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PREFACE

This is one of three draft reports that summarize the first phase of a
four-phase radiation dose assessment titled the Hanford Environmental Dose
Reconstruction (HEDR) Project. This, the Draft Columbia River Pathway
Report, is directed to technical audiences, as is the Draft Air Pathway
Report. The Draft Summary Report, which presents both the air and river
exposure pathways, is intended for a general audience. Detailed descriptions
of all aspects of the HEDR Project and the dose reconstruction process are
available in more than 20 supporting documents (Appendix A).

The river pathway portion of Phase I has several objectives. Foremost
among these is to determine whether sufficient information exists or can be
reconstructed from incomplete records to enable a dose reconstruction study
to proceed and to demonstrate that this is the case. A second objective is
to design conceptual and computational models specifically to deal with
uncertainties in the variabTes needed to estimate doses to offsite popula-
tions. The final objectives are to determine if the data and models are
sufficient to enable credible doses to be calculated and to compare HEDR
doses with previously published dose estimates. In summary, Phase I is a
pilot or demonstration phase. The dose estimates, which were calculated to
demonstrate the feasibility of the process for reconstructing doses, are
therefore preliminary. The estimates will definitely change as input and
model structures are refined in later phases.

The reader must recognize the preliminary nature of the dose estimates
that are presented and discussed in this and the two companion reports. As
the HEDR Project continues, the averages, ranges, and distributions of dose
estimates will change, for at least three reasons: refinement of input to
models; refinement of models; and changes in the extent of the final study
area.

It is also important to note that the objectives of the HEDR Project do
not include estimating risk or extrapolating to health effects that might
have resulted from radiation exposures. A related epidemiological study, the
Hanford Thyroid Disease Study, is being conducted for the Centers of Disease
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Control {CDC) by the Fred Hutchinsen Cancer Research Center. This study will
seek to determine whether there is a correlation between thyroid disease and
estimated thyroid doses near the Hanford Site from exposures to jodine-131
releases during the early years of operation. The CDC study does not address
the Phase I period for the river pathway, 1964-1966, that is the subject of
this report.

The HEDR Project is directed by an independent Technical Steering Panel
{TSP) of scientists and representatives of the states of Oregon and
Washington, of regional Native American Tribes, and of the public. The
TSP’s charter is to direct, review, evaluate, and approve all HEDR Project
work; funding is provided by the U.S. Department of Energy, but the agency is
not in the review or approval cycle.

The work described in this report was conducted in accordance with the
requirements of ANSI/ASME NQA-1 1986 Edition, Quality Assurance Program
Requirements for Nuclear Facilities, as interpreted by the PNL Quality
Assurance {QA} program.
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ABSTRACT

This report summarizes the water pathway portion of the first phase of
the Hanford Environmental Dose Reconstruction (HEDR) Project, conducted by
Battelle staff at the Pacific Northwest Laboratory under the direction of an
independent Technical Steering Panel. The HEDR Project is estimating radia-
tion doses that could have been received by the public from the Department of
Energy’s Hanford Site, in southeastern Washington State.

Phase 1 of the water-pathway dose reconstruction sought to determine
whether dose estimates could be calculated for populations in the area from
above the Hanford Site at Priest Rapids Dam to below the site at McNary Dam
from January 1964 to December 1966. Of the potential sources of radionu-
clides from the river, fish consumption was the most important. Doses from
drinking water were lTower at Pasco than at Richland and lower at Kennewick
than at Pasco.

The median values of preliminary dose estimates calculated by HEDR are
similar to independent, previously published estimates of average doses to
Richland residents.

Later phases of the HEDR Project wil]l address dose estimates for periods
other than 1964-1966 and for populations downstream of McNary Dam.
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The preliminary Phase I dose estimates for the river pathway indicate
that essentially none of the Richland population might have received cumula-
tive doses (1964-1966) from the drinking-water pathway higher than the
national, annual, average background.

Later phases will address dose estimates for periods other than
1964-1966 and for populations downstream of the Phase I study area. Rough
dose estimates for the drinking-water pathway can be extrapolated to earlier
and Tater periods and to downstream locations. Estimates of doses for the
period 1957-1972, when the last of the original eight production reactors had
been shut down, are available in published reports and, as shown in this
report for the period 1964-1966, provide a reasonable estimate of doses to
average and maximally exposed individuals in Richland. Doses for 1944-1956
can be estimated from power levels and from environmental measurements.
Power levels were considerably lower in the early years of operation when
fewer reactors were operating, resulting in much lower releases of radio-
nuclides to the Columbia River (Nelson 1960).

Extrapolations of dose estimates for the few downstream locations where
communities used treated Columbia River water for drinking can be based on
previously published measurements of radionuclide concentrations at
Bonneville Dam or Vancouver, Washington. In general, the concentrations of
radionuclides in the Columbia River at these downstream Tocations were about
10% or less of the concentrations at Richland (Foster and Wilson 1965).
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1.0 INTRODUCTION

1.1 PROJECT OBJECTIVES

The primary objective of the Hanford Environmental Dose Reconstruction
(HEDR) Project is to estimate the radiation doses that people could have
received from nuclear operations at the Hanford Site. The secondary
objective is to make project records available to the public. Copies of
project records are maintained in the Department of Energy-Richiand
Operations (DOE-RL) Public Reading Room in the Federal Building, Richiand,
Washington.

