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EXECUTIVESUMMARY

The zomplex and comprehensivesafety analysis activitiescarried out at

Hanford for nonreactornuclear facilitiesrequire data from a number of

scientific and engineeringdisciplines. The types of data that are required

. include data pertainingto current population and population projections. In

this regard, Pacific Northwest Laboratory (PNL) has worked in conjunctionwith

• a WestinghouseHanford Company engineeringstaff person and a consultant from

the private sector to produce a document which provides the demographicdata

required for ongoing safety analysis work at the Hanford Site.

The types of data found in this document include 1990 census totals for

residential populationwithin a 50-mile radius of the tOO-N, 200, 300, and 400

Area meteorologicaltowers. This document also contains 50-year projections

for residentialpopulationswithin a 50-mile radius of these four meteoro-

logical towers.

The analysis of population projectionsindicatesthat residential

population within a 50-mile radius of the four meteorologicaltowers in

question will continue to grow through 2040, although at a slower rate each

decade. In 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 tOO-N, 200, 300, and 400 Areas,

respectively. By 2040, these growth rates are projectedto 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 surroundingspecific locations on the

Hanford Site. Sommer et al. (1981) prepared estimates for an earlier safety

. analysis in 1981.

To remain consistentwith Somer et al., the population estimates and

projections were prepared for a 50-mile radius from four origins on the

Hanford Site: IO0-N MeteorologicalTower, 200 Area Hanford Meteorological

Station (622-R),400 Area MeteorologicalTower, and the 300 Area

MeteorologicalTower (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 includeMorrow 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 InformationSystem (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 assumptionsused 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 retrospectivelyto

1910. These shares were trended and multiplied by national population

. projection figures. To more precisely adjust the estimates, a version of the

cohort-componentmethod 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

Ig90s. No other county data were adjusted in this manner°

The county population projectionsfor the six decennial years analyzed

(1990, 2000, 2010, 2020, 2030, 2040)were then entered into the GIS package,

ARC/_NFO. (Appendix B explains the methodology used.) An existing ARC/INFO
q

data _et, developed on another project (Hanford EnvironmentalDose 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

population projectionsfor the remaining years were generated based on an

assumption that the CT population growth rate correspondsto the county popu-

lation growth rate and that population is evenly distributed throughout the

CT. Therefore, a CT population projection for a given year was generated by

multiplying the 1990 CT population by the ratio of the 1990 county population

to the county population 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 meteorologicalstation in the 200 Area

were compared with aerial photographsoi'the area. The photographs indicate

that the simplifying assumption of even population distributionthroughout CTs

restlltedin 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 constrainedto zero, and the estimateJ population was

reassigned to the nearest town. This modificationwas 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 longer term fix for this problem is to create artificial CTs for each

of the larger towns in the study area. This device will provide a more

accurate distinction betweenthe population living in incorporatedplaces and

those living outside of incorporatedplaces. Our research team hopes to make

such refinements in the near future.

o
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A 16-sectorcompass grid was then overlaid onto the existing map of the

county and CT boundaries. The grid in question contains concentric rings at

10-mile intervalsextending to 50 miles, lt was placed at four distinct

origins: the tOO-N, 200, 300 and 400 Area meteorologicaltowers. Each grid

may therefore overlap county and CT boundaries, creating one or more polygons

. within the grid area. (The methodology for determiningthe population within

these grids is further explained in Appendix B.)

" Population projectionsby 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

U.S. Nuclear Regulatory Commission (NRC). 1975. Standard Format and Content
of Safety Analysis Reports for Fuel ReprocessinqPlants. Regulatory Guide
3.26, Washington,D.C.

U.S. Nuclear Regulatory Commission (NRC). 1988 Standard Format and Content
of a License Application for a Low-LevelRadioactiveWaste Disposal Facility.
NUREG-1199, Revision I, Washington, D.C.

Sommer, D. J., R. G. Rau, and D. C. Robinson. 1981. Population Estimates for
the Areas Within a 50-Mile Radius of Four Reference Points on the Hanford
Sit_____e.PNL-4010, Pacific Northwest Laboratory,Richland,Washington.
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2.0 POPULATION DISTRIBUTIONAND TRENDS

Population size and distributionare importantcriteria for assessing

the _agnitude of risk to the public from radionuclideexposure,whether from

accidents or in the course of normal operations. Data pertaining to popula-

. tion size and distributionare required to ensure that nonreactor nuclear

facility Safety Analysis Reports are in compliance with U.S. Nuclear Regula-

. tory Commission (NRC) Regulations,U.S. EnvironmentalProtection Agency (EPA)

regulations,and U.S. Department of Energy (DOE) Orders relative to environ-

ment, safety and health. PoPUlationdata are also one component in some of

the radiologicaldose calculationscarried out by Hanford scientists and

engineers.

In addition,decision makers within the DOE, WestinghouseHanford Com-

pany, Pacific Northwest Laboratory,or other Hanford contractorsmay be

inclined to review recent data on population size and distribution, as well as

long-term population projections,before making final determinationsof future

locations for new Hanford facilities. Also, management decisions regarding

where on the Hanford Site new waste management processes or other related

technologicaldevelopments should be located may depend to some extent on the

magnitude and location of anticipatedpopulation growth. This would be

especially true in the case of populationgrowth anticipatednear 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 regardingthe

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 tabulationsdeveloped for locationswithin circles drawn at a I0-, 20-,

30-, 40- and 50-mile (80-kilometer)radius and divided radially into 16 com-
o

pass point directions. The graphical depiction resembles a wagon wheel, so

the 50-mile area is called a "populationwheel." In the example of a 200 Area

population wheel, the Hanford MeteorologicalStation would be the focus of the
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concentric circles in question. Similarly, the nexuses of the tOO-N, 300, and

400 Area population wheels are the respectivemeteorologicaltowers within

those three areas.

