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ABSTRACT

Estimation of offsite accident consequences is the customary final step in a
probabilistic assessment of the risks of severe nuclear reactor accidents.
Recently, the Nuclear Regulatory Commission reassessed the risks of severe
accldents at five U.S. power reactors (NUREG-1150). Offsite accident
consequences for NUREG-1150 source terms were estimated using the MELCOR
Accldent Consequence Code System (MACCS). Before these calculations were
performed, most MACCS input parameters were reviewed, and for each parameter
reviewed, a best-estimate value was recommended. This report presents the
results of these reviews. Specifically, recommended values and the basis for
thelr selection are presented for MACCS atmospheric and biospheric transport,
emergency response, food pathway, and economic input parameters. Dose
conversion factors and health effect parameters are not reviewed in this
report.
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1. INTRODUCTION

Estimation of offsite accident consequences is the customary final step in a
probabilistic assessment of the risks of severe nuclear reactor accidents.

For NUREG-1150 source terms [1,2], offsite accident consequences were
estimated using the MELCOR Accident Consequence Code Svstem (MACCS) [3-5]. In
preparing for the performance of those calculations, most input parameters for
the MACCS offsite consequences analysis code were reviewed. and for each
parametelr reviewed, a best estimate value and an uncertaintvy range werve
estimated. The following chapters summarize these reviews Sample MACCS
input files for the NUREG-1150 calculations are presented in Appendixz A, The
remainder of this chapter provides a brief overview of oftsite consequence
modeling.

1.1 Offsite Accident Progression

Should a severe reactor accident culminate in containment tauilure winds would
transport the radioactive gases and aerosols in the plume released to the
atmosphere away from the reactor site. Downwind populations would be exposed
to radiation, and land, buildings, and crops would be coutaminated bv
radiocactive materials deposited from the plume. Esrimation of the range and
probability of the health effects induced by the radiation exposures, and ot
the economic costs and losses that would result from the contumination of
land, buildings, and crops is the object of an ex-plant conseguwnce analwvsis
16,7].

1.2 Input Data and Quantities Calculated

MACCS calculations require the following data:

« The inverntory at accident initiatiorn {(reactcr «corir' of those
radioactive isotopes important for the calc:iarion ot ox plant
consequences (e.g., an end-of-cycle reactor core contairs ahout 108 i
of 1311y,

» The atmospheric source term produced by the accident .number ot plume
segments released, sensible heat content of each piume segment, time
and duration of release, time when offsite officiils are warned that
an emergency response should be initiated, and *he tracrion of each
important nuclide’s scram inventory released witlh euch plure segmwent?

« Meteorological data characteristic of the si1e 1eg10n nisialiv one
vear of hourly windspeed, atmospheric stabilit~. and raintail reading:
recorded at the site or at a nearby Nationa! Weathe: Sorvice station
Although one year of hourly readings contains %7 wedathet seqilences.
most consequence calculations examine only a representative sabset ot
these sequences (tvpically about 150 sequer..s: The representative
subset is selected by stratified sampling ot the F'6' seguences atteln
sorting of the sequences into categories ditircd '+ windspeed,
atmospheric stability. and the location (downwird divtircer ot rain

1-1

OAGI0000919 00009



LR "."Yéﬂl EARE N E RO EIR AR Rt i ] 1y L
! o

+ The popularion distributlion about the yeagtor site (the distribution
fa usually constructed from consus data en a polar coordinate grid
having 16 angular sectors aligned with the 16 cowpass directions and
some number of radial intervals that extend outward to 500 miles).

» Emergency response assumptions (ovacuation time and avervage speed,
offectiveness and occurrence of sheltering. criteria and timing for
post-accident relocation of people, decontaminatron criteria and
effectiveness, temporary interdiction critevia for land and buildings,
and disposal critevia for contaminated erop:

 Land usage (habitable land fractions, farmlund fractions), and
economic data (worth of crops, land, and buildings) for the region
about the reactor site,

Gilven these data, MACCS predicts

« Downwind transport, dispersion, and depos;tion ol the radicactive
materials released to the atmosphere from the failed containment.

+ Short-term and long-term radiation doses received hv =xposed
populations via direct (cloudshine, inhalitrion. groundshine,
resuspension) and indirect (ingestion) pathwavs

« Mitigation of those doses by emergency response actions (evacuation,
sheltering, and relocation of people; disprsal of milk, meat, and
crops; decontamination, temporary interdiction, and condemnation of

I land and buildings).

» Fatalirties and injuries expected within onc vear of the accident
{(early health effects) and the latent cancer Jdearhs expected over the
liferime of the exposed individuals.

L » Offsite costs of emergency response actions and of the
decontamination, temporary interdiction, and condemnarion of milk,
crops. land, and buildings. :

1.3 Phenomena Modeled

1.3.1 Atmospheric Transport [8,69]

As in most consequence codes [10-14], MACCS negle--< wind tralectories. The
16 compass sector population distributions are as-umed to constitute a
representative set of downwind exposed populations The exposure probability
of each of the 16 compass sector population distriturions is assumed to be
given by the frequency with which wind hlows from rte site into the sector
(i.e., compass sector site wind rose frequencies) windspeed determines rhe
rate of downwind transport. Release duration and windspeed determine plume
length. Dispersion of the plume in the downwind direction is neglected.
Dispersion in the vertical and crosswind direction- is estimated using a
(aussian plume model and therefore varies with windspeed and atmospherir
stability. Vertical plume expansion is capped by the mixing depth (seasonal
mixing layer height).

1-2
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V2 Bepouttion

Aptonols atve vemoved from the plume by washout, whioh vavtes with vainfall
rate, and by dittusion ta, lepaction on, and gravitaotonal ettt ling ontao

VR SRTPIRN The comhined vemoval rate because of dltio ton [mpaction, and
sttt ling by modeled audng an enplrical, particlie-s: o dependent . dry
deposttion velocity Runotf af raln and weatheriv, decreace surface

coencentrations ot tadiocact ive aerosols depostted on the pround  Decrease ol
vadioactivity bevaowe of radioactive decay §u also modeled (only parent and
Jonphiter e Lides ane foltowed, wiove dones from s el pencratfon ddanghters
ate dnsipniticant)

1 V3 Faetgency Response

Poprd aion doses gre mitipated by user specified oo 1 ooponae aetions

(evacaat fon, shejtering, and post-aceident reloca con ol peopice,
decontaminat fon. temporary interdiction, and condvinat jon ot

huildings: disposal of contaminated meat, milk, ard cvopa

1
i
tand and

1 3 a4 Dosimetrv and Health Etfecrs

Populations Jocated on the MACCS computational grid sooei e doses from the
passing plume (Cloudahine, by exposure to materi. i« dopocatod on the pground
crvoundshiney, by inhalation of alrborne rvadiocacti e waterials (from the plume
or from mechanical ot wind driven resuspension of materials deposited on the
groutdY  and by ingestion of contaminated water and toods Contaminated water
atd toods mav alse be consumed by populations off ot the computational grid.

Heal*h effects are caleulated from doses to specitic orpars 71570 Doges to
specitic organs are caleculated using dose convers: o tactors [le! Early
injuries and tatalities 1those that oceur within o vear of lie accident) are
estimated using nonlinear dose-response models, ~ recert export review of

radiation induced Lealth effects 17} recammended *'iv uee of Harard functions
(H{) when calculating earlv injuries or fatalitie due o dunage 1o organ i
Thus. the risk (1) per person of contracting a gi v eariv health effect is
given by

Hy
where Dj 15 the docc recerved by the impairved or, = Doy 1o “he damape
threshold idose threshold values ave poorly know oo b le cver any
population coharty. Dy ¢ is the dose that indac. <fa e citved Yealth offect
in half of the expused population (L walue for . 4oV At Fodls a
parameter that determines the slope of tlhe doge-i- ;oo e Sums of
Hazard finctions are used (1) to medel anv healtr ot i by Dy values
that varv significanily with expesiare peried, . Coreetel s
fatalities where deach mav be cansed by orhe dimpa - 300 0 o v o ceveral

Ol gans .
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Lincar quadratic, zero-threshold, dose response models are recommended by
severdal recent reviews ot mortality caused by radiation induced cancers

(18007 However, the gquadratic portion of the model i< not important, when
lonp, term individual exposures are limited to 2% rewms in 30 vears, as is done
i most consequence calculations. Accordingly, cancer fatality predictions

are linmear with dose Cancer tatality predictions are not alwavs linear with

source term maghitude becvause dose i< avoided by crop disposal and by
deconraminat fon and inrterdicsion ot land and buildings

1 ¢ v Fceonomic Eftects

Ecenomic consequences 010 are estimacred by summing Giliwiny vosrtas

L ore

evacuation costs . temporary relocation costs food pinge lost fneomes
costs of decontamirating land and baildings, the value of crops desrroved
becaise they were contaminated by direct deposition or root aptake . the vilue

of tarmland and of nontarm commercial. public. and ‘v idaal property thar is
I

b
condemned . Costs tor damaye 1o the reactor, the pooohiace ot replacemen:
power . medical care. life-shertening and titigario« are oor o lonilared by

MACOS

I« domputational Froamowark

FiP.'H’Vr l 1 !‘1R'L-ir'§ 7,..'(!' z:*:'u,"rnw\in[ Y a1 Sl de T P S Cy T e NPt e
term one wWedlther seqqience  arcd one expoced populac o ctratrth s to Howe e
severe accidents can lead To sovrce terms o apaite frrttereor o apnitoatle s ey

3

negligible ar TMI . subesrartial at Cherrobols and v wearber cordis e o

the time of the reledse can preat iy dlfer (onse paes o a1 cles v g
intense rain at the time ¢! “he release or plhate T (o0 000 o se gy w0
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Because consequences vary with source term wapgnitude, weather, and populatfon
density, to develop statistical distributions of cunsequence measures (doses,
health ctlects, costs) that depict the range and probability ot consequences
tor the teavtor being examined, consegquence assessments mast examine all
possible combinations of representative sets of source terms, weather

coquences s and exposed populations.  Usually distribations that display the
variation of consequences with weather and population density arve tirst
deveitoped tor each tepresentative somrce tern. Then an intepral depiction ot

conscdguences may be constructed by weiphted summat jon ot these source term

dependent distributjons, with each distribution weipghted by the estimated

abuolute probabhility of occuntence of its underlyiogy source term,
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2. TRANSPORT PARAMETEF

vaos allews aoaelease ot radioactive materials 1o the atuosphere to he
divtded into plume sepment s, which can have diffor oot composttions, release

| donations s and encrgles tamounts of sensihblo heat Plome wepment lenpths ate

I detormined by the product of the sepment ‘4 releasc Lo ctron andd the averape
~rntbvpeed during release The {ndtial vertieal o Ve ralb dimencions of
o boplone sepment ate user speciticd Tt oveleass o oo oo o had Tdiny,

' “ovi thor wake dimenstons can be uwed to set the 0 0000 cro wind dimens bons

} o e plaae I not . a point source can be spes 00l

Vbvtrolt cardtevion ca o eratical windewpeed that oo e plume buovaney

e trases U dotermines whether buovant plames o et o plare vree
t sher the windapeod ot pelease equals or exceeds o st s windepend, plame :
‘ Piwe is prevented When the windspeed at releas. o 1o "han the critical
‘F et peed s plume 1ise s allowed, and the helght © 0 w0 0 boovant plome

e s is deterrmined using equations recommended 0 b, 0

Viter delease . winduepeed determines the rates at 5005 pboane coyument s
roeeport i the downwind divection, and wind di-. -0 0 b0t ime ot relo e

| Loervrmwines the direction of travel As 1o done ' o ono 0 e e conde s
< MASS neyloets wind trajectories The it Lo ety
I cop cation distrabeitions dare assumed to constitas. HEE ISR LR LTINS S AN
avcsind exposed populations.  The exposure probh i’ 0 0 b ot the 1k
| cotpass sectol popalation distribuations is assume ! o 0 o by the |
fre ooy with which wind blows from the site fn o Y0 oo 0 0 L bmpayes
‘ ot o site wind poge trequencies) 5
Sooane transporr o dispersion in the vertical and 1o tescwir ;
Mlrectiens is eostinated using a Gaussian plume o o b ’ MEREFE dieperor o
vates depend on windspeed and on atmospheric star ! oW d ‘
canssian distribution of each plume segment is ap; oot ot L malr oy
otopram Altheayeh horirontal dispersion of plute we oo oo o0 iy
verlical dispersion is hounded by the Fround and o b e e nb g sy
Laver cas specified by annual or seasonal wixing o0 b whoiohe e
modeled as totallc reflecting lavers using wirre: a0 i, . v Situ e
the numbes ot retiections increases as travel tico. St RN N T
Alvtribution ot each pliare seement evcentually he o R T VE B SN
roade ted thyoreatter K
UMATTL L aerenols are removed from the plame by oo : WUt e WLt
Tadintall o ate G atab by diffasion ta impact s . I A R TS I
ettt iiny onto sartaes The combiped pemoc ) rac. 00 o0 U ey
tpe tlon s and certling is medeled ing ar empr s KIS AR LE I T FENE SR
Ik Becance dry deposition veiocits varies wiso 5 00 oot the
acrool e dicrprihation iq divided 1nto 1 ange: ) B ST RN
st o he qpecidied tor ea boranype
Water bodies v itver 0 preat Takes Geeat b e 0 0t e e gt e e
cevesition of tadicc e materiale ot therr oo o, A L AR R :
artanitvatod rarn thoer talle on Tand, g by wae ottty T e b
atceoentamirated rasn o obf previousiy deposited cont oo ne aitbaor ey
e anyepsion rarett o washott o ard radieoeet Pvee ¢l o L . HEEI ST
‘)' 4

i e tHL abt
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concentratfons of vadiovactive matevials deposited on the ground Weatheri-a
P mide led using Gale's equation [11]. Resuspension {« modeled using
vesusipension factors (10} that attempt to represent the averape coffect of
resutipension by manvy processes at very differvent rate. throughout largpe
reginons Runotf 1w wodeled by assuming that some fixcd traction ol all
matevials Initially deposited onto land [s rapidly travaterred to water hodies
vither during the {nlttal rain event or by rain event. that oocur very soon
atter the inittial deposition [12). Washott is modeled a« a4 tiret order
temoval process that s integrated over all time after the vt ial aesposition
N Decrease of tadiocactivity due rto radijoactive deoav tieats only tirse
penerat ion dauphter products, since doses trom second veneration danphters atve
fnsrgniticant

oVl Revommendat jon

Table 2 1 gives the valaes recommended tor initial pluwme e v o waked
dimensiors for the MATCCS NUREG-11950 caleulations

Table 01 Values for Initial Plume Dircnaions
BU1LDHA I SIS
Ptdacr o Vaiue Range Distribu-ion Value Yappe o DI tribution
surry 50 [SEEIE Uniform 40 . nitorm
Seguovah 40 1040 Uniform 40 [ SRR tniform
Peach Bottom 50 10.50 Uniform 50 1o o9 Unifore
urand Gulf 61 10-60 Uniform 40 R ritorm

4 BUILDH - Building height
b BUILDW - Building width

2.1 2 Discussion

In MA7CS, the values specified ftor BUILDH and BUILDW “e-ermive the initiai
ize of the plume upon escape from the wake of the vre. "o Specrtically,
initial values tor o7, and o, . the vertical and crossw.- 4 <« tird deviations

v

of the tvaussian plume. are calculated using the folle-.- o 1ol vmiorna 1Tl
BUILDH = 2 1% o,
BUILDW = 4 3 oy

These equations allow mixing of the plume into the i+ - @ wike o he madeled
by firsr setting crosswird piuame dimensions upon escal: froor The wake egual o

the crosswind diminsions of the wake and ther backeal - .0 v v 0 -gwiod
cirtval peint source for oa plume with these dimensior

B Pid o e bl
delib s e wadabil ¢ b pta bl
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Both theory [13b] and expeviments [1] suggest that a plume released trom a
buflding under turbulent conditions will be entralned by the bullding’'s wake
and before escaping trom that wake will become woll mised thioughout {ts

volume  As long as windspeeds are significant, enttalnment and thovough
mixing voour not anlv when the release occurs From the lee face of the
butldiny, but also trom its side, top, or upwind !ace However, when

vonditiony ate not turbulent, the plume {s ohserved ta eacape trom the wake
betore becoming well mixed throughout {ts full volume

These observations supgest that selecting values Yor BULLDH it BULLDW may not
be straiphttorward For example, for release from a4 rectanpular building
under U orbulent conditions, the crosswind dimensions ot the wake will depend
on the orientation of the wind relative to the building  Morcover, when
turbulence is minimal, initial plume dimensions upon coc pe from the building
wake oy be muct smaller than the crosswind dimensions ot the wake itselfl
Indeed it windspeeds are very low, initial plume Jimensions mav be much
closer 16 the dimensions of the hole in the buildiny fi1om which the plume
issues  than to the dimensions of the building's w.ke

Experisents also indicate that when prevailing cordition. are tutbulent, plume
prowtt i <o rapid that downwind size soon become: 1ndependant of size upon
escapr trom the bullding wake. Therefore, use of initial plume dimensions
approjriudte for relesse under nonturbulent conditions will not lead to
signiticant errvrors if applied to releases under turbulent conditions. But
tailure dimensions are not known for NUREG-1150 source terms and no simple
model for mixing into a portion of a building wake is available. Therefore,
the specificatior ot plume dimensions upon escape trom the building wake when
conditions are nonturbulent must be largely a guess

Since some mixing into the building wake will occur whenever the prevailing
wind is voet stagnant, use of dimensions significantlv larger than the
dimensions of the containment failure seems appropriate This will also be
correct for blowdown plumes where dissipation of the encirgy of the jet
produces substantial expansion of the plume (e.g.. a jet that issues from a 1
mZ hole will produce a plume with a cross-sectional area of about 100 mZ after
expan:ion dissipates the initial energy of the jer "l4 » Therefore, somewhat
arbitrarily, after rounding to the nearest multipie of 1) m, the dimensions of
the reactor containment as read from FSAR drawing~ '15-15 are given above for
BUILDH and BUILDW

; 2.1.3 Correlations

BUILDH and BUILDW will be strongly correlated with prevailing atmospheric

| stabilitv. Specifically, when unstable (Classes A-() or neutral (Class D)

] atmospheric conditions prevail, the plume will become well mixed throughout
the wake cavity before it escapes from the building wake Theretore, when
unstable or neutral conditions prevail, values at the upper end ot the ranges
specified above for BUILDH and BUILDW should be tuiued Conversely, when stable
atmospheric conditions prevail (Classes E and F). the pluwee muy either not be
completely entrained into the building wake or, if conpletely ecutrained, mav
not become well mixed throughout its volume beforv esoaping

2-3
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Therefore, when stable atmospheric conditions prevail, values at the lower end
of the ranges specified above for BUILDH and EUILDW should be used. Because
BUILDH and BUILDW are both correlated in the s.me wav with atmospherie
stability, they are also positively correlated with each other. For blowdown
plumes, BUILDH and BUILDW will also be strongiv and positively correlated with
the encrgy of the blowdown jet. Finally, for plumes not initialized by
bluadown  the nature of the corvelation of BUILDH and BUTLDW with atmospheric
stahility may cause the distributions of thesc varishles to Le bimodal, having
small valnes when stable conditions prevail and larae values when neatral or
unstuble conditions prevail

2.0 Plume Rise
221 Recommendation
The values in Tale 2.2 are recommended for ;plure 1ise soa

Table 2 2. Plume Rise Scaliry Facrors

Variable Summary

SCLCRW Linear scaling t. tor or the ¢r:itical wind specd WUV 0 used in
MACCS to determine wh" 1 buo..m* pluzes will be trapped in the
turbulent wake of the rea tor * .ilding conplex Frr anv
release, if the wind spee. is vieater thar U the plute is
assumed to he trapped in t©:. b.ildiry warke thereby preventing
pl me rise. By scaling the wal .« .2 7l MA7 S iser can

exa ine the effect of the crit. 41 . v fuivet 0 1 evvape trom the
bui ing wake on the occurrenc: T ;Lo 1ise

Bas: lue: 1o Ranige -t

SCLADP Linear scalin. - ctor on the a- .1 I pL.aix tise “ham will
occur when th: ~revailing atmc ;t.:ic cortisins ate
characterized by stabilitv ¢la - - ¥ Sy
Base value: 1 0 Range s

SCLEFFP Linear scaling tactor on the o 0 0 0 0 e b Ll

occur when the prevailing atwe -0 o0 o0 - 1
characterized by stabiléty ¢1. .~ v o ¢t

Base value 1o Hange

to
.
-
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d 22 Discussion

The parameter values that determine plume rise are wll hatdwited in MACCS,

The wser can modity them only by using the scaling factors, SCLCRW, SCLADP. oy
SCLEFP A short overview of the plume r1ise formula that these scaling factor:
modlty 18 presented helow

|

SCLCRW is a factor that llvearly scales the critical wind specd, UL, that
MAUCUS uses to determine {f buovant plumes escape from the rurbulent wake ot o
reavtol complex before thev dissipate all of their buovaney The critical
wind speed is defined by 1)

Ue = (9 09 Fasl/?

where
F buavancy flux from the source = 8.8 x 10°6Q,
Q = energv release rate (Joules/s), and
L suitable length scale for the reactor buildines

]

]

This expression was first suggested by Briggs 19! and laer expetimental iy
confirmed by Hall and Waters during wind tunnel experirents with 17300 qoile
models [1]1. However, it should be noted that the critical wind speed does ners
mark a sudden change in the plume position as ground [«

change :1-latively slowly with the buovancv paramete: F ‘.

coefficicvnt 9.09 is uncertain by something like an :1der ! macnitwde, V0 Tuss
be uncertain bv about a factor of two

el cotentrations
1
1

ch

Since the

Al

SCLADP is a factor that linearly scales the amount ! plama 1.6 predicsed b
MACCS when the prevailing atmospheric stability cla~<s 15 A b oph D Tha

plume rise formula tor stability classes A through [ .o 30 M3 'S §< F e
2 15 in Hanna et al 3]

H

where
Ah = plume rise above release height «m:»
F = buovancy flu: parameter (m®/s3, = 8 8 ~ 1
Q = energv release 1ate 1Joules/ o
¥ = down wind disrtanrce ()  and
U = wind speed m «.

The abave expression is the so valled *0 1 law " Wl o0 we 70 W o0
studies and lahoratorvy data In Reference 37 the . - . [ o -
the coefficient 1 & car he expected to he accurarte © 0« oo oos g

value of Ah must be ur ertain by ar least a facrtor
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SCLEFP is a factor that linearly scales the amount of plume rise predicted by
MACCS when the prevatling atmospheric stability class is E or F. The plume
rise tormula for stabi{llity classes E and F is Equation 3.19 {n Hanna et al.
(¥

Ah = 2.6 |F/(Usy|1/d

wheve
Ah =« plume rise above release helipht (m),
F = buoyancy flux parameter (mb/s%) = B.8 x 10°6
Q = energy release rate (Joules/s),
" = wind speed (m/s), and
S = stability parameter (see discussion for detalls)
(/T) (dT/dZ2 + 0.01 K/m).

where

g, = gravitational constant = 9.8 m/s?,
T = ambient temperature (K), and
dT/dZ = vertical temperature gradient for stabilitv class E or F.

In NRC Regulatory Guide 1,23 {?20], dT/dZ is expressed by

dT/dZ - -0.5 to 1.9 K/100 m, for class E
aT/dZ - 1.5 to 4.0 K/100 m, for class F

By taking the midpoints of these ranges, we have

dT/dZ = 0.5 K/100 m =« 0.005 K/m, for class E
dT/dZ = 2.75 K/100 m = 0.0275 K/m, for class F

After substituting the above values for dT/dZ and 288 K (the reference
temperature for the standard atmosphere) for T, we have

S = 5.1x10°4, for stability class E
S = 1.?7x10'3, for stability class F

These values are currently hardwired in MACCS. Note that S is a function of
ambient temperature T, which could vary from 270 K to 308 K for a site with a
temperate climate.

2-6
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2.1 Plume Meander

2.1.1 Recommendation

Table 2 3 lists the values recommended for the paramcters used in MACCS to

correct Pasquill-Giftord 2y values for the effects of horizontal meandering of
plume sepments:

Table 2 3. MACCS Correction Parameters

Variable Definition ) Value

TIMBAS Release time for the Prairie Grass experiments (s) 180

XPFAC] Release time exponent for releases shorter than BRKPNT 0.2

XPFAC) Relcase time exponent for releases greater than or 0.25
equal to BRKPNT

BREKPNT Release time break point for changing from XPFACL to 3600
XPFAC? (s)

2 3.7 Discussion
MACCS uses the follrwing equation to correct Pasquill vifford Oy values for
the effect of horirontal meandering of plume segmeni< 1.

9y MACCS(X) = Oy,P~G(x) fﬁlseg/L:P-Ufm

where x is the downwind distance of the plume segment trom its point of
release, Maccsix) is the oy value used in MACCS o, p ;tx) is the Pasquill-
Gifford value for oy at the distance x, Atgeg is the release duration of the k
pilume segment, and Atp.g = 10 minutes [22,23,3b] is the release duration ot :
the Prairie Crass Project {24] plumes, which are the ¢xperimental basis for

the Pasquill-Cifford curves that express the increase of o, with downwind

distance 25’ Parameter values for this eguation have been reviewed by

Cifford [26] who suggests that m = 0.2 when At is greater than 3 minutes but

less than 1 hour, that o = ¢ 25 when t = 1 hour, and that m = 0 3} when At =

160 hours Since in MACCS plume segment durations mavy not exceed 10 hours, m

= 0.2% is recommended for plume segments having release durations between 1

and 11 hours

S
'
-

lemby
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I 2.4 Pluse Diapersion
| The power-lav parametoer values recommended in Table 0 o tor use in MACCS to

L estimate stability-class dependent values for o, and v, are the values
; developed by Tadmor and Gur [27): ’

Table 2.4 Power-lLaw Parameter Values tor MACCS

Yariable Definition

DPCYSIGA Stability class dependent pre exponential
coefficlent in the power-law expression for oy

Values by Pasquill-Gifford Stabilitv Class

A B__ c D E F

0.365B 0.2751 0.2089 0O.1474 0 1046 0 0722

DPCYSIGB Stability class dependent exponent in the
power-law expression for o,

Values by Pasquill-Gifford Stability Class

A B c__ D E F

0.9031 0.9031 0.9031 0.49031t 0 9031 0.9031

DPCZSIGA  Stability class dependent pre-exponential
coefficient in the power-law expression for oy

Values by Pasquill-Gifford Stabilitv Class

A B c D E F

0.9031 0.9031 0.9031 0.9031 0 9031 0 9031

] 0.00025 0.0019 0.2 0.1 0 4 02

f DPCZSIGB  Stability class dependent exponent in the
‘! power -law expression for o,
|

- Values by Pasquill-Gifford Stabilitv Class

A B G D E F

2.1250 1.6021 0.85%43 0 64532 0O 6021 0 6020

2-8
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2 4.1 Discussion

In MACCS, horfzontal and vertical dispersion of plum segments about thelir
centerlines are calculared using daussian plume model« {21! These models
assume that drspers en of plume materiala produces normal distributions in the
hotirontal vy and vertical (2) directions Thus, the standard deviations (o
and ¢ ot thewe di-tr butions determine the horlzontal and vertical extent of
cach plhune sepmevs Lot are valeulated using the following

e asb 0y = cnt (2.1

where 4 - DPOYSTEA S B - DPCYSTGB, ¢ o= DPUZSIGA, d = DIOUSTEB, and x is the
distance “rom tle sepment’s release point to its prisent location.  The values
ot the coet crert o b and d depend on atmosphi r i stability and thus
vary with the six stability ¢lasses (Pasquill-Cifford classes A-F) used in
MALLS S0 whetevet stability class changes, the appirent upwind location of
the 1olcase (vittual scarce distance) wust be recaluiated by solving Equation
S oter o wovcivy the carrent value of oy or g, and the valaes of the parameters
a, b ¢ ané d that correspond to the new atmospher: < uhilitv class

A voica. fity or Fonation 21 to experimental dif?r . 1o diaty measured in the
tie ¢ have been developed for all of the six Pasquil’ @ itrord stability
classes by Tadmer and cur 72770 by Klug 1281, and b~ (e J8° The fits of
Tadmur and Gur and ot Klupg are based on data gatherr¢ Liriry the Praivrie Grass
Pro vet "24) 0 The ti1ts of Ceiss are based on field - -iiices of ditfusion
performed rear the 'ulich Nuclear Research Center It vyminy  The Prairie
Crass erxperiments were conducted over flat terraim .. oered by prairie grass
{low surface roughness). The releases were cold, o! <hor: duration (10 min.),
ancd made at ground level! Downwind measurements wer- mide to a distance of 0.8
k. The ‘ulich experiments were conducted over tarmi.rd (medium surface
roughness) and woedland (high surface roughness). 7' rvelcases were cold, had
ore hour durations . and were made at three heights footee s ard 180 @)
Downwind measurements were made *o a distance of 11 vir

T Y P

R

ST T

2-9
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Table 2 % presents the values of a, b, ¢, and d developed by Tadmor and Gur, ¥
by Klug, and by Ceiss: i

Table 2.9. Values for Constants in Equation 7 1

Fasqull l-Gifford Diftnsion Class

tandy Constant A B ) D E ¥
Faedmor a 0.3658 0 2751 0.208% A 0 1046 0.0722
NoLnr b 0.9011 0.9031 0.90131 0 90y 3] 0 9011
c 0.000: 0.0019 0.2000 0H 3000 0 000 0 2000
d 2.125% 1.6021 0. .8543 0 6532 0 6021 0.6020
L lug, a 0 4690 0.3060 0.2300 N 2140 6 2170 0.2730
b 0.8010 0.8850 0.8550 0 7640 J. 6410 0 .5940
c 0.0170 0.0720 0.0760 0 1400 0.2170 0. 2620
¢ 1 131800 1.0210 0.8790 noC2ty 0 6100 ¢ 5000
Ceise S0m a 1 203 0 876 0.659 (v 0 BO1 . 294
b 0.833 0.823 0 807 0 R 0 794 0 718
c 0.151 0.127 0 165 0215 O 264 0.241
d 1.219 1.108 J 996 fH 8RR, 0 7174 0.662
Geiss  100m a 0170 0.324 0. 446 0 504 G 4all 0.253
b 1.296 1 025 0 866 0 818 0. 882 1.057
c 0.051 0.070 0.137 0 265 O 487 0 717
d 1.317 1.151 0.985 1 818 0. 652 U 486
Geiss 180m a 0.671 0.415 0.232 0 208 No34a95 U.671
b 0.803) 0.903 0 903 0 9013 " 903 0 903
c 0. 2045 0.93330 0.104 0 7 K 0 484
d 1.500 1.320 0.997 0 "4 05 ° 0.500

Figures 2.1 through 2 12 compare the effect of these five sets of parameter
values on the increase of oy and o; with downwind distance Figures 2.1
through 2.6 present the fits for oy. The fits for o, are presentec in Figures
2.7 through 2.12. '
Because in MACCS reactor building dimensions determine the initial :ize
(initial oy and o, values) of plume segments, the slope of the fits displayed
in Figures 2.1 through 2.12 is important, but the magnitude of oy or o, (size
of the plume) at a given distance is not For example. if the width of the
reactor building specified in MACCS input corresponds to an initial o, value
of 250 m and the atmospheric stability at plume releass is Class E, then
Fignre 2.5 shows that MACCS will calculate an ir17ial upwind virtual saurce
distance of 100 m if the Geiss 100 m oy fit is niced and an initial upwind
virtual source distance of 400 m if the Tadmur .- Car oy tir is used Afrer
*his initializariorn step is completed, plume grow-h with dowrwind transport
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distance will be about the same using either oy fit. sin ¢ both fits have
abour the same slope

Figures 2.1 through 2. 12 show -hat for anv stabili v (lass ail the tits have
similar slopes with but two exceptions: for stabilitv c¢ldsses A and B, the
telsse oy fits to 100 m releases and the Tadmor and cur v, tits have
sigmiticantly larger slopes than the other fits to those stabilitv classes

The figures ilso show that the its of Geiss to 189 m releases and the fits of
Klup have slopes that are qualitativelv representative of the envelope of
slopes tor the fits 1o any single stal lity class. Siioe buovant plumes
tvpi.ally rise 180 m or so after release and most U S  reactors are situated
in regions having sartave roughnesses greater than that of prairie grass. use
of “he Geiss 1o r fits seems indicated. Neverthe.ess for the NUREG-1150
calevlations, use of the Tadmur and Gur fits is recunréended because relative
vir uncert nties all of the fits are more or less (juivalent and becausc
adiro and G.r fits have been used in most previous MRS corsequence

rod: Vineg srtudies
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D% Doy bueposition Veloejty

Sl Recommendat ion

The values in Table 2.6 are recommended for the iy deposition velocity
(VDEPNS)

Table 7 6 Dry Deposition Velocity
Variahle Detfinition . Yalue _ _Pange
VDEPOS Dryv deposition velosity (cm - o S

D 9% 1 Discussion

In MACCS., particulate matter is removed from plumes during downwind transport
by washout and bv drv deposition Dryv deposition is modeled using a mass
transfer approach Thus. the flux (w) of partivies to the pround due to dry
deponsition is calculated as the product of the pround level air concentration
of the particles (X) and their dry deposition velacitv 1vgq = VUEPOSY ., where
the dry deposition velocitvy is an empirical, particle-wice dependent parameter
that represents the combined effects of diffusion to irpaction on, and
settling onto surfaces.

“ T Vd X

The magnitude of vy4 depends on particle size, siipe. and density, on
atmospheric turbulence (wind speed, stahility ¢ liassr . and on surtace rouchness
{(zg) and triction velocitv (.x) Because aeros~1 <i v distiihutiors were not
developed for NUREG-1150 source terms, a single vaiie for vy had o he
selected for the NUREG-1150 MACCS calculations and the value selected nee ded
to reasconablv represent the mean of the range ¢! val-ies that might actuallwy
occur .

This discussion of vgq is based on the following avsurprions

Rapid agglomeration of small particles before plume release

trom
containment will largelv eliminate particles amalle: than 0 95 um

v

vravitational settling will deplete the dic-:iteiicn of yparticles luarger

Fission prodiuct aerosc’s will have densit-o- ot o ¢

Worrams per othic
. . >
centimeter (1 - 4 p/emd .

The value selected for vg should well repro-oot deposition

to suburban
areas hecauce most population exposures w.. . cooar n orarhan ateas
Both theorctical 10,29 30" and experimental .- 10 0 ¢ e virates of the
vagnitude of vy are available A theoretical v el =t pices vy as g

function of particie diameter, particle densitv -~ .t v plhiness . and
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frictlon velocity has been developed by Sehmel and Hodpg on [?9]. Hobert et
al. [30] found that vy = 0.0036 ux with little dependeice on particle size.
The prevailing windspeed (u), its measurement height (), surface roughness
(2g), and friction velocity (ux) are related as follows [10]:

u = (ux/k) In ((z+2g)/20) (2.5.1)

where k = 0.4 is von Karman's constant,

Table 2.7 presents values of z5 and ux for various surfaces

Table 2.7. Values of zg and ux

Surface Zg Ux
Lawns 1 40
Tall Grass, Crops 10 - 15 70
Countryside 30
Suburbs 100
Trees, Forests 20 - 200 90
Cities 100 - 300

If zp, = 100 for suburbs and 5 m/s is a typical windspeed at a measurement
height of 10 m, then from Equation 2.5.1 ux = 87 cm/s and vq = 0.0036 ua =~
0.0036 (87 cm/s) = 0.3 cm/s.

