 MODLFLOe 10,0027 .00008 .0002 .00024 .00945
[19] =w
[20] TRETMe{0®MOPARSI;1 2 3 4 5 6]
{24) TRQTFei0@MOPARS[;7 8 9 10 11 12]
[22) n
[23) UWCTS¢(ARERS, 2,500
[24]) WGTS[;1:;)e(TRGTMI;vS)~-CARERS, 5)pMODLMLO)=(AREARS, 5)oMODLMH]I -MODLMLO
[25) WETS[;2;)¢(TRGTFI;v5)~(ARERS, S)eMODLFLO) ={ARERS, 5S)eMODLFHI-MODLFLO
[26]) m
[27) DRATES€(AREAS,2,B6)00
(28] DRATEIS[;4:; 1 11 24 21 71 Bele¢TRCTM
[29] DRATES[;2; 1 11 21 31 74 Bol€TRGTF
[30] m ‘
[34] DRATESL;;4+¢19)€(({{ARERS, 2,91 ~RANGEL)X({AREAS, 2, 9) pDRATPATSIL 3;4+19]2x3
{ 2&{ 9, ARERS, 27 eWGTSL ;1) ¢ ((ARERS, 2,9) 01 -RANGEL) x( (AREAS, 2,9) e DRATPATS( 2 44+
193523 4 2&(9,AREAS, 2)e1-WSTSL;;4)))+({{AREARS,2,9)pRANGE1 Y X({ AREAS, 2, 9) e DRATPATS
[41 2;1419],x3 § 289, ARREAS, 2)pWGTSL:;2])+( (ARERS, 2, 9) eRANGEL) x{ ( ARERS, 2, 9) e DRATP
ATSIZ 4:1+4193)x3 1 2&(9,AREARS, 2)ei-WeTSL[;;2]
{32] DRATESL;:11¢419])€({({ARERS,2,9)p1-RANGE2)X{{ AREARS, 2,9)eDRATPATSLL 3;14+191)
x3 { 28(9,ARLAS, 2)pWGTSL;: 2] )+ ({ARERS, 2,9 ei-Rh _£2)X((ARERS,Z,3)eDRATPATSL[2 4;
14+19)122 { 28(9,AREAS,2)01-WGTSL;;21))+({{ARERS, 2,9) e KANGE2) x{ (AREAS, 2, 9) eDKATP
ATSI4 3;11+4191)x3 1 28(9,ARERS, 2)eWSTST;:3))+((AREARS, 2, 9) pRANGE2) x( ( ARERS,2,9) 0D
RATPATS[2 4:11+419)3x3 1 28(9,AREAS, 2)01-WETSL;; 3]
[32) DPRATES[;:21+4193¢({((HRERS,2, 9 i -RANGE3)Xx{ ( AREARS, 2,9)eDRATPATSIY 3:;21+191)
x3 1 2&(9,ARERS, 2)oWGTSL ;3317 +C({AREAS, 2,901 -RANGE3 X(( ARERS, 2, 9,0 DPATPARTSL 2 4;
21+4193)x3 1 2&i9,AREARS, 2101 -WGTSL;;21))+i(CARERS, 2,91 pRANGEI) X{ ( AREAS, 2, 9) e DRATP
ATS[L % 244193)x2 1 2609, ARERS, 2)oWGTS ;4] 1+ CARERS, 2, 91 oRANSES) X{ (ARERS, 2, 9) @D
FATPATSI2 4;21+19))x% {1 2& 9, AREAS, 2/ 01 ~WGTS[ ;4]
[34] DPRATESD;; 24+139)€C{{ AREAS, 2, 39) 01 -KANGE4 ) x(( AREAS, 2, 391 e DRATPATSIE 3: 3141
3931¥3 1 26:29,ARERS, 2)0UWGTSL ;34394 L ARERS, 2,391 01 -RANGE4 ) x{ ¢ ARERS, 2, 39) 0 DRATFA