1.2 PROJECT HISTORY

The HEDR Project was prompted by mounting concern about possible health
effects to the public resulting from more than 40 years of nuclear operations
at the Hanford Site (Figure 1.1). In 1986, the Hanford Health Effects Review
Panel--convened by the Centers for Disease Control at the request of the
Washington State Nuclear Waste Board and the Indian Health Service--
recommended as a top priority that potential doses from radiocactive releases
at the Hanford Site be reconstructed. The Panel also recommended that a
thyroid disease study be initiated.

Representatives from the states of Washington and Oregon, from three
regional Native American tribes, and from the DOE agreed that a dose recon-
struction study should be funded by the DOE, be conducted by Battelle,
Pacific Northwest Laboratories, and be directed by an independent panel of
scientists and state and Native American representatives. A Technical
Steering Panel (TSP) was deemed necessary to provide credible, independent
scientific direction and to provide a forum for participation by the states,
Native American tribes, and the public.

Representatives from four Northwest universities selected technical
members of an independent TSP to direct the dose-reconstruction work. The
TSP includes members with technical expertise in environmental pathways,
epidemioiogy, surface-water transport, groundwater transport, statistics,
~ demography, agriculture, meteorology, nuclear engineering, radiation

I.1 Draft
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1978 | 1985 | 1986 | 1987 |

1988 | 19089 | 1900

Publlc intarest/concem about radioactivity from u
Hanford Intensifies ™

indlan Health Service and Washington State
Nuclear Waste Board ask CDC to foim panel to
review health effects from Hanford radiation = _V

“Downwinders" and HEAL ask DOE to provide
historical information on Hanford radiatlon L o = w

DOE places 19,000 pages of Hanford historical
documants in DOE Public Reading Room In v
Richland, Washington = e e D

HHERP mesats and recommends 1) dose
reconstruction study and 2) thyroid disease study | _ _ _ _ _ _ _ _ _ _ _ v

DOE directs PNL to begin HEDR Project and to
conveneafsp 0@ mm - s - s me e — - ===

Professors from four Northwest universities select
technical members of TSP, Washington and Oregon
governors and Matlve American tribes appoint
representatives to serve on TSP; TSP appoints
mamber of public to serve on TSP

TSP meets for the firsttime L __ ___ _ _ _ . ____

CDC directed by Congress to conduct the Hanford
Thyrold DiseaseStudy = |~ —~"~——===>-—~—————————-

CDC = Centers for Disease Control

DOE = U.S. Department of Energy, Richland Operations

HEAL = Hanford Education Actlon League

HHERP = Hanford Health Effecls Review Panel

PNL = Pacific Northwest Laboratory

TSP = Technical Steering Panel

HEDR = Hainford Environmental Dose Reconstruction {Project)

86006024.53

FIGURE 1.1. Timeline of Events Leading to Establishment of the HEDR Project





























































































APPENDIX A

HEDR PUBLICATIONS - TO DATE




Publication Publication

Title __Author Date No,

Hanford Enviranmantai Dose Reconstruction Praject Monthly Haerar, HA Manthly PNL-8450 HEDR

Report

Work Plan for the Hanford Environmental Dose Reconstruction Haerer, HA 1989 PNL-6658 HEDR

Praject REV 1

Proposaed Approach for Developing information on Population Food  Rhoads, RE, 1949 PNL-6803 HEDR

Consumption and Lilestyles of Native Amaricans in the HEDR and Bruneau,

Study Area CL

Summary Report of HEDR Workshop on Sensitivity and Uncertainty Sagar, B., and 1989 PNL-SA-16804

Analysis Liebetrau, AM HEDR

Damographic, Agricuftural, Food Consumption, and Lilestyle Beck, DM, stal 1988 PNL-6834 HEDR

Research for tha Hanford Enviranmantal Dose Reconstruction

Project

Response to TSP Diractive 88-4, Ground-Water Contamination Freshley, MD 19689 PNL-6847 HEDR

Data

A History of Major Hanford Oparations Invoiving Radiocactive Ballingar, MY, 1989 PNL-6964 HEDR

Material and Hall, RA

Summary of Workshop on Milk Production and Distribution, Beck, DM, et 1989 PNL-6975 HEDR

Novembsar 30, 1988 - HEDR Project al.

Feasibility of Using 23| Concantrations in Human Tissue to McCormack, 1989 PNL-6888 HEDR

Estimate Radiation Dosa From 1311 WO

Hanford Environmental Dose Reconstruction {brochure) Bruneau, CL 1989 PNWD-1323
HEDR

Radienuclide Sourcas and Radioactive Decay Figures Pertinentto  Haab, CM 1989 PNL-7177 HEDR

the HEDR Project

Uncertainties in Source Tarm Calcufations Genarated by the Heab, CM 1989 PNL-7223 HEDR

ORIGEN2 Computaer Coda for Hanford Praduction Reactors ‘

Atmospharic Transport and Dispersion Ramsdsell, J¥ 1989 PNL-7198 HEDR

Modaling for the Hanford Environmantal Dose Recanstruction

Project

Preliminary Summaries for Vegetation, River and Drinking Water Waoodrutl, RK 1989 PNL-SA-17641

and Fish Radionuclide Concentration Data (DRAFT) HEDR
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Publication Publication