Figure 2.13 presents typical results for the Sehmel and Hodgson model for vy
for ux = 50 cm/s. The figure shows that if z5 = 10 cm, an aerosol
distribution with a mean size (particle diametcr) of 2 um and a mean density
of 2 g/cm? will have vg = 0.4 cm/s. Figures from Sehmel {1] similar to this
figure give vq = 3.0 cm/s when ux = 100 em/s, zg = 100 cm, r = 5 um, and o = &
g/cm?; and vq = 0.03 cm/s when ug = 30 cm/s, 2z = 3 cm, r = 05 pum, and p = 1
g/cm3.
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Table 2 8 presents experimental values for vg

Table 2. 8. Experimental Values for vy

Deposition Velocity
Arithmatic

Acrosol Aerosol Deposition Range Meand
Composition Size Surface {cm/s) (em ‘s) Reference
(wmn)d
1 Grass 01 (28]
1 0.1 -1 05 [31]
Varioush Asphalt 0.01-0.3 015 {32]
Concrete 0.005-0 ¢ 01
Flagstones
Roofs 0.03-0.¢ o3
Bare Soils 0.1-0.6 0.3
Trees 0 05-1 )
Forest 0 07-0.9 05
VariousC Grass 0.03-0.8 a4
- - 0.1-10 Tall Crass 0.5-2 1 0 "3
. 0.003-100 0 001-15. 0 .d (10}
4 Arithmatic mean because for any aeroscl size distribution mass will be
concentrated amoung the larger particles thar will have larger dry
. deposition velocities.

Aerosols containing ©s-134, Cs-137, 1-131, La 1a0. La-1.1, Ce-1lsl,
Ce-144 Ru-106. Zr-95, and Nb-95.

€ Aerosols containing Cs-137 and 1-131.

Geometric mean because of the large size rarge

Examination of the table suggests that deposition to roads, lawns, and trees
will occur with velocities of about 0.1, 0.3, and ¢ S cir s Therefore, if a
typical residential suburb has roughly equal amourrs ot surface area provided
by roads. lawns, and canopv (leaves on trees and ~hrubs). then vy = 0.3
Therefore, since both theory and experiment suggest tha:t vy = about 0.3 cefs

with a range of 0 03 to 3 cmés, these values are recommended tor use in the
MACCS NUREC-1150 calculations.
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1 Recommendat ton
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in Table

vorarnt.ag

Linet ¢

Table o0 Yame Washout fror Rarnfali

Do e tecomm nded for use o bt ter e lopg plame

]

.

Summary

cetficient (¢ 1y in expression detining rate constant for

Plume washout trom rainfall (see Eq 0 30 Base value 9 » x
1o D Range x 1079 L3 g ln-he Sarplire Distribuation log,

utiform

WAl { .’

+

Exponential term in expression defi:ing rate constant for plume

woashous

[ I BN

due to raintall (see Eq ¢ 1 Fice value OB Range-
Sarpling Distribution T torm

S Rationale

rain wua

Te

shoaut medel in MACCS is of the form

da/dt = -xpa, AD) = AL (2

Ait) = amount (Bq/lnz') of a radionuclide in the armosphere above a region
after a period of rainfall of length t (s

)

-4'.

it

ps
il

T

te constant (s 11 for radionuclide s arenying due to rainfall. and

Ay = amost <Bq,’m2) of a radionuclide in the armesphere ateve a region at
the start of a period of raintall (i ... . ar = = 6 g

2

rurn.,
defined

ve R iy

irically

is assumed to be a function of rairt 1l intenqicw Specifically, \
Yy
b
Vo= 4R (2.0
the rainfall rare con by and a = Cw oD qed b - CWASHY are

derived
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Addltlonal background on this and other characterizations tor rainfall
scavenging is avallable elsewhere [9,31-36].

In MACCS, the constants a and b appearing In Equation 2.3 are used to

characterize washout trom ralntall Brenk and Vogpt '9' pave the tollowing
values for a and b,

)

a =12 x 10“‘, b = 0.5 (2.4)

which have been used in past analyses with MACCS. In the NRPB review [33 31],
it is concluded that the following ranges charactetize values for a and b that
are appropriate for use in a reactor acvident code that must calculate washout
under a variety of conditions:

L.

3 x 107 <a<3ix10?

, 0.7 <b<0.9 (2 9
For uncertainty studies, the above rdanges will be used Further, the

following values at the center of the indicated ranges will be used as base
values in the NUREG-11950 consequence analyses:

a=9.9x 10'5, b - 0.8 (2.6)
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Weatber g

v ' Y

S0 b Recompendat ten

The valaes o Table 5 0 gre tevomrended tor charac tor ooy e "weathering”
ol l‘\'.(‘l'l:.l!. t‘\(}‘(‘.‘\l!l\ ill M.‘\‘Vl.\

Cabile 0o Weatheringy ot Radionucelidos o creeind

) bl R L Summary

NOWTEM Namber ot dittarent weathering procescos seicoted tor
consrdetration Base Value 2.
CAUCOVHF] Tractior of the devosition undergeine weat bt ing process 1. Base
i £ Eot Base
e R Rinpe 02y to My cplirg Distributiont

(nitorm

TUWHLEL Wedathering halt-lite (sec) tor ftract: o of the deposition
. . “ v .'
undergoing weathering process 1. Baw-  Vaitw I & x 10 s
Ratge TR ox 106 o 2 3 x 107, Samplivyg Li~rribution Uniform.
GWUOER! Fraction of the deposition undergoin: weather:ng process ?

Value  1-A7.

TGWHLEF? weathering half-life (sec) for fraction ot the deposition
undergoing weathering process 2 Ba-e Jaluc 2.8 x 109 s
Range . 1 4 x 109 to o 2 x 109, Sam; Ling Disiriburion: Uniform

2.7 2 Rationale

The "wearthering” model in MACCS for external expes vve 1o depusited
radionuclides 1is ot the torm

n \
. . - l
SRS i
Dith » D e ) A, e (2.7)
z) L i
i=1

where

Diry = dose rate (Svi's) from a ground -deposited radion s 1ide at time ¢ (s)
atter its initial deposition,

Dy = dose rate (Sv.s) a4t the time of initial «ovjusitivn v 1 ¢ |, at t = 0
5,

A ~ decay constant (531 for the radionucli . e tunstderation,

n = numpber of ditferent weatliering processe- o looted o1l consideration
(e g . short term and long termd,
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Ay - traction ol the depostition undergoing weathering process | (subject
to the countiaint that Ap S AL+ D),

\j = decay conslant (s 1) tor the portion of the exterinal dose subject to
wedathering process |

In turn, the Yy are debined by

LS S TY U (?.8)
i {

whoere

ri = weathering half-life (s), {.e., the time period over which the dose
rate subject to weathering process i will decroase by H0%

When only weathering processes are specified (i.e., NOWTRM = 23, then T =
TCWHLFI and T) = TGNHLFZ.

The use of weathering expressions of the form shown in Fgquation 2.7 for the
assessment of time-dependent external exposure in reactor accident consequence
assessments derfves from a study by Gale et al. [37 This study was
performed in England and used experimental plots involving five different soil
types to estimate the time-dependent external exposure from a deposition of

137Ccs.  The results of this study lead to the following form of the expression
in Equation 2.7:

At -\1t -Azt
D(t) = Dy e A e tAye (2.9)
where
Al = 0.63,
Al = In(2)/r{ = In(2)/0.61 yr = 1.13 yr-1 = 3 65 x 10-8 s
Ay = 0.37, and
Ao = In(2)/7) = In(2)/92 yr = 0.075 yr-1 = 2.42 x 10-9 s.

The relationship in Equation 2.9 was used to estimate dose reduction in WASH-
1400 and has also been used in many other reactor accident consequence
assessments.

Until recently the study by Gale et al. [37] appeuars to have been the only
study providing any direct information of the time-dependent change in
external exposure. However, several! additional studies have recently been
completed and will be briefly discussed. It is likelv that more information
on time-dependent weathering will become available in the future as the
results of the Chernobyl accident are analyzed.

Warming {38,39] has performed several weathering experiments on impermeable
surfaces in Denmark. The 1984 study involved the hehavior of 86Rb (an
analogue for cesium) on concrete and asphalt surfaces. The following results
were obtained. For one-year-old concrete, a maximum of 60% of the
contamination (i.e., A} = 0.6) was weathered away with a half-life of 100 days
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Y v 1 Por "vouny” asphalt, 60 of e contaminatjon (1 ¢« ., Ay
- b otvmevod w b bt Tite of 60 daves (] e r) o= 9 1t v An "old"
GOl ete st tat a0 o e A = 0 ) with oa bl Tite of 100 davs (8 ¢,
ty o= AN A A toldr .|'-M|‘\1l wit face showed no pns of weather illp‘, ({ o,
Ay - e 1os oy tovelved the bebavier ot Sin o PR and Y%Ba on
aspl ol et o e combined desndlts of this st oo catimated A to be
L Lo vy T Y R o LA I 1 1

Fatibory " <tadied the heboeeronr of post Chernob b depositions on

fmpotme ahle vt e 1 Swaden He provides the following summary for his

)
Tesig i

It peveral ) the ditterent nuclides seem to act in a similar
way The avetdpe vemaining traction atter 1) months is
atound 1o oseept for Fulvirlﬂ stones, where the traction is
0 ¥ For 1O3RG and 1 ‘Apﬂ“ on asphalt, the removal also
seems te he Jess than for the other nuclides A rough
estimate ot the remaining fraction and halt -lite timees tor
‘short’ weathering gives 003 and 104 days . © 6 and 105

dave  and GO0 and 100 davs tor paving stones . asphalt, and
CoOnclete o Tespectively

Thus. tor various {mwpermeable surfaces, Karlberg 1o observing values tor A)
)

that ranpe trom © 0 to 0 7 and values for 7] that ranpe from O 27 yr to 0. 38

vr Further, Fipnne 2 in Farlberg's paper suggests that the corresponding
values above a prass covered area might be in the area of A} = 0 15 and r)
< 60 dave = 0 16 vr The depositions considered by Karlhberp involved rain

during and atter *he passape ot the plume and before the first measurements
were made

Jacob et al 417 stadied the behavior of post Chernobyl depositions in
southern Bavaria They provide the following summarv of their results.

Surface activities on paved areas have been determined by
in situ measurements in Munich after a deposition ot
radionuclides trom Chernobvl by heavy rain No significant
ditferences were found hetween asphalt, concrete, and
pranite pavements. In the first few days. ahout 50-70% of
the caesium was removed by run-off with the depositing rain
and by street cleaning. Barium behaved as cesium, about
80% ot the ruthenium and about 90% of tne iodine were
removed About 70% of the cesium initiallvy retained
disappears from the streets and squares with a halt-life of
aboaut BO davs due to weathering and stree: cleaning

Cobhled pavement turned out to retain the radionuclides
more effectivelvy. In situ measurements on lawris supported
the suprestion that the analvtical approximation of CGale et

al under-.estimates the external exposure~ trom deposited
cesium

Thus, for impermeable surfaces, their results support a valae of Ay in the
area of 0 9 and un effective value of r;, which i+ onsiderabily less than B0
]

days = 0 77 vyvr when the effects of earivy runoff are included Their statement
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with tespoect to wale’'s vgquation is not entirely

they reduced the inftial ground concentiation by
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An can be seen trom the studies v discussed  “here o
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deposition, and the action of weather aud other yroces
deposition Further, the uncertainty in these |l avets
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Table 2 11 MACCS Weatheri:
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n 2
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2.8

Runoff and Wastioft

2. 81

Summary v

Table 2

12 sumnarizes the base values and ranges tor the

surface-water contamination

Table 2 12

Base Value dand Range tor Variahles Asscoiated with

Contamination

variabiies tor

Surface water

Variable

NUMWP

NAMWP!

WSHFRI

WSHFRI2

WSHFRI3

WSHFRI4

WSHRTAL

WSHRTA2

o m—— = -

WSHRTA3

WSHRTA4

- ———— e — = w e

Sump..Ty

Number of radionuclides to be ¢
water pathwav.

Names of radionuclides to be considered

water pathway
137¢g

initial radionuclide wash-off tra-

Value 0.01
log Uniform

Same variable

Initial radionuclide wash-off fraction for 13=Cs

Value 0O 005
Distribution.

Same variable

Rate constant
Value Q0. 004
Disrrjibution:

Same variahle

Rate constant
ase Value @
Distribution

Same variahle

onsidered in the drinking-

Base Value. 4

in the drinking-
ngr, qoSr. 1 “Cs,

Selecred Radisra-lides

>r. Base
Sarpling Distribution

-ion tor 89

Range © 002 to o/

as WSHFRI1 tbut tor 'St

Base
Y

Range O 000 . = .1
Log Uniform

Sarpling

as WSHFR13? (but for ' g

(ve - for long Tvim wash-ott tor 89s: Base
Range O 0008 o . cwm sampling
Log Pniform
as WSHRTAL (bur .0 'S
iyr‘l) tor imng "urm o wash ot tor ey
00l Range 0 oo Loau ampling
Log 'nifore
as WSHRTAY (but t -+ <3 o4
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Twl!“.l‘ .‘ H venpet tb

Var pahie o S Sumy . .
wliNGEY Walel 1tpestlon favtor for By, Vo Piver s Base value:
A E T Range 1 x 10 oo o ow te o Sawp Ling
Distyibution  Lop Unitorm.  Eor Lape Lakes Base Value-
Jow 1w Runge 1 O to o~ A Sampling
Distribotion Lop tnitorm
wINCE! Water inpestion tactor fox 90, For Bivets Same
I vartable as WINCF] For larg ~ves Bice Uniue
Jox oo Range 1 x 1o ” to 7 v 100 Sampling,
i Distribution Log Uniform
L WINUF3 Water ingestion factor 1Yieg ) Base Valrreo
1 “ x 106 Range 1 x 107 to 1 « 1 saapling
[ gdettibhution: tLog Uniform Foooliog lapes Base value:
Jox lo-b Range 1 x 10 b to 1 - 1o Samplaing
Distribution. Lop Uniform
|
|
g WINCES Water ingestion factor tor I Jor Hivers Same
! variable as WINGF3 For Large ! e Fae Value: - x 1076,
Range: 7 x 1076 ta 2 x 1o-5 Tare ods twioe WINCUFS tor
lakes

2.8.2 Ruationale

The radionuclide wash-oft model in MACCS is base !« “he 1ol cienship

Ax/dt = (2 4+ ARy X =m0y = (] R e o)
where
x{t) = amount tbhgi of a radionuclide on land s 1t es ar *ime * (vr) atter

an initial deposition at time t = 0
A = decay constant (vr‘l) tor radionuclide,
\q = fraction of initial radionuclide deprsis-:on e roves from land

surfaces to surface-water bhaodies fv a s! 17 v eriod Gfter
deposition,

A\, = rate constant cvr 1) far the lang-term © . «oc 0 v vy gdion s Lide
from land surtaces to surface -water boc - o

initial radianuclide depocition (bq) o 70

o
2
8
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The quant tles A, aud \p are the MACCS input wvar bhles WSHEx] and WSHRTA The
quant ity xg is detined by

xg = TOTDEP * FRACLD 1)

whet e

TOTDEDI - total deposition (bg) predicted by MActs tor the radionuclide In
the region under considevation and

FRACLD = fraction of region under considervation that is land; the remaining
traction 1 FRACID is assumed to be covered hy surface-water
hodies.

A sinple value can he used for FRACLD in a MACCS analvsis or FRACLD can b
specified for individual grid elements through the use of a Site Data File

The amount of radionuclide moving from land surtaces to surface-water hodies
is given by

an

Dy = Az xg + [ Ap x(t. d
0

= {dg A + Ap) /(X + Ay (2.12)
Further, the total deposition directly onto surface-water hodies is given by

Do = TOTDEP (1 - IRACLD: (2 13)

Thus, the total amount of a radionuclide enter

£ a surface-water system is
given by

DTOT = Dy + Dp (2. lay

The quantity ir Equation 2.14 is then used to determine radionuclide
consumption due to water ingestion.

For a giver surface-water system, it is assumed "hat a constant fraction of a
radionuclide entering the system will be ultimate«lv consumed via the drinkirg-
water pathway. This fraction is defined by the ratio

WINGF = PTOT/DTOT (2. 19

where PTOT is the to*al amount (bq) of radionuclide consured by the population
via the surface-water pathway and DTOT is the toral amount of radienuclide
entering the surface-water system under consideration tsee Equation 2 14) .

Some type of analvsis/modeling is required to define WINGF This effort could
rang. from the use of empirical data or simple (ompartment models to the
development fapplication of quite sophisticated models for urface water
systems and their associated public water supply sve'ems However, in
deciding on the amount of effort to invest In derermining WINCE,

it shonld be
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kept {n mind that the surtdace water pathway {s probably « small contributor to
the total cancer risk trom chronic exposure pathway- 172 . 41]

Wo oate Interested in values tor A, = WSHFRL, A = WSHRTA . and WINCE The
Quatitities Vgoand Ay dre considered tirst Table . 13, which is tuken from
Heltan et al 1120 provides a numbet ot ohserved vilues for these quantities
Addrtional values are glven in Table 2 14

Hetton et al 127 concluded that only four radionuclides, BYsy 904, 1 dagg
and VY060 are needed to treat contamination of surface water bodies Based
ot the values for WSHFRD (35) and WSHRTA (i) in Tables 2 14 and 2 15 the
toliowing values are recommended for these variabl: &« and those nuclides

Table o 13 Vatues for WSHFRD ();) and WSRTH (g

Lsotope __ WSHFRI (Range) __WSHKTA (Ravper
BY9gy N0l (0 002 te D 02) 0 V04 0 DOVB to O DUB)
G0¢ O 01 0 002 to 0 0N 0 004 (0 M08 0 0 008)
Llags O 005 (0 001 to O G1) 0 001 = voor 1L 0 002)
13 ¢y 00US (0 D01 te 0 01) 0 001 .G DU to O 00

* Considerable subjective judgment was used ir sciecting these
values and ranges

The development of values for WINGF is nnw considercd Helton et al 112}
present an exploratory study of the health effects of radionudlide wash-off
into surface-water bodies In that studv of wash-oft into river svstems,

WINCE is in effect defined by
WINGF = WTHWIAPOP'D {2 1e)
whe 1 e
WT = water treatment factor (i e . the ratio of rudionuclide concentration
in water after water treatment to the conci "1 a:tion ir water before

treatment ) |

W o= {ndividual water consumpiion (#/yr-ind),

]

~

=
]

nupber of individuals obtaining drinking watv1t from the river under
consideration cind) . and

v o= river discharge (F/vr)
Two river svstems were considered in Reference 10 "he lower Mississiper and

Rhein Meus, Value« tor WINCF are now calculated i<l Equazion 2 16 and
parameter valurs taken froem Reference (12
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Table ) 1

.T3 S

Stia.
{4k

et a,

“The valuaes ! -1
water and totac

atcumulated tall

Mivake and
Tsbota "a«%:

Y'amagu!; ot a.
(&€

f' Jacob: et a.
{&7)

Jordan et ai
[48 4G

’ Kamada et ai
i (50]

*The values for
Mivake et al
{51!

Kamada et al
[52)

Menzel
[53]

Sxmﬁ;ZnEt
[54])

Carlssor.
155)

$pxu£;1 and
Barte.t

156!
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Linsley et ai
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Tahle 2 15 Additional Removal Rates for
Basls
Ryt Nuclide 100 \a JRRIRINRY 3!
B9 RO 137cy 1
131y 1327, W 10
103Rry
‘61 137¢g 0 02
239py, 2+0py 0.02
Julam 0.02
fp2 " Be 0 6-2 1
137¢cs 01
210pp 0o
63! 239p, 0 4
QAOPU
64 210pp 0095
165" Pu TN

0 U8 Model:.ry

Radionud . ides Determined on a Repglonal

t omment

Northe'n Sw:itrerland
Germany in

and southern
t1rat few weeks
following depositions from the
Chernotyl accident

Fallou:
basin

in the Columbia River

Alpine Phone watershed in
Switzeriard Suggests
value ¢ W, tor “Be mav also
be apyropriate for Us and Pb

that

Missi<<ipp! drainage hasin

SUSQl.t‘ T TAvVeY SYsTa®

g t\‘! tre
Fnited St a7es based o
unfwe ral < L0

<t continental

the

Y .
Pass kot ions
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ﬂiﬁE*sﬁiﬂﬂl for Sy
WINGF = (0.87) (370 B/yr-ind) (2.9E6 ind)/(5./ x 1014 f/yr)

- 16 x 10°6 (2.17)

Mississippi for Cs

WINGF = (0.53) (370 2/vr-ind) (2. 9Eé6 ind)/(5. 7 x 1obe povr)

- 1.0 x 10°® (2.18)

Rhein-Meuse for Sr

WINCF = (1.0) (s40 f/yr-ind) (1.3E7 ind)/(B.5 x 1013 iivr)

- 6.7 x 10-5 (2.19)

Rhein-Meuse for Cs
WINGF = (0.1) (440 B/vr-ind) (1.3 x 107 ind)/:8 5 x 1013 p/vr)
- 6.7 x 10°6 (2.20)

Helton et al. [12] also considered the effects of a deposition onto Lake
Michigan. The model used in this part of the analvsis is equivalent to
defining WINGF bv

an
WINGF = ([ e-At dt/V) * WT * WC * POP
0

- WI_* WC * POP

s ox (2.21)

‘ where V is the volume {(f) of the lake, A is the rate constant (yr'l) for

i removal from the lake (including radicactive decav, sedimentation, and

I outflow), and WT, WC, and POP are the same as in Equarion 2 16. 1In turn, 1 is
defined by

{F A = In(2)/HL (2.22)

E; where HL is the effective half-life (yr) for the radionuclide under

gf consideration. When Equation 2.21 and Equation 7 23 are combined, the

i following reiationship is obtained:

i HL * WT * WC * POP

i WINCF = —- (2.23)

e fn(z) * V

(%3
»
Lwad
g-
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Equation 2 14 and the data in Helton et al. {12] can now be used to
estimate WINGF for a release to Lake Michipgan.

Lake Michigan for 8Ysr

(0 14 yry (1 0Y (370 £,vr-ind) (1.0 x 107 ind
WINGF = : e : S

fn 2y * (.87 x 1019 p)
-1 7 x 107 (2 24)

Lake Michigan for 90sr

(15 4 vy (1.0) (}70 £/vr-ind) (1.1 g‘lw ind)

WINGF = :
¢ In(2) % (4.8 x 1015 §)

= 19 x lU'S ‘) ')

Lake Michigan for 13ucs

(013 vr)y (1.0) (370 2/yr-ind) (1.1 x lﬂfAian

WINCGF = ~ R
: in(2) * (4.87 x 10 15 1)
=16 x 1n-8 (2 26)
Lake Michigan for 137cCs
. (3.5 vr) (1.6) (370 #/vr-ind) (1.1 x 107 ind)
WINGF = 22— : IS T
n(2) * (4 .87 x 1015 §)
- 4.2 x 10-9 (2.27)

Two additional, very crude calculations are now given for WINGF. The first

uses Equation 2.16 and data for the entire United Srates Specifically, the
following data are used:

WT = 0.87 for Sr, 0.53 for Cs (same as used in Helton et al [127.
WC « 370 #/vr-ind,

POP = 2.4 x 108 ind * 0.718 = 1.7 x 108 ind. where 2 4 x 108 ind is the
population of the United States (§tatistical Abstract of the
United States 1988) and 0.718 is an approximation of the fraction
of the total United States populatiom that receives its water from
surface-water bodies (Ref. [66}], Tables -39, p 345), and

D = (1,500 x 10% acre frzyr) (1.234 x 108 7 acre fr) = 1 9 x 1019
P/yr, where 1,500 x 106 is the annual discharge of rivers in the
conterminous United States (Ref. [66]. Table 2-2, p 61

< T a

Then the following approximations to WINGF are obtained
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Bivers fn Jontermipony Unlted States for Sp

WINGE = (0 B 370 fovre dnd) (1 2 x 108 gndy o1 o0 o 1olh gy
- 24 oa 1009 (2 28)

Rivers dn conterminous tnited States top Us

WINCE = (0 593) (370 £/vre ind) (1 " x 108 ind. 01 9 x 1ol foen
-1 8 x 10°° (2.29)

<.

The sccond caleulation uses Equation 2 2 and the Jduta tor the entire United
States Specifically, the following variable values are dassumed

WT =1 for Sr and Cs,
WC =« 3/0 f/vr-ind,
POP = 1 7 x 108 ind,
Vo= 4,500 mid * 3.38 x 106 acre ft/mi'3 * 1 234 v l0% pracre ft

1.9 x 1016 ¢, where 4500 mi3 is the volume ot freshwater lakes in
the conterminous United States (Ref. 66, Table 2-2, p. 61), and

HL = 0 le vr for 89sr, 15.4 yr for 90sr, 1 3 vr tor *¥Cs, 1.5 vr for
13705, where these are the values obtuined in Helton et al. 112!}
for Lake Michigan (values for smaller and o1 other lakes could he
quite different; e.g.. see Santschi <! al S

Then. the fellowing approximations to WINGF are obtained

Lakes in Conterminous Unjted States for 895y

0 14 O) i -1 T ow ingoe T
WINGF = (0 14 vr) (1.0) (370 /vyr lgd) (1.7 x 108 andy
in(2) (1.9 x 1016 )

-6 7 x 10-7 (2.3

Lakes in Conterminous United States for 0sy

e (15 4 vy (1.3) (370 F'vr-ind) (1.7 ~ 108 indy
WINGF = - —--- - - ey L
m(2) (1.9 x 1016 p)

- 7.4 x 10°9 (2 31)

Lakes in Conterminous United States for 134cg

WINGE < ‘13 Ty (1.0) (370 B/yr-ind) (1.7 » 108 ind
‘ 2y (1.9 x 1016 )

-6 2 x 10°6 (2 32)
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(VS vy ol Oy (370 f/vre-ind)y (101 X 10' srat

WINUE = 16 -
n(t2y (1 9 x 10 &)
-1 " x 100 !
Several simplistic calculations tor WINGE have been civer These caloulations
ate intended to provide onlv a hallpark estimate of he vl e of WikoF TH.

recompendations in Table 2 16 for WINCE ave suggested tor prel.minary
assessmerts of the dtinking water pathwav

Taehle 2 16 Values for WINGF

lsotope River (Range) oo bere cRanger 0
89gr 5 x 1076 (1 x 1076 - 1 x 10" 2 x . oL ox e
Wsr >x 106 (1 x 106 - 1 x 1079 2 x v Dol Dx ol

13acs 5 x 1076 (1 x 1076 . 1 x 10°%) 2x 1o U 1ot ) ox o

137¢s 5 x 1076 (1 x 1076 - 1 x 10°3) A e LA N AR

The values recommended here for "River” svstems are <omewhtdr lower thun the

screening estimates for WINCF because those calcula-icns prohabhiv

underestimated eftects due to binding to sediments. The vilue« for “lake” are
those obtained for l.ake Michigan and thev should be .sed triv for a wver. larpe
lake The ranges are subjective estimates ard are :»rerule @ 70 be sampied wih

a log-uniform distribution

x Notg¢- Although it was ohtained too late to use in "re de lopme- 1t of ol

parameters presented here. a useful source o©f i :mutior on walel s
in the United States is Estimated Use of Wat.r ir - vl States o
1985 bv W. B Sollev. ¢ F Merk and R R Fier » US. N {rcular It
1988)

3
v
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1
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P
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2.9 Resuspension

Table O

TesSHspenLion

T.ble

'9 1 Summary

L7 wuammarises the base values and ranges tor 'he variables tor

21 Base Values and Ranges for Resuspension Variables

Variable Summary . R

NRWTRM Number of resuspension processes under consideration Base
Value B!

RWCOEF1 Resuspension coefficient for short term ;;susp?nsinn {m-1) Base
Value: 10°°. Range: 10-%-10-%.  Sampling Distribution: Log
Uniform Rank correlation of ! with RWCOEF? and RWCOEF3, rank
correlation of -0 75 with TRWHLH], TRWHILH. and TRWHLH}I.

RWCOEF? Resuspension coefficient for intermediate term resuspension
(m !y Base Value. 10-7. Range - 18106 Sampling
Distribution. Log uniform. Correla ion same as for RWODEFL.

RWCOVF} Resuspension coefficient for long term resuspension «m- 1)  Base

Value 10-9. Range - 10-8.10-10 Sampling Distribution: Log
uniform. Correlations same as for RWCOEF]

TRWH!LF1

Half-life (s) for resuspension coefficient RWCOEF!1 Base Value:
1.6x107 (~6 mn) . Range: 2 6x106-3 1x107 (-~ 1-12 mn). Sampling
Cistribution Log uniform. Rank correlation of 1 with TRWHLF2

and TRWHLF), rank correlation of -{ > with RWCOEF!, RWCOEF? and
RWCOEF)

TRWHLF?

Half-life (s) for resuspension coefficient RWCOEF? Base Value.

1 6x108 (-~ 5 yr). Range: 3.ix107-3 ix10% (- 1 10 vri  Sampling
Distribution Log uniform. Correlatrions same as for TRWHLFL.

TRWHLF 2

Half-life (s) for resuspension coefficient RWCOEF] Base Value:
1.6x10% (-50 vr). Range: 3.1x108.3 1x10% (-10 100 vr).

Sampling Distribution. Log uniform Correlations same as for
TRWHLF1

Comment Since RWCOEF], RWCOEFZ, and RWCUEF3 are assumed to have
a rank correlation of 1, a single vairiahble can be sampled as a
surrogate for all three. The same applies to TRWHLFl, TRWHLFZ,
and TRWHLF}. Thus, it is necessarv to sample onlv two variables
to implement these six wvariables.
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g2 Rationale

The tesuspension mode! in MACCS {s based on the res sprnsion tactor approach
The resuspension tactor Koetirom Iy {s defined by

Koty = a(t)ss(t) /7 Yo

whie 1 o

At = ait concentration (Bgm’y of pesuspended activity at time t after an
1:atal deposition and

. . . . . ) :

st = initial surface deposition (Bq,m<) corrected for radivactive decay
Additional discussion is available in a number of revicws "10,42.67 68,69!
In MACCS Koty s detined by

n"
Kit) -> Kiexp (-\i t) (2 15)
i=1
where

1 = NRWIeM = number of resuspension processes under consideration (e g
short-term,. intermediate-term, and long-term resuspension),

Kj = RWCOEF(i) = resuspension factor (m-1) for the ith resuspension process,
and

Ai = Bny2)y/rj = rate constant «s- 1) for the time - dependent reduction in
resuspension tactor Kj

where

ri = TRWHLF(i) = resuspension half-life (s) (i.e . the time period over
which the observed air concentration will decrease by 50%)

An excellent review of the data on resuspension is given bv Sehmel [10!. Asg
indicated by both the data in this review and statements bv the author, there
is great uncertaintv in characterizing resuspension For the resuspension
model in MACCS, the data in Tables 12 7 and 12.9 ot Sehrel will be used to
characterize resuspension factors (i e., the Kj in Equation 2 35) Further,
the data in Table 12 8 of Sehmel will be used for guidance with respect to the
rate constant Aj

Three time periods (i e.. n=3) will be considered in the definition of the
resuspension factors short term (i.e., Kj), intermediate term (i e , Ky),
and long term (i e . Kj) The short-term and intermediate-term resuspension
is assumed to correspond to the larger and intermediate sized factors in
Sehmel . Tahle 12 9 The long-term resuspension corresponds to the values in
Selunel . Table 12 7 and the smaller to values in Sehimel. Tabhle 1) 9 Short -,

2-19

OAGI0000919 00053



ST

intermediate-, and 1nng~t9rm resuspenslon s interdod to cotre spenad
v pectively to resuspension which takes place over o few mwontle 0 tew vedrs,
and 4 tew tens of vears after deposition

Tabic 2 18 shows the values selected for the K wd the v

Table 2 .18 Values for Ki atd vy

Base

Variable Value Range - CouUommer t _
K1 10-° 10°6 - 10-4
A 6 mon 1 - 12 mn L mon o~ 06 x lubog
K, 10-7 108 . 106
r) 5 yr 1-10 vyr Pove = v 1w 1o s
K3 10-9 10-10  10-8
r3 50 vr 10-100 yr Lvr = 31w 1o s

Although the values in Table 2.18 are nor inconsistent with the available
data, it must be recognized that these gquantitirs are verv uncertain

Changes in environmental conditions are expected tu have inverse effects on
curresponding values of Kj and §, but very similar ettects on the set of Kj
values, and also on the set of § values. Thus, tor sampling purposes. all
values of Kj should be assumed to be strongly correlated v g . rank
correlation of 1). all values of { should be assumed to he <trongply correliated
(e g.. rank correlation of 1), and corresponding valuces of Kj and rj should be
assumed to have a moderately strong, negative rank correla’ion (e g . -0 79),

For comparison, values for Kj and rj used in the Reactor Satety Studv (1 e
I WASH-1400) and suggested in the review by Lassev 6/ are listed in Tables
2 19 and 2 20

; Table 2 14, Values in Reactor Table 0 0
;5 Safety Study {11]

Values In
lassev 67

i Variable Value variable o Nalwe
K1 10-" ¥y gxio
L] 1l yr e L womn
Ko 10-9 Ko 1o D
Lg) no decrease T 1 vy
with time (W o
L no dectease

with !t jme

"o
&
o

OAGI0000919 00054



REFERENCES

111 D.J Hall, and R A Waters Further Experiments on a Buoyant Emission
from a Building. Warren Spring laboratory, Stevenage, England, LR 567
(PAY, 198¢&

| 2] G. A Briggs, Flume Rise Prediviions, Environmental Research

Laboratories, U § Departmen: of Commerce, National Oceanic and
Atmospheric Adminiszrat’on. 74979

[3] S. R. Hanna, G. A Briggs. aad R. P. Hozkers, Handbook on Atmospheric
Diffusion, DOE/TIC-27601, U S. Department of Energy. Washington, DC,
1987 fa )y p 33, (b)Y p 275

{4 U.S. Nuclear Regulatorv Commission, PRA Procedures Gujde, Vol. II,
Chapter 9, "Environmenta’ Transport and Consequence Analysis,” NUREG/CR-
2300, U.S. Nuclear Regulatory Commission, Washington, DC, 1983.

[5] CEC, Radiation Protection: Methods for Assessing the Off-Site
Radiological Consequences of Nuclear Accidents. EUR 10243 en, Commission
of the European Comrurities, Luxemburg, 1986.

[6] S K. Koa, "Theories of Atmospheric Transport and Diffusion,”

{ Atmospheric Sciences and Power Production, ed. . Randerson, U.S.
i Department of Energy. Washington, DC, DOE/TIC-27601, 1984.

[7] G. C. Holzworth, Mixing Heights, Wind eds, and tentia o a

y Air Pollution Throughout the Contfiguous United States, AP-101, U.S.
Environmental Protertion Agency, Research Triangle Park, NC, 1972,

W [8] D. B. Turner, Workbcok of Atmospherjc Djispersion Estimates, PSH-999-AP-
i 26, U. S. Department of Health, Education, and Welfare, Washington, DC,
1969 .