>

A.12



TSL2 4:344139)3x3 4 28(39,ARERS, 2) 01 ~WSTSI;:4)) Y+ (C(ARERS, 2, 39) o RANGE4) x ( (HRERS,
2,39 oDRATPATSI4 3:31+1391)x3 1 28439, AREARS, 2)eWGTSE ;351 )¢({ARERS, 2,39)pRANGE4 1 x
C(ARERS, 2,39 oDRATPATSL 2 4:34+41391)x3 1 2&(39,ARERS,2)e1-WGTSL;; 5]

(351 DRATESL;;71+114)€{({ARERS,2,14)oDRATPATSL1 3;74+1.14])x3 { 2u{{i4,AREAS,2)el
GTSL;;5))+({ARERS,2,14)eDRATPATS[2 4;71¢1141)x3 { 2w(14,AREARS,2)e1-WETS(;;:5]
[36] »

[37] DRATES¢10+DRATES

[38] A ===~=-~cmmermcce e e e e e —ooso-s-—ssco—oso---



9SETH
(6l SETM

1
ATS; MAX; CMAX
[1] A =m=emmomrrccmmec e e m s eCcsscssescssocoscccccomoo-
£2) m TASX: Builds migration rates from parameters, model patterns. Sub-

{3 a routine of POPCTRLY,

[4) A= = === = = =« = o= o === ceceeoecweecs=o==--=--=-
[S] a Input: MIGPATS:, RETPATSY (from GETPATS); MG, RM (from GETPARMS or
{61 a PARSETUP); CNTYR (from CONTROL1):; ARERS (from SIMPLPOP)

{73 m Output: RASMIGPATS (AREAS, 170, Sex, Ages) ¢ , Ages = B86; RETMIGPATS
[8] ~n (AREAS, 1/0, Sex, Ages) ¢ , Ages = 74

[9] A =cccccommrmmcccocmr e n et n et s e s e e e e s e s e e s m—e s s ——n oo

[10] MODLHILO€MIGPATSI[; 11 21 46]

[14] RATPARSEMEL;;; 2 3 4;CNTYR-1)

[12) RATWETS¢((L10®RATPARS)-(ARERS,2,2,3)eMODLHILOC2;])+(AREAS, 2,2, 3)e(MODLHILOL
1:3)-MODLHILOC2:]

(13) n»

{14) TEMP&(ARERS,2,2,82)e0

{15) TEMPL;;;16]¢4004

[16] TEMPL;;;viS)€((AREARS,2,2,15)eMIGPATS1(2:1151)¢(4 1 2 3W(15,ARERS, 2,2)eRATY
GTS[;;;11)x(ARERS,2,2,15)oMIGPATSI[4;v15)-MIQPATS1[2;115]

£47) TEMPL;:;:16+.5)¢((AREARS,2,2,5)pMIGPATSL(2;16+,5))¢(4 1 2 38(5,ARERS,2,2)eRA
TWETSL:;;21)x{ ARERS, 2, 2,5)eMIGPATS1{1: 164151 -MIGQPATS1[2;16+15]

[18]) Wie(4 & 2 3m(24,ARERS,2,2)eRATWGTSL;;:3)1)%(ARERS,2,2,24) (1 24) %25

[19] W2e(4 4 2 38(24,AREARS, 2,2)pRATWETSI;;:2))x(AREARS,2,2,24)0( 0124425

[20] TieWtx(AREARS,2,2,24)pMIGPATSI[1;21+4,24]-MIGPATSL2;21+124)

[24] T2eW2x{ARLARS,2,2,24)pMIGPATSA[4;21+4124])-MICPATS1[2;21+124]

[22] TEMP[;;;21+.24)€((ARERS,2,2,24)pMIGPATS1(2;24+1241)+T1+T2

[23) TEMPL::;:45+.37)J€((ARERS,2,2,37)eMIGPATS1[2;45+4137])+{4 4 2 38(37,RARERS, 2,2
)eRATWETSL ;33 31)Xx(ARERS, 2,2, 37)eMIGPATS1[1:45+4,371-MIGPATS4[2;45+137]