Title Auythor Date No,
Atmospheric Transpont Modeling and Input Data far Phase | of the  Ramesdell, JV, 1989 PNL-7199 HEDR
Hanford Environmentai Dose Reconstruction Project and Burk, KW
Fission-Product kodine During Earty Hanford-Site Operations: ts Burger, LL 1989 PNL-7210 HEDR
Production and Bahavior During Fuel Processing, Off-Gas
Treatment, and Releass to the Atmosphera
The Hanford Environmental Dose Reconstruction Project: Byram, SJ 1949 PNL-SA-17658
Background Information (fliar) HEDR
Summary of Litarature Review of Risk Communication Byram, SJ 1989 PNL-7226 HEDR
Milk Cow Feed Intake and Milk Production and Distribution Beck, DM 1989 PNL-7227 HEDR
Estimates jor Phase |
Estimations of Traditional Native American Diets in the Columbia Hunn, ES and 1989 PNL-SA-17296
Plateau Brungau, CL
Estimates of Columbia River Radionuclide Concantrations: Data Richmond, 1990 PNL-7248 HEDR
for Phase | Dose Calculations Waitar
Evaluation of Thyroid Radioactivity Measurement Data From lkenberry, T 1990 PNL-7254 HEDR
Harnford Workers, 1944-1946
131 in lradiated Fusl at Tima of Processing From Dacamber Morgan, LG 1990 PNL-7253 HEDR
1944 Through December 1947
Population Estimates for Phase | Back, DM 1990 PNL-7263 HEDR
Estimates of Food Consumption Callaway 1980 PNL-7260 HEDR
Sail Ingastion by Dairy Caitla Darwin, RF 1990 PNL-SA-17918

HEDR

Computaticnal Model Dasign Specification for Phase | of the Napier, BA 1990 PNL-7274 HEDR
Hanford Environmental Dose Reconstruction Project
Selection of Dominant Radianuclides for Napiar, BA 1990 PNL-7231 HEDR
Phase | of the HEDR Projsct
A Preliminary Examination of Audience-Related Communications Heimes, CW 1930 PNL-7321 HEDR
lssues: Hanford Environmental Dose Heconstruction Project
MESCILT2, A Lagrangian Trajectory Climatological Disparsion Ramsdesil, JV 1990 PNL-7340 HEDR
Model
Draft Summary Report HEDR Staff 1990 PNL-7410 HEDR
Craft Air Pathway Report HEDR Staff 1980 PNL-7412 HEDR
Draft Watar Pathway Report HEDR Staft 1980 PNL-7411 HEDR
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MODELS USED

1. Fish Concentration (used if monitoring data are unavailable)

CF _
m,l,s,n * Bm’s,n - wm’],n
where CFm T.s.n = concentration in fish during month m, at loca-
212 tion 1, for species type s, for radionuclide n
(Ci/kg)
Bm s = bioaccumulation factor for month m and fish species
re type s for radionuclide n {dimensionless)
“m Ton = water concentration of radionuclide n during month m at

Tocation 1 (Ci/1).

2. Drinking-Water Concentration

At

CD T . W e "nw

m,1,c,n  '¢c,n m,1,n

where CD = concentration of radienuclide n in drinking water at
location T when adjusted by cleanup process ¢, during

month m {Ci/1)

m,},¢c,n

—
[}

water treatment plant transmission factor for cleanup

c,n type ¢, for radionuclide n {(dimensionless)
Ay = radioiogical decay constant for radionuclide n (days'l)
tw = time water spends in distribution system (days).

3. Dose From Swimming

= &
DSa,],m n ”m,],n Esa,m Fs,n,a
where DSa 1.m = dose from swimming to age group a at location 1 for month m
P (rem)
ESa n = €xposure time spent swimming for age group a during month m

{hours)
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F

c.n.a dose rate factor for swimming for radionuclide n and age
r r

group a (rem/hour per Ci/1)
4, Dose from Boating

< I . .
=pW EB Fo n/2

DBa, m,1,n a,m $,n

1,m

where DBa ]

o dose rate for boating for age group a at location 1 during

month m {rem)

EBa m - exposure time spent boating for age group a at location m
’ (hours}

Fs n/2 = assumption that dose rate boating is 1/2 dose rate
’ swimming.

5. Dose from Drinking Water

- E - *
Dua,],m n CD],m,c,n Ewa,m FI,n,a

dose from drinking water at location 1 to age group a

where DW
a,1,m during month m (rem}

Ewa m consumption rate of drinking water for age group a during
’ month n {1/month)
FI n.a- ingestion dose factor for radionuclide n for age group a
> {(rem/Ci)

6. Dose from Fish Consumption

- EF . F

= 4
OF ns CFm,T,s,n a,m,s I,n,a

a,l,m

where DFa 1

m dose to age group a at location 1 during month m from

consumption of fish {rem)
n = number of radionuclides
s = number of fish specias types

EF = consumption rate of fish of species type s during month m
by age group a (kg/month)
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Parameter Distribution Type Used in the Surface-Water Model

Parameter

CFm,],s,n

FI,n,a

Distribution Tvpe

calculated distribution for radionuclides phosphorus-32
and zinc-65 -

uniform for zinc-65

log uniform for phosphorus-32

normal for arsenic-76, neptunium-239
fixed for sodium-24, manganese-56, copper-64, chromijum-5l
triangular

calculated distribution

trianguiar

fixed

censored normal

calculated distribytion

censored normal

log normal

calculated distribution

censored normal

calculated distribution

censored normal

Tog normal

calculated distribution

triangular
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TECHNIQUZS FOR SELECTING REALIZATIONS
FROM ARBITRARY DISIRIBUTLONS
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AOORITHMS F0B T E GENTRATION QF SAMDI TS
FRQM SzLzCTED F ABILITY DISTRIBUTIONS

by
A. M. Lieketrau
January 15, 1990
Hanford Environmental Oose Reconstiruction Project
Pacific Northuest Laborataory