(9] H. D. Brenk and K. I Vogt, "The Calculation of W.* Deposition from
Radicactive Plumes." Nuclear Safety. Vol. 27, pp. 362-371 (1981).

{10] CG. A. Sehmel. "Deposition and Resuspension,” Atmospheric Scjence and
Power Production, ed. D. Randerson, U.5. Department of Energy,
Washington, DC. DOE/TIC-27601, 1984.

[11] U.S. Nuclear Regulatory Commission, Reactor Satetv Study, Appendix VI,
"Calculation of Reactor Accident Consequences,” WASH-1400, Washington,
DC, 1975.

f12] J. C. Helton, A B Muller, and A. Bayer, "Contamination of Surface-
water Bodies atter Heactor Accidents by the Erosion of Atmospherically
Deposited Radicnuclides,”™ Health Physics, Vol. 48, pp. 757-771 (1985).

[13] R. P. Hosker, "Flow and Diffusion Near Obstacles," in Atmospheric
Sclence and Power Production, ed. D. Randerson, DOE/TIC-27601, U. S.
Department of Energy, Washington, DC, 1984, pp. 302, 24al1-326. (a.)
p- 302, (b)) pp. 241-326.

2-41

OAGI0000919 00055



[14]

(15]

[16]

(17]

(18]

(19]

(20]

(21]

[22]

{23]

[24)

[25]

[26]

{27]

C. D. Leigh et al.,

Analyses of Plume Forpation, Aevrosol Agglomerxation
and Rainout Following Containment Fallure, NUREG/CR-4222, SAND84-2581,
Sandia National Laboratories, Albuquerque, NM.

Virginia Electric and Power Co., ety Analysis Report; ur

Nuclear Station.

Tennessee Valley Authority, Final Safety Analysis Report, Sequoyah
Nuclear Plant.

Philadelphia Electric Co., Final Safety Analysis Report; Peach Bottom
Atomjc Power Station, Units 2 & 3.

Mississippl Power and Light Co., na afety Analysis Report;
u uclear Statjon, Unjts and 2.

Briggs, G. "Lift Off of Buoyant Gas Initially on the Ground," ADTL
Contribution File No. 87, Air Resources Atmospheric Turbulence and
Diffusion Laboratory NOAA, Oak Ridge, TN, Nov. 1973.

U.S. Nuclear Regulatory Commission, Onsite Meteorological Programs
Safety Cujde 23, Regulatory Guide 1.23; Washivngton, DC, 1972.

H. N. Jow, MELCOR Accjdent Consequence Code System (MACCS), Volume 1],
Model Description, NUREG/CR-469)1, SAND86-1562, Sandia National
Laboratories, Albuquerque NM, 1989, pp. 2-16.

D. H. Slade, Meteorology and Atomjc Energy, U.S. Atomic Energy
Commission, Washington, DC, 1968, p. 119.

D. Randerson, ospher cience and wer Productiorn, Office of
Scientific and Technical Information, U.S5. Department of Energy,
DOE/TIC-27601, Washington, DC, 1984, p. 375.

M. L. Barad and D. A. Haugen, Project Prairie Grass, Geophysical
Research Paper No. 59, Vols. I-1I1, AFCRC-TR-58-235, Air Force Cambridge
Research Center, Bedford, MA, 1958.

F. A. Gifford, "A Review of Turbulent Diffusion Typing Schemes,™ Nuclear E
Safety, Vol. 17, p. 68 (1976). g’

F. A. Gifford, "Atmospheric Dispersion Models for Environmental

Pollution Applications,” in Lectures on Air Pollution and Environmentga] E
Impact Analyses, American Meteorological Society, Boston, MA, 1975,
p. 35.

J. Tadmor and Y. Gur, "Analytical Expressions for the Vertical and !
lLateral Dispersion Coefficients in Atmospheric Diffusion,™ Atmos, &
Envir., Vol. 3, p. 688 (1969). 5

2-42

OAGI0000919 00056



P28 H D Brenk ot al., “"Transport of Radionuclides in the Atmosphere "
Radiolegical Assessment, ed. 1. E. TIll and H K Myer, NUREG/CR-3332,
'S Nuclear Regulatory Commission, Washington, DC. September 19873,

A ¢ A Sehmel and W, H. Hodgsoun, A_Model foy Iiedleting Dry DReponltion of
Particles and Gases to Buvivoumental Supfaces. DOE Rept. PNL-SA-67721,
Pacitic Northwest Laboratory, NTIS, 1975,

‘ 300 M Hobert et al |, Studies of the Deposition of Acroseols on Vepetation
i and Other _Surfaces, ORNL-tvr-4314, Oak Ridge National laboratory, Oak
! Ridge., TN, 1976,

31 3. A Jones, "The Uncertainty in Dispersion Estimates Obtained from the
Working Group Models," The Seventh Report of the Working Group on
Atmosphevic Dispersion, NRPB-R199, England, 1986.

t312' J Roed, "Dry Deposition in Rural and in Urban Areas," Presented at the
Workshop on the Consequences of an Acclidental Contamination of the Urban
Environment, Roskilde, Denmark, June 1987.

"33 3. A. Jones, Modelling Wet Deposition from a Short Release, NRPB-R198,
National Radiological Protection Board, Chilton, Didcot, Oxon, United
Kingdom, 1986.

i34] T. A. McMahon and P. J. Denison, "Empirical Atmospheric Deposition
Parameters--A Survey," Atmospherlc Environment, Vol. 13, pp. 577-585
(1979} .

[35] W. G. N. Slinn, "Precipitation Scavenging,” in D. Randerson (ed.),
Atmospheric Science and Power Production, U.S. Department of Energy,
Office of Scientific and Technical Information, DOE/TIC-27601, pp.
466-532, Washington, DC, 1984,

[36] B. Y Underwood, "Wet Deposition,"™ in B. Y. Underwood, P. J. Cooper,
N. J. Holloway, G. D. Kaiser, and W. Nixon, Review of Specific Effects
in Atmospheric Dispersion Calculations, Vol. I, EUR8B8935EN, Commission of
the European Communities, Luxembourg, 1984, pp. 3-1 to 3-232.

{37] H. J. Gale, D. L. O. Humphreys, and E. M. R. Fisher, "Weathering of
Caesium-137 in Soil," Nature, Vol. 201, pp. 297-261 (1964).

{38] L. Warming, Weathering and Decontamination of Radiocactivity Deposited on
Asphalt Surfaces, RISO-M-2273, Riso National Laboratory, DK-4000
Roskilde, Denmark, 1982.

{39] L. Marming, Weathering and Decontamination of Radiocactivity Deposited on
Concrete Surfaces, RISO-M-2473, Riso National Laboratory, DK-4000
Roskilde, Denmark, 1984.

[40] O. Karlberg, "Weathering and Migration of Chernobyl Fall-Out in Sweden,"
Radiation Protection Dosimetry, Vol. 21, pp. 75-78 (1987).

2-43

i
i

OAGI0000919 00057



a1 P tacob, R Mockbach, and B Moaclior, redi taen ot External
Exposure from Deposited Chernohvl A tyvge by s vttt Weatherling,
Street Gleaning, and Mipration e the Sol 0 Raotiarjon Protection
Rosfmetey, Volo 1 pp S ciid

SR M Ostmever and Joo0 Hedion bapoeange o o Modde s tor Accldental
Radiome Lide Releases, NUREFG. R SiMa ., SAR < oo Sandia National

Laboratortes, Albuguerque, NM oot v g Glon

re3 R R Codell, "Porential Contominarion of aata e water Supplies by
Atmospheric Releases trom N lean Plants " Vet Ve Yol o 48, pp
JU3- 730, (198%)

st Co P straub, L0 R Setter. AL S coldin B NG T hach,

"Stront tum-90 i Surtace Water in the Unstod Staces " 0 Amer, Water
Works Assoc., Vol Y9, pp. !H6 /68 19600

(45) Y. Miyake and H., Tsubota, "estlmation of Direct contribution of Meteoric
Water to River Water by Means of Fallout Radiocaesium and
Radiostrontium," in Radioisotopes 1o Hydrtops po. 25430 (Vienna:
TAEA)Y (1963).

f46] N. Yamagata, S. Matsuda, and K. Kodaira, "Run-off eof Caesium-137 and

Strontium-90 from Rivers," Nature, Vol .20, pp. 668-669 (1963) .

C47)Y W, Jacobi, J. Eichler, and N Stolterfol: . Forrelation rwischen dem
Fallout aus Kernwaftfenversuchien wel der paitproduktagtivitaet in
Flusswasser, Hahn-Meitner-Institae fur Veroforschung, Berlin, HMI-BR2

(1969).

48] C. F. Jordan, J. R. Kline, and D. €. San-ver, "A Simple Model of
Strontium and Manganese Dynamics in a Tiopical Rain Forest," Health
Phys., Vol. 24, pp. 477-489 (1973).

[49] C. F. Jordan and J. R. Kline, "Strontium 4} in a Tropical Rain Forest:
12th-vr Validatio. of a 32-yr Prediction.” Heulth Phvs., Vol. 30, pp.
199-201 (1976)

(50] H. Kamada, M. Yukawa., and M. Saiki, "St-«livs on Removal of Y90Sy in Fall-
out from Land to River" (in Japancse), V.dioisotopes, Vol 22, pp.
279-285% (1973).

{51} Y. Miyake, Y. Sugimura, and K. Saruhashi. "Content of Plutonium in River
Water in Japan," Pap. Met . CGeophys., Vol 24, pp. 75-78 (1973).

[52} H. Kamada, M. Yukawa, and M Saiki, "Studies on Removal of Strontium-90,
Ruthenium-106, Caesium-137, and Cerium-l44 in Land and Fresh Water," in
Environmental Surveillance Around Nuclesr lustallations, Vol. 11, pp.
137-146, 1AEA, Vienna, 1974.

[53] R. D. Menzel, "Land Surtface Erocion and Rainfall as Sources of
Strontium-90 in Streams." J. Envivon, Cdlity. Vol 3, pp. 219-223,
(1974 .

2 -4

OAGI0000919 00058



S R 1 Simpson, €. R Olsen, R. M. Trier, and § ¢. Williams, "Man-made
Radionuelides and Sedimentation in the Hudson River Estuary,”™ Science,
Vol 184 pp 1791493 (1976) .

99 S darlsson, "A Model for the Movement and loss of 137¢s in a Small
Watevshed ™ Health Phys. . Vol 3a, pp. 33-37 (197BY.

St DG Sprugel and ¢ E Bartelt, "Erosional Removal of Fallout Plutonium
trow a large Midwestern Watershed,” J, Epviron., Qual., Vol. 7. pp.
11 (1978) .

(% AL Auarkrog, Environmental Studies on Radjological Sensitivity and
Variability with Special Emphasis on the Fallout Radioconuclides 90sy and
TR

s, Risoe-R 437, Risce National Laboratorv, Roskilde, Denmark, 1979.

an CooS tinslev, s0M. avwood, and J. Dionian. "The Use of Fallout Data
in the Levelopment of Models for the Transfer of Nuclides in Terrestrial
and Freshwater Systems," in Migration in the Terrestrial Environment of
Long-Lived Radionuclides from the Nuclear Fuel Cycle. pp. 615-634 TAEA,
Vienna, 1982

i59] P. H. Santschi, S. Bollhalder, K. Farrenkothen, A Lueck, S. Zingg, and
M. Sturm, "Chernobyl Radionuclides in the Environment: Tracers for the
Tight Coupling of Atmospheric Terrestrial and Aquatic Geochemical

Processes,"” Environmental Science and Technology., Vol 22, pp. 510-51¢6
(1988)

{607 P. H. Santschi, S. Bollhalder, S. Zingg, A. Lueck, and K. Farrenkothen,
"The Self-Cleaning Capacity of Surface Water after Radioactive Fallout.
Evidence from European Waters after Chernobyl, 1986-1988," Environmental
Science_and Technology, Vol. 24, pp. 519-527 (1990).

[61] T. M. Beasley and C. D. Jennings, "Inventories of 239,240py, 241am,
13’Cs. and 60Co in Columbia River Sediments from Hanford to the Columbia
River Estuary,” Environ, Sci. Technol., Vol. 18, pp 207-212 (1984).

f62] J. Dominik, D. Burrus, and J. P. Vernet, "Transport of the Environmental
Radionuclides in an Alpine Watershed," Earth and Planetary Science
Letters, Vol 84, pp. 165-180 (1987).

i63i M. R. sScort, R. J. Rotter, and P. F. Salter, "Transport of Fallout
Plutonium to the Ocean by the Mississippi River " Earth and Planctary
Science letters, Vol. 75, pp. 321-326 (1985).

ol
I~

D. M. Lewis, "The Use of 210ph as a Heavy Metal Tracer in the

Susquehanna River System," Geochjmjca et Cosmochimica Acta. Vol 4l. pp
1557-1564) (1977,

{65! G. R. Foster and T. E. Hakonson, "Predicted Erosion and Sediment

Delivery ot Fallout Plutonium,” J. Enviyon, Qual.. Vol 13, pp. 995-602
(14984) .

[66; D. K Todd, The Water Encyclopedia, Water Information Center, Port
Washington, NY (1970).

2-45

OAGI0000919 00059



“wl!

12)8‘

G

K R. Lassev, "The Passible lmportance of Short Term Exposure to
Resuspended Radionuclides," Health Physics, Vol 48 pp

National Council on Radiation Protection, Raliological asgsessment
Predicting the Transport, Bicaccumulation, and !'ptave by Man of
Radionuclides Released to the Environment, N RP Repor: Ne. /6, National
Council on Radiation Protection and Measurements . Berhesda, MD 14984

W. J. Smith, F. W Whicker, and H R. Mver, "Review and vategorication

of Saltation, Suspension, and Resuspension Model« " Nuaclear Safeiy. Vol

23, pp 685-A9G (1982

fa- 761 (19800,

OAGI0000919 00060



3. EMERGENCY RESPONSE PARAMETERS

3.1 Evacduation Parareters

3.1.1 Recommendation

The values in Table 3.1 for evacuation parameters are recomncided for the
MACCS NUREG-1150 calculations.

Table 3.1. Recommended Evacuation Parameter Valuces

Variable (Urits) Definition Site Value Ranged

EDELAY (h) Evacuation Delay Time Sur 1 > 1 25 - 3 25
GG Ol Ty g 25 - 1. 25
PB 1.0 o 7 - 1.7
Seq [S 05 2.0

ESPEED (m s-1)  Radial Evacuation Speed Sur 18 0.9 - 1
GG 37 1.7 - @ S
PB <. B A 6. 8
Seq "8 1.2 - 6.7

4 All sampling distributions should be uniform over the stated ranges

3.1.2 Data Sources

During 1985, NUS conducted a review for SNL of emerye.ncy response plans and
estimates of evacuation times prepared for the utilities that run the five
NUREG-1150 reactors (Surry, Grand Gulf, Sequoyah, Feach Bottom. and Zion) and,
as was appropriate, discussed emergency response assumnptions (e g ., evdcuation
delay period and average evacuation speed) with utili v emergency response
personnel. NUS submitted the results of this study to SNL in letter reports
to which were appended copies of pertinent documentation te g . the utility
studies of estimated Emergency Protection Zone [EPZ. clearance times) from
which the data in the letter reports had been taken The data presented here
were drawn from the NUS reports and supporting documentation

3.1.3 Surry

The Surry reactor is located on the south side of the lames River  On the
south side of the river within ten miles of the reactor i ¢ | within the
EPZ), population densities are low. However, on the north side ot the river on
the peninsula defined by the James and York rivers, population densities arve
high because of the presence of three cities: Williamsburg, Newpoart News, and
Hampton. Should a severe accident ever occur at the Surr. reactor, evacuatijion
of this peninsula could be difficult because of the high population densities
and because only two arteries (I64 and US60) are available to support the
evacuation.
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vable 30 presents B populations tor the tive coantics that neighbor the
Sty e and estimates ot preevacuat ton delay perlods and average evacuation
pecds tor a Summer Sunday, a Winter Weekday, and Adverse Wedther (winter ice

MR BT

Table 32 surry Emergency Response Datd
o ">EEZ-' g:;gvr Sunddgn Wintey W:Jﬂﬁ;; —>Adver5e Weather
Pop Delay Speed Delay Speed Delav Speed
Cennty, Leoatien Lxl“"j) (h) prph) (h) (wph) — _th) _(mph}
James Cilew 6 5 31.25 4.0 .25 1.6
Willtamsburgh 11 6 225 5.7 1.25 2.2
York 8.6 1.2% 4.4 1.25 2.9
Sewport News R 225 3.0 1.25 1.7
vy, Isle ot
wipht 49 1.25 8.0 1.25 8.0
Total 86 5 2.3 4.0 1.25 2.2
Population
weiphted)
N of River 82.0 1.25 2.4 1.25 2.7 1.25 1.8
S ot River 4.5 1.25 8.0 1.25 8.0 1.25 8.0
Total 86 .5 1.25 2.7 1.25 3.0 1.25 2.1
«Population
weighted)

The population-weighted results for the flve counties are probably superior to
the population-weighted results for the data for North and South of the river.
However, if the county data are used, estimates of the preevacuation delay
period and average speed for a Winter Weekday must be developed that are
consistent with the county data for a Summer Sunday and Adverse Weather.

The NUS study states that delays in excess of 1.25 h are expected only during
the tourist season (summer months). Thus, a preevacuation delay period of
1.25 h should apply to Winter Weekdays, which agrees with the NUS estimates
for delays N and S of the river on Winter Weekdavs.

The NUS average speed of 3.0 mph estimated from the data for N and S of the
river is inconsistent with the population weighted aggregate county data,
since the average evacuation speed for the Winter Weekday (3.0 mph) estimated
from the data for N and S of the river is lower than the average speed for a
Summer Sunday (4.0 mph) estimated from the county data. If the Summer Sunday
4.0 mph speed derived from county data is scaled by the ratio of the Winter
Weekday speed (3.0 mph) to the Summer Sunday speed (2.7 mph) developed from
the N and S of the river data, then an average evacuation speed of 4.4 mph
results.
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Two-seventha of the vear are weekend davs, and the suammer tour fst season {s

about tour wontha long Theretore . assume that Swanmer Sunday values apply 30
potvent ot the tne

O3 = O g 4 712

G the coast ol Vitpinia, during the winter (December 20 thirouph Mareh 21)
precipitation occurs about B percent of the time 1Y precipttation during the
winter is assuamed to mean that a severe ive storm has occurted, then during a
full vear at sSurrv, adverse weather will occur about P percent of the time
Fivallv, by dittervence, Winter Weekday values will applyv 68 percent of the
time

Yoarlv average values four the preevacuation delay time and the averape
evacudat fon speed at the Surry site may now be estimated using the tollowing
equation

03 S +068W+ 0.02A-~-X (3.1

Table 3 3 presents the yvearlv average values obtained using this equation

Table 1V V. Surrv Fvacuation Parameter Valu.s FEoctimated from the
Seasons and Time—of Week

Summe r Winter Adverse Yearly
Parameter Sunday Weekday weather Average
Delay (M 2.3 1.25 1.2 1.57
Speed (mph? 4.0 4.4 2.2 4.24

Average evacuation speeds for the Surry EPZ can be estimated in at least two
other ways. From a map of the peninsula near Williamsburg, one can estimate
| the following maximum travel distances within the EPZ for population located
on the peninsula: maximum travel distance to 164 = 7 mi; and the maximum
‘ travel distance on 164 = 5 mi. Therefore, the average evacuation distance
‘ within the EPZ is about 6.0 mi = (1/2)(7 + 5). The Surry "Estimation of
Evacuation Times" report prepared by PRC Voorhees gives clear time
distributions for a Summer Sunday and a Winter Weekday. Ths diztributions
; show that 50% of the population in the EPZ will be readv to evacuate in 1.0 h
il and will have cleared the EPZ in 2.6 h. Their average evacuation time is
g therefaore 1.6 h, and their average speed is 3.75 mph = 6.0 mi/1.6 h.

The PRC Voorhees report also presents vehicle capacities (vehicles per hour)
for the roads that will be used to exit the EPZ for the counties that neighbor
the Surry site, and for the number of vehicles available to support the
evacuation in each county. From the number of vehicles available and tlie
total EPZ population of each county, one can estimate that the avcrage
evacuating vehicle will be occupied by three people. Thus, from the county
EPZ populations and vehicle capacities, one can estimate average evacuation
times. Table 3.4 presents these estimates:
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Table YV 4 Estimation ot Surry Evacuatton Times from
Vehlcele Capacities and Popul.at iony

EPZ Vehicle Fuacuatl ton

Pop Capacity Time
—enbounty (x10- 1) (x10-3 by
Surry Wight o H 6. 0 [ R
James,/MWiTHiamsbur ph 28 1 1.2 13
York B 6 16 (N
Newport News ab. 3 9.6 1.6
Popualation weiphted total 86 5 I 4

Since evacuation of the peninsula will determine average evacuation speeds
within the EPZ, that speed can be estimated to be + 29 wph = 6 0 mi/1.4 h,
where b 0 is the maximum travel distance within the FPZ on the peninsula

Given the preceding results, a pre-evacuation delav perind of 1 % hours and an
average evacuation speed of 4 0 mph (1 8 m s-1) ar recommended for NUREG-1150
cilculations for the Surry site,

Table 1.9 presents the evacuation delay time and evacuation speed recommended
for use at the Surrv site and compares the recommended values to those
specified by the NRC for use in the first pass NUREG-1150 calculations:

Table 3.5. Values Recommended for Surry Evacuation Parameters
7 Recommended . )
Value NRC
Delay (h) 1.5 1.0
Speed (m s 1) 1.8 1.2

3.1.4 Grand Gulf

Evacuation time estimates for the Grand Gulf site are based on a state-of-the-
art road network analysis. Data for pre-evacuation delay times and EPZ
clearance times (delay time plus evacuation time) were developed for Weekdays,
Weekend Days/Nights, and Adverse Weather (severe thunderstorms). Table 3.6
presents the evacuation data.

Table 3.6. Evacuation Data for Grand Gulf

Averaged Maximum
Delay Clear Evacuation Travel
Time Time _ Time Distance Speed
Time/Condition (min) (min) {(min) (h) {(min) {mph)
Weekday (WD) 45 160 115 1,92 10 5.21
Weekend/Night (WE/N) 45 105 60 1.0 10 10.0
Adverse Weather (A) 45 205 160 2 R 10 3.75

ahelay times ranged from 15 to 75 minutes, so the average delay time is 45
minures
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At the Urand Gulf site, precipitation at rates in exiess ot 01 in/h occurs
ahput 2 percent ot the time. If rain at rates tha® exceed U 1 in/h is assumed
to medn that a severe thunderstorm is occurring., then dadverse weather will
alse oveur ar the Grand Gult site about 2 percent of the time.

Yeallv average pre-evacuation times and average evacuation speeds can be
caleulated from these data using the following egquation

Q.02 A+ 098 "0 5 N + 0.5(0.71 WD 4 0 J9 WEV = X (3.2)

where 0 /1 = 2.7, and Q.29 = 57 . Substitution of the evacuation delay times
and speeds listed in the vreceding table into this eqguation vields a vearly
average evacuation delav tim of 49 min = 0.75 h and a vearly average
evacuation speed of 8 2 oph = 3 7 m s 1. Table 3. presents the evacuation
delay time and evaciastion speed recommended for use at the CGrand Gulf site and
compares the recommended values ro those specified bv the NRC for use in the
first pass NUREG-1150 calculaticnas:

Table 3.7 Values Recommended for Grand Gult
and Evacuation Parameters

Recommended
Parameter Value NRC
Delav (h» 0.75 1.2548
Speed (m s 1) 3.7 2 0

4 where 1.25 h = 75 min., the maximum pre-evacuation
delay time.

3.1.4 Peach Bottom

Estimates of total EPZ clearance times and pre-evacuation delay times
(expressed in minutes after offsite warning) have been reported by the
Philadelphia Electric Company for the five counties (Lancaster, York, Chester,
Cecil, and Harford) that neighbor the Peach Bottom site. Values are reported
for two types of weather (normal and adverse), two seasons of the year (winter
and summer), and two times of day (daytime and nighrttime)  The estimates were
developed using a state-of-the-art road network analvsis. Table 3.8 presents
estimates of the preevacuation delay time and the e¢vacuation time. where

Evacuation Time = Total EPZ Clearance Time - Pre-evacuation Delay Time
for each county and set of conditions (prevailing weather, season, time of

day). Also presented for each county are the distance to the EPZ boundary and
the population within the EPZ.
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table ¥ R Peach Bottom Evacuatlon Data

Population
Weighted
Paveaster York Chester Cecil Hartord  Average

e lounty

Population

(0.1 miox 1o b ba " 2 8 4.2 10,9 47.0

Evacuat ion
Distance (wmi» 13 1) 1% 12 12 l.

L)
o

Dyt ime

Normal Weather

Delayv Time 59 80 B8 75 g0 8?2
Evacuation Time

Winter Rl 1)) 75 75 G0 88
Summer SR 8O 5 75 G0 88

Adverse Weather

Delav Time 100 95 98 85 95 96
Evacuation Time

Winter 100 105 79 75 95 9o
Summe 120 109 75 75 105 107

Nighttime

Normal Weather

Delay Time 41 40 53 40 40 41
Evacuation Time
Winter 50 50 40 40 50 49
Summer 60 50 40 40 60 55
Adverse Weather
Delay Time 40 40 53 40 40 41
Evacuation Time
Winter 70 70 50 50 80 70
Summer a0 70 50 50 90 81

Tearly average values of pre-evacuation delay times and evacuation times can
be calculated from this data using the following equation.

0.05{0.25(SDA + WDA + SNA + WNAY! + 0.95/0.25(SDN + WDN + SNN + WNNY] = X,
where

SDA = summer, davtime, adverse weathe:
WDA = winter, davtime, adverse weather
SNA = summer, nighttime, adverse weather
WNA = winter, nighttime, adverse weather
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SON - ey das time . normal weather

Wi et d o time . normal o weather
SN - et nyhttime normal  weather
wht - winter, ntphttime, normal  weather

ard wdver e weather oweather that veduces road capdoities by 30w, e g, snow,
fee varns topr ds assumed to occur v of the time (precipitation oceurs
ariny aber 8 e ol the hourvs in the vear at the Peach Bottom siten

Sabstitt i on ot the pre-evacuation delav times and evacuation times listed in
the provedary table anto this equation vields a vearly average preevacuation

3
detor e ot o2 min - 1€ h and a vearly average evacuation time of /1 wmin -
; [N Sttooe the popalation weiphted straight-line evacuation distance is
‘ ol chis averaye evacuation time corresponds o an average evacuation
spoed ot T Tt - 0 B -

Table 4 0 presents the cvacuation delay time and c¢vacuation speed recomrended
tor the Pearh Bottom s1te and compares the recommended values to those

L

specitied by the NFU tor use in the first pass NURFC 110 calculations:

Tahie 39 Values Recommended for Pedach Bottom
vacuat ion Parameters

Recommended
Parametel Value RO
Delav (o 1.0 1.05
Specd (m s 1y 4 8 2 Q

1ol Sequovah

Estimites of clear times for the Sequovah site are presented in the
Multijurisdictional Emergencv Response Plan prepuared for that site by the

St.iite ot Tennessee That plan divides population into twa groups. residents
and transients, where transients are primarily people who visit the river to
swim or picnic during summer months (June through September) For each of

these population groups. and for both together, the plan esimates clear times
for each ot 28 cectors within the 10-m EPZ. Thése clear time estimates are
presented in Tahle 31.10.
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The clear time estimates presented in Table 3.10 rest on the following four

Whenever the residential population of

evacuation is 1.7

When the full EPZ is evacuated,
lengthens evacuation times bhv 45 min.

assumptions:
(D
evacuated,
(2)
flooding)
(3

the {full EPZ is
the delay between notificartion to evacuate and
the actual start of

h

adverse

wedather

. Snhow

Clear times for residents are lengthened bv 45 m in.
whenever the recreational transient population evacuates
with the residential population.
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i |

{4y Delay times are not lengthened by adverse weather

At Knoxv.lle., TN, total vearly precipitation averages 4/ 29 inches and snow
tas srow) averages 12 3 inches. Since the density of water is 1 0O g/cm? and
the density of snow is abhout 01 g em?, the Knoxville data suggest that about

»

2 b percent
o6 = 10012 30 1,47 49(1

of all precijitarion at the Sequovah site will be snow At the Sequovah site,

rain occurs during 7 percent of the hours of the year. and intense rain (rain
rate greater than 6 mm/h for one h) occurs less than O 15 percent of the time
‘during only 13 of 8760 h). 1If rain at a rate of 6 mmn/h is assumed to

indicate tlooding, then adverse weather (flooding or snowfall) will occur at
the Sequoyah site less than 3 percent of the time. Finallv. if significant
transient population is assumed to be present within the EPZ only on weekend
davs during the months of June through September, then the fraction of time

when both the residential and the transient populations will evacuate together
will be O 1 = (4/120(2/7).

The following equation can now be used to estimate a vearly average clear time
tor the entire Sequovah EPZ:

fA‘thRA + thBA) + fN(thRN + thBN) - X (3.3)

where

fao = fraction time adverse weather prevails = 0 03,
fn = fraction time normal weather prevails = 0 97

fr = fraction time onlv residential population evacuates = 0.9

»

fg = fraction time both residential and transient population evacuates =
0.1,

tga = clear time during adverse weather when onlv the residential population
evacuates = 4 90 h,

tpa - clear time during adverse weather when both the residential and the
transient population evacuate = 5.659 h,

tpa = clear time during neormal weather when onlv the residential population
evacuates = 4.17 h, and

tpa = clear time during normal weather when both the residential and the
transient population evacuates = 4 .92 h.

Substitution of the parameter values given above now vields an average clear
time of 4.27 hours and thus an average evacuation time of 2 92 h = 4.27 h -
1.75 h whire 1.75% h is the delay time before evacuation commences.
Accordingly, 3.97 mph = 10 mi/2.52 h = 1.8 m s-! is a reasonable estimate of
averapge evacuation speeds within the Sequoyah EPZ when the average is taken
over all weather conditions and all evacuating populations. Table 3.11
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presents the evacuation delay time and evacuation speed recommended for use at
the Sequovah site and compares the recommended values to those specified by
the NRU tor use in the first pass NUREG-1150 calculations:

Table 3 11 Values Recommended for Sequoyah Evacuation Parvameters

Recommended

Parameter __Value NRC
Delay (h) 1.75% 1.7
Speed (m sy 1.8 1.2

J Shielding Factors and Breathing Rate

.2 1 Recommendat ion

The shielding tactor values and breathing rate in Table 3.12 are recommended
tor use in MACCS NUREG-1150 calculations. 1In Table 3 12, BRRATE = breathing
tute, CSFACT = cloudshine shielding factor, GSFACT = groundshine shielding
tactor, PROTIN = inhalation protection factor, and SKPFAC =~ skin protection
tactor.

Table 3.12. Recommended Shiclding Facror Values

Variable (nits) Activity Site __Value Range*
BRRATE (liters,day) All A1l 2 3 x 1u4 (0.9-2.6) x 104
CSFACT (unitless) Evacuation All 10 n,/a
Normal Activity All 0.75 0.6-0.95
Active Sheltering Zion 0.5 0.4-0.6
Cu 0.7 0.6-0 8
PB 0.5 0.4-0.6
Sur 0.6 0.5-0.7
Seq 0.65 0.55-0 75
GSFACT (unitless) Evacuation All 0 5 0.3-0.7
Normal Activity All 0.« 0.2-0.75
Active Sheltering Zion ul 0 03-0.2
GG 0.25 0.1-0.4
PR 0.1 0.02-0.2
Sur 0.2 n.1-0.3
Seq 0.2 0. 1-0.35
PROTIN (unitless) Evacuation All 1.0 n/a
Normal Activity All .9 0.15-1.0
Active Sheltering all 02 0.1-0 4
SKPFAC {unitless) Evacuation All 1.0 n/a
Normal Activity All 0.5 0.15-1.0
Active Sheltering All 0.2 0.1-0.4

* All sampling distributions should be uniform over the stated ranges.
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Table 3 11} Building Inhalation and Skin Shielding Factors
({ Indoor/Outdoor Ratios)

Particle Size

Range (um) Indooy/Outdoor Ratio Reference
00N -0 0.5 7
01 - 065 0 & 3
« 1 0 & Lal
ol -2 06 ‘6
0 b5y - 20 02 13
s 1 0.2 4]
B 01 - 0.9 (9]
These data supgest that small particles (0.1 - 1 um) will have an
indoor/outdoor ratio of about 0.5, while large particles (1 - 20 um) will have
Indoor/outdoor ratios of about 0.2. Since mass and theretore radioactivity

will be concentrated in a distribution’'s large particles, use of a value
smaller than 0.5 s indicated.

Indoor/Outdoor inhalation dose ratios have been calculated by Aldrich for a
single compartment subject both to infiltration and ventilation {8}. As
derived by Aldrich, this ratio is directly proportional to the fraction of the
plume that penetrates the compartment (indoor/outdoor concentration ratio).
Using best estimate values for model parameters (including a penetration
fraction, indoor/outdoor concentration ratio, of 0.85), Aldrich found this
dose ratio to have a value of about 0.6. Use of a penetration fraction of 0.3
would lower Aldrich’'s indoor/outdoor dose ratio to about 0 2.

Opening windows is observed rapldly to increase indoor/outdoor ratios. If
windows are assumed to be open during the summer, then a time weighted
summation of an indoor/outdoor ratio of 1.0 for the summer (3 months) and 0.2

for the rest of the year (9 months) yields an average indoor/outdoor ratio of
0.4.

Accordingly, for people in buildings, skin and inhalation protection factors
of 0.2 (range 0.1 to 0.4) if actively taking shelter and 0.4 (range 0.1 to
1.0) if continuing normal activity are recommend.d For people outdoors and
evacuating in vehicles, skin and inhalation protection factors of 1.0 (no
significant protection) should be assumed.

3.2.2.3 Reference Doses

External radiation doses to individuals are reduced by materials (e.g., hills,
buildings, building walls if indoors) that are between the individual and the
radiation source. The reduction, which is usually called the "shielding
factor," is defined by the following equation:

S = D/Dyef (3.4)

where S is the shielding factor, D is the dose received. and Dyegf is the
reference dose, which is the groundshine dose that would be received by an
individual standing on a contaminated, completelv smooth, infinite plane or
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the « loudahiine dose that would be received by an indier loal tomepsed oo
cuntanmipated fnfintte cloud (the ottects of fintte cloud ditmensions anad ot
centerline tocattions on ¢loudshine doses are treatod n MACCsS aaning the somld
intinite cloud corrtection facto)

Voot outdoor Shitelding Factors

People outdoors may be partially shiclded from a contamivated cload by
buildings and hills Sloce this shielding is likely to be prunounced only Lo
prople located in urban street canvons, o cloudshite shiclding tactor ot 10
tor people outdoors s vecommended tor use in best estimate MACUS
caleulations

People who are outdoors are shielded trom contaminatod pround not only by
buildings and hills but alse by the roughness of the contiaminated pronund

surtaces (e g, ditt, lawns, pavement) The averay: <hicviding provided by
suburban land will depend on how much of that land i tvpically devoted to
houses, lawns, and pavement . Consider a 2000 f{t 2 Mase van Y ona quat ted

acre (104 tt2) lot fronted by a 3-tt-wide sidewalk and halt of a 32 tt wide
road. 1t the rovof of the house has a surface roughncess like that of pavement
then the fraction of suburban land devoted to lawns i< about O 67, and the
traction devoted to pavement is about 0,33,

9 )
(100)° - 145

0 67 1000100 + 3 + 16>

Accordingly, using surface roughness shielding factors fv] ot 0 8 for lawn uand
of 0.93 for pavement ylelds an average surface roupliness shielding tactor for
suburban surfaces of 0.84.