[24] ROTe$9-MG[;::4;CNTYR-4]

[25) TEMPze¢i1O%(RREAS,2,2,-74)¢ROTOTEMP -

[2€) MAXTEMP2¢l /TEMP2

[27] BASMIGPATSETEMP2x 4 1 2 3W(74{,RRE(S,2,2)ei+MAXTEMP2

[{28) SINKeDEX 'MODLHILO RATPARS RATWSTS TEMP Wi W2 T4 T2 ROT TEMP2 MAXTEMP2'
[29] n

[30] n

{21) RITPATMODES¢(ARERS,2,2,3)e 60 67.5 B82.5

[32) GTHANeRETPATMODES- 4 1 2 3w(3,RAREAS,2,2)ePMl;;;4;CNTYR-1)

[33) LTHANe(4 1 2 3®{3,AREAS,2,2)ekMl;;;1;CNTYR-11)-RETPATHODES

[34] MASK€STHAN=0

[35) OVER€[/[4)(GTHAN20I x+GTHAN+MASK

[36) UNDER€(=[/[4JC{LTHAN20)x+LTHAN+MASK) -T /[ 4IMHASK

[37] RANGE€QVER+UNDER

{328) UWEIGHTS€UNDER+KANGE

[39] PBASEPQSe+, [4)LTHAN2Q

{40) LIDPOS€BRCLEPOS+4

[{44] SINKeDEX 'RETPATMODES STH#N LTHRAN MASK OVER UNDER RANGE'

[42) A = = = = = = = = = ¢ = 0 & 6 - = = = c o e e s e s . ... ... .-
[42] m ABROVE ecstabliches model pat positione bracketing modes.
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[ 44]
(45]
[ 4¢]
[47]
[48)
(49]
{501
[54]
(52l
[53]
[54]
{55
[56]
(573
£58]
[59]
[601]
(61
(62]
[63]

a BELOW, interpolation & scaling so Max = unity.

RPATS¢({ AREAS, 3, 741 eRETPATSY

LID¢{RRERS, 2,2,71)00

RASE€(ARERS,2,2,71) 00

CNTI0¢0
LOOPIO:CNTIQ€CNTIO

CNTSX¢0
LOQPSX: CNTSX¢CNTSX+4

LIDL;CNTI0; CNTSX; J¢(AREARS, 71)PRPQTS[ (LIDPOS[; CNTIO; CNTSX1) 1)
BASEL ; CNT10; CNTSX; J¢(AREAS, 71) oRPATSL ; ( BRSEPOSL ; CNTIO; CNTSX)) 51
+( CNTSX< 2)eLOOPSX

+(CNT10<2)eLOOPIO

WEIGHTS¢ 4 1 2 3&(71,AREAS,2,2)eWEIGHTS

RETPATS¢( RASEX{ ~WEIGHTS) +LIDXWEIGHTS

MAXel /[4)IRETPATS

CMAXeL +MAX

RETPATS¢RETPATSX 4 1 2 3a(7?1,ARERS, 2, 2)eCHAX
RETMICPATS¢RETPATSX 4 1 2 3w(74,ARERS,2,2)eRML;;;2; CNTYR-1)



[0l
{1l
[2)
{3
[4]
[s]
(el
7
(el
£9]
(101l
(413
(123
[13]
[14]
[15]
(i€l
(17
(18l
[19]
(201
(211
(22]
(23]

» D>

°DOMIGLYRIOI®
DOMI G4 YR; BASRATES: RETRATES; YNGRATES

- - - - - n S Y D D N R TR R R G D S D W P Y S TR s G S SR T S P S R S e W e -

TASK: Builds rates. Subroutine of BRSPOPL, POPCTRLY, MIGCTRLY,

Input: MIGSCL, RETSCL (from control program); BASMIGPATS, RETMIGQPATS
( from SETMIGLY): AREARS (from SIMPLPOP)