Richlana, WA 99iEZ

1.0 SuMmapy AMD TNTAQODUCTION

The purpose of this recort is to document zlgorithms for generating sam-
Tes from the probabilitly distributions that are being, or may be, used in
the calculation of dose estimates and uncertainties. Algorithms are pre-
sented for generating realizations of random variaples with the foilowing
distributions:

« U{a,b) -« a uniform distribution over the interval (a,b}, a < b
» LW{a,3) -- 2 Toguniferm distribution over the interval (g,8), @ < 8

+ T{a,b,c) -~ 2 triangular distribution over the intarval (a,c) with mode
at b, asbsc

o H{p,e?) -- a normal (Gaussian) distribution with mean x and
variance c*
« LN{e,7?) -- a Tognormal distribution with mean & and variancs 1,

fach algoriinm requires the generation of random numbers or values From
a U{0.1) distribution. It is anticipated that (pssudo) rzndom numbers will
be generated using currently available sysiem routines. Bagzuse random
numpers are crucizl to the generatian of realizations from any distribution,
an alternative a1gnr1thm is presented in Section 4.0 ¥or generating (pseudq)
rangom numbers in case the system rzndom number cenerator praves unaccantabie
for some reason,
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2.0 GENERAL METHODS FOR UNTVARTATE DTSTRIBUTIONS

A fundamen<z! method that theoretically works for any univariate distri-
bution is the Inversion Methoc. This method, which reguires the inversion of
the cumulative distribution funciion {cdf), is based on the following theorszm
of prebability {see Mood, Graybiil, and Boes 1574, p. 202):

If X ic a random variable with cumulative dis<ribution function F, then
the random varizsle U, defined by U = F{X), has 2 uniform distribution
pver the interval {0,1).

In practics, rezitzations are obtained by generating 2 psaudo-random number u
(g realization ¢f 2 U{0.1) random variable), setting this number agual to U
in the above theoram, and solving for X. For each realization u, this pro-
cadure yieid: the realization x = F~4{u) of the random varizble {. The
[nversion Method is shown schematically in Figure .. The utility ¢f the

- F(x)
u
-
x=Fu) x
R8912159.8
FIGURS 1. The Inversion Method of Generating Realizations from the

Cumulative Distribution Funciion F: X is the realizatien
that corresponds to the random number u.
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[nversion Methog is limited by the difficulty of obtaining £71; consequently,
alternative methods are preferable for mamy distributions whosa cdfs are
gifficult to invert. The Inversion Method is used to generzie realizations
fram uniform and triangular ¢istributions.

Tachniczl Mote: [F F is not.continuous, then thers exist values c7
U for which F'l(u) is not well defimed. In this casz, x snould he
tzken as the largest value t0 X5 such that F(x) zu, i.e.,
Xq = SUPX F(X} £ u.
A second methad €or generating realizations of specified distributions
is oy means of transformations. If Y is obtained by transformatior {rom the
veriadle X, say Y = ¢{X), then realizatiens of ¥ czn be cbtained by zaplving
the transtormation g to realizations of X. Transformatians zre used to
cenerate loguniform variatas from uniform variates and lognormal variaztas
wam normal variates. Transformations may also be used to generate Uf:z.b)
veriates from U{0,1) variates and N(#»cz) variates fram N(0,1) variates.

In addition to the two genera) methods identified zbove, special methods
exist that are efficient for specific distribuiions. The 3o0x-Muller
algorithm given in Section 3.4 is a special method for the generation of
standard normal variabies (e.g., N{Q,1} variabies].

The algorithms obtained by applying the methods in this section to the
distributions listed in Section 1.0 are given jn Section 3.0. A good
averview of methods for generation of realizations from univariate distri-
butions is given in Chaptar 2 ¢f Johnson (1987); 2 more ex%tansive discussian
is found in Chapter 5 of Bratley, Fox, and Schrage (1983).
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1.0 ALGCRITEMS FOR SELECTED DISTRIBUTIONS

3.1 The Urifprm Distributicn

The Inversion Method is used to obtain U(2,b) variatas frem pseuco-
rzndom variates. [f X has a Y{a,b) distribution, then the cdf of X is

a, % £33
Fyle) =< (x - a)/{b -a;, asgxgb
L, x2hb

'n the interval 2 < x < b, Fy{x) = (x - a)/(b - &}, s0 rai is given by

x = Fy(x} (b -3a)+a

Therefore, we obtain the following algorithm for generating a realization x
from a Y{a,b) distribution.

Alagrithm
Stap 1. Generate a pseudo-random number u from the U{0,1) distribution.

Step 2. Compute x = u {b - 2) + a.

-

Aefarances
Iman znd Shortencarier (1984, p. 18)

Mood, Gravbill, and Boes (1874, p. 105)
Any standard statistics texthook.

3.2 The Lpauniform Ristribution

Log uniform variates are obtained by transforming uniform variates. B8y
definition, the random variazble Y has a loguniform distribution over the
interval (e, 8), @< 8, a> 0, 3> 0, if, and only if, the random variabie X
= in Y has a uniform distribution over the interva. (a,b), where a = In « and
b = In 4. From this definition, it follows that

Fy(xy = (x - Tn a}/{in 8- 1In @)

ar
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x = ful{x){ln g - 1n¢} ~+ n a

for In @ € x < In §. Tiherzfore, we obtain the Tollowing algorithm for
Tization ¥ from a LUf{e. £) distributien.