Census data delineating size and distributionof 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 _ 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 residentson 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 southeasternWashington 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, associatedwith 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 constructionor 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%.

e
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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.

lt 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
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rates, as well as migration into and out of a given area, are also key param-

eters in estimating populationgrowth. Growth projectionsfor 80 population

sectors within a 50-mile (80-kilometer)radius of the respective Hanford Area

meteorologicaltowers are based on computer simulationtechniques incorporat-

ing parameters delineated in AppendixesA and B. Figures in Appendix C show

population sector estimateswithin a 50-mile radius of each Hanfor_ Area

meteorologicaltower. 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 meteorologicaltowers for the decades 1990 - 2000

through 2030 o 2040, and the correspondingaverage 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 projectedto 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 experiencinggrowing pains

associated with a strong economic recovery fueled by the change of mission at

Hanford from weapons material productionto environmentalrestoration and

remediation (Scott and Belzer 1991). Hanford employment level continue to be

significantfactors in the economic growth of the Tri-Cities. This phenomenon

has precipitatedshortages of affordablehousing in Richland, Pasco, and

TABLE 2.1. ProjectedResidentialPopulationWithin a
50-Mile Radius of the IO0-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

I
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TABLE 2.2. Projected ResidentialPopulation Within a
50-Mile Radius of the Hanford Meteorological
Station (1990- 2040)

Average Annual Rate of
Year Decade Growth Durinq Decade (%) Population

1990 375,B60

" 2000 1990 - 2000 0.633 400,346

2010 2000- 2010 0.413 417,200

" 2020 2010- 2020 0.351 432,062

2030 2020 - 2030 0.157 438,909

2040 2030 - 2040 0.068 441,911

TABLE 2.3. Projected ResidentialPopulationWithin a
50-Mile Radius of the 300 Area Meteorological
Tower (1990 - 2040)

Average Annual Rate of
Year Decade Growth Durinq Decade (%) Population

1990 281,609

2000 1990 - 2000 0.543 297,275

2010 2000 - 2010 0.376 308,658

2020 2010 - 2020 0.330 318,995

2030 2020 - 2030 0.141 323,512

2040 2030 - 2040 0.078 326,057

TABLE 2.4. Projected ResidentialPopulationWithin a
50-Mile Radius of the 400 Area Meteorological
Tower (1990 - 2040)

Average Annual Rate of
Year Decade Growth Durinq Decade (%) Population

1990 283,229

. 2000 1990 - 2000 0.570 299,793

2010 2000 - 2010 0.394 311,813

. 2020 2010 - 2020 0.330 322,249

2030 2020 - 2030 0.140 326,802

2040 2030 - 2040 0.078 329,364
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Kennewickand raised some concern regardingthe ability of the communitiesto

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 continuesto grow at a rate correlated to the number of new

jobs being created.

Long-term economic and demographic projectionsare at best indetermi-

nate, even when done with the greatest of care and methodologicalrigor. How-

eve+_, it is not unreasonableto predict that the environmental restorationand

rem(,diationprogram at Hanford, along with expansion in regional construction

and manufacturingsectors, will continue to fuel regional populationgrowth

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. Pacific Northwest Laboratory,Richland,Washington.
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Projections, 1980-2040

Donald B. Pittenger
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Olympia, Washington 98502
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April 25, 1991
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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-K1. 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-buildlng

procedures and methods when dealing with extremely long

range projections.

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 19907 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 why

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 Lon_-Ran_e 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 ali 86 age groups. Age-specific fertility rates (for
five-year age groups) were used directly, withoutq

interpolation.

APL code for the key projection computation programs are
appended. Not enclosed are programs deallng 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 to___o 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. If
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
Klttltas 25.1 25.4 26.7' 26.4 25.4 27.9
Kllckltat 17.7 16.8 16.6 20.1 17.1 16.9
Sorrow 8.0 8.8 7.6 8.4 12.1 7.5
Umatllla 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 Flnanclal 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 d_ta 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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?opulation Projections: Hanford Area Counties, t980-2040.