Subroutine: MGSXADJA

OQutput: MIGRATES (ARERS, 10, ‘Sex, Ages)e

MIGRATES¢(ARERS, 2,2,86) 00

BPASRATES¢BASMIGPATSX4 1 2 3w( 74, ARERS, 2,2)eMICSCL
MGSXADJ1 :

RETRATES¢RETMIGPATSx4 1 2 3w(74,ARERS,2,2)eRETSCL
MIGRATESL;;:454,74J¢BASRATES+RETRATES

YNGRATES¢3 { 2 48(2,ARERS,2,18)eMIGRATESL;;2;27+118]
MIGRATES;;:v4 7)€ YNGRATESL:551v47)

MIGRATESL;;;483¢(.4xMIGRATESL;::181)+¢,6XYNGRATESL; ;18]
MIGRATESC;;;4d¢, SXMIGRATESL;5514)

- - - " - - S P D P D TR P W D T T D GD U G G5 D R W P R D R SR S P W e G D P A P e G B e e e e
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(ol
(1]
[al
(3]
(4]
[s]
(6]
[7]
(el
(9]
(103
{143
[12]
(13
[14)]
(1353
(i6]
(473
[18)
(19
{203

{24l
[22]
(23]
[z4]
{28

OMGSXADJLTDO]O
MGSXADJL; TEMP; CUM; RATIOS; ADJs TEST; CNTD

a TRSK: Seeks sex ratio balance in migration over ages 15-85+ hy
[ adyusting male rates based on cumulative in and out migration.
" Subroutine of DOMIGiYR.

=== = e = ocammeeem,eem.m...e-- =
n Input: BARASRATES {from contrel: (In/0ut, Sex, Hges)e); SXKTOL (from
') eesss  ==sex ratio tolerance-ages {5-85+: {(High/Low)e’;
n  RREAS (from SIMPLPOP)
a Output: BASRATES
M e e e m - ———————————— e e e e
TEMP€BASRATES

CUMe+ /TEMP

RATIOSeCUML;;4CUML; ;2]

ADJERATIOS#=2

TEST#{ (RATIOS »SXRTOLL41])vRATIOS(SXRTOLL 2))

]

CNTD€0
LOOPD :CNTD€CNTD+1

#(0=+/TESTL; CNTD1)/DOUND
TEMPL; CNTD; ; J€TEMPL; CNTD; 5 Ix3 2 1&( 74,2, ARERS) o( +ADJL; CNTDI), [, SIADJL;CNTD

DOWND:
#(CNTD<2)/L00PD
"

BASRATES¢ TEMP
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OFILEDATARIOI®
[0} FILEDATA; YEARS; SEX; ANAMES:; EOL: EOF; DATA; DDIM:; JUNK; CNTR: FNAME; CNTYFK:; CNTSX; L
ADER; LINE
O O ettt ittt ittt
[2) ~m TASK: Puts age-sex data into RSCII files--one file per county.
T3] M = = = = = @ = = @ = = o &0 0 o = o oo e oo =oeeo---=c-=--
{4) ~m Input: Pop array (Time, Area, Sex, Age)le
[S5] =a Output: To disk.
[] A ==c-eccccrceccmccercccccencre e e e et e st e e e e e
b YEARS¢4 0361 101980,1980+160
(8] SEXe2 1p'MF'
(9 ANAMES¢10 8¢'ADAMS  BENTON FRANKLINGRANT  KITTITASKLICKXTATMORROW UMATI
LLAWLLAWLLAYAKIMA '
{10) EOLeDTCNL,OTCLF
[14) EOFeDAVI27]

[12) n
{13 OTCFF
(14) ' Enter age-sex data array.' ¢ ' '

(151 DATReD ¢ ' °
(16] DDIMeeDATA

({7 m

(481 OTCFF

[19) ' Output data disk should be in Drive R,' ¢ ' '

{201 ..Press (ENTER) to continue.' ¢ ' ' ¢ JUNKeQd ¢ ' '
[24) »

(221 »

[22) CNTAeD

[24) LOOPAR:CNTR€CNTA+4

[25] m

[28] FNAME€ANAMESLCNTA:]

[27) TFNAME€(FNAME#' ')/FNAMLE
[28) TFNAME¢FNAME, '.DAT!