The shielding from groundshine provided by buildings 1o people located
outdoors can be estimated by a view factor calculation For example, a square
house, 4% ft on a side, located at the center of a square quarter acre lot
will screen abo:t 16 degrees of the horizon from the view of a person, who i
standing at the intersection of the lot sideline with the centertine of the
street that fronts the lot. Thus, assuming obstruction ot view principally hv
the four nearest houses, groundshine reduction due to screening by buildings
will be about 0.6 = 1 - 4(36/360).

Table 3.14 presents estimates for overall urban ard suburban shielding factors
tor people located outdoors

Table 3.14. Urban and Suburban Skidding Factors for Feople lLocated Outdoors

llocation Shielding Factor Reference
Urban Copenhagen 0.06 (10
Street canyon 0.1 [11)
Suburban Copenhagen 0.6 {1V
Urban areas 0.3 - 0.7 [12]
Lawns, trees, and streets (after 0.9 - 2.0 111]
dry deposition)
Lawns and streets (deposition 0.2 - 0.5 [11]

during heavy rain, little
deposition to tree leaves)
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I1f the tellowing thice assumptions ale made,

(1V the amount of matevial deposited op tree leao, (s aboat “he hall ‘he
amount deposited on the ground,

) the shielding factor ter material deposited on trec leaves s 20
this numbetr is larger than 1 6 because “te leaves of a lee are a
smooth vertical pluandar source) and the rouphiness shieldirg tactor tor
material deposited on suburban surtaces 1< o B, and

t31 buildings and hills reduce exposures to mdlerials deposited on trec
leaves and on the ground by a factor of o 4.

then. in agreement with Ostmeyer and Helton ;la! an overail shielding tactor
uf O 73 can be calculated for people located oudonars in suburban areas as
follows:

0.73 = 0.6:0 33(2.0) + 0.67 ) Buy’ (3 e

Increasing the fraction of material deposited on :ree leaves to 0.5 from 0 21
increases the overall shielding factor to 0. .85 Decreasing the fraction
deposited on tree leaves to 0 25, lowers the overall shielding factor to 0 68
Accordinglyv. an cverall groundshine shielding factor ef 0 ° for people located
outdoors is suggested for use in best estimate MATCS calculations. For
sensitivity studies a range of 0.2 - 1 0 should te assumed tor this facrtor.

3.2 2.5 Mass Thickness

The shielding provided bv a material is directly preoportional to its mass
thickness, which is the product of the densitv ot *he material and its
thickness. Densities for typical building materials 13} are presented in
Table 3.15.

Tabie 3.15. Densities of Building Marerials

Densitv

Material igsem
aluminum 2.6
asphaltwe, tar 172
brick 1. »
concrete block 2.
glass R
E.psum (wallboard) Q.r?
insulation 0 n
steel 7w
Portland cement 1.1
wood (pine) 0.~

From these data. approximate mass thicknesses mavr bhe calculated fer several
types of wall construction tvpical of " S. hous«~
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WOOD FRAME HOUSES FACED WITH WOOD, ALUMINUM, OR STUCCO
0 125" atluminum + 0 5" wood + 3.0" {nsulation + 0. 5" wallboard

2 500 1252 B 4 0 5(0 5) ¢ 3.0(0.65%) 4+ 0.5(0.9)! = 7 6 g/em?

0 5" wood siding + 0 %" wood + 3" insulation + 0.5" wallboard

540 50 5) 4+ 0.5(0.5) 4+ 3.000.65) + 0.5(0.93) ) = 7 4 gemd

t.

0 79" stucco 4 0 5" wallboard + 3.0" insulation 4+ 0 5" wallboard

S5 10 75(¢3 1y 4 0.5(0 93) + 3.0(0.65) + 0.5(0 93 ~ 13 2 g/cm?

BRICK AND CONCRETE BLOCK HOUSES

ra

5" brick + 0.9" wallboard + 3.0" insulation + 0 5" wallboard

2 54(2.5(1.8) + 0 5(0.93) + 3.0(0.65) + 0.5(0.93)] = 18.7 g/cm?

0.75" stucco + 3.0" cement + 0.5" wallboard

g%

54[0.75(3.1) + 3.0(2.3) + 0.5(0.93)] = 24.6 g/cm?

ROOFS
0.25" asphalt shingles + 0.5" wood + 0.5" wallboard

2.54[0.25(1.2) + 0.5(0.5) + 0.5(0.93)] = 2.6 g/cm?

FLOORS
0.5" wood + 0.5" wallboard
2.54[0.5(0.5) + 0.5(0.93)] = 1.8 g/cm?
In agreement with Ostmeyer and Helton {1lb], these qualitative calculations
suggest that 10 g/cm2 is a typical mass thickness for wood frame houses faced
with wood siding, aluminum siding, or stucco, and that 20 g/cm? is a typical
mass thickness for brick or concrete block houses.
3.2.2.6 Vehicular Shielding Factors
An eighth of an inch of steel corresponds to a mass thickness of 2.5 g/cm? and
an eighth of an inch of glass to a mass thickness of 0.8 g/cm?, neither of

which is sufficient to provide significant shielding from a radioactive plume.
Therefore, since the interior space of cars and buses will not exclude a
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significant fraction of the plume, the value of the «loudshine shielding
factor for vehicles should be assumed to be 1.0.

The shielding afforded by vehicles from exposure to contaminated ground has

been examined experimentally by comparing the dese rate in the vehicle to the

dose rate outside the vehicle [15,16). Data for cars and buses are presented
in Tatle 1. 16.

Table 31.16. Vehicle Groundshine Shielding Factors

Vehicle Indoor/Outdooy Ratio Reference

Cars 06 - 0.7 (16
0.3 - 0.6 117)

Buses 0.5 - 0.7 116}
0.3 - 0.4 (17]

A shielding factor referenced to a contaminated infinite smooth plane may be
calculated from these numbers by multiplying by the surface roughness
shielding factor for the land surrounding the roadwav. Both for countryside
and suburbia, the surface roughness shielding factor for grass should be used.
Thus, assuming that (1) inside/outside vehicular dose ratios are respectively
0.5 and 0.6 for buses and cars, and that (b) 10 percent of the people in
vehicles are in buses and the balance in cars, in agreement with Ostmeyer and

Helton {lc), a groundshine shielding factor of 0.5 for vehicles can be
calculated as follows:

0.5 = 0.8(0.1(0.5) + 0.9(0.6) (3.7)

3.2.2.7 Structure Shielding

The degree of shielding afforded to persons within a structure depends
strongly on the nature (construction type) of the structure, the location
within the structure of the shielded person, and the amount of radioactive
material that infiltrates the structure. Accordinglv, the shielding afforded
to persons, who actively take shelter in basements or interior rooms with

building windows and doors closed, can be significantly greater than that
afforded persons who continue normal activities.

Structures shield people from cloudshine because their walls attenuate
radiation and because indoor gas:-borne concentrations of plume materials are
usually substantially less than those in the outdoor plume. Indoor
concentrations are lower because infiltration is not complete and deposition
to interior surfaces further reduces the gas-borne amounts of those materials
that do infiltrate the structure. But the indoor volumes of typical houses
will usually be small compared to the volume of the outdoor plume. Therefore,
complete plume exclusion from typical houses will produce a reduction in dose
of only about 0.95 [1d]. Since complete plume exclusion is unlikely, dose
reduction due to plume exclusion can be neglected.
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g/cmP‘ thien the value of the cloudshine attenuation tacrtor will be O %2 tor
people on the second floor and 0.39 for people on the tirs: floor, where

0,39 = 0.53(0.52) + 0.47(0 W

The fraction of the cloud subtended by walls is 0 53, and © 24 is the
shielding provided by a roof plus a floor (total mass thickness of 40 ggcmgi
Now it people in the building are evenly distributed between the tirst and
second tloors, an overall cloudshine attenuation factor of ¢ <& can be
calculated for schools and small office buildings larger etfective building
radii and poured concrete {rather than concrete vlock) walls will reduce this
value. Therefore, a cloudshine shielding factor of 0 4 for schools and small
oftice buildings is recommended for use in MACCS. For sensitivitv studies, a
range of 0.2 (cloudshine shielding factor for large attice buildings "18'V to
1 9 (cloudshine shielding factor for single story school or ottice building?
should be assumed.

2 <

Structure shielding to cloudshine has been examine 1 bv Burson and Profio 1
who assumed different building dimensions and mass rthicknesses in their
caiculations then were assumed above Table 3 18 presents the shielding
tactor recommendations of Burson and Profio both as oririnallv developed by
those authors (the number not in parentheses) and as ohtained using the same
mass Thicknesses assumed above (the number in parentheses:

Table 3 18 Cloudshine Shielding Factors Recommended bv
Burson and Profio {18 for People iocated
ir Buildings

Structure Location Fa tor
House
Wood Frame CGround Floor 0 <+ R
Basement O 0O,
Masonry Ground Fiovor 0w . Ty
Basement G « 0 o

Otfice Building Interior

)
L]
-
i

Since cloudshine structure shielding factors are certainiv not precise to two
signiticant figures. values in Table 1.19 are recomrended for use in MACCS
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Tabhle 3 10 Recommended Cloudshine Shiclding Factor fon
People located in Bullding-

LoActivity —.Structure 0 Steries baoton

Normal Wood Frame House N OOK
| 0o

Masonrv House K 0o

1 O R

School or Office 2 0 a

Sheltering Wood Frame House N 0 5
1 0 6

Masonry House J O

] (1 Yy

School or Office S 0 a

In contrast to cloudshine, where the dose from gos horne mate.ials that have
infiltrated a structure is usually small compared t¢ the dose received from
the plume that envelopes the structure, for the proundshine dose received from
indoor deposits of infiltrated materials can be important when compared to the
groundshine dose received from materials deposited outdeoors. The contribution
of indoor deposits to total groudshine doses (the dose from all deposited
materials whether deposited outdoors or indoors) has been examined by Ustmeyer
and Helton [1f] and by Jacob and Meckbach [11] Jacob and Meckbach note that
as structure shielding increases, the dose from indoor deposits becomes
increasingly important. For example, in a structure that has a groundshine
shielding factor of 0.015, indoor exposures are increased by about a factor of
two, if the indoor deposit is 2 percent of the outdoor deposit [11]. 1In
agreement with Ostmeyer and Helton [lg], Jacob and Meckbach [11]} also estimate
that an indoor deposit that is 10 percent of that outdoors will double the
indoor dose if the structure’'s groundshine shielding factor is ¢ 7.

The dose from indoor deposits can be indirectly modeled by increasing the
value of the groundshine shielding factor as required to produce a total dose
equal to that which would result from all deposited materiacs (both those
deposited on outdoor surfaces and those deposited on indoor surfaces). For
wood frame houses (mass thickness = 10 g/cmz) and wmasonry houses (mass
thickness = 20 g/cmz), Ostmeyer and Helton estimate [lh} that if indoor
deposits are half those outdoors, the total indoor dose from all deposited
materials (both indoors and outdoors) is well approximated by increasing the
structure’s groundshine shielding factor 0.1 unit

Groundshine shielding has been reviewed by Burson and Profio |[18] and by
Ostmeyer and Helton [1f] and recent European studics of proundshine shielding

factors have been summarized by Roed [19]. Table 3} 20 presents pertinent
results from these studies.
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Tahle 3 0 Groundshine Shielding Factors tor Buildings

e m e e e

Schaol.

Hovtoes . Mtiee . Basemrent
_wood _Frame Masonry

Ret 0 VO S SR L N v L — b S S A A
0 0 4 Os 06 03 035 04 015 ¢ . o g o) o 0B 0 0%
B O, 04 05 0O ois 02 S 001 ¢ o5 ooy OO0 0 e 007
Bsd O3 0O 4 0 6 0 1a 03 05 011 © 1% o 14 O 1) 0 1% 0 17
R YA 0 19 01
R+d 0 54 0.29 G2

In the table, the shielding factor value in the 7 column is the central thest)
estimate value and the L (lower) and U (upper) values define the estimated

range of the factor. In the column labeled Ref. O denores Ostmever and Helton
fla’', B Burson and Profio [18], and R Roed !19] Since the values of Ostmever
and Helton reflect correction for indoor deposits /i e groundshine shielding

factor imcremented 0.1 unit to correct for 50 percent infiltration) while
those of Bursor. and Profio and of Roed do not, the table also presents the
values of Burson and Profio and of Roed incremenced bv ¢ 1 unit (B+d and Rad
on the table) to permit comparison to the values of Usimever and Helton
Finally, the values in the table atiributed to Koed were calculated assuring
mass thicknesses of 10 g/cm? (wood frame houses:. 20 g.-cm’ (masonrv houses).
and 35 g/cw? (office building with solid concrete walls, i e . not concrete
block) using the following dependence of groundshine shielding factor (Sp4) on
exterior wall thickness (m¢)

i Sgd =~ exp (-0.083 my> (1.8)
which was developed from data taken from Roed [1¢’

Inspection of the preceding table suggests that reasonable values for
groundshine shielding factors for normal activitv c(indoor deposits half those
outside) are 0.5 for wood frame houses, 0.3 for masonrv houses, 0.1 for
schools and small office buildings, and 0.1 for hasements For sheltering,

1 the following values are recommended: 0.4 for wood fram¢ houses. 0.2 for

}é masonry houses, 0 2 for schools and small office buildings. and 0 05 for

; basements.

Normal Activity Because people continuing normwal activities mav be in more
than one location, the shielding factor for normal! activitv. Sy. must be
constructed as a weighted sum of the shielding factors for people outdoors,
So. in vehicles., Sy, and indoors in schools and attice buildings. Sp. and in
houses, Sy Thus,

Sy =~ FgSo + FpSp + FpSp + FySy (3.9

where Fg. Fy. Fg. and Fy are the fractions of the population that continue
normal activities outdoors, in vehicles, indoors in schools and offiice
buildings, and indeors in houses.
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Because ditferences in dimensions and building mater il aunue fndividual
house shielding tactors to vary significantly, the shieliing tactor fto

hoaar s Sy must be constructed as a welghted sum oven Bonioe s Het o

only fTwo tvpes of

FVP e ot

4

et d!

tor stepliont, houses will be corch

\

v aeind trame hoases taced with wood  aluminee o i oo

s

U ot tete block hovse s,

e g brick)

and wood trame house © oo with masonrs

Because the shielding atforded bv a structure change~ s+ a person moves about
within the structure (walls afford mwore shielding t)arn windows,
than atticsy,

basement s more
locertion within structures will affecr the valuae 0! structure
shielding tactors in basements a1 no' tn basements, will
lastly, because the shielding attorded by structures does
not decred .« exposutes to radioactive materials that
ventslation md ntiittation will
factors Accordingly

tmlv two locations,
be considered here
peiwetiate the structure,

increase the valw -~ 1 <tructute shielding

Siom tedw v tanhSuh ¢ tuSy 0 fap o, IRER AL

whete 1 1s the ftraction ot all houses that
the subscript b 1elicates a basement |
denote wood trame bLouses ne?

provide "t
and the subsc:ipe
ftaced by masonry and ¢

diytee ot shielding S
a and M respectively
tete block and masonry
tived houses, respe *1vely

Since most people perforeing normal activities 1n housos are ot
hasemen® s |

located in
th, and tyy should be set to zero when Ej . ct1on ! 10 s used to
calaulate strucrare shielding factors fo: normal act.vity Since all houses
do not have bascsents. when this equation is used T caliulate house shielding
tactors ftor people who tave taken shelter. nonzero v.alues should be used tox
fyr, and typ, that setlect the degree of utilization ot avaiiable basements

Values tor the tractions Fo, Fy. Fp., and Fy are deve lo o«d by considering how
much time difterent groups of people spend in different lacations At
thine groups of people need to be considered workers
and people whe spend ot of their tice at home (§ ¢ pre wchonl children,
homedakers. retited petseons  the unemploved) Table ) 21 presents census data
for 1986 '2 trom which population tractions for the.v tlhiee population groups
mav he constiu ted

least
s chonl ape children,

Tablle ¢ 1 Cennnns Data tor Populatior tioup.

anmh'x
Creup o age Rapge (€10 BETR I
Presc hool S 1«
S hoe ) 17 &}
Adule 18 & 18- -
f' Fetirod, b E
Ail dint
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Jiv Bhise tod 6 pillion Americans were emploved Thaetetote, about 39 0
Arilron Ancticans 3¢ 0 = 148 6 0 109 6) between the apes of 1B and 64 must
cither he homemabers or unemployed, which means that about 86 3 million
waeticars wpend mest ot theft time at home (B6 4 - 15 1 o 39 0 4 9 ) Thus,

aclitln vonstitute o o= 100 (109 /241 0)Y of the total 198G pnpul.i( fon,
\l'n‘lll ,.)‘_lv (‘llil\l[('l] lﬂ /‘ -~ 1()() (:A') ]/I.’-)-ll‘ 0), Al ll l”ll'lll!\,i(‘h 1h H L ]““ -

= L S A

Cabte 3 0 presents plausible estimatos of the maaber of hours in g dav on
weer s and weekends during winter and during the 1est ot the year that
adivtdaad s in cach ot the three population groups defined above spend
deceiny N indoors In houses (1), indoors in schools find otfice buildings
B s vehiicles (VY and outdoors (0) .

Table 1 22 Fstimates of Time Spent in Ditferent locations
by Population Croups

o Cyonup __ _Season Weer davs _ _Weekends

y I 8 Vv o N I B ¥ O

Welrel s (RY Not Winter 8 6 i ) 8 9 0o 2 5
(W)Y Winter 8 6 L 8 13 0o 1 2

S hool children {R) Not Winter 8 5 .1k 8 7 o 2 7
(WY Winter g 7 o 1 2 8 12 0 1 3

tiomehodies {R) Not Winter g8 12 o 2 g8 9 o 2 5
(W) Winter 8 13 o o 1 8 13 0 1 2

The traction of the time that the general popuiation spends in houses, in
\ . - . . -

i whools or ottice buildings, in vehicles, or outdoors is now given by

ik

1
S e Y OIS F )i '
Fr 34 € ’L’“(Fl)(th) + (FZ‘)(hL‘R) + \Pi"‘hli{)'

+ ;J.Z‘)[(Fl)(hlu) + (FQ)(h."w') 4 \Fl)(h!:,)ﬂ (3.8)

where Fyo= 0 455, Fa = 0,187, and F3 = 0.3%58; the subservipts 1, 2, and 3
donote workers, scliool children, and homebodies, and the subscripts R and W
depote "not winter™ (that is spring. summer, and fall) and "winter.®
substitution ot numbers from Table 3 22 yields the values in Table 3.23 tor

the fractions ot time spent by the general population in houses, in schools
and offices, in vehicles, and outdoors.

Tabhle 3.23. Time Fractions by Locations
for the General Population

b_v_n__lg_u_u_v lecation Weekday Weekend Total
All Houses 0.67 O .64
Buildings 0.19 00 014
Vehicles 0.057 0.0 0.06
Ourdoors 0. 084 0 1 0.11

3-22
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Robinsan and Converse (201 have developed values for tractton s of the time
spent in houses, butldings, vehleles, and outdoors by adults  esn than b5
vears old  Stuce adults less han 65 yvears old are comprised ot 109 6 mlTlion
workers plus the 39 0 million adult homebodies, the tollowing ¢quation can e
aned to develop valuos tor time tractions for these adults to ¢ ompare to the
results ot Robinson and Converse,

P ),’ (0 2SI(F

J o lr\)(h

+ (F., v )

iR ITRLRT

¢ 0 X9 (F, ) (h + (F, (h | ' O Y

) v
1A 1W W

whore Fia = 0 74 = 109 o/148 6 and Fipg = 0.26 = 39 0/148 6 are the fract lons
of the adult populatton that are workers less than 6% yea.s old anc * homebodices
leys than 69 years old Table 3.24 presents tlme fractione for adu 1's Tess

than 65 vears old and compares the values for total time to those of  Ref
a0

IA

Table V.24 Time Fractions by lLocation
for Working Adults

Population lLocation Weekday Weekend Total Total R&C

Adults < 69 Houses 0.65 0.75 0 68 0 69
Buildings 0.247 0.0 0 1R 0.20
Vehicles 0.053 0.07} 0. 06 004
Outdoors 0.05 017/ O 04 0.06

The good agreement in this table between the calculated results and those o !
Robinson and Converse suggests that the estimates of hours spent in differeir V!
locations that were presented in Table 3.22 are reasonable. Thus, the
following time fractions for the general population are recommended for use 't
MACCS: Houses = 0.7, Schools and Office Buildings = 0.15, Vehicles = 0.05,

and Outdoors = 0.1.

1983 data on new detached housing (i.e., not apartments) has been published bv
the FHA [2]1] and 1980 data on existing housing (single and multiunit
structures) have been published by the Department of Commerce [22]. 1f, as
was done by Aldrich (8], it is assumed that the characteristics of new
detached housing in a state or metropolitan area applies to all detached
houses in tiat state or area and that most multiunit structures have basemen's
and masonry walls (brick faced or concrete block), then the following formila
can be used to estimate the percentage of housing units in a state or
metropolitan area that have basements or are constructed with masonrv walls:

% X = (% houses){(fraction new with X) 4 (% apartments) (3.10

where X i{s either basements or masonry walls. Table 3 7?5 presents the FlIA
[21] and Department of Commerce [22] data needed bv Fquation !} 10 and the
percent masonry housing and percent basements at the five NUREG-1190 sites
calculated using Equation 3.10 and as developed using 19/0 and 1971 data
either by the Reactor Safety Study (23] or by Aldrich "8 .

s

3-23
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Table 3.25. Reglonal Building Data

w Unlts at Address & Masonry % Basements
one FHA RSS FHA Ald
Slee  Siateso ity (221 > one 1211 cale [23) ¢ch [21] cCalc [8] Ch
Wi 6 24 16 36 <20 81 R&6 90
Slon Chic qpo ) S 61 50 85
1 B 16 15 46  40-60 43 64 77
oG M 82 18 56 64 40-60 60 0 18 5 5
PR P A 77 23 4l 55 60-80 S5 B7 90 89 90
Surry AT Y 79 21 14 32 40-60 35 41 53 42 45
Seq IN 80 20 50 60 40-60 55 12 30 28 30

¥ (L = Gr and Gult, PB = Peach Bottom, Seq = Sequoyah, RSS = Reactor Safety
study [ 23 ¢ale « as caleulated with Eq. 7, Ald = Aldrich [8)], and Ch =
cholce (recommended value).

S ST

Shield! np Factors for Normal Activity and for Sheltering. Values for all of
the pa cameters in Equations 3 and 4 have now been selected. Therefore,

parameé ter values can he calculated for persons who contine normal activity (N)
and f' ,r persons who actively take shelter (S). Values for three shielding
facto rs, cloudshine (C), groundshine (G), and inhalation/skin (I), are

calc' jlaved for each activity (normal activity and sheltering). For each

shie lding factor, three values, an upper bound (H), a best estimate (B), and a
lowe .r bound (L), are calculated. Because housing stock varies by location,

val ges are calculated for each NUREG-1150 reactor site (Zion, Grand Gulf, Peach
Bot tom, Surry, and Sequoyah).

Uf.per and lower bounds are estimated by assuming that the accident occurs at an
afavorable time (after school during the rush hours on a summer weekday) and

¢ t a favorable time (during school hours on a winter weekday). For the summer
" seekday after school during the rush period (the unfavorable upper bound
situation), it is assumed that that school children are now outdoors and most
office workers are in vehicles commuting to their homes. For the winter
weekday with school in session (the favorable lower bound situation), it is
assummed that about two-thirds of the population that on average would be
outdoors or in vehicles is now indoors in schools or office buildings. These
assumptions yield the upper and lower bound values listed in Table 3.26 for the
fractions of the general population that are outdoors (Fgp), in vehicles (Fy),
in buildings (Fg). and in houses (Fy).

Table 3.26. Upper and Lower Bounds for
Population Fractions

Scenario Fo_ _EFy_. _Fp_ _EFu_

Upper Bound (H) 0.4 0.15 0.05 0.4
lower Bound (L) 0.03 0.02 0.3 0.65
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The parameter values used to calculate shielding factors for normal activity
and for active sheltering are now presented in Table 3.27 and the resulting
site specific average shielding values for normal activity and for active
sheltering are presented in Table 3.27. 1In Table 3.27, the column headers are
the parameters defined for Equations 3.9 and 3.10. In Table 3.28, Average
indicates the average of the site specific values and is given only when the
site specific values were quite similar; NRC indicates the value of the
indicated shielding factor used in the first pass NUREG-1150 calculations; and
1 Chpice indicates the value recommended on the basis of these calculations. In
hoth tables, the line headers are defined as follows: C = cloudshine, G =
groundshine, 1 « inhalation/skin, N = normal activity, S = active sheltering,
H = upper bound, B = control estimate, and L = lower bound. Thus, CNH =

It cloudshine, normal activity, upper bound and the B that comes next =
cloudshine, normal activity, central estimate, and so forth.
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Input Data for Calculation of Shielding Factors

Using FEquations 3.9 and 3.10

27
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(Cont inued)
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.27,  (Concluded)
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Recommended Shielding Factor Values
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4. MACCS FOOD PATHWAY INPUT PARAMETERS

Within the MACCS code, of the ciasequences from the ingestion of food
contaninated by radionuclides deposited onto farmland following an accidental
velease ave measured.  These consequences can be divided into two general
L‘ﬂ(e!‘,\')l'il'ﬁ :

(1) societal dose received from the ingestion of contaminated food and the
health eftects from that dose, and

(7Y evonomic costs trom the mitigative actions to limit the dose to some

user-defined tevel of acceptability.

In addition, a turther distinction is made within the MACCS code between the
dose received via the food pathway from crops being grown at the time of the

release (i.e., the growing season submodel) and the dose received subsequent
to the current growing season from food grown on land contaminated by the

release (i.e., the long-term submodel). This distinction becomes evident in
the preparation of the food pathway input parameters. Doses are calculated

and mitigative actions determined for each of these submodels.
In general, the following model is used to determine the dose received via the

food pathway. The dose received by organ k from the ingestion of nuclide i
found in food arising from crop j, Dj j k. can be expressed as

Di,j,k = GC{ * A - FAj . TFi'j * DF§ x

where
GCy = ground concentration of nuclide i (Bq/m?),
A = farmland area (mz),
FaA = fraction of farmland used to grow crop i (unitless),
j B P J
TF§ = transfer factor, i.e., the fraction of deposited material
incorporated onto or into the edible portion of crop j and
ultimatelv eaten by man (unitless), and
DF; - dose received by organ k from ingested nuclide 1 (Sv/Bg).
ik ) E g SBg

The resulting dose to organ k from ingested nuclide i becomes

4-1
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Di k = CCp = DFj g » (4.1)

Fquation 4 1 is used both to project the potentia]l dose for the determination
of necessary mitigative actions and to determine the societal health effeets
resulting from the actual dose received.

The food pathway parameters will be discussed in three major groups. Section
4.1 describes the general parameters to define the food pathway model, i.e.,
information about the nuclides to be considered and the crop categories to be
used, Section 4.2 discusses the components of the transfer factor, TFi.j. in
Equation 4.1. 1In Section 4.3, the input par-m-ters specifically required in
determining the necessary mitigative actions are discussed. The input
parameters within each section are presented in alphabetical order for ease of
location. Each parameter is described as well as its recommended values.
Because there is uncertainty inherent in the derivation of the input parameter
values, most tables containing the recommended values will also contain a
range of possible parameter values. This range for the input parameters will
be enclosed in parentheses or, in some cases, indicated explicitly The
recommended values for each parameter are followed bv a discussion of the

methodology used and the assumptions made in deriving the values currently
recommended.

4.2 Food Pathway Definition Input Parameters

Several input parameters are required for the detinition of the MACCS food
pathway model. The values selected for some of these parameters will
determine the dimensions for all subsequent food pathway input parameters.

4.2.1 NFICRP

NFICRP = numher of crop categories to be used
The recommended value for NFICRP is 7,
Discussicn

The recommended crop categories are listed in Table 4.1 with the major crops
included within each category.

‘\
1
N
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Table 4.1. Crop Categories

Stoved Legumes Leaty Roots
Pasture Forage Grajn & Nuts Creen Veg & Tubers Other Food
Various Alfalfa Wheat Soybeans Lettuce Potatoes Fruits:
grasses  Clover  Oats Peanuts Cabbage Carrots Apples
Sorghum Barley Snap beans Broccoll Beets Crapes
Corn (incl. Dried beans Spinach Sugar Citrus Frui‘ g-
sweet corn) Peas Celery Onion Oranges
Sorghum Nuts Caulifliower Grapefrui tg
Greens Lemons
Vegetable g
Tomatoe s
Cucumb :srs
Peppe' s

Several factors were considered in dividing the crops into the seven d.stinct
categories in Table 4.1. The evaluation of the iriput parameters for the food
pathway in the MACCS code tends to be somewhat lalior intensive, so ttie intent

was to keep the derivation of input parameters as simple and straigltforward
as possible.

The first factor considered was the harvesting pattern for the various (rop
categories. Pasture is the only crop for which Farvesting is corisidered
continuous. It is also assumed that all radioact:ive material de posited onto
pastureland during a given growing season will be: consumed by g razing animals
before the end of that growing season. In addition, it is ass'  med that the
rate at which the pasture is harvested is constant over the er,tire season. 1In
contrast, harvest is assumed to be a discrete process for all nonpasture
crops. This significant difference in harvesting patterns se rved as the basis
for the first major subdivision into crop categories, that ;g

(1) Pasture, and
(2) Nonpasture crops.

To make an additional distinction between the nonpastur o crops, consideration
was given to how the edible portion of the nonpasture ¢.rops becomes
contaminated during deposition. In certain crops, the edible portion is not
exposed to the environment, and contamination occurs only by the translocation
of the radioactive material deposited onto plant sur races into the edible
portion of the plant. Examples of this type of crop ;re grains, legumes, nuts,
roots, and tubers. For all other nonpasture crops, the edible portion of the
plant is directly exposed to the radioactive mater ial during deposition.

These crops include stored forage and all fruits ‘ind vegetables. By
differentiating between nonpasture crops in whict, the edible portion is
directly contaminated and those in which the edi ble portion is not subject to
direct contamination, the crops were then furth or subdivided into the
following categories:
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(1Y Pasture
t2)  Nonpasture
Indirect contamination of the edible portion
(prains, lﬁgumes, nuts, roots, and tubers)
Direct contomination of the edible portion
(stored tc tage, fraits, and vegetables)

within each ot these broad gruups of nonpasture crops, a further distinction
¢an be made when consider ation is given to the plant surface characteristics.
For all crops, an increas.»d roughness of the plant surfaces directly affects

thhe efficiency with which the plant retains the radioactive material until the
tinwe of harvest.

For crops in which the edi ble portion is not exposcd to the environment, an
incre ase in the amount of material retained on the plant surfaces increases
the t.-anslocation that can occur. The beard structure of grains further
enhanc #s the efficlency of the translocation proce ss The plant surtaces of
legumes . nuts, roots, and t ubers are similar and churacteristically have
less sui-face roughness thar the plant surfaces ot rrains.

For crops in which the edible portion is exposed * the outside environment,
an increas ed roughness in tiie plant surfaces will i ‘rease the amount of
materia) pliysically retained on those surfaces unti. the crop is harvested. A
distinction was thus made be tween green leafy vegetubles and stored forage, in
which the ed ible portion has significant surface roughness, and : 11 other
fruits and ve getables for which the edible portion has a relatively smooth
surface or a 'rind"” that will be removed during preparation.

By considering the differenc2s in the surface roughness ot both plants and
their edible poi'tions, the crops categories were further refined as follows:

(1) Pasture
(2) Nonpasture
Indirecit contamination of the edible por-ion
High p.'ant surface roughness
(grai.ns)
Low plan t surface roughness
(legume S, nuts, roots, tubers)
Direct cont:unination of the edible portion
High surfa.-e roughness of the edible portion
(stored f orage, green leafy vegetables)
Low surface roughness of the edible portion
(fruits anu1 vegetables)

Finally, two additional factc'rs were given consideration in arriving at the
crop categories currently beii g used. The first. biological dissimilarity of
the edible portion of the plant, led to a distinction between seeds (legumes

4-4
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At ) and 0 ats vroats and tubers) . The secornd tactor . crop utilicolon
AR flee o he distinetfon helng made between stored forage coonsamed onte
Y gt and gy oven leaty vopetables (consumed only by wao

B, ving consideratior to these distinetion betwoen crop typen . the
o Satw bt bapy Caltopaon ifes evolecd

| boc e
T T
“tbhirect contamination of the edible portion
tHhapto plant surface roughness
cpradt )
ow plant sartace roughness
Koprod  tive plant part
Chovmres and nats)
Abvorg tive ar energy storing plant port
froots and tubers)
Diveot ntaninat fon of the edible portion
iyt lan surface roughness
Cansamed only by animals
(- tored torage)
Consumed ¢ .y bv man
(green le fv vegetahles)
Low plant surtace roughness
tother tood)

i Ot the crop catepories, pasture crops and stored forape arve ecaten bv animils

. that in tuwrn are tood for man, but they are not eaten by man divectly.  On the
I other hand, green leafv vegetables, roots, tubers, and "other" crops are not

‘* consumed bv animals, but are concumed directly by man. Crains and lepgumes and
t

nuts are consumed by both man and animals, which s important in evaluating
the input parameters for the food pathwav.

‘ w.2.72 NFIISO

! NFIISO = npumber of nuclides for which data will be specified for the
Il food pathway

The recommended value for NFIISO is 6.

Discussion

When NFIISO = €, the recommended food pathway nuclides are Sv-849, Sr-4u,
Cs-134, Cs-137, T-131, and I-133. It is expected thiat these radionuclides wil)
dominate the food pathway doses across the entire spectrum of potential
reactor accident scenarios [1:40],

-0
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a .1 NTTRM

NTTRM =« Number of terms used {n the growlng crop retention model that
diescribes the weathering loss mechanism

The recommended value for NTTRM {5 0,

Discussion

The prowing season crop retention model calculates the fraction of the
radioactive material deposited onto the surface ot growing plants that will be
retained following an exponentfal weathering loss vesulting from exposure of
the plant to the envivonment. By using two terms In the growing crop
retention model, it is possible to separate the deposited material into the
portion that will weather rapidly with a relatively short half-life and the
remaining material that will adhere more stubbornly to the plant surfaces and
weather more slowly.

The fractions of the material weathering with each pattern and the half-lives

associated with each weathering pattern are supplied by the input parameters
CTCOEF and CTHALF as described in Secticn 4.3,

4.2.4 TGSBEG and TGSEND
TGSBEGj ~ day of the year marking the start of the g.owing season for crop j

TGSENDj =~ day of the year marking the end of the growing season for crop j
Table 4.10 gives recommended values for TGSBEG; and TGSEND; .