Year RDRHSBENTONFRNKLN GRANTKITTRS KLICKTHOR_OWUI_qTLAWWALLAYAKIHA

1980 t3267 109444 35025 48522 24877 15822 7519 58861 47435 172508
tFCt t3t0t ti3399 3670t 48600 25t02 i6200 760t 59402 47900 175000 "
t982 13100 ttt700 36200 48598 25100 t6200 770t 60000 48300 175203
1983 13602 108700 36000 49100 24900 16303 7802 60395 48200 177000
t984 13708 107701 36300 49500 24997 16500 78t9 60500 48502 179999
t985 13795 t05t96 35700 49898 25000 16699 7996 60800 48403 182500
t986 13914 104001 35305 50506 24998 16602 7990 60?00 48498 183599
t987 13994 104100 35500 52100 25097 16600 7900 60399 48300 184399
1988 14000 104099 35497 52599 25001 16500 7499 60000 48300 186301
t989 13399 104101 34201 51900 25400 16600 7603 59600 48797 187806
1990 13602 112560 37473 54761 26728 16613 7624 59249 48439 188823
t991 13636 113120 37873 55550 26891 16667 7600 59589 48732 190892
t992 13642 113262 38076 56122 26980 16672 7573 59558 48867 192291
t993 13644 113360 38266 56678 27108 16670 7514 59499 48985 193633
_994 13640 113408 38441 57222 27229 16663 7537 59676 49084 194916
1995 13629 113680 38631 57751 27366 16649 7466 59832 49294 196144
1996 13617 113914 38809 58267 2?502 16706 7454 59969 49491 197321
1997 13625 1t4it4 38_78 58766 27590 16761 7455 _0088 49677 198447
t999 13629 114280 39138 59241 2?683 16811 7478 60191 49850 199396
1999 13630 114427 39289 59670 27793 16857 7495 60281 50013 200314
2000 13659 114817 39435 60092 27900 16901 7514 60360 50166 201204
2'00t t3678 _15194 39603 60510 2800_ 16971 754¢ 60429 50313 202062
2002 13700 115553 39712 60952 28102 17036 7565 60490 50452 202896
2003 13724 115904 39871 61361 28i99 17t00 7595 60543 50589 203718
2004 13736 116519 40029 61769 28295 17161 7622 60589 50721 204527
2005 13782 117132 40183 62204 28387 17225 7648 60633 50848 205325
2006 13824 t17741 40336 62611 28476 17287 7675 60808 50972 206112
2007 13866 118338 40480 63010 28564 17347 7699 60980 51092 206882
2008 13908 118930 40632 634ti 28654 17406 7723 61172 51211 207639
2009 13947 119516 40802 63779 2_739 17460 7747 61389 51321 20838_
20t0 13984 120094 40973 64146 28822 17520 777t 61602 51432 209106
20tt 14054 120664 41170 64449 28959 J7600 7808 61888 51672 210098
20t2 14116 121224 _1359 _4747 29091 17684 7844 62181 51912 211072
2013 14_85 121772 41546 65040 29225 17766 7880 62461 52152 212026
2014 14243 122308 41728 65326 29353 17842 7914 62736 52376 212956
2015 14305 122827 41903 65601 29478 17920 7945 62999 5259? 213858 .
2016 14367 122324 42075 65869 29593 17991 7980 63261 52811 214728
2017 14428 123797 42239 66126 297i3 18061 8011 63504 53014 215563
2018 14495 124261 42395 66370 29823 18127 8040 63740 53211 216360 .
2019 14539 124694 42544 66602 29927 18191 8069 63961 53400 217117
2020 14585 125105 42683 66821 30024 18251 8094 64170 53570 217826
2021 14624 125488 42814 67026 30117 18308 8119 64369 53740 218498
2022 14674 125845 42937 _7214 30204 18359 8143 64550 53891 219119
2023 14696 126176 43043 67393 30275 18411 8164 64721 54033 219695
2024 14743 126480 43153 67554 30355 18451 8184 64877 54163 220224
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2025 14764 126758 43247 67702 30423 18492 8201 65019 54282 220706
2026 14793 127007 43332 67836 30483 18526 82t8 65148 54389 221148
2027 14819 127234 43407 67958 30537 18559 8233 65264 54488 221537
2028 14842 127436 43478 68061 30580 18597 8245 65366 54573 221884
2029 14862 127613 43538 68159 30627 18617 8257 65458 54649 222195
2030 14881 127767 43591 68243 30664 18638 8268 65537 54714 222465

• 2031 14897 127900 43636 68315 30695 18658 8275 65605 54771 222695
2032 14910 128012 43675 68374 30723 18675 8283 65661 54819 222891
2033 14919 128104 43706 68423 30745 18688 8288 65710 54860 223049

• 2034 14929 128177 43733 68460 30763 18696 8294 65748 54890 223184
2035 14934 128228 43750 68492 30776 t8707 8297 65776 54914 223277
2036 14941 128271 43762 68512 30?85 18713 8300 65796 54930 223342
2037 14942 128294 43771 68525 30790 18716 8302 65805 54940 223385
2038 14944 128299 4.3773 68527 30791 18717 8303 65810 54943 223394
2039 14942 128291 43764 68522 30791 18715 830t 65806 54939 223375
2040 14939 128264 43760 68510 30783 18714 8300 65795 54929 223338

_mmo
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Shares o( U.S. Population (times I million); Han£ord Area Counties, 1910-2040.

Year ADAMS BENTON FRNKLN GRANT KI'IrASKLICKT MORI_OWUMATLA biWALLAYAKIMA

1910 t18.4 86. t 55.9 94.3 20t.3 1t0.4 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
t930 62.7 88.9 49.8 46.0 t47.4 79.7 40. t t98.0 230.8 628.2
t940 47.0 9t.2 47.7 ttt.0 153. t 85.9 32.8 t97.0 231.t 749.2
1950 43.5 339.5 89.6 t60.9 t46.9 ?9.6 3t.6 2?5.6 265.2 896.9
t960 55.4 346. t t30.2 259.2 tt4.t 75.0 27.2 247.3 235.3 B09.2
1970 59.t 332.2 t27.0 206.0 !23.2 59.7 22.0 22t.0 207.5 7t4.3
t980 58.6 483.1 154.6 214.2 t09.8 69.8 33.2 259.8 209.4 761.5
t990 54.5 450.9 t50. t 2t9.4 t07.t 66.6 30.5 237.3 t94.0 756.4
2000 50.9 428.0 t47.0 224.0 104.0 63.0 28.0 225.0 t87.0 750.0
20t0 49.5 425.0 t45.0 227.0 t02.0 62.0 27.5 2t8.0 t82.0 740.0
2020 49.5 425.0 t45.0 227.0 102.0 62.0 27.5 2t8.0 182.0 740.0
2030 49.5 425.0 145.0 227.0 102.0 62.0 2?.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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vPOPCTRLI[O]v
[03 POPCTRLI; MOPARS;POPTI;POPTiA;POPT2: DEATHS;SUI_VPOP;FRATES;FPI : FP2; IF;OF;MIg