(28] ('At',FNAME)ONCREATE °t
[30] m

[21] CNTYReO

[32] LOOPYR:CNTYRECNTYR+4

[33] CNTSXe0

[34]) LOOPEX:CNTSX€CNTSX+4

[38] » '

[36] 1EADER€YEARRS[ICNTYR:1,' ',SEXLCNTSX:),' !
[371 LINE€LEADER, (6 OZDATALCNTYR:CNTR; CNTSX; 1), EOL
[38) LINE ONAPPEND ~{

[39) m

[40] CCONTSXCDDIML3])»/L0O0PSX
[44) HCONTYR(DDIMEA])/LOOPYR
[42) m

{43) EQF DNAPPEND 7!

[44] ONUNTIE 1

{451 ' File ',FNAME,' fi1lled.'
(48] H{CINTA(DDIML2])/LOGPR
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[47) »
[48)

{49] =»
{50]
(54)
[52)
[S3)
[54]
[58]
(561
[57]
(58
{59
1601
[ed)

2 323233 333 3 >

' Filing completed.' ¢ ' '

NOTE: File line format 1s...

Char(s) {-4 = Year
S = blank

6 = Sex
7,8 = blank

6-116 = Age data (6 chars pe™ number), ages
0-4, 5-9, 10-14, ..., B0-84, 85+
117,118 = End-of-line code

Final character in file is end-of-file code.
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APPENDIX B

METHODOLOGY FOR DETERMINING POPULATIONS WITHIN SECTORS

This appendix explains the process by which approximate populations
within sectors of a circular grid centered on four locations on the Hanford
Site were determined.

A computerized geographic information system was used to store and
process data on population within the various sectors. The software,
ARC/INFO, was designed by Environmental Systems Research Institute (ESRI).
Data consist of a map of the area of interest and tables of information about
the map. The map can be digitized by entering coordinates from the keyboard
or tracing with a mouse or another pointing device. The tables are databases
with the capability of doing some calculations. Records consist of items that
are calculated or keyed in. Calculated items are found using previously
entered items and an equation set up by the user. Use of tables is possible
not only inside a specific database, but from anywhere in ARC/INFO.

One data set, or coverage, contains all of the information concerning
one map. When a coverage is created, the system automatically creates one
record for each polygon in the map. The system then calculates the area and
perimeter of the polygon, and assigns the polygon an ID number.

Three types of coverages were created for this project. The first
coverage, MAP, contains a map of individual census tracts within the census
divisions in twelve counties around the Hanford Site: Adams, Chelan, Douglas,
Grant, Kitittas, Yakima, Klickitat, Franklin, Benton, Walla Walla, Morrow, and
Umatilla.(® Altogether, there are 58 census divisions. The table in this
coverage contains both county and division populations for 1980, 1990, 2000,
2010, 2020, 2030, and 2040.

(a) In the small corners of Chelan and Douglas counties included in the 50-
mile radius from the 100N meteorological tower, the population was
assumed to be zero. In Morrow and Umatilla counties, only the county
census divisions were used to allocate population.
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The baseline populations include census tract populations for 1990
(CT90_1990) and county populations for all years (cnty pop XXXX). To deter-
mine all other year census tract populations (CT90_1980, CT90 2000, etc.), a
ratio was used, based on the simplifying assumption that population growth
rate for the census tract is the same as the county population growth rate.
Population was assumed to be uniformly distributed within a census tract.

Therefore, the following equation was used to find division populations:
(CT90_POP) = (CT90_1990) * (CNTY_pop_2000)/(CNTY_pop_1990)

This calculation was made for each of the forecast years (e.g., the year
2020), for each of the 58 census divisions to complete the data in the MAP
table.