Alcoriinm
Step 1. Ganerzie a pseudo-random numoer u from a U(Q,1) distribuiion,

Step 2. Comouie v = exo fu {("n & - Ing} + In &].

Referencs

Iman 2nd Shorizncariar (128¢, o, 19)

3.3 The Triangular Disiribytion

The Inversion Method is used to obtain realizations from a triangular
distribution. If X has a triangular distribution over the intzrval (a,c}
with mode b, then the cdf of X is

Q, X £
(x -a)/ [le-a)yb-a)l, asxsb
Fr{x) = b - a _ fx=+b5-2c){x-8), besx<gc
c - a (¢ - a){c - b}
L1, X2

Note that at x =, Fr(x) = Fp(b) = (b - &)/(c - a). Inverting Fy(x) yields
tha ra:]ow1nc gigerithm Tor generating a realization x from a triancular
distribution wish parametars 3, b, and ¢, a b <¢

Algorithm
Step 1. Generate a pseudo-random number u from a U{0,1) distribution.
Step 2. Ifusg (b -a)/(c - a)

Sat u = Fr{x) = {x - a)%/[(c - a)(b - &)]

Compute x = a+ {ufc - a)(b - aj]r/?

B.9



Sten 3. Ctherwise,

Seru,F(x).u-fx*b‘ZCHI-bl
) T c -2 (¢ - a}{c - b)

Compute: x = ¢ - [{b - ¢} + {5 - a){e - b} - ule - a)lc - LSREEE:

Refarences

Iman and Shortencarfer (1984, p. 20}
Jonnson and Kotz (1970)

3.4 The Nermal Distributign

The inverse of the cZf of a normally distributed random variagie X
cannot be expressed in closed form, so the inversion method is not the methad
of choice for generating normal variates. The method used to generate normal
variates, which is due to Sox and Muller (1958), involves transformaticn of a
pair of pseudc-random numbers to obtain a pair of standard normal variztes.
These are further transformed to obtain a pair of realizations from a normal
distribution with mean g and variance o2.

The Box-Muller algorithm is an efficient method for generating simpie
random samples of normal variates, but it may not be as efficient for Latin
Hypercube Sampling, which involves partitioning the range of the simulated
variables. To generate normal variates using Latin Hypercube Sampling, it is
desirable %o use an algorithm that generates specivied perzantzgs points of &
normal distribution. The algorithm cited below, due to Beasley and Sprimger
{1877), is used tor this purpose.

—4

ne Sox-Mullar 27ggrithm

St

[0

n 1. Generate independent pseudo-random numbers up ind up from the
U{0,1) distribution.

Step 2. Compute g, = {-2 1n uy}'/2 cos{2rm uy)

(-2 1n 4, )i/% sin{27 u,)
Sten 3. Compute Xy = €Gy + K
X = gOy + 4

The gquantities x, 2nd x, are independent reaiizations from a normal
distribution with mean o and variznca o2,



v
-+

Step 4. ({cptionmal}
Yi =

y; = 28 + (1-2)V7% g,

are computed for seme a3, -1 21, t?e‘ Y, ang y, ire razliza
stanaard bivariagte (. = 0, L =0, 6% =1 1) normal di

ions from 3
. » Og® = H
with correlation coefficient a.

stribution

Eax and Muiler (1853)
Abramcwicz znd Stegqun {1870, p.
Johnson (1987, p. 29}

i
in
i)
St

Algorithm for Compu*ing Percentage Points gf the Mormsl Dis*ribetian

Aigorithm AS III, due to Beasley and Springer (1977, is used to cal-
culate percentagce points of the normai distribution in connection with Latin
Hypercube Sampling methods. The aloorithm is fast, numerically accuraie, znd
portable without modification, FORTRAN code for implementing Algorithm
AS III is given in the reference cited.

3.5 The Loomogrmal Distribution

Log normal variztes are gbtained by transfsrring normal variates. By
detinition, the random variable Y has a lognormal disiribution with mean 8
and variance r* if, and only if, the random variable X = In ¥ has 2 normal
gistribution with mean i and variance ¢, where

4= n & / leé+7 | ande® =1n {_(EF s 1) /& (1}
- d

| PS—

This definition yields the Tollowing algorithm for generating a rezlizaztion v
Trom a2 lognormal distribution with mean © and variance 2.

Algorithm

Sten 1. Generate 2 realization x from a normal distribution with
mean g and variance o*, where u and ¢® are computed using
touation {1) above. (See 2igorithms in Section 3.4 for
generzting normal realizations.)

3 Then y is a realization from a

Step 2. Compute v = exp {X).
Tognormal distributien with mean @ and variance 72,

B.11
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rg Srancas

Iman and Shorzencarier (1534 p. iI7)
Crow and Shimizu {1%E8)




£.0 THI GENESATION CF PSTUDO-RANDOM NUMEZSS

grishm in Section 3.0 requires the generation of values from :
ribution. It is anticipated thal the pseudo-random number gener-
ilzoie on the FHL VAX network wiil prove agequate vor HZdR Froject
gdlculations and relatad uncertainty analvses. In casz ihe svsiem

tar praves inadeguate Tor some reason, and for the sake of

teness. a psaudo-random numoer ¢enérator 75 given here., The saleec*ac
rztor is due to Wichmann and Hi11 (1982) and produces U{0,1) realizations
ombining the results of three multiplicative congruential generztors,

a aorT:hn 15 short reasannhiy Fast. statistically sound, and machine
ndent. A TORTRAN impiementation is given below. On machines that usz
3 bits for reprasentaticn of the fraciicnz’ part of i real number. i-
sitle for this aigorithm to produce exact zeras becayse of rouncine
grrar; see Mciszod (1%83) for a discussion of this problem zng gossibie
modifications. An extansive discussion of uniform random number generztars,
inciuding the algorithm presented here, is found in Chapter & of Brat‘ey
Fox, and Schrage (1983).