SCL;RETSCL;CHT;TrHPPOP;QI_EATHS;BI RTHSt: BI RTHS2;TBIRTHS;MBIRTHS;FBIRTHS;TRPOS;CDf
FF_CNT;l CDI FF: OCDI FF; 1NADJ;OUTADJ;MASK;TEMPI;TEHP2:SI HK
[t] ,
[2] m TASK: Single-year population prodection--using pepu|ation total
[3] , controls. Subroutine o£ CONTROL1.
[4] ,
[53 m Input: CNTY]_(from COHTROLi); DILATES, MItRATES, FRATES(from sub-
[6] m routines): MO, Mt, RH (from GETPAi_MS):POP, POPtY, BTH, BTHtY, PTH,
[7] _ DTHt¥, Mit ( from SETMATS); CNTRLPOP( from tETDATA): AI_EAS( from
[8] , Sl HPLPOP)
[9] m Subroutines: DODI_ATES,S£TMItiY, DOMltiYi_, tROUPAtE
[t0] _ Output: POP, POPiY, BTH, DTH, Mit
[1t]
[ 12] MOPARS_MO[; _t2:EMTYR-1].tO0000
[13] DODRATES
[14] DRATES+(AREAS,2,B6)pDRATES
[15]
[ 16] POPTt4-POPtY[CNT¥I_-t;: ; ]
[17] POI_T1A,(AREAS,2,-B6)fPOPTt[;;_84],+/POPTi[:: 85 B6]
[IB] DEATHS+POPTIAXDRATES
[t93 SURVPOP_-POPTIA-DEATHS
[20]
[21] IrRATES+IrE[:;CHTY_-I]-:iO00
[22] Irl_1_-m(+/POPTIA[:2;15._,5]).[I](+/POPTIA[;2:20+_,5]).[I](+/POPTIA[;2:25+_,5]).
[I](+/POPTIA[:2_30+_,5]).[i](./POPTIA[:2;35+_,5]).[I](./POPTIA[:2;40+_,5]).[.5]+/PO
PTIA[;2;45._,5]
[23] FP2_m(+/SUI_VPOP[; 2: 15._5] ), [t]( +/SUI_VPOP[: 2; 20+_5] ), [t]( +/SURVPOP[: 2; 25._5
]) ,[I]( +/SUi_VPOP[; 2; 30+_5]),[t](+/SUBUPOP[ ;2; 35+_5]), [t]( +/SURVPOP[; 2;40+_5]), [.
5]+/SUI_VPOP[;2;45+_,5]
[24] _II_THSI_'(O.5xFI_I+fl_2)xI_RATES
[ 25]
[26] SETMI¢IY 0 -_(YRS(3)/OLC+I
[ 27] Ml_,SCL_MG[; : ; 5; CHTYI_-i]
[ 26] RETSCL_RM[; ; : 2; CHT'i]_-I]
[29] ,
[30]
[31] CHT_O
[32] A_;AIH:
[33] I)OMIGIYP.
[34] IMMIG_-SU_VPOPxMIGI_ATES[;I;;]
[35] OUTMIG+SURVPOPxMIC._ATES[;2;;]
[36] TEMPPOP.SU_VPOP+IHMI¢-OUTMIC.
[37] m
[38] I_rH_(*/IHMI¢[;2;15_,5]).[i](+/IHHIG[;2;20+_,5]),[I](+/INMIC.[;2;25*_5]).[1](
+/'IHMIG[;2;30_,5]).[I](+,"IHMIG[;2;35+_,5]),[I](+/IMMIG[;2:40._5]_.[.5]./INMIC.[;2_
45._,5]
[39] OF_-_;+/OUTMIG[:2:15_,5]).[I](+;'OUTMIG[;2;20+_5]).[I](+/OUTMIG[;2;25+c5]).[
I](./OUTMIG[;2;30_,5]),[I](./OUTMI;[;2:35+_5]).[I](+/OUTMIG[;2;40+_,5]).[.5]+/OUT
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Mlg[ ; 2: 45._,5]
[40] BI ETHS24-( I F-OF) xFRATES

[4i] TBI RTHS_-BIRTHSi +BI RTHS2
[42] MBI i_THS(-TBIRTHSxO.5i 2
[43] FBIRTHS4-TBIRTHS-MBIRTHS
[44] BI i_TH54-LO. 5+HBI RTHS, [ 1.5] FBI I_THS
[45] ,

[46] TEMPPOP[_;I]4"+/BIRTHS

• [47] QDEATHS4-DEATHS+( INMl G-OUTHIG)x( ( t f DRATE$)*-}.2) -!
[4BI QD£ATHS[ ; _t3_-DRATES[ _; i] xTEMPPOP[_ : ¢]
[49] QDEATH$(-LO. 5+DEATHS

" [50] INMl_[;Il]q-LO.5+TEMPPOP[ ;;12xMlGRATES[;I:;I]

[51] OUTMI¢[;_l]q-LO.54TEMPPOP[=:i]xMlGRATES[ ;21;I]

[52] MIGB6A4-1MMI_,[0.5]OUTMIG

[53] TEMPPOP[ ;;I]4.TEMPPOP[;;I]-QDEATH$[ ;;I]+IMMIG[;;I]-OUTMI G[;;I]

[54] POPT24-LO.5+TEMPPOP
[55] m

[ 56] CPI FF4-CNTRLPO?[; CNTYI]-+/+/POPT2
[57] CNT_-CNT+I
[ 5el -_(5E-5 >i CDI FF.CNT_LPOP[ _CNTYR] ) pOUT
[59] I Cl)l FFt-CDIFFxO. 75
[60] OCDIFF4-CDIFlrxO.25

[612 INADJ_-MIGSCL[;i:]x_(2,AREAS)p(ICDIrf-."+/+/IMMIG)+I
[623 OUTADJ4-MIGSCL[;Sz]x_(2,AREAS)p(('IxOCDIFF).+/+/OUTMI¢)+I

[63] m

[64] MASK_-INADJ >0

[65] TEMPI_-INADJxMASK

[66] TEMPS_-(~MASK)xMl¢$CL[;i;]x.5

[G?] MI¢SCL[;i;]_-TEMPI+TEM_2

[6B] m

[69] MASK4-OUTADJ>O

[70] TEMPI.OUTAI)JxMASK

[?II TIMP2_-("_MASK)xMIG$CI.[;2;]x.5

[72] MIGSCL[;2;I+TgMPI+TEMP2

f_J

[74] *(CHT>20)/DUT

[75] ._AGAI_

[76] m

[TT] OUT:

[?BI m

[79]

[BO] flLI.MATS:

[81] -_(OW+/+/+/POPIY[CHTYI_;;:])/OLC+!0 POPIY[CNTY_;;;]_-POPT2

[B2] -_<O_+!+./_IPOP[CMTY_;;;]_/DLC+IO MAT_-POPT2 0 G_OUPAGE 0 POP[ChlTY_;;;]_-RESU

LT

• [B3I MAT_-QDEATH50 GROUPAGE 0 DTH[CMTYI-I;;;]_-_ESULT

[84] BTH[CHTYP,-I;;:]_-BIP,THS

[BS] MAT_-IMMIG ¢,G_,OUPAGI

[B6] MIG[CHT'i_-I;;I;;]_-RESULT

[B?] MAT(-OUTMIG0 GROUPAGI:

[88] MlG[CNTY_-I: :2;;I_-R£SULT

[89] m

[90] SINK_-O£× 'DRAT£S MIGRAT[S RESULT'
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".DOD_ATES[O]9

[0] DODRATIS:RANGEI:RANGE2: RANGE3:RANGE4; MODLMHI:MODLMLO; MODLfHI ;MODLfLO; TRGTM

;TRCmTF;WGTS

[ii

[2] m TAS](:Interpolates death rates for current lINT. Subroutlne o£

[3] m POPCTRLI, POPCTRL5, MIGCTRLI, or MIGCTRL5.

[4].
[5] _ Input: MOPARS (from control program); DRATPATS (from GETPATS); AREAS

[6] m (from SIMPLPOP)

[7] _ Output: DRATES (Sex, Ages)p, A.qes = B6
[83 ,

[9] RANGEI&O.Ix_9

[iO] RANGE2&O.Ix_9

[iI] RANGr34-O.Ix_9
[12] RANGE4eO.025xt39

[i3]

[14] _ Below are rates in DRATPATS tor endages I, II, 21, 31, ?I.

[15] MODLMHI_ I0e.055 .00078 .00201 .00281 ,06344

[16] MODLMLO_ I0e.0054 .00016 .00071 .00069 .03057

[t7] MODLFHI_ t0e.044 .00062 .00i33 .00202 .0667
liB] MODLfL04- tOe.O027.0000B .0002 .00024 .00945
[19]

[20] TRGTM_IOeMOPARS[;I 2 3 4 5 6]

[2i] TRGTF_iOeMOPARS[;? B 9 I0 II i2]

[ 22]
E233 WGTS_-(AI_EAS,2,5)p0

[24] WGTS[ ;i;]4,(TRGTM[;_5]-(AREAS,5)_,MODLMLO).(AREAS,5)oMODLMHI-MODLMLO

[25] WGTS[;2;](-(TRGTF[;_5]-(AREAS,5)pMODLfLO)e(AREAS,5)pMODLFHI-MODLfLO

[26]
[2T] DRAT£S(-(AREAS,2,86)o0

[28] DRATES[;i: I Ii 21 31 ?i BG]_TRCTM

[29] DRATES[;2; I II 21 31 7t 86]_TRGTf

[30]

[Oi] DRATES[;;I+t9]_((((AREAS,2,9)_I-RANGEI)x((AREAS,2,9)_DRATPATS[I 3;i+tg])x3

i 2_(9,AREAS,2)_WGTS[ ;;i])+( ((AREAS, 2,9)_I-RANG_I)x( (A_EAS,2,9)_DRATPATS[2 4; I+

9])x3 i 2_(9,AREAS,2)_I-WGTS[;;I]))+(((AREAS,2,9)_RANGEI)x((AREAS,2,9)_DRATPATS

El •;1+_9])x3 I 2_(9,AREAS,2)_WGTS[;;2]),((A_EA$,2,g)_RAMGEI)x((AREAS, 2,9)_DRATP

ATS[2 4:1,_9])x3 i 2_(9,AREAS,2)_I-WGTS[;;2]

[32] DRATES[ ;;li,t9]_((((AREAS, 2,9)_I-RANGE2) x((AREAS,2,9)_DRATPATS[ i 3;Ii+_9])

x3 i 2e(9,AREAS,2)pWGTS[;;2])+(((AREAS,2,9)oI-RA ._2)x((AREAS,2,9)_DRATPATS[2 4;

Ii+_9])x3 I 2_(9,AREAS,2)oI-WGTS[;;2]))+(((AREAS,2,9)oRANGE2)x((AREAS,2,9)_DRATP

ATS[I 3:1!+_9])x3 ! 2_(9,AREAS,2)@WGTS[;;3])+((AREAS,2,9)pRAHGE2)x((AREAS, 2,9)@D

RATPATS[2 4;11+_9];x3 1 2m( S, AREAS,2) _I -WGTS[; ; 3]
[33] DRATES[;;21._S]_-((((AREAS,2,9)_I-RAHGE3)x((AREAS,2,9)_DRATPATS[I 3;21._9])

x3 i 2_(9,AREAS.2_WGTS[ ;;3])+(((AREAS, 2,9_,_I-RANGE3_x((AREAS, _,9)_DRATPATS[2 4;

21._9])x3 1 2_,_9,A_EAS,21_I-WGTS[;;3]))+(((AREAS, 2,9',oRAHGE3)x((AREAS,2,9)oDRAT_

ATS[I 3;21._93)x3 I 2m.',S,AREAS.2)oWGTSE;;4]I,.((AREAS,2,9)_RAN,;E_)x((A_£AS,2,S)_D

_ATPATS_2 4;21+_9])x3 i 2_(g,AR_AS,2)_I-_JGTS[;:4]

[34] DRATE5_;;3!,_39]_-(((_A_EAS.2,38__I-RAHGE4) x((AREA¢.,2,39',_DRATPATS[ 1 3;31+t

39],,3 I 2_<39,AREAS,2_WGTC_[;;4]',.(((AR£AS,2,39)_I-RAN_E4)x(_AREAS,2,39)_DRATPA
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TSl2 4;3i+_39])x3 i 2m(39.AREAS.2)pI-WGTS[;;4])_+(((AREAS.2.39_RAMGE4)x((AREAS.