The second coverage, GRID, is a circular grid consisting of five concen-
tric rings, each divided into sixteen wedges. These wedges correspond to 16
different compass points. Each polygon is one sector. Each sector, except
for the innermost 16 nearest the origin is created by the intersection of 2
contiguous compass points with 2 concentric radii (see Figures C.1 through
C.4).

The final coverage, OVERLAY, consists of MAP overlaid with GRID. There
are four OVERLAYs, one for each of the four locations on which the grid cen-
ters: 100-N Meteorological Tower, Hanford Meteorological Station, 300 Area
Meteorological Tower, and 4G0 Area Meteorological Tower. Each OVERLAY is a
unique set of polygons. The polygons signify nothing geographically because
their boundaries may be either GRID lines, MAP lines, or a combination of
these. However, they are very important because total population in each
sector of the grid is determined by summing the populations of its constituent
polygons.

The population in each polygon was determined using the ratio of
population to area in square miles, again assuming that population in census
tracts, and therefore in polygons, is evenly distributed.

(poly_pop_2000) = (poly_ area) * (CT90_pop_2000) / (CT90_area)
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The population of a sector is the summation of the populations of all
the polygons within that sector (see Figures C.14 through C.61 and Tables 2.1
through 2.4).

(sect_pop_2000) = (poly_pop_2000), + (poly_pop_2000), + ... + (poly_pop_2000)

B.3
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FIGURE C.1. Counties, Census Divisions, and Cities Around Hanford Site
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FIGURE C.6. Areas Within 80 Kilometers (50 Miles) of 100-N
Meteorological Tower

;
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FIGURE C.7. Areas Within 80 Kilometers (50 Miles) of the Hanford
Meteorological Station
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FIGURE C.8. Areas Within 80 Kilometers (50 Miles) of the 300 Area
Meteorological Tower
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FIGURE C.9. Areas Within 80 Kilometers (50 Miles) of the 400 Area
Meteorological Tower
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FIGURE C.10. Areas Within 16 Kilometers (10 Miles) of 100-N
Meteorological Tower
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FIGURE C.11. Areas Within 16 Kilometers (10 Miles) of the
Hanford Meteorological Station
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FIGURE C.12. Areas Within 16 Kilometers (10 Miles) of the 300 Area
Meteorological Tower



FIGURE C.13. Areas Within 16 Kilometers (10 Miles) of the
400 Area Meteorological Tower



FIGURE C.14.

S@ mi from 100
S 1990

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 1990
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FIGURE C.15.

we,
s

)

S@ mi from 100
S - 2000

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2000
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FIGURE C.16.

5@ mi from 100
S 2010

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2010




FIGURE C.17.

52 mi from 100
S 2020

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid Sector
for 2020



FIGURE C.18.

SO mi from 100
S 2030

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid Sector
for 2030



FIGURE C.19.

50 mi from 100
S 2040

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2040



FIGURE C.20.

N 10 mi from 100
1999

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 1990.
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12 mi from 100
2000

FIGURE C.21. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2000
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FIGURE C.22.

N 12 mi from 100
2010

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2010
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10 mi from 100

FNes
S

FIGURE C.23. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2020
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N 19 mi from 182
2030

FIGURE C.24. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2030
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19 mi from 100
2040

FIGURE C.25. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 100-N
Meteorological Tower, by Population Grid
Sector for 2040
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* See text.

FIGURE C.26.

S0 mi from 282
S 1990

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector

for 1990



FIGURE C.27.

5@ mi from 200

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector
for 2000
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FIGURE C.28.

50 mi from 200
S 2010

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector
for 2010
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FIGURE C.29.

S0 mi from 200
S 2020

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector
for 2020
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FIGURE C.30. Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector
for 2030
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FIGURE €.31. Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the Hanford
Meteorological Station, by Population Grid Sector
for 2040 :
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1@ mi from 200
1990

* See text,

FIGURE C.32.

S

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 1990
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FIGURE C.33.

1€ mi from 200
2000

Distribution of Residential Population in a
16-Kilometer (10-M:le) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 2000
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FIGURE C.34.