Discussion

Since the fraction of radioactive material deposited directly onto growing
crops that remains on the crop at the timz of harvest is time dependent, it
must be determined when during the growing season the deposition occurred.

The elapsed time before harvest, T,, is then the difference between the day on
which the crop is harvested, TGSEND, and the day on which deposition, Tg,
{i.e., the day on which the accidental release occured). Therefore,

Te = TGSEND - T,

This elapsed time is used within the MACCS code to determine the amount of
radiocactive material deposited onto plant surfaces that will be weathered away
before the crop is harvested.

The values recommended for TGSBEG and TGSEND are summarized in Table 4.2.

4-6
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Table 4 2 Values tor TGSBEC and TOSEND

SRR V1 ) | R Tuskliey  TGSENDy  _ (Dates) |
Pasture Q0 270 (3/381-9/720)
Stored Forage 150 240 (9/30-8/28)
Grains 150G 240
Legumes & Nuts 150 240
Leafy Green Vepetables 150 240
Root Vegetables 150 240
Other Food 150 240

4.3 Transfer -actor Component Input Parameters

Calculation of the dose to organ k from nuclide i, Dj i in Equation 4.1,
requires the determination of the transfer factors, TFi_j, which define the
fraction of nuclide i deposited onto cropland used to grow crop j that is

incorporated into the edible portion of the crop and ultimately consumed by
man.

Figure 4.1 depicts the overall transfer of deposited radionuclides to man as
modeled by MACCS. Each trapnsfer path is labeled using the MACCS input
parameters that either define the transfer along the path or, as in the case
of CTCOEF and CTHALF, calculate within the MACCS code the fraction of the

available material transferred at that segment of the pathway. Tables 4.3 to
4.6 give the recommended values.

Two submodels within the MACCS food pathway model describe the transfer of
deposited radioactive material to the edible portion of the crop. The first
of these, the growing season submodel, describes the transfer of radionuclides
deposited directly onto the surfaces of crops growing at the time of the
release. The second, the iong-term submodel, describes the transfer of
radionuclides deposited onto soil that will subsequently enter the food chain
via root uptake by plants or by direct ingestion of the contaminated soil by
grazing animals. Within each of these submodels, crops are considered to
enter the food chain in one of three ways: (1) the crop may be consumed
directly by man, (2) it may be consumed by meat-producing animals with the
meat in turn being consumed by man, or (3) it may be consumed by milk-
producing animals with the milk in turn being consumed by man.

The derivation ot values for each of the input parameters depicted in Figure
4.1 is discussed fully in the remainrder of this section. These input
parameters are considered in alphabetical order.
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NDiy and et | Deposltlon

Ground Plant Surfaces
(CTCOFF)
{ TCROOT )
(CTHALF)
Edible Portion of
Harvested Plants
(FRCTCH)
\
(DCYPCB or DCYPCM) (DCYPCH)
\
(FPLSCH)
(TFBF) (DCYPBH)
Animal |—— | Meat — | Ma.
(FRCTCB)
(FRCTCM) //
\ (DCYPMH)
(DCYPCM) /

Milk

Figure 4.1 Transfer of Released Radionuclides to Man Via the Food Pathway as
Depicted in the MACCS Code.

4.3.1 CTCOEF and CTHALF

CTCOEF, = fraction of material weathering with a half-life CTHALF,

CTHALF, = half-life for the nth exponential term of the weathering model
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Tabhle 4.3,

e SXOp

Pasture

Storved Forape

Grain

Recommended

(0

(0

__Strontium

0. 130

21-0 1318)

0.20
15-0.24)

0.010

(0.0075-0.011)

Lepumes

10 0G38-0.0063)

Green Leafy
Vegetables

Roots & Tubers

(0.00045-0.00075) (0.019-C n31»

Other Food

(0

(0

0.0050

4

0.2
8-0.30)

.1

0.0006

0.020
.15-0.24)

Values for 1"ToOkE)

o _Cesium

({0.038-0.06 3>

(0.0075-0.01) 1

0.130

(0 23-0. 8>

a 20

(0.15-0.2%

0.05H

0.010

0.24

{(0.18-0. 1M

0.02%

0.0zu

(0.15-0424‘.

_Jodine

0.0
(020

0.2
i 18-0.

0.0

Table 4.4. Recommended Values for CTHALF)*

Crop Strontium Cesium lodine
Pasture 1.2096x106 1.2096x10" .2096x106
Stored Forage 1.2096x106 1.2096x1n% 2096x108
Grain 3.1536x1013  3.1536x1c13 1.0
Legumes 3.1536x1013  3.1536x10:} .0
Green Leafy 1.2096x106 1.2096x105 .2096x106

Vegetables
Roots & Tubers 1.1536x1013 3. 1536x1013 .0
Other Food 1.2096x106 1.2096x100 L2006x106
* Half-lives in seconds: 14 days = 1.2096x1006
1 million years - 3. 153x1013

4-9
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Table 4.5.

Recommended Values for CTCOEF;

crop

Strontium

Pasture

Stored Forage

0.076
(0.058-0.096)

0.050
(0.038-0.063)

Cesium

Iodine

0.076

(0.058-0.096)

0.050

(0.038-0.061)

0.076
.0.058-0.096)

0.050
(0.038-0.063)

Grain 0.0 0.0 0.0
Legumes 0.0 6.0 0.0
Green Leafy 0.060 0.060 0.060
Vegetables (0.046-0.076) (0.046-0.076) (0.046-0.076)
Roots & Tubers 0.0 0.0 0.0
Other Food 0.050 0.050 0.050
(0.038-0.0613) (0.038-0.063) (0.038-0.0613)
Table 4.6. Recommended Values for CTHALF)*
Crop Strontium Cesium Iodine
Pasture 4.3200x106  4.3200x106  4.320ux106
Stored Forage 4.3200x106 4.3200x106 4.3200x1066
Grain 1.0 1.0 1.0
Legumes 1.0 1.0 1.0
Green Leafy 4.3200x106 4.3200x106 4.3200+106
Vegetables
Roots & Tubers 1.0 1.0 1.0
Other Food 4.3200x10®  4.3200x106  4.3200x106
* Half-lives in seconds: 50 days = 4.3200x106.
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A uniform sampling distribution is recommended for all CTCOEF and CTHALF.
Recall that the numbers within the parentheses represent the possible range of
values for each parameter value.

Discussion

Between the time of deposition of radivactive material onto plant surfaces and
the time when the plants are harvested, part of the radiocactive material will
be lost from the plant surfaces by the following processes (1) weathering, (2)
radiocactive decay, (3) tran<location to interior portions of the plant, and
(4) harvesting.

The fraction of the radioactive material initially deposited onto plant
surfaces that remains in or on the edible portions of the harvested plant is
called the direct deposition transfer factor.

The magnitude of the direct deposition transfer factor depends on the time
during the growing season when the accident (deposition) occurs. For crops in
which the edible portion is exposed to the outside environment, the losses
from weathering and decay will increase with time. Therefore, decreasing the
time between deposition and harvest will result in an increase in the direct
deposition transfer factor.

It is assumed that pasture undergoes continuous harvesting throughout the
growing season. Deposition early in the pasturing season will increase both
the time available for nuclide loss from weathering and decay and will also
increase the time available for the consumption of contaminated pasture by
grazing animals. Since consumption of nuclides by grazing is faster than the
removal by efther weathering or radiocactive decay. the size of the direct
deposition transfer factor will increase as the time available for grazing
increases.

Weathering has been observed tc cause a loss of radioactive material on plant
surfaces due to the simultaneous occurrence of several exponential processes.

Therefore, the removal of radiocactivity from plant surfaces by weathering can
be treated as a sum of terms that have the following form:

{CTCOEF,, « EXP[-(1n2/CTHALF,)]} (4.2)

where

CTCOEF, ~ fraction of material deposited per unit area of cultivated field
that is removed by weathering with a half-life CTHALF,

4-11
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In addition,

CTCOEF, = IF « AF,

where
IF = interception fraction, i.e., the fraction of the mateiial
deposited onto the field that is intercepted by crup surfaces
AFy, = availability fraction, i.e., the fraction of the material
deposited onto crop surfaces from which the material is removed by
weathering with the half-life CTHALF,
and

n

The edible portion of some crops is not exposed to the outside environment.
For these crops, the retention of radioactivity in the edible portions will be
determined by translocation of the material from plant surfaces to the edible
portion. When this is the case, the weathering model as described above will
not be applicable. Instead, an empirical transfer factor is used that has
been derived from fallout studies. The empirical transfer factor represents
the combined effects of interception, weathering, and translocation to the
edible portion of the plant. For convenience, this empirical factor can be
input as a value of CTCOEF,. Since this empirical value includes the effects
of weathering., the exponential part of weathering decay expression associated
with this empirical value for CTCOEF, is reduced to a value of unity by
setting CTHALF,, in Equation 4.2, equal to one million years (i.e., 3.1536 x
1013 seconds). 1In addition, all but the first term of the weathering equation
are set to zero by setting CTCOEF, for n > 1 equal to 0.0 and letting the
associated value of CTHALF, for n > 1 be 1 second. In effect, this transforms
the exponential equation into a constant (i.e., CTCOEF)) for those crops in
which the edible portion is not exposed to the outside ¢nvironment.

Finally, the removal of radioactivity is treated explicitly for all crops. It
is currently assumed that there are two exponential weathering terms for all
crop categories with appropriate adjustments made for the crops in which the
edible portion is not exposed to the outside environment. When using a two
exponential term weathering model, it becomes necessary to derive two values
for each crop/nuclide combination that indicates the CTCOEF, for each
exponential expression. In addition, each of these terms will also require a

value of CTHALF, that describes the weathering half-life for that nuclide/crop
combination for that component of the weathering process.

4-12
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The following crops have edihle portions that are exposed to the outside

cuv i ronme it pasture, stored forage, green leafy vevctabiles, and "other
tood. ™ Given that the "other food" crop category consists primmily of fruits
and vepcetahles tn the Tight of per capita consumption data (21, the entire
catepory wil. bhe treated as though the edible portion i+ exposed to the

outside enviionment As previously stated, CTCOEFp i« the product of the
interveption fraction and the availability {fraction. In addition, a half-lite
will be necded for each of the twa exponential terms in the weathering

equat fon Based on studies by Simmonds and Linsley '3.4%, the ftollowing

valaes and associated ranges recommended for the interception fraction,
wailability {ravtion, and weathering half-lives are as sumuarized in Table
L The higher intevception fractions for pasture and spinach scems to be
justitied by Vuori’s 5 studv of fallout data follew:iny the Chernobyl
accident.

Tahle 4.7 Interception Fraction, Availubilitwv
Fraction, and Half-Lives

Range
Variable Value ot Values §
Interception fraction
Pasture 0.38 0o2h-0 8
Stored Forage 0.25 00008
Green Leafy Vegetables 0.130 Jdo23-0 38
Other Food 0.25 0. 20-0.28
Availability fraction 0.80 o708,
for short-term
weathering
Availability fraction 0.20 Ho1n-u 25
for long-term ;
weathering Z
Half-life for short-
term weathering (day) 14.0 13.0-19 0 |
Half-life for long- :
term weathering (day) 50.0 13 u-14.0

These data lead to the values in Table 4.8 for the variables CUTCOEF and CTHALF
for all miclides being treated in the MACCS code. The remaining crop
categories (i.e., grains, legumes, and roots and tubers) have edible portions
not exposcd to the environment, and the values for UTCOEF] will theretore
represent empirical transfer factors as derived from fallout data. To ensure
that MACCS will treat thece factors as constants, the other related 1
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Table 4.8. Values for CTCOEF and CTHALFw*

Stored Green Léafgh Other

Pasture Forage Vegetables Foud

CTCOEF) 0.30 0.20 0.24 0.20
CTCOEF; 0.076 0.05 0.060 0.05
CTHALF) 14 d. 14 d. 14 d. 14 d.
CTHALF) 50 d. 50 d. 50 d. l4 d.

* These values are converted to seconds fur use in *he
MACCS code.

input variables take on the following values:

CTHALF] = 1 million years (i.e., 3.15% x 1013 s),
CTCOEFy = 0.0

CTHALFp = 1 s

Since the iodine isotopes considered have very short half-lives, it has been
assumed that these isotopes will not be found in the edible portion of the

plant at the time of harvest. Therefore, the value for CTCOEF] for both I-131
and 1-133 will be 0.0.

In a review of the available data on direct deposition transfer factors to be
used for CTCOEF], Ostmeyer and Helton [l] arrived at empirical direct
deposition transfer factors for grain and legumes. Coughtrey and Thorne [6]
discussed the analogous empirical direct deposition transter factor for roots
and tubers. For each of these transfer factors, a range of possible values

for each element/crop combination was chosen by assuming a 25% uncertainty
range.

A summary of these empirical transfer factors and the associat.d range of
possible values is given in Table 4.9.

Table 4.9. Summary of Empirical Transfer Factors

Empirical Transfer Factors

Crop Strontium Cesium

Crain 0.010 0.050
(0.0075-0.013) (0.038-0.0613)

Legumes 0.005 0.010
(0.0038-0.0063) (0.0075-0.013)

Roots & Tubers 0.00060 0.025
(0.00045-G.00075) {(0.019-0.0131)
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4.3.2 DCYPBH

DCYPBH{ = Fraction of radionuclide i present in meat at the time of slaughter

that is retained and consumed by man (accounts for losses from both
decay and processing).

Table 4 .10 shows the recommended values for DCYPBH;.

Table 4.10. Recommended Values for

DCYPBHj
Nuclide DCYPBH
Sr-89 Q.77
(G.58-0.96)
Sr-%0 1.0
Cs-134 1.0
Cs-137 1.0
1-131 0.18
(0.14-0.23)
1-133 0.0

A uniform sampling distribution is recommended for DCYPBH; .

Discussion
DCYPBH;{ can be expressed as

FINAL;

DCYPBH; =

INITIAL;

where

FINAL;j - Concentration of radionuclide i in the feed at the time of

L

consumption by the animal (Ci/kg) (accounts for both decay and
processing losses)

INITIAL; = Concentration of radionuclide i in the mear at the time of
slaughter (Ci/kg)
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A value for DCYPBH is obtained for each nucllde 1 by evaluating the following
vRpression:

DCYPBUG = EXP (-] (1n2/TUALF{) ¢ TDELAY ! (4 )

where

THALF{ =~ radiological half-lite ot isotope i
TDELAY = delay time between the production and consumption of the food
product

The values for DCYPBHj were obtained using Equation 4.3 with two assumptions.
The first assumption is that 20 days elapse between the time of production and
the consumption of meat and meat products as recommended in the Regulatory
Guide 1.109 [7: Table E-15]. That delay time seems reasonable for all meat
products purchased fresh by the consumer. The second assumption is that there
is no significant difference in the delay time between production and
consumption of beef, pork, and poultry; therefore. the loss from decay will be
basically the same for all meat products.

In finding the range of values for this variable, it was assumed that the
estimated value would most probably be accurate to 25%

4.3.3 DCYPCB and DCYPCM

DCYPCBj j and DCYPCMj j give the fraction of radionuclide i present in crop j
at the time of harvest that is ingested respectively by meat-producing or
H milk-producing animals.

DCYPCBj  j = Transfer factor for meat-producing animals

DCYPCMj j = Transfer factor for milk-producing animals

| Because dairy and beef cattle have similar consumption patterns for different
ﬁ crop types, DCYPCBi'j and DCYPCMj j have the same values. The recommended

i) values are presented in Tables 4.11 and 4.12. Since there are no processing
losses between harvest and consumption by cattle, DCYPCB; j and DCYPCM; 5
treat only losses resulting from radioactive decav.

A uniform sampling distribution is recommended for DCYPCBj j and DCYPCMj ;.

Discussion

Because DCYPCBj j and DCYPCMj j have the same values for anv nuclide/crop
pair, they are both denoted in the fullowing discussion by DCYPCA; 5.
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Table 4 11. Recommended Valuces tor DCYPCRy j and DUYPCMy 4
for Crops Consumed by Cattle

Stored 'ngumvs
Nuclide Pasture __Forage __Grains and Nuts
Sv-84Y 1.0 0. 37 0.20 0.20
(0.28-0.46) (0.15-0.29) (0, 15-0.25)
Sr-90 1.0 0.99 0.99 0.499
Cs-134 1.0 0.92 0.85 0.85
(0.69-1.0) (0.64-1.0) (0.64-1.00)
Cs-137 1.0 0.99 0.99 0.99
1-131 1.0 0.063 0.032 0.032
(0.047-0.079) (0 .024-0.040 (0.024-0.040)
1-133 1.0 0.0068 0.00134 0.0034

(0.0051-0.008%) (0.0025-0.0043) (0.0025-0.0043)

Table 4.12. Recommended Values for All Nuclides
for Crops Not Consumed by Cattle

Leafy Green Roots Uther
Nuclide Vegetables & Tubers Food
All 0.0 0.0 0.0

Thus,
CONSUMED .
DCYPCAj j = — o=
HARVEST] j
where
CONSUMEDj j = concentration (Ci/kg) of radionuclide i in crop j when
) consumed by animals (accounts for losses because of

radicactive decay) and

HARVEST; 3 = concentration (Ci/kg) of radionucliide i in crop j at
) harvest.
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Crops used to feed livestock will generally follow the same storage pattern
regardless of whether the animal that consumes the crop is a milk- or beef-

producing animal. For this reason, these two variables will have the same
value for any nuclide/crop pair.

The values derived are based on the assumption that the consumption patterns
for the crops in each crop category are similar from year to year. Three the
crop categories have no significant consumption by animals, Leafy Green

Vegetables, Roots and Tubers, and Other Food, and therefore are assipned a
transfer factor of 0.0.

For pasture, grazing is the method of harvesting, and there is therefore no
delay time between harvesting and consumption. Since herds are usually sized
to the fields on which they graze, all radionuclides deposited onto the
pasture grass are assumed to be consumed by the end of the pasturing season.
For this reason, for pasture the value for the ratio of the amount of the

nuclide consumed to the amount of the nuclide present at the time of harvest
is 1.0 for all nuclides,

It is assumed that stored forage will be used on a continuous basis during the
time when the animals are not grazing on pasture. The length of time over
which this continuous feeding takes place is the difference between 365 days
and the le. gth of the pasturing season (growing season) for pasture. If FTg
is the time period over which the feeding of stored forage takes place, then

letting the length of the growing season for pasture be 180 days (see TGSBEG
and TGSEND), FTg = 365 - 180 = 185 days.

For both grains and legumes, it is assumed that harvest occurs once a year,
and the crops will be fed to animals in a continuous manner throughout the
year until their next harvest. Accordingly, if the time over which grain and
legumes are fed is denoted by FTg, then FTg = 365 days.

For a crop that is not harvested continuously (single harvest time), if an

exact delay time (TDELAY) between harvest and consumption can be assigned the

transfer factor, TF{,j. for a given crop j for nuclide i is evaluated as
follows:

TFi,y = EXP (-[(1n2/THALF{) « TDELAYj]) (4.4)

where

THALF{ = radiological decay half-life for nuclide i and

TDELAYy = time delay between harvest and consumption of crop j by animals.
TF{ j represents the fraction of the radioactive material present in the crop

at the time of harvest that reinains when the crop is consumed. The losses of

radioactive material over that period of time is the result of radioactive
decay.
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For a crop that is continuously consumed, the transter factor, TFj . is
calculated as the product of the consumption rate for the crop and the
integral ot the rate of transfer over the entire period of time the crop is
being consumed. The transfer factor for a given crop category for a specific
nuclide is then caleulated nsing the following expression:

T.
TFi j = CRj - . EXP{- [ (In2/THALF{) = t}] dt
0
where
CRj - consumption rate for crop j (day-1)
THALF{ = vradiological decay half-life for nuclide i
T = length ot overall period during which crop j is consumed

If it is assumed that consumption takes place at a constant rate over the
designated period, Tj. then CRJ- - 1/Tj_ and the expression for the transfer
factor becomes

TFj j = DCYPCA j

]
= - . EXP {-[(1In2/THALF{) + ti} dt

1 - EXP {-{(1In2/THALF{) - Tjil
e e (4.5)
Tj « (In2/THALFj)

For the period of consumption, Tj. the values FTg and FTp were used. That is,
>

[f Ty = FTg = 185 davs for Stored Forage

- FTE - 165 davs for Grains, Legumes, and Secds

The range ol possible values in each case was arrived at bv assuming that the
best estimate values are probably accurate to 25%
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4.3 4

DCYPCH

DEYPCH = fraction of radionuclide § present Lo ciop oot the time of

The transter factov, DOYPCH{
material attributable to radloactive decay.

harvest
(accounts

remating

in tood at

thoe time of

Llosses from radioactive

accounts only for losses of

lossces ot

decay)

caotempt fon by man

radioact {ve
material which occursy

during the processing of tood before it is eaten Is accounted tor by the

transfer factor FPLSCHj ;.

Table 4 .13 summarizes the

recommended values of

DCYPCH{  j for crops consumed by man, and Table 4 .14 summarizes the values for
crops not consumed by man.

Table 4.13.

Consumed by Man

Recommended Values of DCYPCHj j tor Crops

Legumes Green Leafy Roots Other
Nuclides vrains and Nutsg Vepetables & Tubers Food
Sr-89 0.18 0.18 0.67 0.18 0.21
(0.14-0.22) (0.14-0.22) (0.50-0.84) (0.14-0.22) (0.16-0.26)
Sr-90 0.99 0.99 1.0 (.99 0.99
(0.97-1.0) (0.97-1.0) (0.97-1.0) (0.97-1.0)
Cs-134 0.84 0.84 0.96 0.84 0.85
(0.63-1.0) (0.63-1.0) (0.76-1.0) (0.63-1.0) (0.64-1.0)
Cs-137 0.99 0.99 1.0 0.99 0.99
{(0.77-1.0) (0.77-1.0) (0.77-1.0) (0.77-1.0)
I-131 0.0099 0.0099 0.21 0.0099 0.024

(0.0074-0.012) (0.0074-0.012) (0.052-0.37)

1-133

0.0

0.0

0.0

(0.0074-0.012)

0.0

(0.017-0.030)

0.0

Table 4.14.

Recommended Values for DCYPCHj j

for Crops Not Consumed by Man

Nuclide Pasture Stored Forape

All 0.0 0.0

The uniform sampling sampling distribution is recommended for DCYPCHj i
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Discussion

DCYPCHj j can be defined as

INTAKE{
DCY pC‘“i .J - e e e

HARVEST} |
where

INTAKEi'j = concentration (Ci/kg)of radionuclide i in crop j when consumed
by man

HARVEST{ j = concentration (Ci/kg) of radfonuclide i in crop j at harvest

For the variable DCYPCHj j, it is necessary to determine a value for each crop
category and radionuclides considered.

Since neither Pasture nor Stored Forage is consumed directly by man, a value

of 0.0 is assigned to the variable DCYPCH for these crop categories over all
the nuclides considered.

The values derived by Ostmever and Helton [l] were based on the assumption
that there was a l4-day delay between harvest and consumption of all crops
except grain. Graln was assumed to be put into stor e upon harvest and then
continuously released for consumption over the course of the year prior to the
next harvest.

The revised values were derived by taking a more comprehensive look at the
current marketing practices for each crop category. It is acknowledged that
processing (canning and freezing) as well as storage will considerably change
the delay time from harvest to consumption. A brief discussion follows of the
observed practices and the assumptions made for each crop category.

Grains are harvested once a year and placed in storage to be released
continuously to produce the edible pro. =s. It was assumed that the harvest
of any given year would be completely dep.eted by the time of harvest the
following year. This is considered a conservative model for grain usage,
since the current stores would indicate that the actual delay time before
consumption may well be considerably longer than the assumed delay time.
Sweet corn has been included in the grain category to allow using similar
transfer factors for the concentration of radionuclides found in the edible
portion. This does not disrupt the model for crop usage, since sweet corn
represents only 1.5% of the total grains consumed by man. In addition, only
30% of the sweet corn is consumed fresh, and the remaining 70% is processed
[2:Table 213]. 1In effect, processing allows for the same continuous
consumption over the year that is used in the model for all grain. It has
been further assumed that there is a minimum processing and delivery time of
14 days before the grain products would be available for consumption.
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The model used for grains was also used for two other categories of crops-
(1) Legumes and Nuts and (2) Roots and Tubers. C(ontinuous consumption for
crops in these categories is assumed to begin 14 davs after the crop is
harvested and extends until the next year's harvest is ready for consumption,
that is, until 14 days after the next harvest. The total time over which
consumption of these crops occurs is therefore 365 days.

Storage and consumption patterns for the crop categories Green Leafy
Vegetables and Other Food fall into three broad categories. Some produce is
delivered fresh to market and consumed within 14 days. Some produce is placed
in refrigerated storage for up to 6 months. Finally, some produce is
undergoes additional processing (i.e., freezing, canring, or drying), which
significantly increases its shelf life. For the processed produce, it has
been assumed that the processing and delivery to the consumer will require 14

days and that the supply of processed products will be consumed continuously
over the course of the next year.

By surveying agricultural data, it can be shown that 70% of the Green Leafy
Vegetables will be consumed fresh after approximately a la-day delay to the
consumer. Another 25% of the crop will be placed in refrigerated storage and
used over the course of six months. The final 5% will undergo additional
processing and be used continuously until the tine of the next harvest a year
later. This information can be found in Ref. [2}: Table 161, p. 218; Table
244, p. 178; Table 205, p. 152; Table 209, p. 154; Table 246, p. i80.

For the Other Food crop category, a review of agricultural data [2: Tables
246, 258, 277, and 295] shows that 5% will be consumed fresh {afrer i4 &days},
while 95% undergoes additional processing that allows continuous utilization
over the course of the year prior to the next harvest. This informaticn is

taken from Ref. [2]: Table 258, p. 189; Table 295, p 211l:; Table 277, p. 199;
Table 246, p. 180.

The information on consumption patterns for the various crop categories is
summarized in Table 4.15. These percentages are used to evaluate a weighted

average for the fraction of radionuclide i present in crop j at harvest that

will be consumed by man, DCYPCHj j. Therefore, DCYPCHy j will be derived as
follows:

DCYPCHj j = FFy « TFFj + FRj « TFRy + FPj « TFPj, {4.6)

where

FFy = fraction of crop j consumed fresh within 14 davs of harvest
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FR; = fraction of crop j refrigerated and consumcd continuously over a
1 I 24 \

6-month time oeriod beginning 14 days after harvest,

FPy = traction of crop j processed and continuouslv consumed over a l1-year

time period beginning 14 days after harvest,

TFF; =~ transfer factor that represents the fraction ot radionuclide i
i P
present at harvest that would ultimately be consumed by man if the

1 entire crop is consumed as fresh produce

over & months

continuously over a period of 1 year

Table 4.15. Consumption Patterns

TFRj = transfer factor that represents the fraction of radionuclide i
present at harvest that would ultimately be consumed by man if the
entire crop has been refrigerated and then is consumed continuously

TFP{ = transfer factor that represents the fraction of radionuclide i

i P
present at harvest that would ultimately be consumed by man if the
entire crop undergoes further processing and then is consumed

Fresh Refrigerated Processed
{% eaten (% eaten (% eaten

Crop after l4-day delay) over 6 mo} over 1 vr)
Crains 0 0 100
Legumes & Nu®s 0 0 100
Green Leafy 70 25 5

Vegetables

Roots & Tubers 0 0 100
Other Food 5 0 95

FPLSCH.

consumed by man would be calculated as follows:

TFF; = EXP (-[{(1n2/THALF;) + TDELAY])

4-23

All transfer factors that are part of Equation 4.5 are used to
fraction of radivactive material present in the edible pertion
the time of harvest and retained following radioactive decay.

earlier, the losses from the processing of food are handled by

describe the
of the
As was noted
the parameter

crop at

If an exact delay time between harvest and consumption can be assigned, as has
been done for TFFj, the fraction of radionuclide i present at harvest that is

(4.7)
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whure
THALF] ~ radiological decay half-life for the nuclide i (day'l)

TDETAY = time delay between harvest and consump*ion (day)

[t a portion ot the crop is stored or preserved for utilization over an
cxtended period, the consumption is considered to be continuous. The transfer
tactors, TFR and TRP, will be the product of the daily consumption rate of the
tood and the integral of the rate of transfer over the entire period of time
the crop is being consumed. If it {s assumed that consumption of the crop

occurs at a constant rate over a given time period, Tj, then the consumption
rate for crop j, CRj, is

CRj = 1 / Ty (day-D)

Then the transfer factors TFR and TFP can be calculated using the following
equation,

T2
TRFy j = TRPj j = CRj J EXP(-{(1n2/THALF; « t]) dt
T

1 T2
- — . EXP({-[(1n2/THALF;) « t]} dt
T T1
THALF In2 1n2
- EXP - ——— Ty - EXP - — =+ T (4.8)
Ty » In2 THALF{ THALF{
where
T; = length of the consumption period (day)
! 1
CRj - consumption rate for crop j (day‘l) - -
Tj Ty, - Tq
THALF; = radiological decay half-life for nuclide i (day)
T = the shortest time after harvest that crop j will be consumed
(days)
T2 = the longest time after harvest that the crop will be consumed
(days)
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The values of Ty, T}. and Tp used for the various consumption patterns are
given in Table 4 .16.

Table 4.16. Values for Time Variables

Foods Consumed Foods Refrigerated and Foods Processed and

Time Fresh Consumed Over 6 Months Consumed Over 1 Year
T 0 14 14
Ty 14 197 379
Ty 14 183 365

The range of possible values in each case was arrived at bv assuming that the
best estimate values being used are most probably accurate to within 25% of
their actual value.

4.3.5 DCYPMH
DCYPMH; - fraction of radionuclide i present in milk at the time of production
that is retained in the milk until the time of consumption by man

(accounts for losses from both radioactive decay and processing)

The recommended values for DCYPMHj are as in Table 4.17.

Table 4.17. Recommended Values for DCYPMH;

uclide DCYPMH Range of Values
Sr-89 0.66 0.50-0.81
Sr-90 1.0

Cs-134 1.0

Cs-137 1.0

1-131 0.28 0.21-0.135
1-133 0.002 0.0015-0.0025

The uniform sampling distribution is recommended for DCYPMH.

slon

DCYPMH; can be defined as

4-25

OAGI0000919 00115



FINAL{
DCYPMH{ = = -

INITIAL{

where

FINAL; = concentration (Ci/L) of radionuclide i in milk at the time of
consumption by man

INITIAL{ = concentration (Ci/L) of radionuclide i in milk at the time it is
produced

Values for this variable are found for each nuclide treated by the food
pathways model by evaluating the following expression

DCYPMH{ = EXP {-[(1n2/THALFj) « TDELAY})

where
THALF; = radiological half-life of nuclide i (days)

TDELAY = delay time between the production and consumption of the dairy
product (days)

The values first used for this variable were obtained by the assuming that
all milk produced was consumed as fluid. Furthermore, a delay time (TDELAY)

of four days was used as recommended in the Regulatory Guide 1.109 [7:Table E-
15].

An investigation of the utilization of milk ir the United States [2:Table 480}
showed that milk products could by divided into three groups according to
their shelf-life. These groups, the milk products included in each group, and

the percentage of the total amount of milk that is accounted for by each group
are shown in Table 4.18.

Since the products with the long shelf-life represent such a small percentage
of the total milk produced, it was decided to combine it with those products

having an intermediate shelf-life and to consider the entire group as having
an intermediate shelf-life.

The derivation of the values for DCYPMHj now takes the form:

1n2 In2

«Tg | + FRy « EXP | - —
THALF;

DCYPMH; = FRg « EXP |- - T (4.9)
THALF;

where
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FRg = fraction of milk production used in products with a chort shelf-
life

FRj = fraction milk production used in products with an intermediaite
shelf-life (including long shelf-life products?

Tg =~ delay time between production of milk and consweption of those
products with a short shelf-life (davs)

T = delay between production of milk and consumpiion of those products
with an intermediate shelf-life (days)

THALF{ as defined previously (days)

Delay times needed to be established for the two groups. Milk consumed as 4
tluid accounts for nearly 80% of those products with & short shelf-life.
Therefore, milk was assumed to be representative of short-shelf life
products. It was found through the Associated Milk Proeducers that 2 or 3 davs
are required to get the milk to the shelf, and that a freshness date of at
least 2 weeks is applied at the time of packaging. 1 or 2 davs follewing
production. Based on this information, the 4-dav delav time originally used
to calculate DCYPMH seemed somewhat short for this product group. A modified
delay time of 7 days was, therefore, used to derive the current values of
DCYPMH. Still, it seems likely that even the revised delav time may be too
short.

Cheese and butter dominate the product group with intermediate shelif-life
(which now also includes canned and dehydrated products} Cheese accounts for

Table 4.18. U.S. Milk Ucilization

Tﬂ’tﬂl
GCroup Products Production {#)

Short Shelf-Life Fluid Milk
Cottage Cheese
Bulk Condensed Milk
e Cream 't

Intermediate Shelf-Life Cheese
American
Other
Butter 4

Long Shelf-life Canned Milk
Dry Milk
Other Dehydrated Iy
Products

4-27

OAGI0000919 00117



0w ut the milk used for these products, ard butter accounts tor 37%.  Afrer
cuting for at least 60 days, cheese is given a freshness dute of 60 days at

the tiwe of packaging. Butter, on the other hand, takes H or 6 davs to
produce . is readily trozen, which pgreatly enhances its shelt-life, and is
wiven o freshmess date of 60 days at the time of packaging Using this

intormation, it was decided to use value for the deluv time tour these preducts
ot ho davs

Lo summary, the data in Table 4.19 were used to determine the value of the
variable DUYPMH) for each nuclide i using Equation 4.4

Table 4 .19 Consumption Intervals for Milk Products

- S Milk . -

Product Croup Production (%) Delav Time (Davs)™
Short Shelf-Life 50 N
Intermediate Shelf-Life 50 65

* Time trom production to consumption.

It has been assumed for the nuclides with relativelv long half-lives that the

entire amount of radiocactivity present at the time of productrion will in fact !
be consumed.

The range of possible values for DCYPMH was derived based on the estimate that
the actual value would probably lie within 25% of the calculated value.

4.3.6 FPLSCH T

FPLSCHi|j = fraction of radionuclide i present in crop j at harvest that is
retained until consumption by man (does not account for losses
from radicactive decay, which are handled separatelv bv the
parameter DCYPCH)

The recommended values for FPLSCH are summarized in Tables 4 .20 and +.21. A
uniform sampling distribution is recommended for FFLSCH. i

Discussion

The variable FPLSCHj j can be defined as follows:

FlNALi,j
FPLSCHj § = ————"
INITIALi’j
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whetre

FINALG = concentration (Ci/kp) of radionuclide { in the edible portion
of crop j at cousumption by man when there are no losses
caused hv radioactive decav

]

IN[TIALi_j concentration (Ci/kg) of radionuclide i in the edible portion

of crop j at harvest

Since neither pasture nor stored forage is consumed by man, cach of these
crops dre assigned a processing retention factor of ) 0 over all nuclides.
Processing loss factors for crops consumed by man were developed using data
compiled by Boone et al. (81].