2.39)oDRATPATS[I 3:31+_.39])_3 I 2m<39.AREAS.2)oWGTS[;;5])+((AREAS.2.39)pRANGE4_x

(_AREAS.2.39)_,DRATPATS[2 4:31._.39]_x3 I 2m(39.AREAS. 2)_I-WGTS[ ;;5]

[35] DRATES[:;?I+tI4]_-(((AREAS.2.14)o[.RATPATS[I 3;?I+_.14])x3 I 2_(i{.AREAS.2)pW

GTS[;;5])+((AREAS.2.14)_,DRATPATS[2 4_71+_.14])x3 1 2_(14.ARIAS.2)_,I-WGTS[:;5]

[36]

• [37] D_ATES+IO*DRATES

[38] m ......
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•_SETM] _.I Y[0 ]_
[0] $ETHI 4".IY: Sl HK:RANGE;WEIGHT5;BASEPOS; LI DPOS;RPATS;LI D; BASE: CNTIO; CNTS×; RETP

ATS;MAX;¢MAX
[I] m

[2] m TASK: Builds migration rates £rom parameters, model patterns, Sub-

[3] m routine o£ POPCTRLI,

[4] m

[53 m Input: MIt,PATS1, RETPATSI (£rom GI:TPATS); MG, PM (£rom GETPARMS or

[6] m PARS£TUP); CNTYR (from CONTROL1); AREAS (from SIMPLPOP)
[7] m Output: BASMIGPATS (AREAS, I/0, Sex, Ages) p , Ages = B6; RETMI(;PATS

CB] m (A]_£AS, I/0, Sex, Ages) p , Ages = 7t
[9]
[203 MODLHILOeMIGPATSt[; 1i 2i 463
[1t] RATPARS4-HG[;;; 2 3 4;CNTYR-1]
[t2] RATWCTS4-(( tOeRATPARS)-( AREAS,2, 2, 3) pMODLHILO[ 2; ] ) .( AREAS,2, 2, 3) p( MODLHILO[
I;])-MODLHILO[2; ]

[133 m
[14] TEMP4-(AREAS,2,2, 82) pO
[15] TEMPE;; ;t6]4-t0e1
[t6] TEMP[;;;_I5]_((AREAS,2,2,15)#MI;PATSt[2;_tS])*(4 ! 2 3m(t5,AREAS,2,2)#RATW
(;TS[ ; ; ; t] ) x( AREAS,2, 2, 15) _MI (;PATSt[ t ; _t5] -Ml (;PATSt[ 2; _t5]
[17] TEMP[;;:t6+_5](-((AREAS,2,2,5)pMIGPATSl[2;t6+_5])+(4 t 2 3_(5,AREAS,2,2)pRA
TW_,TS[; ; ; 2:] ) x( AREAS,2, 2, 5) #Ml GPATS1[ t ; t6+ _5] -Hl GPATSt[ 2; t6+ _5]
[18] W1(-(4 t 2 3m( 24 , AREAS, 2,2)pRATWGTSE;;;3])x(AREAS,2,2,24)p(_24)-.'25
[t93 W2_(4 t 2 3_(24,AREAS,2,2)pRATWGTS[;;;23)x(AREAS,2,2,24)p(o_24)+25
[203 Tt(-WI x( AREAS,2, 2, 24) pHI GPATS1[ t ; 2t* _24]-MI GPATSt[ 2; 21 +_243
[213 T2(-W2x<AREAS,2, 2,24) pHI GPATSt[ 1; 21 +_243-MI GPATSt[ 2; 21' _243
[22] TEMPI ; ; ; 2t +_24](-( ( AREAS,2,2, 24) _Ml GPATSt[ 2; 2t+_24] ) +TI+T2
[23] TEMP[;;;45+_37]_-((AREAS,2,2,37)_MIGPATSt[2;45+_37])+(4 1 2 3_(3T,AREAS,2,2
)p_ATWGTS[ ;;;3])x(AREAS,2,2,37)pMIG?ATSIEI:45+_37]-MIGPATSI[2;45*_373

[2,;] ROT(-tg-MG[ ; ; ; t; CNTYI_-I]
[ 25] TEMP2_tO*( AREAS,2, 2, -71)fI_OTCT£MP -
[26] MAXTEMP2_r/T£MP2
[2T] BASMIGPATS_TEMP2x 4 t 2 3_(71,AR£(S,2,2)#t.MAXTEM_2
[2BI $1Mk_OEX 'MODLHILO I_AT?ARSRATWGTS TEMP WI W2 T1 T2 POT TEM?2 MAXTEM?2'

[29]

[ 30] m
[31] RETPATMODES_-(AREAS,2,2,3)_ 60 67.5 B2.5
[32] GTHAM_RETPAI'MODES- 4 I 2 3m(3,AP.EAS,2,2)_RM[;;;i;CNTYR-i]

[33] LTHAM_(4 I 2 3_( 3,AREAS,2,2)_RM[ ;;;I;CMTYR-t])-RETPATMODI:S

[34] MASE_THAM=O

[35] OVERe[/[4](GTHAH__O)x+GTHAN+MASK

[36] UNDER_(+r/[4](LTHANZO)x+LTHAM+MASK)-r/[4]MAS_
[37] _AHG_OV£P.+UMDE_

[38] WEI(;HTS_UHD£R+RAM(;I:

[39] _ASEPOS*+,[4]LTHAH_)O

[40] LIDPOS_BA_.E?OS+I

[41] SIHk_BI:X 'R£TPATMOD£S C,THAN LTHAH MASK OVER UNDER RAH(;£'

[42]

[433 m A_OV_ establ___hes model pat pos_t_ons bracketing modes.
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[44] _ BELOW,interpolation & scal:ng so Max = unity.
[45] _ - " -
[4E.] RPATS4-(AREAS,3,7!)pI_ETPAT5!
[47] LII)_-(AREAS,2,2,?I)pO
[4B] BASE4-(AREAS,2,2,71)pO
[49] CNTI04-O