Alogrithm AS 183 (Wichmann and Hill)

REAL FURCTICN RAKDCMCL)

ALGORITHM AS 183 APPL. STATIST. (1982} vou.l1, P.'38

DD

RETURNS & PSELDC-RANDCH MUMBER RECTANGULAALY §ISTRISUTED
EEVWESN O AND1.

I, IY AMD iZ SHQULD 3E SET TO INTECER VALUES GETWESN
T AND 30000 SEFORE FIRST ENTRY.

INTEGER ARITHMETIC UP 1D 30323 IS RESUIRED,

AN e N AN1E1Es]

CIMMON RANCY IX, 1Y, 12

IX = AT e MO, 1TTY -2 T IR T
IT = 772 » meSgIY, S78) - 35 ¢ (1Y /U7
13 = 170 * pED(IZ, iTAY - 43 * (12 7 4ATRY

[l

IF

{ L Q) IX = [N+ 30249
1F ¢
¢

AT, Y IV o 1Y - T0307
AT @) 12 = 12 - 30322

[F INTEGSR ARITHMETIZ UP TD 5212432 1S5 AVAILABLE,
THE PRECEDING & STATEMENTS MAY 5T REMLACEY BY

IX = MDY v IX, 30249}
1Y = v@eiT? = 1Y, 30307y
12 = mo0¢i70 * 12, B3)

CM SCME MALHINES, THIS HAY SLIGATLY INCREASE
THE SPEED. THE RESILTS WILL BE IDENTICAL.

Erniyrrmy PO On

RANDO™ = :MCOOFLCATIIND [/ S028F.0 « FLOAVCIYY 7 SOOCT.0 -
3 FLEATCIZY / JE3ZE.2, .

RETURN

ZND
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METHQDS OF STORING AND RETRIEVIMNG DATA FROM HISTOGRAMS




A [T umoR?
£ Batelle o

Pacilic ~orinwest Lanaratores Internai Distribution

g5 Oennis
RQ Gilber<

Date June 25, 1689 HA Haerer
aa Hapier

To JT Caniinger Sagar

. F1Te/'3
srom AM Lienetrau a7

fugieet Alaori<zhm for Inout of and Generation of
RE&;I-iTIens rrom fumuiative g1sTrisution
runcsicens

The estimation of dose estimate uncertizinties will involve simulating
reziizations of crcnanility distributions. The distributians may be thearetical
fi.a., eaxpressed in a functicnal form) ar emn1r1ca' (es;imated from real deta or
gen erzzen Sy simulation from a hypethetical diszribution). The distributicas

méy be used Lo describe the distribution of input parameters to the dose model
or tne variability of submodel outpur variableys).

Tne following algorithm can be used %o approximate a given distribution fung<ion
regardless of whether it fs theoretical or empirical. The notatign used in Eg.
(1) beiow is jllustratad in the attached figure.

Step (a): Divide the range of the distribution inte k inta=vals. For Phase I
cajculations, a maximum of k = 20 intervals will be used.

ten {b): The interval boundaries (denotad by x's) and the cumuiative preba-
bilities (denoted by h's) associated with the rignt-nana endpoints
of the k intarvals are:

(xg, hg = 0), (x4, hyds (Xpu b, oeey (xy. Bny)e (K B = D) (D)

Whers %5 is +the minimum value of t.e variabie and < is the maximum vaiue.

The intervals defined by Eq. (1) defined a k-segmsnt piecawise Iinear approxi-
mation to the actual input distribution. A maximum of k = 20 intervails will be
used for Phase [ calculaticn. A smaller vajue of k may be used in cases where

an adeauate approximation to the actual input distribuzion does not require 20
intervals. HNote that when the distribution is expressed in cumulative form,

both the x's and the h's are nondecreasing sequences of numbers. It is conven-
ient {2 choese the resresentation in £q. (1) so that either the x’s or the n's
are equally spaced. For the Phase [ siudy, we wiil use equal spacing of the x's.

After a distribution such as that in Step (b) has heen assigned ta a particular
ingut variahle, then realization of the variable may be generated from the
assigned distribution as follows:

Step 1: Ganerate a pseudo-randcm number, from the uniform distribution ovar
the interval (0,1)}. Qencte %he value of this numper By h, whers
0 h ¥ I b
<h <l



-

37 Carlinger
sune 26, 1989

Page 2
Step 2: Detzermine the ingex f, 1 =1, 2, ..., &k, sueh that h, , <h < h,.
ho- A,
- . - = - ;
S\.ep 3 Computa x = x'i-i. + ni = ni (X,I X_I-‘l) f:.f
)

The cuantity x chtained hy (2) is the realizzticn of a randem variabie x whesa
¢Zf is given by (l). Steos 1-3 cam be repeated, as necessary, to generata the
cesireg numper of reazlirations from the given distritution.