10 mi from 200
2010 A

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 2010
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10 mi from 200
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FIGURE C.35. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 2020
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FIGURE C.36.

1@ mi from 200

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 2030
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1@ mi from 200
2040

FIGURE C.37. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the Hanford

Meteorological Station, by Population Grid Sector
for 2040
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52 mi from 390
S 1999

FIGURE C.38. Distribution of Residential Population in an

80-Kilometer (50-Mile) Radius of the 300 Area
Meteorological Tower, by Populatiun Grid
Sector for 1990

c.38



FIGURE C.39.

Distribution of Residential Population in an
80-Kilometer (50-Mile) kadius of the 300 Area
Meteorolcqgical Tower, by Population Grid
Sector for 2000

€.39



FIGURE C.40.

59 mi from 390
S 2010

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2010
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FIGURE C.41.

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2020
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FIGURE C.42.

50 mi from 300
2039

¥

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2030
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FIGURE C.43.

S SO mi from 300
2040

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2040
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N 1@ mi from 309
1899

=4

TN,

905

FIGURE C.44. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 1990
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10 mi from 300
2000

FIGURE C.45. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Gria
Sector for 2000
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N 10 mi from 300
2010

FIGURE C.46. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2010



N 10 mi from 300

FiGURE C.47. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2020
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10 mi from 320

FIGURE C.48. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector for 2030
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10 mi from 300
2040

FIGURE C.49. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 300 Area
Meteorological Tower, by Population Grid
Sector ror 2040
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FIGURE C.50.

50 mi from 400
S 1999

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 1990
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FIGURE C.51. Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 2000
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FIGURE C.52.

S0 mi from 400
S 2010

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 2010
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FIGURE C.53.

59 mi from 400
S 2020

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 2020
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FIGURE C.54.

SO mi from 400
S 2039

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 2030
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FIGURE C.55.

52 mi from 400
S 2040

Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid
Sector for 2040
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FIGURE C.56.

N 10 mi from 400

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid Sector
for 1990
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1@ mi from 400
N

FIGURE C.57. Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 400 Area

Meteorological Tower, by Population Grid Sector
for 2000
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FIGURE C.58.

N 10 mi from 499
2010

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 400 Area

Meteorological Tower, by Population Grid Sector
for 2010
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N _ 190 mi from 4080

FIGURE C.59. Distribution of Residential Popuiation in a
16-Kilometer (10-Mile) Radius of the 400 Area

Meteorological Tower, by Population Grid Sector
for 2020
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N 10 mi from 400

FIGURE C.60. Distribution of Residential Population in a

16-Kilometer (10-Mile) Radius of the 400 Area

Meteorological Tower, by Population Grid Sector
for 2030
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FIGURE C.61.

N 10 mi from 400
2040

Distribution of Residential Population in a
16-Kilometer (10-Mile) Radius of the 400 Area

Meteorological Tower, by Pepulation Grid Sector
for 2040

C.61



No. of
Copies

OFFSITE

12 DOE/Office of Scientific and

Technical Information

D. B. Pittenger

The Demographics Laboratory

2065 Lakemoor Drive S.W.
Olympia, WA 98502

ONSITE
DOE Field Office, Richland

R. A. Holten

17 Westinghouse Hanford Company

B. A. Bennett
Davis (5)
Dawson

Fein

n=
o> 0O

iﬂ

2rodxoronm

PNL-7803
uc-507

McCullough
Preston

. Ramble

Rau

. Schade

Schlosser (2)
Tailman

'Central Files

ific Northwest Laboratory

DISTRIBUTION
No. of
Copies

XK.
L.
A.
A.
A.
R.
A.
WH

40  Pa
N.

D.
D.
C.
D.
B.
M.
S.
A.
E.
Pub

Distr.1

TOMLIPOIMIO

Batishko
Beck (25)
Deonigi
Imhoff
Kavanaugh
Napier
Scott
Shindle

. Thurman

Yancey

lishing Coordination
Technical Report Files (5)