• [50] LOOPI0:CNTI04-CNTIO+i
[5i] CNTSX_-O
[ 52] LOOPSX:CNTSX4-CNTSX+t

• [53] LID[;CNTIO;CNTSX;]4"(A_EAS,Ti)p_PATS[;(LIDPOS[;CHTIO;CNTSX]);]
[54] BASEl; CNTIO;CNTSX;]4-(A_EAS,?i) pRPATS[; ( BASEPOS[; CNTIO; CNTSX]) ; ]
[55] ._(CNTSX(2)pLOOPSX
[56] +(CNTIO(2)pLOOPIO
[57] WEIGHT54.4 t 2 3_(71,AIEAS,2,2)pWEIGHTS
[5B] RETPATS4-(BASExI-WEIGHTS)+LIDxWEIGHTS
[59] MAX_-r/[4]RETPAT5
[60] CMAXeI+MAX
[6t] RETPATS4-1ETPATSx4 1 2 3m(?t, AREAS,2, 2)pCMAX
[62] RETMI_PATS._ETPATSx4 I 2 3m(7t,AREAS,2,2)pRM[;;;2;CNTYR-1]
[ 63] ,
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_DOMI Gi 'z'R[O]_

[0] DOMIGIYR: BASRATES:RETRATE5_ YNGRATES

[ii _ ---

[2] m TASk: Builds rates. Subroutine o£ BASPOPi, POPCTRLI, MIGCTRLi.

[3] m

[4] m Input: MIGSCL, RETSCL (from control program)1 BASMIGPATS, RETMIGPATS
[5] m (from 5ETMIGIY): AREAS (from 51MPLPOP)
[6] , Subroutine: MGSXADJi
[7] , OuGvut: MIGRATES (AREAS, I/0, 'Sex, Ages)p
[BI m ......

[9] MIGRATESe(AREAS,2,2,86)pO

[10] m

[ii] BASRATES4-BASMIGPATSx4i 2 3_(?I,AREAS,2,2)pMIGSCL
[i2] MGSXADJi

[i3]

[i4] RETRATES4-RETMI_PATSx4i 2 3t_(?i,AREAS,2,2)pRETSCL
rl5] m

[16] MIGRATES[ ;I_IS+_?i]eBASRATES.RETRATES
[iT] m

[iB] YMGRATE5_-3i 2 4_(-2,AREAS,2, iB)pMIGRATES[_:2_2?+_iB]

[i9] m

[20] MIGRATES[ ;;:_i?]&YNGRATES[ :;;_i?]

[21] MIGRATES[;::IB]_(.4xMIGRATES[;_:IB])+.6xYNGRATES[_;:iB]

_22] MIGRATES[:_;I]&.SxMIC,RATES[_::i]
[23] , --
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VMGSXADJI[D]_

[ OI MGSXADJi ;TEMP;¢UM;RATIOS:ADJ:TEST:CNTD

[2] . TASK: Seeks sex ratlo balance in migratzon over ages 15-85. bw

[3] _ addustlng male rates based on ¢umulat:ve in and out migrat:on.

[4] _ Subrout:ne of DOMIC,IY;_.

" [5]

[6] m Input: BASRATES (from control: (In/Out, Sex, Ages)e); SXRTOL (from

[7] m ..... --sex ratio tolerance'ages 15-85+: (H:gh/Low)p):

" [B] _ AREAS (from SIMPLPOP)
[9] _ Output: BASRATES

[I0] _ ---

[II] TEMP+BASRATES

[12] CUM_+/TEMP

[13] RATIOS+CUM[ ::i].CUM[ ::2]

[14] ADd+RATIOS*-:2

[15] TEST+((RATIOS>SXRTOL[I])vRATIOS<SXRTOL[2])

[16]

[17] CNTD+O

[18] LOOPD:CNTD+CNTD+I

[i9] "_(O=+,:TEST[:CNTD] )/DOWND

[20] TEMP[_CNTD:_]+TEMP[;CNTD;_]x3 2 Im(71,2, AREAS)p(.ADJ[;CNTD]),[.5]ADJ[_CNTD
]

r.21] DOWND :

[22] 4(CNTD<2)/LOOPD

[233

1224] BASI_ATES+TEMP

[25] _ -
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olrlLEDATA[O]_

[0] IrrlLEDATA: YEARS:SEX;ANAMES: EOL:EOlr;DATA:DDIM:JUNK;CNTA: FNAME;¢NTYD: CNTSY.:LE

ADEn;LINE
Ii] m --

[23 m TASX: Puts age-sex data into ASCII £11es--one £ile per county.
[3] m

Q

[43 m Input: Pop arraw (Tlme, Area, Sex, Age)#

[5] _ Output: To disk.
[6] _ -- -

[7] YEARS_-40_6i I_1980,i980+_60

[B] SEX+2 lp'Mlr'

[9] ANAMES+IO 8$'ADAMS BENTON F_ANKLIMGRANT KITTITASKLICKTATMORROW UMATI

LLAWLLAWLLAYAKIMA '

IlO] EOL+DTCNL,DTCLIr

[ii] EOIr+OAV[27]
[12]
[133 [ITCFF

[143 ' Enter age-sex data arraw.' 0 ' °
[15] DATA_-O0 ' '

[16] DDIMe,DATA

Ii?] m
[IB] OTCFIr
[!g] ' Output data disk should be in Drive A.' 0 ' '

[203 ' ..Press (ENTER) to continue.' 0 ' ' 0 JUH)C+O0 ' '

[213
[ 223
[233 CNTA_-O

[24] LOOPA:CNTA+CMTA+I

[25]

[263 FNAME_-AMAMES[CNTA:]

[2Tj FMAME+(FHAME#' ')/IrNAME

[28] FMAME+IrNAME,'.DAT'

[28] ('A:',IrHAME)OM¢I_EATE"I

[30]

[3i] CHTY_eO

[32] LOOPYD:CHTY_4-CMTY_+i

[333 CHTSXeO

[ 343 LOOPSX:CHTSX_-CNTSX+i
[35]

[36] I_ADER+YEARS[CNTYR:],' ',SEX[CNTSX:],' '
[3T! LIHE+LEADE_,(60_DATA[CHTY_:CNTA;CNTSX;]),EOL

[38] LINE OMAPPEND "i

[393 m

[40] "_(CNTSX(DDIM[3])/LOOPSX

[41] _(CNTYR<DDIM[I])/LOOPY_

[4,23
[43] EOF DNAPPEND "i

[4.4] DNUNTIE "I

[45] ' Irile ',IrNAME,' £illed.'