AML/sle
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HANDLING CCRRELATICHNS IN COMPLEMENTARY FRACTIONS




S92

- rorect Numocer HECR
-215\‘:' Bane“e Proieet Numoe

s .
Paciiic Northwesl [ adaratarnes Internal Disthoution

JA Brztharsg

RC GiTbers

Date August 138, 1988 HA Haerer
AM Liehe:rau
o Jistrisuticn 3 Sacar
— GL Sirence
Fram Bruce Nagier | j:xﬁ_,:;——*" Projage CfTice
- FilesL3
somec:  Handiing Correlations in Cemplementary “ractions
T Lo o
In saverai a7 the caTca]a:icns t2 he performed “or gne HITR Phese ! oanalvias,
2 serigs a7 fracticns must be selecteg from {npyt 2istrizutions. Each of
tnesa fracticns has its own c¢isiributien. The resuits o7 ine salection
process of the fractions must, however, sum to one, wnich implies a
correlation structuyre., A tachnique is neegad to handle <he carrelazicas

betwesn the various fracsions.
DISCUSS:ICH

Severz] options are avai ilable. wWe could use a simple rule (g adjust the
randemiy drawn fracticns, or we could draw the fracticns ¥rom a multivariate
distributign with an assumed corrsiaticn structure.

In general, the fractions are being generated via sxpert opinien. There is
considerable uncartainty about many of them. Na infeormation i$ currently
available an correlations between the constituent parts of the sum desired,
ather than that it is constrained to add to unity. The structure of the
pravesed computer implementaticn aiso does not lend itse’f to incorporating
large correlation matrices.

The question of how to handle thess corralations was discussed by Bruge
Nepier, Al Liebetray, Oick Gilbert, and Budhi Sagar &t a meeting on July i1,
1989,

CONCLUSIONS

t was concluged that for Phase 1, z% jeas%, 2 simple aéjustment rule would
be adeguate, given the lack of strcng information on carrelations. The
various fractions should be drawn indemendentiy from uhevr distributions, and
then the sum of the results should be used to normalize each value sa that
the total then adds ta c¢ne.

SAN:cs



CORRESPONDENCE SETWEIN COLUMBIA RIVER LOCATICN
AND HEDR CENSUS SUBDIVISION
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Q\}'% B Prorect Numaer HEJR
=« Balielle
TARY | ol O
Pacilic NMarawest Laporatcries naternal Ciitnoulion
HA Haerer
T™ Fostcn
Oute Aucust 17, 1339 M Riznmond
Project Office
fa LM Zeck _— Fiie/L3
. [y P
From 35 Nagier, Tl
b
Susiec:  Carrasggomdarze Cetwean Dofumbia River Locatien 2nd
FILm L&nSuS Sul5iIvISIcn Srtg Boinls
INTEARUCTICH
Mugn of the Phaze 1 effort has jone in:o defi.‘.g ssrameters i3 use Tor ns
eumosonaeric cignersicn portisns af the HEDR calculaszicns. Preogorticnaily
fess affert has hesn axpendag on :he sur'ace wdlar pathways. However,
definitics of the various locaticns of potential exoosure o iRe river or 0
river-reiated producss (water, fish, irrigated foods} is alse necessary
DISCUSSICN

Ted Poston, who was asked o accumulate and evaluate data cn radionuciide
csacenirations aof fish in ¢he Coiumbia Rivar for 1954-1968, devised a
eonventicn Yor collecting data based on sampling leccations. These areas
are (memo, T. M. Peston to Dictribution, June 12, 1989, "Laocation o7 Fish
Sampling Sitas"):

Site Aporoximats River Milse
Priest Rapics 330
Hanford 363
Cayote Rapids 383
Ringeld 354
Richland 343
Island View 335
Burbank 322
Metlary 24

=4

h First three of these locaticns are inside of the Hanforgd Site, and thu
T minimal imperzance far public expasure consideraticns. The oiners,

a

hcwever, are siretcnes of the river for which gublic accass s availaple.
CONCLUSTIONS

{ have compared Ted's river strestches “2 oqur HEDR census subdivisions on *he

map. There is a very convenient correspondence for the publicly availazble
iocations, as follows:

Sita HETR Census Subcivisian
RiNGOIG rrRé
Richiand BEY, FRZ
Island View BE3, FR3
Burbanx W3, BES
Mchary 3L, UMa

B.21



oM teck
August 17, leg¢t
Page 2

Hote that each stretgh af the river touches *wo subuivisions, cne cn either
sice, i7 seme minor overians are igrored. (The 3enton County side of the
aingzld strestch is stil) Hanforg Sitz). Given tne inexact naturs cf the
selezzions, this w~culd seem to he rezscnable.

These divisions should be used ¥ecr the transport, demog—anhy, and <:sa
cajculations required for Phase 1.

SAitics
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DOSES BY RIVER STRETCH. ORGAN, YEAR. AND EXPOSURE PATHWAY

The following five tables present summaries of the radiation doses
calculated for Phase I of the HEDR Project. The doses presented in these
tables are in units of rad {or rem) for the lower large intestine (labelled
GI Tract) and bone marrow and are in rem for the effective whole-body dose
equivalent {(Tabelled EDE). Each table presents the results for a single
stretch of the Columbia River, as described in the main report. These five
stretches are Ringold, Richland, Pasco/Kennewick, Burbank, and McNary, as
i1llustrated in Figure 2.3. For each stretch, the results are presented as
annual summaries for 1964, 1965, and 1966 and as the cumulative dose that
would have been received had an individual who lived as defined for the
entire three years.