Table 4 .20, Recommended Values for FPLSCHi'j for ¢rops Consumed by Man

Legumes Green leaty Roots ‘Other
NMuclide Crains & Nuts Vegetahles & Tuhers Faod
Sr-89 0.25 0.8 0.5 0.8 0.71
(0.19-0.31) (0.6-1.0) (0.38-0.63) (0.6-1.0) {(0.53-0.89
Sr-90 0.25 0.8 0.5 0.8 0.71
(0.19-0.31Y) (0.6-1.0) (0.38-0.63) (0.6-1.0) (0.53-0.8%)
Cs-134 0.25 0.8 0.5 0.8 0,71
(0.19-0.31) (0.6-1.0) (0.38-0.63) (0.6-1 3y {0 .53-0_89%)
Cs-137 0.25 0.8 0.5 0 8 071
(0.19-0.31) (0C.6-1.0) (0.38-0.63) (0.6-1.0v (0 53-0.89)
I-131 0.33 0.8 0.5 0.8 0.1
(0.25-0.41) (0.6-1.0) (0.38-0.63) (0.6-1.0)» (0.53-0.89)
I1-133 0.33 0.8 0.5 0 8 0.7
(0.25-0.41) (0.6-1.0) (0.38-0.63) (0.6-1.00 (0 53.0_§9)

Table 4.21. Recommended Value of FPLSCHj j for
Crops Not Consumed by Man

Pasture Stored Forage

All nuclides 0.0 0.0
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The retention factor for grain is quite low because of the high degree of
refinement of grains during the production of the refined products that

dominate the per capita consumption of grain.

This retention factor may be

expected to increase as eating patterns change toward whole grain products as
witnessed recently.

On the other hand, in the processing of legumes and nuts, the edible portion

is consumed without such refinement.
except snap beans have a retention factor of 1.0.

Therefore, all crops in this category
The edible pod of the snap

bean is exposed to the environment during the growing season and will
therefore be contaminated directly, and the bean itself will be contaminated
by translocation. According to Boone et al. [10}], only 50% of the radioactive
material present at harvest will be retained in the bean after processing.
Snap bean consumption accounts for approximately 40% of the human intake from

this crop category.

overall retention factor for the legume and nut crops.
FPLSCH = (0.60)(1.0) + (0.40)(0.50) = 0.80

A weighted averaging approach was used in arriving at the

That is,

For green leafy vegetables, translocation is not an important factor in the

contamination resulting from direct deposition.

Furthermore, half the

radioactive material present on the edible portions of green leafy vepetables
will be removed during washing and cooking.

Part of the contamination of the roots and tubers is from direct contact with

contaminated soil,

but translocation transfers an even greater amount of

radioactive material from above-ground plant parts into the roots. Washing
and peeling will remove the material in the skin of these vegetables, but
processing will not decrease the amount of translocated material.

The Other Food category consists primarily of a wide variety of frults and
vegetables that can be grouped into three broad subcategories, each of which
has a characteristic retention factor for radioactivity after processing:

(1) Foods that have a rind or peel not considered to be edible and
therefore removed before consumption. Examples are citrus truits and
melons. The contamination in the edible portion of the plant consists
of material translocated to the flesh of the fruit. Retention

(2)

(3)

fraction = 0.80

Fruits and vegetables that are contaminated by
also contain radioactive material translocated
of the fruit. The entire harvested portion of
example, apples, pears, etc.). Since the skin
will be washed before consumption, much of the

present at the time of harvest will be removed.

direct deposition and

to the interior portion

the crop is edible (for

is smooth and the fruit

radioactive material
Retention fraction = 0.50

Tomatoes are especially susceptible to translocation to all edible

portions, including the seeds. Therefore, even though their skin is
smooth and easily washed, the retention fraction is greater than for
the fruits and vegetables in subgroup 2. Retention fraction = 0.80
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Approximately 70% of the crops in this category have a retention factor of
0.80, while the other 30% have a retention factor ot 0.50. By weighting these
two groups appropriately, an overall retention factor can be calculated as
FPLSCH = 0.70 (0.80) + 0.30 (0.50) = 0.7.

The ranges of values were found by assuming that the calculated value is most
probably correct to 295%.

4.3.7 FRCTCB, FRCTCH, FRCTCM

FRCTCB; = fraction of crop j consumed by meat-producing animals,
FRCTCH; = fraction of crop j consumed by man,

FRCTCM; = fraction of crop j consumed by milk-producing animals.

The recommended values for FRCTCH, FRCTCM, and FRCTCB are as given in

Table 4.22. When sampling is to be done over the range of possible values,
it is recommended that a uniform sampling distribution be assumed.

Table 4.22. Values for FRCTCH, FRCTCM, and FRCTCB

Crop FRCTCH FRCTCM FRCTCB

Pasture 0.0 0.10 0.90
(0.075-0.125) (0.875-0.925)

Stored Forage 0.0 0.13 0.87
(0.098-0.16) (0.84-0.902)

Grain 0.35 0.040 0.61
(0.26-0.44) (0.030-0.050) (0.51-0.71)

Legumes and Nuts 0.24 0.046 0.714
(0.18-0.30) (0.035-0.058) (0.642-0.785)
Green Leafy Veg. 1.0 0.0 0.0
Roots & Tubers 1.0 0.0 0.0
Other Food 1.0 0.0 0.0
4-31

OAGI0000919 00121



The recommended values were derived by analyzing currvent apricultural
statistics 120 aund using the suwmmary of lTivestock fnpestion rates as

swndt foed by Boone ot ol 18] as adapted from Ng [97. A partial list of the
teference tables (1 used to compile the data for the various crops and
animals is given in Table 423 Since the health ettects in MACCS are

considered in the societal sende, the products exported are also included in
detining the amounts ot each crop cateporv consumed by man and by animals.
With the exception of sovbeans, it has been assumed that utilization of the
patt ot the crop exported tollows the same pattern as domestic utilization.
On the other hand, the utilization pattern for domestic use versus the

Table o 23 Crop Utilization Patterns

 Domestic Export
Foad Feed Food Feed __Ref. 1
—trop o (lbs) _{1bs) _ _{1bsy  _(ibs) _ Table Page
Wheat Vooax1ol0 0 o101y grx10l0 3 51010 4
Rye 1.96x108 8 40x108 1.06x107 4 5ix10’ 19 16
Barlev g0 1. 33x1010 0 1 70x10% 2 6ex10Y 98 44
Sorghum 5 boxlu8 2 18x1010 3 50x108 1. 3xi0lU 67 51
Oat s 2.50x10% 1 a9x1010 B 96x100 5 .m0l 50 39
Rice 5 98x10% 0D 6.50x109 0. 28 2
Corn 2o0x1ed0 1 o9x1oll 1 0ax1010 4 1axinlO 4 31
Sweet Corn 2 BYxl0? 0.0 0.0 0.0 213 157
Soybeans 7.18x109 6. 46x1010 18951010 3 sox1010 170 127
Peanuts 1.57x109 5. 81x108 7.26x107 2 .82x107 160 121
Snap beans 1 //x109 0.0 0.0 0.0 204 151
Peas 3.65x108 0.0 0.0 0.0 223 163
Dried beans 1.995x10% 0.0 0.0 0.0 176 255
Nuts 5.19x108 0.0 0.0 0.0 343 237
345 237
148 238
351 240
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atibication pattern for exported sovbeans {s signiflcantly difterent.
Accutding to the Amer foan Sovbean Assoclation the patteins ot

soyhean
utilivation ate as Iindlicated in Table 4. 24

Table .24 Crop Utilization

Markel Food (%) Feed (%)
Domestic 10 90
Export 35 65

These utilization patterns for soybeans have been Incorporated into Table
w4 22, the summary table of crop utilization.

Using the summary data for crop utilization within the peneral categories of

Grains and Legumes & Nuts, overall utilization can be summarized as in Table
; AN
L 2P

Table 4.25. Utilization of Grains,
Legumes, and Nuts

“Crop-
Catepory Food (%) Feed /%)

Grains 35 65

Legumes & Nuts 24 7

Boone e+ al. {8] compiled a summary of the daily consumption rates of various

animals for a variety of crops. The rates for cattle, hogs, chickens, and
dairvy cattle from this summary are given below. In addition, a consumption
rate for turkeys has been added, since they are being considered as part of

the crop-meat-man pathway. To obtain a daily consumption rate for turkeys,
the following assumptions were made:

(1 Turkeys and chickens have similar biological and metabolic
characteristics.

(2) Similar amounts of feed will produce a similar weight-gain in both
types of poultry.
(3) The diet of both chickens and turkeys are similar in content.

As a result of these assumptions and the use of weight-at-slaughter
statistics, it was determined that the daily consumption of a turkey is 2.6
times the daily consumption of a chicken. This factor was ther used to
determine the daily consumption rate for turkeys of the various crops based on
the daily consumption by chickens. An overall summary of the daily
consumption rates (lbs/day) is summarized in Table 4 76.
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Table 4 V6 Daily Consumption Rates of Feeds by Animals
in Pounds per Day

—edattle
e Feed Dafyy —  Beed Hogs Chickens  _Turkeys
Pastare 8.54 B 9 (1.Q 0.0 (.0
Hawv la . 890 10 .80 0.0 0.0 0.0
Corn Silage 5. 84 h Y 0.0 00 00
Sorghum Silage 1.133 0,966 0.0 0.0 0.0
Wheat 0.0509 0 0375 0.0675 0.00126 0.00328
Outs 0. 111 0.0970 0.175 0.00328 0.00854
Rve 0.088Y 0.0653 0.118 (0L 002732 0.00603
Barley 0.0372 0.0274 0.492 0.0004272 0.00240
Sorghum 0.0599 0.0441 0.0794 0.00149 0.00387
Corn 4.438 3.30 5.92 0.111 0.289
Sovbeans 1.06 0.783 1.41 0.0265 0.688
Peanuts 0.00992 0.00729 0.00131 0.000246 0.000640

Since the consumption rates for the different types of animals are given on a
daily basis, it is necessary to determine how manv of each type of animal
there are on any given day to determine the total daily consumption by all
such animals. For dairy cows and beef cattle, statistical data [2] provide
those numbers. However, in the case of hogs and poultrv, the age of the
animal at the time of slaughter is less than one year. Therefore, for hogs
and poultry, the "standing crop"” (i.e., the number extant) on any given day is
less t! | the total number produced during the year and is found by dividing
the total number produced annually by the "number of crops per year"™, where

12 months
Number of crops per year = : e e

Age at time of slaughter (mo)

A summary of the "standing crop" for each type of food-producing animal is
given in Table 4.27.

By multiplying the daily consumption rate for a particular species of animal
by rthe "standing crop” of that species, the total dailyv consumption of that
crop by that type of animal can be found. With this total daily consumption
for each crop category. it is then possible to determine the percentage of
each crop catepory consumed by each species of food-producing animal. The
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tven o Table 0 8 Finally, Lo Uy Table 00 in

¥
o Wi th Pablo o U8t s possitle to o arrive ot the traction of tha

chods consned by omann, dad ey andmal s, and mear prodneing animele

oot possible vadues was derived by oassuaming that the smal fest

wodbd wost probably not wary by more than 259 ot its calvulated
The variation tor the larpger tractions was then calonlated such that

Table o 2! “Standuny Crops™ cAniwials
Tutal No Apc at Number ol Standing
Auimal o Durdng Near  Slanghter (mor  "Urops” Llrop Table  Page
ottt ‘lt‘
Do I 1laxlio R 1.0 1 1havtlo 188 J61
ot 1.oouxlof i, 1Y boeoaxin® S J6l
o aosaonlol 6 A vl NI 2o
Chichenn e taxtn® K 4.0 R R T PN
511 160
Toirkcys 1 pugylnd 6 2.0 8ot Lo ALY 67
Table 4.28. Crop Consumption by Aninmal
Crap Cattle
category Dairy (%) Beef (%) Hops (%) Chickens () Turkeys (#)
Pasture 10 90 0 0 0
Stored Forage 13 8/ 0 ¢ O
Grain & P 30 15 <)
Legimes & Nuats 6 43 31 16 “
Greon Leafw 0 0 0 0 4}
Vepetables
Foots & Tubers 0 0 4] 0 QO
Other Faod ] 9] 0 {) Q0
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the vanges would be proportional to thelr slzes, but would not allow the total
conswnption of any crop to exceed 100%.

4.1.8 TCROOT

TCROOT § = fraction of the nuclide 1 deposited onto soil used to grow crop j
that will ultimately be consumed by man as a result of the long-

term uptake by plant roots or by direct consumption of the soil by
grazing animals.

Table 4.29 shows the recommended values for TCROOTj j for the Sr and Cs

nuclides and Table 4.30 shows the recommended values for TCROOT{ j for the I
nuclides.

Table 4.29. Recommended Values for TCROOTi'j for Sr and Cs Nuclides
Crop Sr-89 Sr-90 Cs-134 Cs-137
Pasture 0.00041 0.026 0.0013 0.0069
(0.00030- (0.014- (0.0010- (0.0047-
0.00051) 0.049) 0.0016) 0.0102)
Stored 0.0013 0.090 0.00071 0.0015
Forage (0.00095- (0.05- (0.00048 - (0.00092-
0.0016) 0.17) 0.0010) 0.0027)
Grain 0.000043 0.0033 0.0000135 0.000076
(0.000033- (0.0019- (0.000024- (0.000046-
0.000053) 0.0063) 0.000051) 0.00013)
Legumes 0.00037 0.028 0.000093 0.00020
(0.00028- (0.016- (0.000062 (0.00012-
0.00047) 0.054) 0.00014) 0.00035)
Green Leafy 0.00017 0.013 0.000014 0.000030
Vegetables (0.00013- (0.0071- (0.0000094 - (0.000018-
0.00021) 0.024) 0.000020) 0.000051)
Roots 0.00011 0.0084 0.000056 0.00012
& Tubers (0.000083- (0.0047- (0.000038- (0.000072-
0.00014) 0.0016) 0.000080) 0.00021)
Other Food 0.000008 0.00066 0.00011 0.00023
(0.0000063 - (0.00036- (G.000071- (0.00014-
0.00041) 0.0013) 0.00015) 0.00041)
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Table 4 10 Recommended Values tor
TURUOTlll for | Nulides

CoLep | cedizl 3 4

Pasture 0 000016 0. 000001/

All others 00 0.0

A unitorm sampling distvibution is recommended for TCROOT}

Risgusuion

TCROOT{ = TIRU 4 4 18Ty (4.10)

where

IRUy j = time-integrated root uptake rate for nuclide i deposited onto soil
used to grow crop j

ISly § = time-integrated soil ingestion rate for nuclide i deposited onto
pasture

The principal mechanism by which nuclides are transferred from soil to plants
is via root uptake. Transfer to plant surfaces may also occur by rainsplash
and by the deposlition of materlals resuspended from surface soll. A rate at
which nuclides are transferred from the soil to plants via each of these
mechanisms can be established. The overall transfer rate ls then just the
weighted sum of these individual rates.

For the pasture, an additional term is used in deriving the data for TCROOT.
To account for the fact that grazing cattle will ingest a certaln amount of
soil along with the plant material they consume, a time-integrated so:l
ingestion factor is added to the time-integrated root uptake rate. It {s
assumed that pasture undergoes continuous harvest (grazlng by animals) and
that all nuclides deposited onto pasture will be consumed by the end of the
growing season. Therefore, the transfer factors (DCYPCB and DCYPCM) for
nuclides deposited onto pasture and consumed by meat- or milk-producing
animals is unity. The overall transfer factor for soll inpestion by grazing
animals can be obtained by treating the ingestion of soll by grazing animals
as though the ingested soil was first transferred to the surface of pasture
grass then and consumed, The soil ingestion component, 1S], of the transfer
factor TCROOT will be 0.0 for all crops except pasture.

According to Ostmeyer and Helton [1], the rate of transfer from soll to plants
by either rainsplash or resuspension is negliglble compared the rate of

transfer via root uptake. The values for TCROOT w ~° thus derfved using only
root uptake transfer factors.
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1f the nuclides deposited onto the soll were to remain at a constant level
over time, the long-term transfer factor would simply be the product of the
annual uptake rate and the length of time being considered. However, in
actuality, the availability of the deposited material decreases over time,
This decrease s a reflection of the following physical and chemical
processes: (1) radioactive decavy, (2) percvolation of material to the region
below the root zone, (3) irreversible chemical binding of the nuclides to
components of the soll, (4) previous root uptake of nuclides, and (5) soil
ingestion by grazing animals.

Because the avallability of the material does not remain constant, it is
necessary to integrate the uptake rate over time. 1If an exponential depletion
rate is assumed, then the time-[ntegrated root uptake transfer factor, IRU,
can he expressed as

T
IRUi.j"RUi.j . F.XP!-[(RUi.j+RD1+RPi+RBi fRSIi'j) « t]) dt (4.11)
0

where

RU§ rate at which nuclide i is corporated into the edible portion of

crop j via root uptake from the soil (yr‘l)
RDy = radiological decay rate for nuclide i (yr‘l)

RP{ = rate at which nuclide { percolates to a region below the root zone
(yr-1)

RBy = rate at which nuclide i chemically binds irreversibly with soil
components (yr‘l)

RSIj j= rave at which nuclide { is removed via soil ingestion from the soil
used to grow crop j (yr‘l)

T = the time period of interest for the transfer of deposited nuclides
via root uptake from the soil to the edible portion of the plant
(yr)

The time-integrated soil ingestion factor is obtained in an analogous manner
with several differences. Soll ingestion occurs only from the surface soil,
and therefore, the unavailabilityv of material for ingestion by grazing cattle
relates to the "loss" of the material from surface soil. Several factors
contribute to the unavallabilty of material for ingestion. They are
radiological decay, percolation of the nuclides out of the surface soil,

removal of material via root uptake, and removal of material via Ingestion by
grazing animals.

4-78

i

OAGI0000919 00128

g




Even though irreversible chemical binding may occur to the soil in the surface
soll compartment (the top I cm), this irreversibly bound material is still
available to be ingested. Therefore, the rate at which chemical binding
occurs does not appear in the derivation of the transfer factor, 151. ISl can
be derived as follows:

T
stl.j - RSli.j . EXP(-{(SRUi'j + RD{ + SRPy + RSli'j) « t]} dt (4.12)
0
where
RS1j j = rate at which nuclide i is removed via soil ingestion from the

surface soil compartment on land used to grow crop j (yr'l)

SRUj j = rate at which nuclide i is corporated inte the edible portion of
crop j via root uptake from the surface soil compartment (yr-1)

RD; - radiological decay rate for nuclide i (yr-1)

SRP{ - rate at which nuclide i percolates to a region below the surface
soil compartment (yr'l)

T - the time period of interest for the transfer of leposited
nuclides via soil ingestion of soil on which pasture is grown
(yr)

When the time period of concern for the long-term doses arising from the food
pathway is taken to be all time following the accident (i.e., letting T = =),
TCROOTj will be evaluated as follows:

TCROOT{ j = TRU{ j + ISIj j

and

RUi,j

TCROOT{ j = - — —
' RUi'j + RD{ + RP{ + RB; + RSIi,j

RSIi'j

+ (4.13)
SRUj § + RDy + SRPj + RSIj j

The values for RUj j are derived from fallout data. Root uptake by plants is
usually described using an empirical concentration ratio (CR) defined as
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Radionuclide activity per unit mass (drv) of plant (bgs/kg)

CR = e e e = —_ . . R U

Radionuclide activity per unit mass (drv) ot soil (bgq/kg)

The root uptake rate, RU, is then defined as

CMj

RUj  j = CRy j »
SM

where

CMj = annual yield of crop jJ (kg yr-1 /m?)

SM = soil mass in root uptake compartment (kg/m<)
The soil mass (SM) is taken to be an average value of 240 kg/mz.
A summary of concentration ratios can be found in Till and Meyer {10 Table
5.17}, and a summary of crop yield values can be found in Boone et al. [8!. A
value for CM for each crop category is obtained by a weighted average over the
predominant crops in each category. The values used for CR and CM for Sr amnd

Cs nuclides are given in Table 4.31. The CR values for the short-lived I

nuclides are assumed to be 0.0, which in turn implies that the IRU values for
the I nuclides is 0.0 for all crops.

Table 4.31. Values for Concentration Ratios (CR)
and Crop Yield Values (CM)

_CR cM
Crop Strontium Cesium {kg/yr-m<)

Pasture 2.0 0.01  0.175
Stored Forage 3.0 0.2 0.50
Grains 0.2 0.02 0.25
Legumes 2.0 0.06 0 22
Green Leafy Veg. 2.0 0.02 0.10
Roots & Tubers 0.5 0.03 0.26
Other Foods 0.2 0.03 0.05

By using these values for CR and CM, the corresponding values for RU were
established. These RU values are summarized in Table 4.32. The range of
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values derived by assuming that the correct value would lie within 25%

value estimated for RU.

Table 4.32. Values for Root Uptake (RU)

of the

Crop

RU

Strontium Cesium Jodine

Pasture

Stored Forage

Grain

Legumes

Green Leafy

Vegetables

Roots
& Tubers

Other Foods

€¢.0015 0.0000073 0.0
(0.0011-0.0019) (0.0000054-0.0000091)

0.0063 0.00042 0.0
(0.0047-0.0079) (0.00032-0.00053)

0.00021 0.000021 0.0
(0.00016 0.00026) (0.000016-0.000026)

0.0018 0.000055 0.0
(0.0014-0.0023) (0.000041-0.000069)

0.00083 0.0000083 0.0
(0.00062-0.0010) (0.0000062-0.000010)

0.00054 0.000013 0.0
(0.00041-0.00068) (0.000025-0.000041)

0.000042 0.000063 0.0
(0.000031-0.000053) {0.000047-06.000079)

The rate at which nuclide i becomes unavailable for root uptake from
radioactive decay, RDj, can be defined as

where

THALF; = radiolog

Because radioactive half-lives are precisely known, no range of values has

been established for RDj. The values of RDj; are summarized in Table 4.33.

The percolation rate is strongly dependent on soil characteristics; therefore,

RDj = 1n2 / THALFj

ical half-life of nuclide i (yr)

these values are quite uncertain. The range of possible values was

established by assuming that the actual value would most likely lie within 25%
The half-lives of the iodine isotopes considered are
so short that radioactive decay is the primary mechanism by which these

of the predicted value.
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nuclides become unavailab® for root uptake. Thus, no percolation rate has
been established for iodine nuclides.

Table 4.33. Values for Radioactive

Decay

uclide RD

Sr-89 4.860
Sr-90 0.024
Cs-134 0.340
Cs-137 0.023
I-131 31.500
1-133 292 .000

The percolation rates, RP, for strontium and cesium established by Hoffman and
Baes [11] are summarized in Table 4.34.

Table 4.34. Percolation Rate
for Sr and Cs

Element RP
Stroer~ium 0.0021
Cesium 0.0096

In addition, the derived values for RP apply to the entire root zone (the top
15 cm of soil compartment). Since the surface soil compartment is assumed to
reach a depth of 1 cm, the value of SRP, the percolation rate for the surface
soil compartment, could be assumed to be one-fifteenth of the value RP
established for the root zone. This does not seem too unreasonable, since the
percolation distance would be one critical factor in the percolation rate.
Still, this approximation may be somewhat conservative, since the surface soil

compartment is much more susceptible to weathering than is the root uptake
soil compartment.

Table 4.35 gives a summary of the values for RP, the percolation rate from the
root uptake zone, and SRP, the percolation rate from the surface soil
compartment.

OAGI0000919 00132



Table 4.35. Values for ITF and 1SI

1TF 1S1
Element RP SRP
Strontium 0.0096 0.14
(0.0072-0.012) (0.11-0.18)
Cesium 0.0021 0.032

(0.0016-0.0026) (0.024-0.040)

Ostmeyer and Helton (1] established the rate of soil ingestion, RSI, for all
nuclides for pasture. Since no soil ingestion occurs during the harvest of
the nonpasture crops, the corresponding values of RSI is 0.0 yr-1l. Table 4.36
shows the values for RSI for all nuclides.

Table 4.36. Values for RSI for
All Nuclides

Crop RS1

Pasture 0.0005
%, (0.0004-0.0006)

Nonpasture 0.0

The range of possible values for the soil ingestion rate was established by

assuming the actual value would most probably lie within 258 of the estimated
value.

4.3.9 TFBF

TFBF§{ = fraction of the daily consumption of nuclide i by meat-producing
animals that remains in the meat at the time of slaughter

Table 4.37 shows the recommended values for TFBFj. A uniform sampling
distribution is recommended for TFBFj.

Piscussion
OUTPUT
TFBF§ = ————
EATEN§
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Table 4. .37, Recommended Values for TFBEF;

Nuclide TEBF Range of Values
Sr-84 0.00022 0.000094 - 0.00038
S1r-90 ().00022 0.000094 - 0.00038
Cs-134 0.023 0.020 - 0.035
Cs-137 0.024 0.020 - 0.035
I-13 0.0024 0.00082 - 0.0037
1-133 0.0011 0.00041 - 0.0013

where

OUTPUT; = amount of radionuclide i in meat produced by meat animals (Ci)

EATEN; = amount of radionuclide i in teed consumed by meat animals (Ci)

The value of this transfer factor is derived by evaluating the
following expression:

TFBFy ~ TR « M « ETFj,

where
TR = fraction of animals slaughtered per day (day-l)
M = quantity of meat produced by those animals at slaughter (kg)
ETF{ = equilibrium transfer factor to meat for the radionuclide i (day/kg)

Previously, TFBF{ was calculated using only beef in the calculations. By using
recent agricultural data [2:Tables 455 and 516], it can be shown that beef
accounts for only 42% of the meat produced, pork an additional 29%, and
poultry the final 29%. The amount of poultry produced is composed of 84%
chicken and 16% turkey. 1In light of these data, it was decided to consider
all three meat sources (beef, pork, and poultry) in deriving a value for TFBF.

A transfer factor is obtained for each of these meat sources and an overall

transfer is developed by taking a weighted average of these animal-specific
transfer factors. That is,

OAGI0000919 00134



TFBF|

4

FB « TFB{ + FPK « TFPKy + FC « TFC; + FT « TFTy

whete
s = fraction of meat produced that is beef (i . ¢., 0.41)
FPK - fraction of meat produced that is pork (i.e.. O 74)
FG = fraction of meat produced that is chicken (i.e., 0.24)
FT = fraction of meat produced that is turkey (i e., 0.05)
TFB{ = transfer factor for nuclide i by beef
TFPK; = transfer factor for nuclide i by pork
TFC{ = transfer factor for nuclide i by chicken
TFTy = transfer factor for nuclide i by turkey

Equilibrium transfer factors (ETFj) for Sr, Cs, and 1 were derived by Ng et
al. [12] and are presented in Table 4.38.

Table 4.38. Equilibrium Transfer Factors (ETFs)

Animal

Element Product ETF Range of Values*

Sr Beef 0.00030 0.0000h4 - 0.00057
Pork 0.0029 0.0012 - 0.0040
Poultry 0.032 0.018 - 0.080

Cs Beef 0.020 0.0072 - 0.093
Pork 0.30 0.26 - 0.38
Poultry 4.4 4.3 -.4.5

1 Beef 0.0072 0.0072 - 0.020
Pork 0.027 0.0010 - 0.027
Poultry 0.20 0.0080 - 0.20

* The range of possible values was established by Ng.

Due to the physiological similarity between different poultry types, the ETFj
values established by Ng for chicken have been used for both chicken and
turkey.
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These ETF; values were derived for stable strontiun and cesium and for 1-131,
and therefore represent biological losses for strontium and cesfum but not
radioactive decay losses. For jodine, the radioactive decay constant for
[-13]1 has been included. For 1-133, {t {s therefore necessary to adjust value
of TF to retlect the signitficantly shorter half-1{fe of this isotope.

To find an adjusted ETF value to {ncorporate specific radioactive decay rates,
ft is possible to begin with the assumption that

dQj (v) Rj

dt M

where

Qj(t) = concentration of the nuclide i in the meat at time t (Ci/kg)

Rj = ingestion rate for nuclide i (Ci/day)
M = the total weight of the meat In an animal at the time of slaughter
(kg)
Aq =~ decay constant refliecting both radiological decay and biological
losses of nuclide { (day-1l)
Therefore,
dQj (t)
- - dt (4.15)
Ry
2iQi(t) -
M
Ri du du
By letting u = —— - X;Qj(t) then — = - }j and —— = dQ;(t)
M dQi(t) - i

Therefore, by subsitution into Equation 4.15

du In(aju)

— = - dt and ——— = -t + C and In(Aju) = - Ajt + C
Aju Ai
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then Aju = e "AL 0w ele-at and u o= e At
Aj
Therefore,
Ry eC Rj eC
AiQi(r)y = -—- e At and Qi(t) = — - + - e At
M Aj M ,\iz
and in the equilibrium state
Rj
ETFj = lim Qj(t) = (4.16)
t -+ AiM
Since
Qi(t) Concentration of nuclide i in meat (Ci/kg)
ETF{ = —— = -—
Ry Daily ingestion rate of nuclide i by the animal (Ci/day)
in the equilibrium state, it follows from Equation 4.16 that
Ri
Qi(t) AjM 1
ETF{ = - - (4.17)
Rj Ry AiM

For ETFj as derived by Ng et al. (12], Aj represents the biological decay
constant for both strontium and cesium and represents the sum of the
biological decay constant and the 1-131 radiological decay constant for the
iodine ETFj. The revised RETF]; can be defined as

1

RETF; = (day/kg) (4.18)

M (Ab,i + 2. 1)
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Ap i = biological decay constant for nuclide i for the arimal being
considered (day'l)

A= radiological decay constant for nuclide i (day'l)

To derive the revised RETFj for a specific nuclide i, it will be assumed that

the the Ng value, ETFj, is based on nuclide with the radiological decay rate,
11. Therefore,

1
ETF; = (4.19)
M (,\1 + ,\b'i)

To establish the RETFj, the biological decay rate will be needed. By solving
Equation 4.19 for ip j, we find

1
Api=— - 2
M - ETFj
Therefore, by Equation 4.17,
1
RETF; =
M (xb,i + xd,i)
1
1

M - + xd,i

M - ETFy

1 - 2} «M«ETFfj + 2Ag i « M+ ETFy

M + ETFy

ETFy

1 + [M« ETF{ « (2g,i - A\1)]
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where

ETFi <« original equilibriam transter factor as established by Np (day/ky)
M = amount of meat produced by anfmals at time of slauphter (kp)
A = radioactive decay constant of used to estahlish the original ETF;

(day’ hy

Ag, i - radioactive decay constant for nuclide | (dav'])

It has been noted that the ETF for strontium and cesium were established using
the stable elements. This implies that 3| for both these cases would be
nearly zero, and the expression for RETF{ would simplify for strontium and
cesium {sotopes and becomes

ETF{
RETF; = ' (4.20)
1 + (Ad,i * M % ETF{)

The ETF for iodine was established using data for I-131, and therefore, in
Equation 4.19,

1n2

8.04

Therefore, for any other isotope of iodine

ETFy
RETF; = - (4.21)

1+ M « ETFj - A\, i - ——

Using Equations 4.20 and 4 2?1 and the values and range. of ETFj established by
Ng et al. [12], the values and associated ranges for the revised equilibriunm
factors, RETFj, were established and are summarized in Table 4.39. These
values for RETFj were in turn used in deriving the transfer factor TFBFj for
each nuclide i.
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The variable M, the amount of meat produced by the animal at the time of
slaughter, is needed both in the calculation of RETF; and the calculation of

TFBF;. Based on agricultural data [2:Tables 444 and 516], the values for M
summarized in Table 4.40 were used.

Table 4.39. Values for Revised Equilibrium Transfer Factors

Nuclide Cattle Hog Chicken Turkey
Sr-89 0.00030 0.0029 0.032 0.032
(0.000064-0.00057) (0.0012-0.0040) (0.018-0.079) (0.018-0.079)
Sr-90 0.00030 0.0029 0.032 0.032
(0.000064-0.00057) (0.0012-0.0040) (0.018-0.080) (0.018-0.080)
Cs-134 0.020 0.29 4.4 4.3
(0.0072-0.091) (0.26-0.37) (4.3-4.5) (4.2-4.4)
Cs-137 0.20 0.30 4.4 4.4
(0.0072-0.09)3) (0.26-0 38) (4.3-4.5) (4.3-4.5)
I-131 0.0072 0.027 0.20 0.20

(0.0072-0.020) (0.0010-0.027) (0.0080-0.20) (0.0080-0.20)

1-133 0.0033 0.011 0.17 0.11
(0.0033-0.0047) (0.00095-0.011) (0.0079-0.17) (0.077-0.11)

Table 4.40. Meat Produced at Slaughter

Dressed Cutting Edible Products
Animal Weight (kg) Losses (%) Weight (kg) *
Cattle 269.0 15 229.0
Hogs 84.02 10 70.62?
Chickens 1.34 10 1.188
Turkeys 6.96 10 6.183

Also needed for the calculation of TFBFj are values for the variable TR, the

fraction of animals slaughtered per day. By using agricultural data en meat
production [2:Tables 388, 398, 406, 407, 415, 502, 511, 516, 521, and 523],
the values for TR in Table 4.4]1 were derived.

Recently there has been fallout data being made available following the
Chernobyl accident. These data were reviewed by Nair and Iijima [13] and
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estimites were made for several ETF{. For Cs-137, they found an ETF of 0 O
day/kg for beef and a factor of 0.3 day/kg for pork. both of which closely
agree with the ETFs as established by Ng [12].

A range of values for the equilibrium transfer factors was piven by Ng.o These
ranges were used to determine the possible ranges for the variable TFRF}.

Table 4.41. Values for the Fruction of Animals Slaughtered
per Day (TR)

Poultry
Beef Pork Chicken Turkey
TR (day-l) 0.0011  0.0024 0.0026 0.0026

4.3.10 TFMLK

TFMIK; = fraction of the amount of radionuclide i1 present in the feed consumed
by milk-producing animals that is present in the milk produced

Table 4.42 gives the recommended values for TFMLKj. A uniform sampling
: distribution is recommended for TFMLKj.

Table 4.42. Recommended Values for TFMLKj

Nuclide TEMLK { Range of Values
Sr-89 0.022 (0.0072-0.061)
Sr-90 0.022 (0.0072-0.061)
Cs-134 0.11 (0.040-0.26)
Cs-137 0.11 (0.040-0.26)
1-131 0.13 (0.036-0.46)
I-133 0.062 (0.018-0.22)
Piscussion
OUTPUT{
TFMLK; - —
EATEN{
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whier g e

OUtire = amount ot puclide 1 in milk produced

FATENG = amwount of nuellide 1 in feed consumed

This varlable {s evaluated in the following manner for each nuclide i:

TFMLK{ = ETF{ » MP

whe e

ETF{ = equilibrium transfer coefficient for nuclide i into milk (day/L)

MP = average daily total milk production (L/day)

Using recent agricultural data it was found the the average daily production

is 16.01 L/day/cow [2:Table 471]. Therefore a value of MP = 16 was used for
these calculations.

The equilibrium transfer factor, ETFj, for the nuclide i is given below as
summarized by Ng [12]. It is expected that there will be considerable
variation in all ETF values. A summary of the possible range of values for

the ETF for cach of the elements is given below as adapted from Hoffman and
Baes [11] by Ng [12].