[46] _,:rNTA(DDIM[2])/LOOPA
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[ 4TJ
[48] ' Filing completed.' 0 ' '
[49]
[50] _ NOTe: File line format Is...
[5i]
[52] m Char(s) 1-4 • Year

" [53] * 5 = blank

[54] m 6 - Sex
[55] m ?,B z blank

• [56] m 6-116 = Age data (6 chars pe:' number), ages
[57] m 0-4, 5-9, t0-t4 .... , BO-B4, 85+
[58] _ tt?,tt8 = End-of-line code
[59]

1'.60] m Final character in file is end-of-file code.
m_

[61] _ -
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APPENDIX B

METHODOLOGY FOR DETERMININGPOPULATIONSWITHIN SECTORS

. This appendix explains the process by which approximatepopulations

within sectors of a circular grid centered on four locationson the Hanford

• Site were determined.

A computerizedgeographic informationsystem was used to store and

process data on populationwithin the various sectors. The software,

ARC/INFO, was designed by EnvironmentalSystems Research Institute (ESRI).

Data consist of a map of the area of interest and tables of informationabout

the map. The map can be digitized by entering coordinatesfrom the keyboard

or tracing with a mouse or another pointing device. The tables are databases

with the capability of doing some calculations. Recordsconsist of items that

are calculated or keyed in. Calculated items are found usinq 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 inARC/INFO.

One data set, or coverage,contains all of the informationconcerning

one map. When a coverage is created, the system automaticallycreates one

record for each polygon in the map. The system then calculatesthe area and

perimeterof the polygon, and assigns the polygon an ID number.

Three types of coverageswere 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, _d

Umatilla.(a) Altogether, there are 58 census divisions. The table in this

• coverage contains both county and division populationsfor 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 lOON meteorologicaltower, 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

(CTgO 1990) and county populations for all years (cnty_pop XXXX). To deter-

mine all other year census tract populations (CTgO 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 uniformlydistributed within a census tract.

Therefore, the following equation was used to find division populations"

(CTgO_POP)= (CTgO_IggO)* (CNTY_pop_2000)/(CNTY_pop_1990)

This calculationwas 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 _overage, 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 intersectionof 2

contiguous compass points with 2 concentric radii (see Figures C.I 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" IO0-N MeteorologicalTower, Hanford Meteorological Station, 300 Area

MeteorologicalTower, and 400 Area MeteorologicalTower. Each OVERLAY is a

unique set of polygons. The polygons signify nothing geographicallybecause

their boundariesmay be either GRID lines, MAP lines, or a combination of

these. However, they are very importantbecause total population in each

sector of the grid is determined by summing the populationsof 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)* (CTgO_pop_2000)/ (CTgO_area)
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The populationof a sector is the summationof the populationsof 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)I + (poly_pop_2000)2 + ... + (poly_pop_2000)n
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FIGURE C.6. Areas Within 80 Kilometers (50 Miles) of IO0-N '
MeteorologicalTower
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' FIGURE C.7. Areas Within 80 Kilometers (50 Miles) of the Hanford
MeteorologicalStation
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FIGURE C.8. Areas Within 80 Kilometers (50 Miles) of the 300 Area
MeteorologicalTower
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, FIGURE C.9. Areas Within 80 Kilometers (50 Miles) of the 400 Area
MeteorologicalTower
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FIGURE C.I0. Areas Within 16 Kilometers (I0 Miles) of IO0-N
MeteorologicalTower
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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
MeteorologicalTower
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• FIGURE C.13. Areas Within 16 Kilometers (10 Miles) of the
400 Area MeteorologicalTower
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FIGUREC.14. Distribution of Residential Population in an
80-Kilometer (50-Mile) Radius of the IO0-N
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Sector for 1990
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for 2030
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FIGURE C.21. Distributionof Residential Population in a
16-Kilometer (10-Mile)Radius of the IO0-N
MeteorologicalTower, by Population Grid
Sector for 2000
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FIGURE C.25. Distributionof ResidentialPopulation in a
16-Kilometer(10-Mile)Radius of the IO0-N
MeteorologicalTower, by Population Grid
Sector for 2040
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for 2020
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FIGURE C.32. Distribution of Residential Population in a
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MeteorologicalTower, by PopulationGrid
Sector for 1990
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MeteorologicalTower, by Population Grid
Sector for 2020
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FIGURE C.54. Distributionof ResidentialPopulation in an
BO-Kilometer (50-Mile)Radius of the 400 Area
MeteorologicalTower, by Population Grid
Sector for 2030
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FIGURE C.55. Distributionof ResidentialPopulation in an
BO-Kilometer (50-Mile)Radius of the 400 Area
MeteorologicalTower, by PopulationGrid
Sector for 2040

C.55



N 10 mi from 4_
1990

0

0 S6

o

o

o

118
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16-Kilometer (lO-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid Sector
for 1990
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FIGURE C.57. Distribution of Residential Population in a
16-Kilometer (lO-Mile) Radius of the 400 Area
Meteorological Tower, by Population Grid Sector
for 2000
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FIGURE C.58. Distributionof Residential Population in a
16-Kilometer(lO-Mile)Radius of the 400 Area
MeteorologicalTower, by PopulationGrid Sector
for 2010
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