Doses are presented by exposure pathway. Those labelled "External”
include exposures from swimming in and boating on the Columbia River. The
doses presented for drinking water are given in three potential formats:

Drinking 1: Consumption of raw Columbia River water, no drinking-water
treatment.

Drinking 2: Consumption of Columbia River water treated with the alum-
floc process used in the Richland and Pasco water treatment plants.

Drinking 3: Consumption of Columbia River water obtained through near-

river wells before treatment.

Only the types of drinking water applicable to a given stretch of the
river are included in the tables {e.g., the Richland stretch has only type 1
and type 2).

Although most residents of the Tri-City area do not fish from the
Columbia River, however, two groups of fish consumers were identified. The
doses to individuals Tabelled "Low Fish" are assumed to eat between 1 and 20
meals per year of fish taken from the Columbia River. Those labeled "High
Fish” are assumed to eat between 21 and 200 meals per year. The fish are
assumed to come from the given river stretch. (The doses presented in the
main report are combinations of the doses from drinking water in Richland and

C.1



eating fish from ejther the Ringold or Burbank stretches of the river, but
the values presented in this appendix are for each pathway independently).

Although doses are presented for only one age group--adults--this
appendix presents, for this group, committed doses for two organs and the
effective dose equivalent.

The complete calculations performed for Phase I generated distributions
of dose for each of the categories described above. The fifth percentile,
median (fiftieth percentile), and ninety-fifth percentile doses from each
distribution are presented in the tables. Because of the nature of the Monte
Carlo calculation process, the uncertainty in doses outside of these ranges
is Targe enough to invalidate their usefulness. The fifth and ninety-fifth
percentiles define a range in which ninety percent of the potentially exposed
population would fall, and are best used for comparative purposes.

.2
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T T T e e e e oo Rlver Stretch 1

1964
Extarnal
Drinking 1

Low Fish
fiigh Fish

1965
External
Drinking 1

Low Flsh
High Fish

1966
External
Drinking 1

Low Flsh
High Fish

1964-1966
External
Drinking 1

lL.ow Fish
High Flsh

5th

0.00017
0.07016

0.04017%
0,2171%

0.00024
0.04060

0.03532
0.18912

0.00015
0.03191

0.02317
0.12165

0.00082
0.19894

0.12464
0.65158

GI Tracc
50th

0.00061

0.13062

0.06584
0,34250

0.00046
0.08703

0,06290
0.31627

0.00026
0.06410

0.03713
0.19362

0.00132
0.29394

0.17178
0.90255

oo

—_

95¢th

.agila
.22329

.10815
.57598

.00076
.16073

.12488
66767

.00043
.10581

.06532
.32008

.00198
L41622

.24705
L27554

sch

0.00018
0.00607

0.00049
0.00261

0.00023
0.00428

0.00039
0.00207

0.00016
0.00349

0.00029
0.00154

0.00080
0.02056

0.00143
0,00741

BONE
50th
0.00065
0.01257

0.00074
0,00393

0.00047
0,00893

0.00065
0,003486

0.00031
0.007113

0.00044
0.00233

0.00156
0.02972

0.00192
0.01007

0.
0.

a.
0.

0.
0.

a.
0.

a.
0,

0.
0,

95th

00159
02148

00124
00661

Qo081
01576

00114
00624

00050
01192

00072
00362

L00252
.04107

.00272
.01427

Sth

0.00023
0.01042

0.00473
0.02527

0.00027
0.00682

0.00390
D.02074

0.00019
0.00515

0.00271
0.01499

0.00102
0.02994

0.01449
0.07762

0.

0.

0
0

0

0.

0.
0.

EDE
30th

Go073

0la9%e6

.00755
.03961

.00055
.01232

.00664
.03512

.00034
.00976

.00440
.02300

.00165

04180

01915
10216

asth

0.00142
0.02986

0.01290
0.06741

0.00092
0.01894

0.01318
0.06608

0.00054
0.01555

0.00745
0.04054

0.0024¢6
0.05517

0.02817
0.14854



1A,

15964
External

Drinking 1
Drinking 2

Low Fish
tiigh Fish

1365
External

Drinking 1
Drinking 2

Low Fish
High Fish

1966
External

Delnking 1
Drinking 2

Low Fish
Hlgh Fish

1964-1964
Exteinal

Drinking 1
Drinking 2

Low Filsh
High Fish

Sth

. 00068

.0e?le
.04568

.03593
.18202

.00042

.04658
. 02960

.03101
.1653]

.00025

.032a3
.02151

.01903
.10248

.00169

.19648
.12307

.10872
0.

56189

GI Tract
S0th
0.00115

0,12450
0.08543

0.05511
0.29005

0.00073

0.08634
0.05911

0.05276
0,2839]

0,00043

0.06091
0,04269

0.,03173
0.16528%

0.00239

0.27396
0.19281

0.14837
0.76333

0.

0.
0.

0.
0.

a5th

00172

20166
14202

09359
47911

L0011

.13821
.10340

L0946}
.52173

.00068

.10168
.07287

.05918
.30387

.00306

.37275
.25769

.21015
.10055

5th

0.00076

0.00877
0.00455

0.00041
0.00215

0.00044

0.00592
0.00312

0.00035
0.00183

0.00027

0.00527
0.00259

0.00022
0.00116

0.00193

0.026131
0.01347

0.00118
0.008625

River Strecch 2

BONE
50th
0.0013)

0.01e36
0.00861
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