Table 4.43. ETF for Nuclides

Element ETF (lL/day) Range of Values
Strontium 0.0014a (0.00045-0.0038)
Crsium 0.0071 (0.0025-0.016)
Iodine 0.0099 (0.0027-0.035)

These values for ETF are based on stable element concentrations in associated
milk and feed. Radioactive decay within the animal has an important impact on
the ETF values for the short-lived radionuclides. The ETF values to be used
for the I-131 and I-133 were adjusted to reflect these losses. The transfer
coefficient can be thought of as the time-integrated transfer fraction for a
unit nuclide intake by an animal [12]. In a development of the model used to
describe the crop-animal-milk pathway, Ostmeyer and Helton [1] conclude that
when intake is considered to be constant with time the intake-to-milk
equilibrium transfer coefficient can be derived as follows:
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Ak

ETH - ‘ (h.22)
. bk YOV
k=1 {
where ;
Ak = concentration coefticient associated with a single acute exposure
(L b
\yp k = bilological decay constant for the associated concentration

coefticient A, (day-1l)
A - radiological decay constant for the nuclide i (day-1)
This formulatlion accounts for the decrease in elemental concentration patterns

over time from radicactlve decay. Ng et al. [12] gave the values for stable
fodine in Table 4.44.

Table 4 .44, Values for Stable

ITodine
k Ax BDCy
1 0.0055 0.69

2 0.00017 0.088 |

Using the Ay values of 0.086 and 0.80 for I-131 and 1-133 respectively, the
adjusted ETFy values for these two nuclides are then as shown in Table 4.4%.

Table 4.45. Adjusted ETF Values

Nuclide Adjusted ETF Value

i-131 0.0081
(0.0022-0.029)

1-133 0.0029
(0.0011-0.014)
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The range of possible values for ETF as noted above served as the basis for
detevrmining the adjusted range of values for ETF. This was accomplished by
using similar rat{us between the ETF values for stable iodine and the
adjusted ETF value for each nuclide.

The values and ranges used in determining the values of the variable TFMIKj
for each nuclide i are summarized in Table 4.46.

Table 4.46. ETF Values for TFMLKj

Nuclide ETF Value (L/d) Range of Value

Sr-89 0.0014 (0.00045-0.0038)
Sr-90 0.0014 (0.00045-0.0038)
Cs-134 0.0071 (0.0025-0.016)
Cs-137 0.0071 (0.0025-0.016)
I1-131 0.0081 (0.0022-0.029)
1-133 0.0039 (0.0011-0.014)

In a review of fallout data following the Chernobyl accident by Nair and
Iijima [13], an equilibrium transfer factor of 0.002 d/L was suggested for
I-131, which is somewhat less than the transfer factor derived here. This may
be a notable development, since milk is the primary means within the food
pathway by which iodine may be ingested. If this value is correct, the value
of TFMIK for 1-131 would then become 0.032.

4.4 Mitigative Action Input Parameters

Within the MACCS code, the dose received by society is restricted by user-
established dose criteria. For the food pathway model, two distinct criteria
can be established: one for the growing season submodel and one for the long-
term submodel. Various mitigative action options are available within the
code for each of these submodels within the code. Each of the mitigative

actions are designed to attenuate the societal dose received following an
accidental release.

Several input parameters are required by the MACCS code to assure that the
dose to be received via the food pathway will remain below the criteria.
These input parameters are discussed in this section.
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a0 b GOMANK D PSOMLEK, aud PSCOTH

COMANR maxvimum al lowable concentration tor ground on which erops are prown
S . 9
that assures the Htetime dose criteria will be met (Bg/mé)

USTMIE ] - maxinmun allowable concentration tor ground on which crops are grown
that assures the emerpgencey dose criteria will be met without milk
. 2
disposal (Hg/me)

PSCOTH] = maximum allowable concentration for ground on which crops are grown

that assures the ecmergency dose criteria will be met without crop
dispaosal (Hq,/lw-))

Table 4,47 pives the recommended values for GCMAXR{, PSCMIK;, and PSCOTH;.

Table 4.47. Recommended Values for CGUMAXR;,
PSCMLEKj, and PSCOTHj

Nuclide GCMAXR PSCMLK PSCOTH
Sr-89 1.79x108 2.16x107 2.16x107
Sr-90 3.67x10% 2.41x10° 2.41x103
Cs-134 4.07x106 2.18x103 2.18x106
Cs-137 1.76x106 2.66x102 2.66x1010
1-131 1.00x1020 1 34x106 7.9510x6
1-137 1.00x1020  1.05x1010 1 o2xi0ll

It can be assumed the actual value for these variables will most probably lie
within 25t of the calculated value. This assumption served as the basis for
deriving a possible range of values for each nuclide/parameter pair.

Discussion
To assure that the dose received by individual remains below the 1ser-defined
dose criterion, the dose equation (i.e., Equation 4.1) is solved to find a

maximum allowable ground concentration that would ensure the dose limit would
not be excceeded. That is,
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GOMANR - o (4.23)

To determine these maximum allowable pround concentrations, a dose limit for a
maximally exposed individual was used. That is, the ground concentration was
calculated for an individual whose entire intake of food was assumed to
originate on contaminated ground. The maximally exposed individual can be
either an infant whose food intake consists entirely of milk or an adult whose
intake of food is bhased on a "typical” market basket.

Since the dose is being limited for an individual, parameters in Equation 4.23
assume the following definitions:

ULi,k = dose limit for the maximally exposed individual (Sv)

DF; ) = dose conversion factor for the target organ k arising from the
ingestion of nuclide i (Sv/Bq)

A = total cropland area required tov grow crops to provide the food for
the annual market basket for a maximally exposed individual (m2)

FA = fraction of area A needed to grow crop j (unitless)

TFj,j = fraction of the amount of nuclide i deposited following the
release that will ultimately be consumed by man (unitless)

Separate maximum allowable ground concentrations are derived for the long-term
and growing season food pathway submodels. Associated with each of these
submodels is an allowable dose (user input dose criterion).

GCMAXRj is the maximum allowable ground concentration established for nuclide

i to meet the lifetime exposure criteria. It is applied to the long-term food
pathway submodel.

For the growing season food pathway submodel, two maximum allowable ground
concentrations are established. PSCMLK; is applied to the crop-milk-man
pathway and assures that a maximally exposed infant (i.e., an infant drinking
milk only from animals raised and fed on contaminated ground). PSCOTH;
assures that the maximally exposed individual would not exceed the allowable
dose when the nonmilk portion of his annual intake is added to the milk
consumed when the pround conceatration for wilk production is PSCMLK;.

Each of these allowable ground concentrations is determined for each nuclide
is considered in the food pathway model. They are used within the MACCS code
to determine mitigative action to assure the individual dose received as a
result of the release of radiocactive material will remain within the
preestablished exposure criteria.
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PSCMIK| is used to determine the necessity of disposing of the milk being
produced on contaminated ground. No disposal of milk is deemed to be
necessary [t the following condition is met:

T PSCMLK;

e e n < 1 (4.24)
GCi

where

GCi = the actual ground concentration of nuclide i following the release
(Bq/m?)

Analogously, PSCUTH{ is used to determine the necessity ot disposing of crops
contaminated by direct deposition of radicactive material onto the plant

surfaces following the release. No crop disposal is deemed necessary if the
following condition is met:

" PSCOTH{

1A
p—

(4.25)
GCi

Lol 8

The parameter GCMAXRj{ 1is used to ensure that the lifetime exposure from
radionuclides ingested via the food pathway will meet the established

criteria. No mitigative actions will be required if the following condition
is met:

GCMAXR {

— < 1 (4.26)
GCy

If the ground concentration following the release is too high for this
criteria to be met, several mitigative actions are evaluated f.r effectiveness
in reducing the projected dose to within allowable standards. The first of
the mitigative actions evaluated is decontamination of the cropland. If
decontamination alone is insufficient to produce the required results, it is
determined whether restricting crop production to allow natural depletion of
the radioactive material would bring the dose received to within the lifetime

criteria. Currently a maximum of eight years is permitted for interdiction of
crop growth.
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To -ul.late the effectiveness of an interdiction of crops for t years, the
ground concentration following decontamination is attenuated by an overall
annual depletion rate, QROOT{, and the dose is again projected to determine
whetlher the lifetime criteria have heeu fulfilled. That is,

GCIy ¢ = GCDj » EXP (- QROOTj + t)

where

GClj ¢ = ground concentration of nuclide i following t years of interdiction
(Bq/m?)

GCDy = ground concentration of nuclide i following decontamination (Bq/m2)

QROOT{ = annual natural depletion rate for nuclide i (i.e., the depletion
resulting from radiocactive decay, pe.colation from the root zone,
irreversible chemical binding with the soil, previcus loss from the
root zone from root uptake, and the loss from soil ingestion by
grazing animals) (yr-1)

t = numnher of years over which interdiction is beinpg considered (yr)

Following the calculation of the ground concentration following each

additional year of i{nterdiction (up to a maximum of eight years), a check is
made to see whether the lifetime dose criteria are met, that is,

GCMAXR §
————— < 1 n
GCli
k=1

IA
o]

If eight years proves to be insufficient for natural depletion to bring ground
concentrations to within acceptable levels, the farmland will be condemned.
That is, it will be purchased and restricted from production.

A complete discussion of the derivation of the values used for the input
parameters GCMAXR;, PSCOTHj, and PSCMLK{ is given in Appendix C of the MACCS
Model Description [14]. Because of the lengthy discussion needed to describe

these calculations adequately, that discussion will not be repeated in this
document .
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4 4.2 QROOT

QROOT{ = annual depletion rate of nuclide i from the root zone

Table 4 48 gives the recommended values for QROOT for each nuclide 1. A
uniform sampling distribution is recommended for QROOT; .

Table 4.48. Recommended Values for
QRQOT
Range of

Nuclide  QROOT Possible Values
Sr-89 4.9

Sr-90 0.065 (0.041-0.040)
Cs-134 0.59 (0.51-0.69)
Cs-137 0.28 (0.19-0.138)
1-131 32.0

1-133 290.0

Discussion

QROOTj = RRU; + RDj + RPj + RBj
vwhere

QROOTj = annual rate of depletion

RRU{ = annual rate of depletion
root zone (yr'l)

RDj = annual rate of depletion

RP§ = annual rate of depletion
zone (yr'l)

RBj{ = annual rate of depletion

(4.27)

of nuclide i from the root zone (yr‘l)

from root uptake of the nuclide from the

from radioactive decay (yr’l)

from percolation into soil below root

from irreversible chemical binding of the

nuclide with soil components (yr‘l)

A single value ot this variable is derived for each nuclide considered in the

food pathway.
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The annual rate at which plants remove strontium and cesium from the root zone
via root uptake for the various crop categories is discussed and summarized by
Ostmeyer and Helton [1] whose recommended values are presented in Table 4.49.

Table 4.49. Root Uptake (RU) by Crop and Element

"Rate of Root ngake

Crop Sr Cs
Pasture 0.0017 0.000083
Stored Forage 0.0042 0.00021
Grains 0.00021 0.000021
Leafy Vegetables 0.0013 0.000013
Other Foods 0.00083 0.000042

Even though not all the crop categories considered were included in this
summary, the cross section is wide enough that a weighted average of these
values was used to determine the annual rate of depletion from soil via root

uptake. As a result, the following values given for RU in Table 4.50 were
obtained.

Table 4.50. Values for Root Uptake (RU)

Element RU Range of Values
Strontium 0.0016 (0.00021-0.0042)
Cesium 0.000074 (0.000013-0.00021)

No value for RU was derived for iodine isotopes because their short half-lives

mean that these isotopes do not contribute significantly to the root uptake
dose.

The annual rate at which a nuclide i disappears from the root zone due to

radioactive decay (RDj) is dependent on its radiological half-life. RDj can
be defined as follows:

1n2
RDj = ——
THALF;
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whoere

THALF{ = radiolopical halt-life of nuclide 1 (vr)

Valuces tor RDy are given in Table 4 91.

Table 4.51. Values for Radioactive
Decay, RDj (yr'l)

Nuclide RD
Sr-89 4 86
Sr-g80 0.024
Cs-134 v.34
Ts-137 0.023
1-131 31.5
1-133 292.0

Because radioactive half-lives are precisely known, no ranges are given for
the values of RDj.

The percolation rate for strontium and cesjum have been established by Hoffman
and Baes [11]. For strontium, this rate is given as 0.0021 vr-!, and for
cesium, it is given as 0.0096 yr'l_ The percolation rate is strongly
dependent on soil characteristics; therefore, these values represent an
approximate rate and are quite uncertain. A range of possible values was
established by assuming that the actual value would most likely lie within 25%
of the estimated value. No value for RP was derived for the iodine isotopes
being considered :ince their depletion rate is dominated almost totally by
radioactive decay. The values and possible ranges of values used for RP are
summarized as in Table 4.52.

Table 4.952. Values for Rate of Percolation (RPy)

Element DRP Range of Values
Strontium 0.0096 {0.0072-0.012)
Cesium 0.0021 (0.0016-0.0026)

When attempting to establish the rate of depletion from the root zone because
of irreversible chemical binding with the soil, it becomes apparent that the
binding rates for both strontium and cesium are strongly Jependent on soil
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characteristles.  Based on investigations by Squire {15, Squire and Middleton
[16}. and  Lassey {17}, and a discussion by Coughtrey and Thorne [8], it seems
reasonihle to assume that 10-20% of the strontium in the soil will become
chemically bound to the soil particles at a rate of about 1-5% per year.
Cesium reacts even more dramatically with clay, and approximately 85-95% will
become chemically bound to the clay particles and this binding will
essentially be complete in three years. Chemical binding is not an important
consideration for the iodine isotopes being considered, since radioactive
decay is the primary mechanism by which they are depleted from the
environment .

Based on this information, the values and ranges in Table 4 53 werc

established for the annual rate at which the nuclides become unavailable for
root uptake hecause of irreversible binding with the soil.

Table 4.53. Values for Binding Rate, RB

Element . RB Ranpge of Vailues
Stront fum 0.030 (0 01-0.065)
Cesium 0.25 (0 7 7-0.32)

Using the indicated derived values and range . for the depletion rates from
root uptake, radioactive decay, percolation out ot the root zone, and chemical
binding with the soil, the recommended values for the total depletion rates
were found as the sum of the component parts as indicated in Equation 4.23
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b FCONOM1Y PARAMETERS

5.1 Nonfarm Pavameters. Recommended Values

Table 5 | lists the values of nontarm cconomic paramcters recommended for use
in MACCS.

Table 5% 1. Eeonomic Pavameter Values for MACCS

Variable (Unitsg) Site Value Rangex* Definition

DPRATE (per vyr) All 0.2 0.1 . 0.3 Property depreciation
rile

DSRATE. (per vr) All a.12 0.7 - 0.1/ Investwent rate of
return

EVACST ($/dav) All $27 $25 - 8§30 Per diem living,
expenses for evacuces

FRNFIM All 0.8 .7 - 0.9 Nonfarm

POPCST (S all 55000 $3500 - $7500 Relocation costs for

owners of interdicted
property
RELCST ($/day)  All 527 $25 - $30  Per diem living
expenses for relocated
population
VALWNR ($) Grand Gulf $93K S43K - $63K  Per capita value of
nonfarm wealth

Peach Bottom $79K $69K - $89K
Surry SB4K S$74K - S$94K
Sequoyah $66K $56K - $76K
Zion $76K $66K - $B6K
us S80K S60K - S100K

* All sampling distributions shold 1 e uniform over the stated ranges.

5.2 Nonfarm Parameters: Discussion

Most of the data presented in the following discussion were taken from
Statistical Abstract of the United States for 1988, A few figures were taken
from Fortune (April 25, 1988) and Forbes (January 11, 1989, June 7/, 1988)
magazines.

The economic model in the MACCS code treats following costs:
(1) Daily food and lodging costs per person for <hort-torm relocation of

people who evacuate or relocate during the cmwerpency phase of the
accident (¢ .pg., the first seven days after the aceidenty,
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v Decontamination costs for property that can be returned to use,

iV Economic losses incurred while property {s temporarily interdicted so
that a period of decay tollowing maximum decontamination can reduce

€

vearly doses to acceptable levels (e.g., 9% % rem in eipht years), and
ia) FEconomic losses from the permanent interdiction ot property.

The modei divides economic costs into two groups, farm costs and nonfarm

costs.  Farm costs are alwavs calculated per hectare of farmland (worth of
farmland and improvements per hectare, crop worth per hectare). Nonfarm costs

are alwavs calculated per person (temporary and permanent relocation costs per
person, tangible wort. of nonfarm property per person, decontamination costs
of nontarm property per person), where nonfarm property includes residential,
commercial, and public land, improvements, equipment, and possessions.

Y01 Relocation Costs

urke (11 estimated per diem relocation costs (housing, food, transportation)
per person to be $23.70 in 1982 dollars. Correction to 1986 (1986 CPl = 328;
1982 CPI = 89; ratio = 1.13) gives $26 .90 per day per person. Fifty dollars
per night for a four-person motel room, and $3.50, $4.50, and $7.00 per person
for breakfast, lunch, and dinner plus $1.50 per dav for public transportation,
pives $29 .00 per day per person. Burke estimated that mass care per diem
costs would bhe about half the cost of commercial care (hotels and restaurants)
and that about one fifth of all relocated persons would be accommodated in
~ass care facilities. If per diem costs are $29 per person for 80 per cent of
the relocated population and $14.50 per person for the remaining 20 per cent,
an average per diem relocation cost of $26 per person results, which agrees
well with Burke's result after correction to 1986 dollars. Therefore, a per

diem relocation co«t of $27 per person is reccmmended for use in the final
NURFEG-1150 calculations.

5.2.2 Decontamination Costs

The MACCS decontamination model assumes that for both farm and nonfarm
property several (no more than three) decontamination methods will be
availe' le. VYor each decontamination method, the model requires a cost (per
hectar for farm property and per person for nonfuarm property) and a

decor amination factor, Fp, where

Fp = C3/Cf

and Ci and Cf are the surface contamination levels hefore and after the
decontaminition step. Although the costs of the decontamination methods for
farm and nonfarm property need not be the same, the set of decontamination
factors used for farm property must be the same as the set used for nonfarm
property.

».2.3 Temporarv Interdiction Losses
When property is temporarily interdicted, three casts are incurred for nonfarm

property and twe for farm property. For nonfarm property, the three costs are
Inst wages per person moved, lost return on investment on the interdicted
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ccoperty, aud the cost of the repairs required to return the property to use
once the interdiction perfod ends. For farm property, the second and third

costs apply but the first does nor (because only the nonfarm economic model
tvents people).

Burke (1] exawined the relocation costs that would be incurred by a person
forced to relocate because his home had been Interdicted. Since most of his
possessions have been contaminated, Burke concluded thiat moving costs would be
small when compared to lost wages, which he estimated to total about $4000
based on the assumption that each worker relocated would be out of work for
100 to 180 davs. Since per capita income in 1986 was $14,600, if 140 days of
lost wages are assumed (the average duration of unemployment from 1972 through
1986 was 15 weeks or 105 days, Reactor Safety Study (2] assumed that
interdicted businesses would require about six months to reopen in a new
location) and lost wages per person relocated would be $5600. Correction of
Burke's estimate of $4000 based on 1982 data to 1986 vields 5$4500.
Accordingly, a moving cost of $5000 is recommended for use in the final NUREG-
1150 calculatious.

As:ume that all property (land, buildings, equipment, etc.) can be viewed as
an investment that yields a rate of return, r, and depreciates atr a rate, p,
if left untended for some length of time, t. 1If, for example, the property is
interdicted for t years, then two costs are incurred: (1) lost return on
investment and (2) repair costs,
Consider a property composed of land (present value L) and improvements
(present value I). The total present value of the property is L + 1 =V, and
the fraction of the total present value that is improvements is 1/V = f. 1If
this property is now interdicted for t years, the lost return on investment is
Ve - V, where V¢ = V eft and the repair costs that will be incurred at the end
of the interdiction period are 1 - 1, where 1 = I e Pt Therefore,

Loss on Investment = Vp - V = V ef't - V = V (eft . 1)

Repair Costs = I - 1y =1 - 1 e Pt =1 (1 - e-Pl)

Let the present values of the lost return on investment and the repair costs
he V' and 1'. Then

V' oeft - Vp - Vo=V (eft . 1)
Vo= V(1 - eIl

[' et =T - I, =1 (1 - e PY)
1" =1 et (1 - e-Pt)

and C', the present value of the total losses incurred during the interdiction
period (t), is

Crm VO 10 =V (1 - eIty + 1 e Tt (1 - e P

V- eTt [V (1 - [ 4 f e Pt)|

9-3
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which aprees with Burke et al. 1} and with the Reactur Safety study 0
To applv the preceding model, values tor V, £, r, and p are needed Since
MACCS calceulates farm costs on a per hectare basis and nortarm costs on a pev
person basis, the values of V needed are the value of tarm propertv per
hectare (per acre) and of nonfarm propertv per person State and national
data tor farm property are available from Statisticul Ahstract of the United
States ;3] and are discussed in other data packages. A value for the per
person worth of nonfarm residential commercial, and puvlic propertsy car be

estimated from the following data, which were takern from Ret "3
Reproducible Tangible  :1th = $1.98 x 10l3
Urban and Built-Up Land - 4.64 x 10% acres
Total Farm Assets = §7.89 x 1011
Farm Land = §5.5%4 x 1011
Farm Household Possessions = $3.05 x 1010
1987 U.S. Population - 2.44 x 108

Now assuming that nonfarm land costs about $80,00) per acre (ivpical suburban
residential lots are 0.2 acre, land usuallv constitutes about one fifth of the
cost of a house, and the 1986 median value of houses was §47 000y, the per

person worth of nonfarm residential, commercial, and public property. that is
V, is given by

v

[reproducible tangible wealth

+ value of suburban land

- value of ftarm assets

+ value of farm household possessions)/[U.S5. popula-ion’

(61.98 x 1013

+ (4.64 x 10% acres)($9 x 10* acre-l)
- §7.89 x 1011

+$3.05 x 10101 /:2 44 x 108 people]
$7.8 x 104

[

Therefore, V is about $80,000 per person.

The value of V is likelv to vary significantly by state This vartation can
be approximated by multiplving the $80,000 value by the ratto ot a state’s per
capita income to the national per capita income. The pertioent data are given
in Table 5.2.
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Table 9.2, Value to Reglun

Reactor fLegion ($1000) Per Capita Income _Vosioem

s Sla 6 SBO

Seq TN 170 66
Al 11.3 6!

Zion Wl 13.9 Th
thicago 13.2 ;2

IL 15.6 85

CG MI 9.7 53
LA 11.2 a1

PB PA 14.2 19
MD 16 .9 93

Sur VA 15.4 84

Since investment property is usually purchased by borrvowing monev (mortgages,
equipment loans), r. the total rate of return on anv proper:v must be
calculated as the dollar weighted sum of the proper:y owner’s rate of return
on equity (rg ) and the debt holder’s rate of return on debt (rp ).
Specifically,

r = frg + (1-f)rp,
where f = E/V, E is the owne-'s equity in the propertv, V is the total value
of the property, and V - E = D is the debt on the property (for all
manufacturing companies, D/E « 1.8 and thus f = 0.36, for the Fortune 500

companies, D/E = 1.2 and £ =~ 0.45).

Several measures of the rate of return on debt or equityv are given in
Table 5.3:

Table 5.3. Rates of Return

Measure Porcent

Conventional Mortagage Rate (1970 - 1986) 110
Return on Equity
Forbes Stock Fund Composite (1977 - 1987) ]
Standard and Poors 500 (1977 - 1987) 1
Fortune 500 (1977 - 1987) 1
Fortune 500 (1983 - 1987) 1.
1
1
1

oalie ~ L SRS

Fortune 500 (1986)
Fortune 500 (1987)
All Manufacturing (1985)
All Manufacturing (1986)
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Thesv: data suggest that 12% is a representative rate of return on both
mortagages and equity. Therefore, r equals 12%, which is the value of r used
in Reactor Safety Study [2], where r was viewed as the carrying cost
(expressed as a percent of value) for interdicted residential property
(mortgage rate of 9% plus real estate tax rate of 3%).

Finally, no data on depreciation rates (p) for untended property are

available. Reactor Safety Study assumed a value of 20% per year for p after

noting that depreciation rates for property that is maintained are typically
3% to 5% per year.

5.3 a amet : Recommended Value

Table 5.4 gives the recommended values for VALUE and FRFIM.

Table 5.4. Recommended Values for VALWF and FRFIM

Site VALWF ($/ha) FRFIM (S$/ha)

Grand Gulf 1824 0.30
(Mississippl)

Peach Bottom 4469 0.25
(Pennsvlvania)

Sequoyah 2708 0.27
(Tennessee)

Surry 2952 .25
(Virginia)

Zion 1754 0.49
(Wisconsin)

VALWF - Value of farm wealth in region (includes

all improvements belonging to both public
and private sector)

FRFIM - Fraction of farm wealth in region from
improvements (includes buildings,

equipment, infrastructure (such as roads,
utilities, etc.)

5.3.1 Discussion

The total value of farm machinery and implements in 1988 is 84.5 billion

dollars according to the U.S. Department of Commerce [4:Table 1086]. Since
there are 1002 million acres of farmland in the U.S. [4:Table 1057],
of machinery and implements per acre is $84.3 or $208.2 per/hectare.

5-6
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The value of farm land and buildings in 1988 [4:Table 1066 in the states
being considered can be summarized as in Table 5.5,

Table 5.5. Value of Farm Land
and Buildings (1988)

Value of Land &

State Buildings ($/ha)
Mississippi 654
Pennsylvania 1725
Tennessee 1012
Virginia 1111
Wisconsin 626

The data in Table 5.5 were used to determine the value of the variable VALWF
for each of the states considered in Table 5.6.

Table 5.6. Values for VALWF by State

Value of Land

State & Buildings ($/ha) VALWF(S$/ha)
Mississippi 1615 1824

(Grand Gulf)

Pennsylvania 4261 4469
(Peach Bottom)

Tennessee 2500 2708
(Sequoyah)

Virginia 2744 2952
(Surry)

Wisconsin 1546 1754
(Zion)

Based on information from the USDA for 1984 [4:Table 543], Table 5.7 shows the
value that was determined for the percentage of the total value of the farm
that is accounted for by the buildings for each state being considered.

5-7
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Table 5.7. Value of Buildings

 Total Value

Value of Land Value of Represented by

State and Buildings* Buildings Buildings (%)
Mississippi 13814 1975 14.3
Penunsylvania 12015 3196 26 .6
Tennessee 12743 2829 22.0
Virginia 10192 2140 21.0
Wisconsin 17436 4830 27.7

* in millions of dollars

This percentage was then used with the values derived for VALWF to determine
the current value of buildings/acre, as well as the total value of buildings
and equipment/hectare as in Table 5.8.

Table 5.8. Value of Buildings per Acre

Value of Value of

Buildings Buildings

State (S/ac) (S/ha)
Mississippi 138 341
Pennsylvania 367 906
Tennessee 211 521
Virginia 218 538
Wisconsin 265 655

Value .f Buildings
& Equipment
($/ha)

549

1114

729

746

863

The values of FRFIM in Table 5.9 were derived as the fraction of VALWF that is
represented by improvements (buildings and equipment).

5-8

OAGI0000919 00162



Table 5.9. Values of FRFIM

State FRFIM
Mississippi 0.30
(Grand Gulf)
Pennsylvania 0.25
(Peach Bottom)
Tennessee 0.27
{Sequoyah)
Virginia 0.25
(Surry)
Wisconsin 0.49
(Zion)
REFERENCES
i1] R. P. Burke et al., Economic Risks of Nuclear Power Reactor Accidents,

NUREG/CR-3673, Sandia National Laboratories, Albuquerque, NM 1984.

(2] U.S. Nuclear Regulatory Commission, Reactor Safety Study, Appendix VI,
"Calculation of Reactor Accident Consequences,” WASH-1400, Washington,
DG, 1975.

[3] Statistical Abstract of the United States, 1988, U.S. Department of
Commerce.

[4] Agricultural Statistics 1984, United States Department of Agriculture,
Washington, DC, 1984.
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APPENDIX A: Sample NUREG-1150 MACCS Input Files

Page
AL ATMOS . L A-?
AL EARLY . A-11
A3 CHRONC . A-19
ALh  DOSDATA A-29
s A-43
UL LY A-44
Sequoyah. . . A-48
Peach Bottom. ... ... ... ... . . A-52
Grand Gulf . . .. A-56
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ISDEVELACO
15DEPFLACOY
1SDERPFLACON
ISDEPFLAOOG
1SDFPFLALGY Y
1SDEPFLAOOY
1SLEPFIAOQY

» % » & »

1SCTIRPGRPUCY
ISOTPGRPCOL
ISOTPGRPOCH
I1SOTPGRPOO4
ISCTPGRPOCY
1SOTPGRPOO6E
ISOTPGRPOQ?
ISOTPGRPOOS
1SOTPGRFOQ9
ISOTPGRPO1D
ISOTPGRPO11]
ISOTPGRPO12
ISOTPGRPOI 3
ISOTPGRPO14
ISOTPGRPUI1S
ISOTPGRPO16
ISOTPGRPO17
ISOTPGRPO18
ISOTPGRPO19
ISOTPGRFJ20
ISOTPGRPO21
ISOTPGRPO22
ISOTPGRPO23
ISOTPGRPO24
ISOTPGRPO25
ISOTPGRPU26
ISQTPGRPO27
ISOTPGRPO28
ISOTPGRPO29
ISOTPGRPO30
ISOTPGRPO31
ISOTPGRPO32
ISOTPGRPO33
ISOTPGRPO34
ISOTPGRPO35
ISOTPGRPQ36
ISOTPGRPO37
ISOTPGRPO3B
ISOTPGRPO39
ISOTPGRPO4O
ISOTPGRPO41
ISOTPGRPO42
1SOTPGRPO4 3
ISOTPGRPO44
ISOTPGRPO4S
ISOTPGRPO46
I1SOTPGRPO4”
ISOTPGRPO4 &
ISOTPGRPO4Y
ISOTPGRPOH0
ISOTPGRPGS1
ISOTPCGRPOL2
ISOTPGRPO3
150TPGRPOS4

NUCLIDE GROUP

CTRUE .
CTRUE
CTRUY
. TRUE.
. TRUE.
. TRUE,
. TRUE.

DATA FOR
NUCNAM

CO 5H
CO 60
KR-8%
KR- 85M
KR- B’
KR-uy8
RB-86
SR-89
SR-90
SR-91
SR-92
Y-90
Y-91
Y-92
Y-93
ZR-95
ZR-97
NB-95
M0O-99
TC-99M
RU-103
RU-105
RU~-106
RH-105
SB-127
SB-129
TE-127
TE-127M
TE-129
TE-129M
TE-131M
TE-132
I1-131
I-132
I-133
I-134
1-13%
XE-1133
XE-135
CsS-134
CS-136
CS-137
BA-139
BA-140
LA-140
LA-141
LA-142
CE-141
CE-143
CE-144
PR-143
ND-147
NP-239
PU 238

L TRUE.
. TREE.
CTRUE.
JIRUE

.TRUE.
. TRUE.
. TRUE.

PARENT

NONE
NORE
NONE
NONE
NOKE
NONE
NONE
NONE
NONE
NONE
NONE
SR-90
SR-91
SR-92
NONE
NONE
NONE
ZR-95
NONL
MQO-99
NONE
NONE
NONE
RU-10%
NONE
NONE
SB-127
NONE
SB-129
NONE
NONE
NONE
TE-131M
TE-132
NONE
NONE
NONE
I-133
I-135
NONE
NONE
NONE
NONE
NONE
BA-140
NONE
NONE
LA-141
NONE
NONE
CE-143
NONE
NONE
CM 242

9 NUCLINE GROUTS
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L9477 E+05
.2Z26E+013
.488E+04
.156E+03
.3T1IER-04
.S71E+DS
.301E+04
COD1E+O7
.123E+08
.495F+08
.986E+403
. 105E+06
. 448E+05
.41BE+04
. T24E403
.Bl1E+0D6
. 1RBE~ 05
45000
173k« 0%
LdAhE-NY
e 2.\!}" oo

R g

NEW

NEW
NEW

NEW

NEW
NEW
PARF~T ADDED
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ISOTPGRPOR. PU 24y NP- 239 8 7.700E+11
ISOTPGRPL G FU-240C CM-244 8 2.133E+11
ISGTPORPO PU- 241 NONE 8 4 60BE+0QE
ISOTPGFRCHLY AM- 24 ] PU-241 7 1.366E+10
ISCTPGRPUSS CM-242 NONE 7 1.408BE+(7
ISOTPGRPTG0 CM-244 NOKE 7 5.712E+"¢

I A R R R RN R R R R R RN R R LR R LR AR AR R E R EEEENERR SR RRERARERERREAERESEELERRERRNSSEEN]

* WET DEPOSITION DATA BLOCK, LOADED BY INPWET, STORED IN /WETCON

* WASHOUT COEFFICIENT NUMBER ONE, LINEAR FACTOR

WDCWASH10C1l  9.5E-5% (HELTON AFTER JOKES, 1986)
]

* WASHOUT COEFFICIENT NUMBER TWO, EXPONENTIAL FACTOR

WOCWASH2(GG1 0.8 (HELTON AFTER JONES, 1986)

I AR EERE R EEERE R R EEEE R R R RN R EE R A ERE SR AR RN EEEARERRERR RS R EERRERRR R ERRRRRERRERSRESRRRERRNENRNR)

* DRY DEPOSITION DATA BLOCK, LOADED BY INPDRY, STORED Ik /DRYCON/

* NUMBER OF PARTICLE SIZE GROUPS ’

»

Ses letter from N.A.
cunninghams (NRC) to
DDNPSGRPOO1 1 F.T. Harper (SKL)
" dated Aug. 7, 1990

* DEFOSITION VELOCITY GF EACH PARTICLE SIZE GROUP (M/S) Socument Roca 1

DDVDEPQOSGG1 0.01 (VALUE SELECTED BY S. ACHARYA, NRC)?

(LB AR SRR R LRSS ERARERREREARERER L AREEREESRlR Rl SRRl R Rl RSl ERRERRRRRlR RN A

* DISPERSION PARAMETER DATA BLOCK, LOADED BY INPDI!S, STORED 1IN /DISPY,/, /DISPZ/

: SIGMA = A X *+~ B WHERE A AND B VALUES ARE FROM TADMOR AND GUR (1969)
* LINEAR TERM OF THE EXPRESSION FOR SIGMA-Y, © STABILITY CLASSES

: STABILITY CLASS: A B C D E F
DPCYSIGA(QO1 0.3658 0.2751 0.2089 0.1473 0.1046 0.0722

E EXPONENTIAL TERM OF THE EXPRESSION FOR SIGMA-Y, 6 STABILITY CLASSES

: STABILITY CLASS: A B C D E F
gPCYSIGBOOI .9031 L9031 .9031 .9031 .9031 . 9031

* LINEAR TERM OF THE EXPRESSION FOR SIGMA-Z, 6 STABILITY CLASSES

: STABILITY CLASS: A B C D E F
BPCZSIGAOOI 2.5E-4 1.9E-3 .2 .3 .4 .2

: EXPONENTIAL TERM OF THE EXPRESSION FOR SIGMA-Z, 6 STABILITY CLASSES

S STABILITY CLASS; A B C D E F
DPCZSIGBOO1 2.125 1.6021 .B543 .6532 .6021 .6020

: LINEAR SCALING FACTOR FOR SIGMA-Y FUNCTION, NORMALLY 1

DPYSCALEGO1 1.

: LIN:AR SCALING FACTOR FOR SIGMA-~Z FUNCTION,

* NORMALLY USED FOR SURFACE RQUGHNESS LENGTH CORRECTION.

* (21 / 20y ** 0.2, FROM CRACZ WE HAVE (10 CM / 3 CM) ** 0.2 = 1.27

DPZSCALECQOL 1.27

LA R R R R R LR R AR ERAER SRR RLERRERARRERRERERERR RS EREI R R R R R R R R R R EEERERREERNEREXREREJINEZE R JESNE Y

* EXPANSION FACTOR DATA BLOCK, LOADED BY IRPEXP, STORE! IN EXPAND -

A-5
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TIME BASE FOR EXPALCD N FACTUR (SECCNDS)

MTIMBASOC] 60 . {10 MINUIES)

% % » T % ¥ wu

BREAK POINT FCR FURMUTA CHARNGE (SECONDS)
PMBRKPNTOC] jeoo. i1 hour)

* EXPONENTIAL EXPANSION FACTCR NUMBER 1

PMXPFAC1CU1 0.2

* EXPONENTIAL EXPANSICN FACTOR NUMEER 2

PMXPFAC20GO1 0.25

AERMAE AR A XA A AT TR AR AT T AARNDATAAR TN ZTEIRAATAAAATN AR AT R AN AR T & 2 F A A TR TS ATATTARTRNART & xh T

* PLUME RISE DATA BLCCK, LOADED BY INPLRS, STORED IN /PLUMES-

* SCALING FACTOR FOR THE CRITICAL WIND SPEED FOR ENTRAINMENT OF A BOUYANT PLUME
* {USED BY FUNCTION CAUGHT)

PRSCLCRW0O01 1.

* SCALING FACTOR FOR THE A-D STABILITY PLUME RISE FORMULA

» (USED BY FUNTTICN PIMKIS)

RSCLADPOC] 1.

SCALING FACTOR FOR THE E-F STABILITY PLUME RISE FORMULA
(USED BY FUNCTION PLMRI1S)

L T o B

PRSCLEFPOO1 1.

WRAAE T AR AR T RA RN AT A AR T TR AAARAPETARATIRAARNAAAAR AR X AAXAN A AT F AT AT AT AT ARARATRANRANNANR AR 0

WAKE EFFECTS DATA BLOCK, LOADED BY INPWAK, STORED IN /BILWAK~/

]

SITE GG PB SEQ SUR
WIDTH (M) 40 50 40 40
HEIGHT (M) 60 50 40 50

BUILDING WIDTH (METERS)

» ¥ % % ¥ % »

WEBLILDW0OO1 50. +* PEACH BOTTOM

»

* BUILDING HEIGHT (METERS)

WEBUILDHOO1 50. * PEACH BOTTOM

AP A AR T AR A AN A RNAN AN RN ARNARTATAAARNERAR AR T A RAAAARAANRRNA AN A I ARAAATARTAN SN AT ARRRT AR A AR

* RELEASE DATA BLOCK, LOADED BY INPREL, STORED IN /RELEAS/

-

* SPECIFIC DESCRIPTIVE TEXT DESCRIBING THIS PARTICULAR SOURCE TERM

RDATNAM2001 ‘NUREG-1150 PEACH BOTTOM SQURCE TERM PB-15-1°

* TIME (SECONDS) AFTER ACCIDENT INITIATION WHEN THE ACCIDENT REACHES GENERAL
* EMERGENCY CONDITIONS (AS DEFINED IN NUREG-0654), OR WHEN PLANT PERSONNEL

* CAN RELIABLY PREDICT THAT GENERAL EMERGENCY CONDITIONS WILL BE ATTAINED.

-

RDOALARMOO1L 1.40E4

* SELECTION CF RISK DOMINANT PLUME

L

RDMAXPIS(OL 1

-

* NUMBER OF PLUVME SESMENTS THAT ARE RELEASED

-

A-6
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* RPSULT © CPTIONS BLOCEKE, LCADED BY INTUT , STORED T 18007
* CENTERTINE RISK OF A GIVEN EFFECT VS UIUTANTE
* NUMBEE OF DESIREL REF'TUIE F THIE TYRE

TYPE 'NUMEER 0

h 3

* NAME

>

*TYPE70OUT001 "ERI FAT-TIOTA

*TYPETOUTO02 "CAN FAT IOTAL" L 2€ foctoly MILES:

AR AT PR TP R RREATRTAATTRNPATT SN R R P FF R NTES T L FTFRAFFTENTTRARST » AR ST FTR AT T NNTNSLR ST s s W
* RESULT B OPTI0ONS BLOCK, LOADED BY INOTE, STOREL 1IN, 18707z

-

b
e

.

s Ionigl

' : 1 S e F\-.‘

i - . P S,

P4 »—d

Ar-t

POPULATION WEIGHTED FETALITY RISK BETIWEEN 2 DRISTANLS

* NUMBER OF DESIRED RESULTS CF THIY TYEE
*
TxlEB'\ MBER 2

AR
beAM] T

*
TYPEBOUTUOL "ERI. FAT, TUTALS i = CLOENTD OUONE - LMD
TYPEBOUTO] "CARN OFAT TOUTALC 1 il CLol. MILEN)
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R R R I I A S A A e
bl NAMY | T ERN
.

PHLORIELDVY ONTTEE

* GORN R
.
CHOHRATE )

LI B B

TUHETN T INPYTT FOK

TR I AR R N R IR I SR B Y

*OEMBERGENCT hRsPonNnl ooonl

PEVCORTRING

FINAT

R N A BN BN B I R R N S I B I T B

THIG "CHRORST DN

NURES 116 AL A

CI I I I R A S N R N N B N S I R

DATE BLOCK

.
VAV AT e T I TLARY TERY N TR
.

CHETVA :

.

* RELOCADION DUST (IvLTAKRS PERSON DAY
.

CHEELCSIGGD 0 0

L N I N A IS S B S AL B I RN

* 1w TERM PROTETTIVE

* ENL TP THE INTFEMEUIATE PHASE
CHUOMIENDDO] 4R .

* AUTTON PERIOL (PROTESTLION PER

RN BN TR RN I I B RN I IR LN B R IR )

ACTION LATA BLOCK

PERICH (SECONDS FROM A

(7 DAYS, NG INTERMED 120t

TGy FROM THE OUTAKT ¢ el |

* THE POINT AT WHITH THE 1ONG TERM DoSE CRITERITN 18 FUAL
CHTMEA "Toil 1.4980t (% YEAPS)

* DUSE CEITERION FUF INTERMEDIATE PHASE RELOCATION
CHLSCETICSD 1 CEn (NC INTERMEDTATE Pha b FE!
A

* DOSE CRITERICN FOF [0 TERM PHASE KELCCATION (SV

L]

CHDSCRLTCGGL  C.uvd4 (0 REM IN FIRST YEAR, 0.5 FEM FHF YEAK
* CRITICAL OPGAN NAME FOR LONG- TERM ACTIONS

"

CHCRTOCRUCY " EDEWBODY

»

LR R R NEREEREE RIS R

* DECONTAVMTNATION PLAN

L3R 2R 2R BE O

DATA BLOG

[

* NU'MBER OF LEVELS OF DETONTAMI
A

CHLVI.DECCODL 2

* DECONTAMINATION TIMES
* OF DECONTAMINATTON

*

CHTIMDECOD! 5

St ey
i’f‘)hl (O

S84 Ee 1 3L BET

= DOSE REDUCTICN
A

CHDSRECTLOL 1. 1e

L]

* COST OF FARM DETONTAMINATION
= FOR THE VARIOUS [EVFLS OF DEC

*

FATTORS CORRES

LRI I R I IR B L B R N IR I R ]

K

NATION

Sy CORRESPONT ING TO TP VY

TR, 120 DAYS)

PCNDIING TG THE

PEF UNLIT AREA
"1

GHTAMTLAT

Lo
it

CHODERMOGT L 0 6 1057

L

*OUDED OF NOUPARM LECUNTAMINATION DFROPEROON (DCITAS bik
« FOF THE VAR DEVELL CR LRCTIOAM T ATLN

.
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PRA U b PARMUASD PECOSTAMINATLON oSt DilE o L Rk

Pk Yie WAk L DR TAMIRATLON LEVED S

CHEKREL L 0 v NN

L]

fORRA U N b NN FARM DPCONTAMTINALLON CCRT I TO LAK Y

SRV EOLHE VARTL T T NTAMINATION LEVEL L

CHERSDL : N
E CERA DT N TIME WORRERD TN PARMOAREAL SEUND TN T STAM AT L e b
| Sohl THE VAR D ONTAMINAT LN TV

CHTFWRE o O THRE!

[

FRA ST b TIME W ¢ EERS 1N NON FARM AREAS SPEND 1 DE VTAMINAT D L WoORY

COBOR THL VAR [CUS DECONTAMINATION LEVELS

;HTFwer»wl SR Gl

» AVERAGE 0T OF DECONTAMINATION LAROR (DOLLARS MA' YEAK)
&HPIH“SIwWI o

R N A A R I I I A N R A A S B I B R AR B I A I B B B R R R R R R N R N R R R

* INTERDICTI N sT DATA BLOCK

: DEPRECIATIN RATE TUBIRG INTERDICTION PERIOD (PRE 1140
CHDPRATEDOT A )

» SOCTIETAD DIGC 10T RATER DURING INTERDICTION PERICD HEEF YLAR,
CHDERATE O] [P N

*

* URBAN POPULATI N REMOVAL COST (DOLLARS./PERSON)
CHPOPCSTOD] Eiie

A RN EE AR AN AR T AN SRS T AT T A AR AN AR AR A A PR AR A AARRTT PN PSSR RS RAsEpakARS AN AR h

* GROUVKDSHINE WEATHRERING DEFINITION DATA BLOCK

L 4
* NI'MRER OF TERMS 1IN THE GROUNDSHINE WEATHERING REIATIT NOHIE (FIUHEF 1 OR )

CHNGWTRMOD | z

* GROVNDSHINE WEATHERING COEFFICIENTS

L 4

CHGWCOEF GO L 0.5 5.5 (GAYLE'S EQUAT I

* HALFE T.IVES CORRESPONDING T THE GROUNDSHINE WEATHERING COERFITCILINTS (5)

~

CHTGWHLFC('] 1.61"°  2.8E9 (GAYLE'S EQUATI [

AR E AT AR E AR A AT RS AR AR AT A AN AN AR RAR ST A AR A S a ARSI A A g N AT
* RESUSPENSTON WEATHERING DEFINITION DATA BLOCK

»

* NUMBEP OF TERMS IN THE RESUSPENSTON WEATHERING FEIATIONSHIF

*

CHNRWTRMOG L 4
L

# RESUSGPENSD N 7R TRATION COEFFICIENTS (, METFER
* RELATI NCHIP BETWERN GROUND CONCENTRATION AND 1IN IANTANEOL S ATR COND,

*

CHRW  OLEr P 1.OE 7 1.0 9

”

= HALE TOVED 0 R N T THE RESUSPENS U7 COL T kA DN CORRETITENTS (85
a
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Lo b Lotk {0 NMooiEL,
K & & B ¢ & 3 3 A 4 4 F N RN T WE PR AL N AAA AP SR P A AR A RS RN S R RSP Y STt E s AE W «- T 8P EE®TERRETE NS
. t ol P DAaTA bl K
.
kRS DU N b AWEAN THAT TS TAND T Tebl BEOGDOC
.
TR [ S CVALUE 0T el TINTE sIIT Tl
.

PhOOTDD N b LAND DENOTED Do BAEMIDNT 10 THE KESTLL
TEPROREMU LG PUNTRY S (VAR NOT Uyl oSy SITY vl e LIRS

CORVRRS P VALY 0F ANNUAL RAPRPM PRCODY IO DN THE OREOD L. T DDl iR SRR

» CASH KRECELIRIS FRUOM FAF "ING PLUS LALUE oF HIME O N3Me 210 10 LeRRD 1N ERFEM

Tt RMIEeD0 . (VALI'E NOT USED SINUH

rr
i)
-
3
"
’
-
1

bk UM CGE ORARM PRODUCTION RESULTING FRIM [AIRY o+ 0 710 "0 1N Db B2 GD N
o VAU opF MILE PRODUCEL ) (VCASH RECEIFTS PFRUM FAR!IN . P10 LI0E B 0 ME

CHE PR RCTO - (VALUE NOT USED SINCE SITH BI1T s VILEL

COVALTE b FARM WEALTH (DGLLARS ‘HECTAREY:  AVERAGE J270 ¢ PR ARM TAN
COAND BUTITINGS PER HECTA T TC 10C MILES

GRS & (G Ls FPE SEL SUE -

PONVALWE (SCHDEOTAREY O CH€L 33050 3421 1Bt e .

CHVATWE GUU] 400 * PEATH BOTT.M

C PRATTION 'F FARM WEALTE IN IMPROVEMENTS POF O IRE =@

*

* i1k I s Pb SEL SUk SJITH

* FRFIM G.3 O U N S ¢ = s I

L3

CHEKEF IMOGD] oot o PEATH BOTIOM

»

*» NON FARM WEAITH, FPROPERTY AND IMPFROVEMENTS FOR Tel v2 50 0 0 LLAFS 23bk0 0%
» THE VALUFE CF ALL RESIDENTIAIL, BUSINESS., AXD PUBLI TIS ownlE O WOTLD BE

L.2ST IN THE EVENT CF PERMANENT INTERDICTICN OF Th!

SITE GG PH SUR SEQ ZION
VALWNE {SK) 53 “8 B4 66 76

HVALWNFOCL TBOGC.  ~  PEACH BOTIOM

+ () = # 3 #

* FRATTION OF NON FARM WEAITH IN IMPROVEMENTE FOR 7+ FEOIUN
CHFRNFIMGO oK

L
IR EEERESERESSE] AETAXTAR AN AN FAFTEIRAAANAAAANTAAANTSE SLARNS T TS TN T FASSTRTISSASTT RS TTS o kN
S

*kwr
SPFECIAL OpTIONS DATA BLOCK
* DETAILELD PRINT CPTION CONTRCL SWITCHES, LOOK AT Tab It BEE . RE TURNING (L
- (KZEPNI, KDFPNT, KDTPNT, KGCPNT, KLTPNT, RWTFND  KOSWRSKE KSwlsl)
CHESWTCHCD ] o000 do0co0C0CO0LO
B R NSRS AR R R ER SRS R R EEREEA R SRR AR EER AR AR R R R ERE SRR NI NENEREREIENENRNENIEINENENENERIENRENEIEEN RN N NN
* WATFER PATHWAY NUJCLIDE PEFINITIONS FOR CHRONC

>

» NTTHHER O NUCIIDES IN THE WATER INGESTION PATHW! . v 1110

.
CHULMWED L 4
.
< oIrBIE P N IIDE O DERINITI N: IN THE WATER INGEST L U o aToan v ole
APTEE PSS N UCUIDES MUsT OBRE A SURSED CE OTHE D0 L oow 1w iy
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Tk A R DAiA BT b DERINED D OTHE DATA DEFINING el wWihliis ‘niol Itobl D

CORAT O Y ST ERSELED ey THE TR RELPONDIN Y DATA DN TR 0 DD TSR v I0E
Wit VALV By DRAINACE DxGTEM

. IR Sl YA ] NI VE b e T

. FLVER IR Rt AT SN 2 RS I A

* OKREAT LAED LU0 - LEE 4.7t ¢

* OURAN S o o

«

* AL NUEEBRG DPSu LITEY HAVE FIVEE DEAINASE SYSTEMS Dotpl 10

* INITIRI NNUAL =
. wWATEF WASHUFE WASHCHE

. NUCLIDE FRAETTION RATE

. NAMWE ] WSHEF I WSHRTA wIitNik
CHWTR 13001 Shobes ¢l SO Por
CHWTR1SGOOZ Sk-9C G.LL 0.004 ¢
CHWTRISCOUS Ce-124 c.ces G.0C1 B
CHWIRIS0O04 Cs-1x+ GGG (AN 6 P oz

A XA RZAFRRETRAT N A BRALANST LT T AN RS L AT ATRNCTRTFPREASTRED TSR AT BN ® N

* CROP PATHWAY DEFINITICNS FUP CTHRONT

IT SHOULD BE CALLEL ‘PASTURE-ERANGE'™ OR 'PASTURE-DF:
TABLE OF CROP DEFINITIONS FOR THE CHRONC FOOL' INGE. TI'N M. IFL
FRATTION OF CROP CC° 7 "™MED B3

DAIRY EAT
CROP NAME MAN ANIMALS  AMIMAIN

* % ® % % * % % % & w w ¥ () 4 3 »w »

CH FRCTCM FE'T 'k
0.1 .-

LH

-. -

0
0
6.0 0.
0
o

> NAMCRP FRC
CHCRPTBLOU1 'PASTURE 0
CHCRPTBLOO2 'STORED FORAGE ‘0.
CHCRPTBLOO3 'GRAINS 0
CHCRPTBLO0O4 'GRN LEAFY VEGETABLES'® 1
CHCRPTBLOOS 'OTHER FOOD CROPS Y
CHCRPTBLO06 'LEGUMES AND SEELS 024
CHCRPTBLOO?7 "ROOTS AND TUBERS 1.0

)

o OO0

=R R ]
-»
~

0.

MCDIFIED 14 O°7T B8, BY JLO. VALUES CTHANGED TC ThkTs: [0V P8l 2y 7 B
NUMBER OF DEFINED: CRUPS IN THE CHRON. FOUL INGESTI o M.ILL
HNFICRPOGL R (P T 10 ALLOWED

NOTE TO USEF: THE CODE MAKES SPECIAL TREATMENT JF R .P NAMED BEGINNIN
"PASTURE’ DUE TG THE COXNTINUOUS NATURE OF THE HARV:STING PR O2TENS

. - v

- - . o
-

N

IF THE USER WISHES TC DEFINE A NEwW CROP CATEGOFY F. b FANTEIAND PASIUERT

LER AR ERR RS R AR SRS RE R EEEREREEREREEREERERR AR SRR R NENEENENRENREENEENENEEEEEEEENENEENNNE)

* CHRONC INGESTION PATHWAY NUCLIDE DERINITIONS

-

* NUMBER OF NUCLIDES IN THE CHRONT FOUD INGESTION M.It:l

*

CHNFII1SO00C1 €& \JP TC 10 ALLOWED. BEWARE THAT DAUGH! v+ B 110 4

"

* TABLE OF NUTLIDE DEFINILIUNS IN THE CHRONC INGEST! . i ATHwAL W (%,
* NUCLIDES THAT WEKRE DEFINEFD IN THE WATER PATHWAY W1~ Ak W1 = 7 ki
* A SUBSET OF THE CHPONT INGESTION FOUI PATHRAY N1 1t ThY oAl
* PATHWAY N''711DES MUST BE DISTEDY FIRST IN THIS DATS bBD -3 2% T8 T
* SAME CRDFRF OAY THEY WERF IISTED IN THE WATER PATHW, . (&7 k.

TRANSEFL: thN 0 &
‘ FEIENTO N FATTORS b ThAS 2
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CHINOLEE
CHIG DRE
CHISODEE S
CHIS DEE 0
CHUDODER S
CHISCLE R e
ThANCERE
(J!..‘. I

o

[

L

TION

NS R

FATTS

"

NAaMTa ]
SRR
Lo
o144
e ) 4
1(

1
i i
T 144

PASTURE

.

. NUCLILE
»

* NAMISG
SHTOROCTO(T Sk BY

CHTCROGOGTOU
CHTCOROCTOL A
CHITROOTONS
CHTOROGLTOOS
CHT TROGTO0E

Sk - 60
CE-134
C&-137
1-131
I-13%

I

'ROFROM

PROCESS TNG
MILE MAN

[ DMH

LSRN

PAST

TCR
4.1
.t
.3
.9
.6

T

0.6
1.6

1.0
1o
..

.G

I
INTEGRATEL

UKE

o0T
FE-4
E-2
E-3
E-3
E-4
E-€

P

ANDY DECAY

MEAT ,/MAN
1" Y P H‘l

t

1

L‘
1.
Q.
oo AN
T PLARNT BY
OVER ALL

STORED
FORAGE

TCROOT
C3E-13
LJE-2
.1E-4
.5E-3

G.C

¢.0

RV

—

(RO
MILK

TFMILK
0.622
G.028
0.11
G.11
(.13
L.0eL

FOAT-UPTAKE
TIME

[{BC

GREEX
LEAFY
VEG

TCROCT
1.7E-4

INGE T

------

TCR -
I N
[ S
iLlr
PN

ME R R AP L TR ARIPAR AT R ARRAAA NS AR RFANANARRA NG P TR AR TR

T TIME

» & % ®» »

CHD/YPTHOG ]
CHDCYPCHQO2
CHDCYPCHO( 2

OF

RADLIOATTIVE LECAY
RATTOATTIVITY LOST BY

CONSUME

NUCLIDE

CHDCYPCHON4
CHDCYPCTHOC
CHDCYPCHOO®

NAMISA
Sk-89
SF--9C
Cs-134
Cs5-13~
I-131
I-133

EETE

"T1I0N

FPAST

.

1

VT T
iwd ol

DE”
BY

'RE

CH
.0
.G
0O
.G
L

P(
¢
G
0.
0
0]
0.0

ON FACTORS (1
AY) FOR NU \'LIDE.S
HUMANS {FRACTION

STORED
FGRAGE GRAINS
DCYPCH
0.1g
Q.99

DCYPCH
[l

0

oo

Q.

G

¢,
C.
C.

OO0

0

.84
0.
C.

9
0

1
+

IN

TRCPES

F oWHTERL

o

RETAINEI

GREEN
LEAFY
VEG

DOYPTH
. (; T

8]

A ode

FE

0099
.G

ABARRA TR R ARAZA AR SRR A AL IR LT A AN RPN R P A AN R AR RN P AN ERN RS DA "% s w RN

Y
¢
Q
1

9

.
0.

. 9¢
.0

oo

]

~e s
SR
t "
o
2
.
2

TCrOT TTROTT
. E-4 L.lE-4
L EE-L B O3E
94 sF -2 SN B
“E-4& 1.2E-4
v .
L R B R B AR A 2 20 2 B B BB BN ) - AW
reATTION TF
A HAETES
LEWMES FY TS
A ANT
STl s T BERS
VYR TH YETH
ol ls N
au VL
TP v 84
- 1.99
S [
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L L

s T wesssRdesrYTRETeRE AN

* CROP PROCESSING AND: PREPARATION RETENTION FACTORS P.or %7 7LITES 1L B

* CROPS CONSIMED BY HI™MANS (FRACTION RETAINED). FA 7T &7 RFUIER T ICES (F

* NUCLIDES FROM FQODS DUE T( PROCESSING (E.G., WASHI™T F FFUIT  TFEELING

*  OF POTATOES. LOSSES DURING CANNING) AND FOOD PREPARAT ST RING FROM

*  THE TIME LF PROCESSING OF THE HARVESTED CROP TO THE TIME ZF JOLSUMETION

*  BY HUMANS., FACTORS D¢ NOT REFLECT LOSSES DUE TC FAI D AJTIVE LEAY

- GREEN v [HFE IEGIMES Flolx
* STORED LEAFY Bl AND AN

» SUCLIDE  PASTURE  FORAGE GRAINS  VEG [ S SEED - TURERS
. NAMISO FPLSTH  FPILSCH FPLSCH FPISCH FELISH FEISH FPLSTH
CHFFLSCHU0l  SP-89 0.¢ c.n C. 2t ¢.° ’ oY Juw
CHFPLSTHOO?  SK- 90 0.C o.n c.2% 0.¢ . F LA )
CHFPLSCHC v €81 34 c.o C.o CLoas ot v cm
CHFPLSTHO G 75 13 G.n .0 0,24 L - vk
CHFPLSCHCO:  I-131 c. Gl o3 L - o™
CHFPLSTHOGE 1-1312 0.> .6 C.33 o . - v
*  RETENTION FATTURS FOP NITLIDES IN OPORS FRIM TIME | wntr 0o P

f CONSIMETI W BY MITEF PRODUTING ANIMAIS (FRATTION B:In00 N T 3 R
< LOSEYS DVE T KALD ATTIVE DETAY
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* STORED LEAFY Fudt AT AND

. SUCTLLE PASTURE S FORAGE GRAINS VEG ROl SEEDC TUBERS
. NAMLSO DYprM DOYPCM DCYRCM DCYPCM LTY RS LOYRIM DOYET™
CHOOY MY 1 S RO 1.¢ 0.3~ 0. 20 0.0 . L. zC 0.C
CHI'YRTM 00 BF -yl 1.0 .99 G.00 0.0¢ (o C.99 c.c
CHDCYP M« CS 134 1.0 g.92 L. BS c.0 Lol .82 ¢.0
CHDOY PN 3 08 197 1.6 0.99 G.9o G.C . .99 .G
THIWCY P 1 1l 1.0 G.0¢e3 C.038 0.0 Con L.0s0 ¢.C
CHOUTY P TMU L Iold 1.¢ 0.0Cee  0.00s4 0.¢ G (.04 ¢.C
T AN W AT L EERT IR TS AR RAETET AT ERRARNRRAAR IR AR TRARTE NSRS FT LT AAANTERARY TARCETRT R RN
* REIENTION FACTORS FOR NUCLIDES IN CRCPS FROM TIME CF HAFVEST IC TIME CF

» CONGIMETION bY MEAT-PRODUTING ANIMALS (FRATTICON RETAINEL reETT Uk FEFLECTS
»  LVESED UBURE T thLUlCTIVE CECAY.

- GREEN CTHER LEGIMES  ROCTS
- STORED LEAFY IO ANT ANL

. NUCLIDE  PASTURE  FORAGE GRAINS  VEG CRLEE SEEI S TUBERS
- NAMIS. DCYPCB  DCYPCB DCYPCB  DCYPCB DTivbT= DFYPTB P8
CHDTY BB 1 SF-EBY 1.C .37 ¢.20 C.0 W oL 27 .G
CHDCYPChE -2 SR G40 1.0 0.99 G.49 Lo Ll .99 0.0
CHLCYPCH O3 7S-134 1.6 0.92 0.85 SRS vl GBS .0
CHDOYPCOB.G4 CS 137 1.¢ 0.99 0.99 (VS T .99 c.0
CHDCYP B 5 I-1430 1.6 0.0¢3 6.032 ¢.o . C.Cal G.G
CRDCYPCELOE T-133 1.¢ ..0068 0.00-4 VLT Ll vl 94 c.c

R R R R N N RN R R R R R R R R R R AR R R LR R N R A E R R R E R R R

* DEFINE THE DIRETT DEPOSITION TC CROPS TRANSFER FUNTTII L

* NUMBEF OF TERMS IN THE DIPECT DEPOSITION TC CRUPS TRANSFERF FUNTTION
L2

CHNTETRMOLI Z

-
*
LJ
"
-
-
-
»
*
"
"
»
"
»
*
”
-
»
»
*
*
»
L 4
LJ
*

LOSSES DUE TO WEATHERING FROM PLANT SURFACES AND DUF 1N TRANSLOCATICON

FRCM PLANT SURFACES TC INTERICR EDIBLE POPTIONS OF FLANTS AT: MUOELIED
USING THE FOLLOWING EQUATION:
FRACTION RETAINED = CTCOEF1*EXP{-LN2-CTHALF1l) + CTCCZFI*EXi . -LN:Z CTHALF:)

FOR PASTURE, STORELC FORAGE, GREEN LEAFY VEGETABLES, AND:
THIS EQUATION IS USED AS A TWC TERM WEATHERING EQUATIUN. FOR GRAINS,
LEGUMES AND» SEEDS, AND ROGTS AND TUBERS WHERE RADICA "TIVITY IS CONSUMED
ONLY IF TRANSLOCATED TC EDIBLE PORTIONS OF THE PLANT. THIS EQUATION IS
REDUCED TO A TRANSLOCATIG! TRANSFER FACTOR BY SETTIN: CTCCEFZ IO ZEPRD.
CTHALF2Z TO ONE SECOND, AND CTHALF1 TO ABOUT ONE MILLITN YEARS (1E13
SECONDS). WHEN USED TO MODEL TRANSLOCATION, THE VAI''E OF THE TRANSLOCATION
TRANSFER FACTCR 1S DEVELCPED FROM FALLOUT DATA AND S INPUT AS THE VALLE
OF CTCOEF1.

JDTHER FOCD CROPS,

14

TWC TIME PERINDS ARE USED FCRE WEATHERING, THE FIRST I3
SECONDsS) AND THE SECOND IS 5C DAYS LONG (4.32BE6 SECLLE

DIRECT DEPOSITION TRANSFER
BY CHRONC INGESTION

COEFFICIENTS
MODEL NUCLIDE

[(BQ TRANSFEFED , R, I

GREEN . (HEF LESIMES  ROQTS

STORED LEAEY B AN AXD
* TERM 1 NUCLIDE PASTUPE  FORAGE GRAINS VEG F b SEEIS TUBERS
CHCTCLOEFICY SR -89 S8 G.2 0.C1 .24 L. R 0008
CHCTCOEF10.  SF w© L 0.2 .01 2.24 . R 0. 0ule
CHCTCOEF1C s o148 3 ¢.2 ¢.05 .24 - : ¢.N2s
CHCTCOEFIN4 75 137 3 ¢.2 0.05% (N . . ¢.oces
CHCTCOREF IO~ 1 1+ B .2 C.G 0.24 ANV
CHCTCOEE 2 ¢ PN ‘ Gl c.o £.2% o7
* TERM .
CHOTCORR 20D S boe L o Lo §
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Ve o K]
B i
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.
. Vo ThAN
*
.
Al
O N AR

CHOTHALL 17
CHOTHADT fo
CHOTHALE Lo s
CHOTHALE L4
THOIHALE 1o
CHOTHAD E LGe
v TERM.

CHOTHALF 201
CHYTHALY 2ol
CHOTHALE OO 4
CHCOTHALE S04
CHOTHALEZOS
CHTTHALF Ut

NEM
SR

[

05
[

1-1
11

13.
31
34

A B s

s et s e e e

vt t
[ | \
vt RPN
LUt i
n ot N
TVES HY CHe
Niop
SUVRE FORA
Calln 1.21
BV i CH
JlEe 1021
o ik 1.21
SR 1.21
S1F 1.21
D32E€ 4,30
.32Fe 4.32
JA2Ee 4,32
.32E0 4.32
DA2E€ 4,32
J3I2EE 4,32

0h (TR LU

0! G .o v

iyt K SEEATS . :

0h (K] (ot . )

it [ 0 O ! . i [
MNCINORESTION MODED iy vy N

GREEN bR VEOATMES Fooel

|MNE LEAFY o g At Al
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* TAWLE OF Ckob DATA (GHOWING SEASON AND FARMLAND SHAFE) It THE FECIUN.

« IF A SITE DATA VILE 1S BEING USED (AS SPECIFIED ON THE EAKLY USEE INPUT FILE),
» THE: LATA FROM THE S11E FILE (AND NCOT THE DATA BE! W' I¥ UsSED POR THE

+ CAICULATION OF DOSES AND COSTS FROM THE AGRICULTURE MOLEL AND THE NUMBERS
* BELOW ARE I1GNORED.

* IF A SITE DATA FILE 1S NCT BEING USED, THE DATA BELuw 18 USEI in 118 STEAD.
. FARMLAND SHARE VALUES (FRCTFL) BY SITE AN CROF CATEGOEY

1 4

. $I1E GG LS PR SEL SUR ZION

» PASTURE ). 76 0.47 C.38  0.€9 ¢.41  0.45

*  STORED FORAGE 0.05  0.10  0.13 0.006 0.13 0.1l

* GRAINS 0.18  0.26  0.23 0.16 0.21  0.26

. GRN LEAFY VEGETABLES 0.0005 0.0003 0.002 0.00¢7 0.002 0.0004

» OTHER FOOD CROPS 0.004 0.001 0.004 0.005 0.C04 0.0C1

* LEGUMES AND SEEDS 9.13  ©.13  0.16 0.1% 0.15  ©.13

. ROOTS AND TUBERS 0.0008 0 002 0.004 0.0C1 0.003 0.00L

n

» GROWING

* SEASON (DAYS) FARMLAND

. CROP NAME START END  SHARE

]

» NAMCEP TGSBEG TGSEND FRCTFI

CHCRPRGNGO: ' PASTURE *90. 270. 0.3%

CHCRPRGNOO2 'STORED FURAGE ' 150. 240.  0.13

CHCRPRGNOO3 'GRAINS ' 150. 240. 0.2%

CHCRPRGNGO04 'GRN LEAFY VEGETABLES' 150. 240.  0.002

CHCRPRGNO0S5 ‘OTHER FOOD CROPS ' 150. 240.  0.0¢4

CHCRPRGKO6 °LEGUMES AND SEEDS ' 150. 240. 0.1¢

CHCRPRGNOG? 'ROOTS AND TUBERS ' 150. 240.  0.004
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* PROTECTIVE ACTION GUIDES FOR THE DIRECT DEPOSITION
MILK AND ITS PRODUCTS AND TO OTKRER CROPS AND THEIR PROIVCTS
BY FOOD INGESTION MOLEI NUCLIDE (PERMISSIBLE SURFATE

CONCENTRATION IN BECOUERELS PER SQUARE METER)

« B 3 W e *

THE F2CL

PERMISGIRBLE

FLTHWAY

SURFACE CONCENTRATIONS

MODETL

THEREBY

WERE DERIVED kY
MAKING

THE DOSE

A-26

PATHAWAY To

INVERTING

T AN FSAN THE

OAGI0000919 00186



1
N
Ail

P

AN

MUK
e
14

RO
O R

it ALoAN . b
*NAR ¢ L B S deo
LI S AR B
. [ ' Vo [EN A IR TR
R v e b AL Ay
L ! L LY S b |
. :“». | J .. .\
L]
. MITK
. h il ble |
-
. LM e
CME AN e Sl
Hi AT . LW 4 b
CHEN v DR SRR 1.4
ChbA e L 1
Chi St : [ A |
CREAGMOT O i1 [

WA A A A AN AN RN ARt e T A RAARA AR R AN R AN AR R AR AR AR

o PROTLINVE ACTEON G FoR
O FROM e ToAND OLHER oD vpT
© BY CHEoNT ThaGESThaon M D]
CCONCENTRATTON TN BEOUERELS |
C ANNAL REPTEYD O RFALTE POk TH
. [MERM1
. Neep oy

. NAMITT [
CHEAST T Shoe bR
CHPAGT TS o, RIS 4.0
CHPAGL T i 1 (AR T 1.1
CHPAGL TS0 L 1.2

CHEAGL L&
CHPAGLTS 1t

LI I A IR A N e A N N R I A I S I R BT B A I BRI IR DR R B IR AR N A T R B TR B S BT )

3 ] % # 2 ¥ 4

*

TYPESOUTOOL
TYFEQDUTOO D

YPEINUMBER 2
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MACCS DOSE CONVERS(ON FILE: MOD SER #12,  1- NOV
SANLIA NATITONAL TABCRATURIES J. JOHNSON
12 ORGANY DEFINED IN THLIS FILE:
STOMATH
SMALL IN
LUNGE
RED» MARK
THYROID
IOWER I.1
BONE SUFR
BREALT
TESTES
OVARIES
EDEWBCODY
THYROIDRH
60 NUCLIDES DEFINEL IN THIS FILE:
Co-54
Co-6u
KR-85
KR -§5M
KR- 8"
KR BY
RB-8b
SR- 89
SR--90
SR-91
SR-92
Y-90
Y-91
Y-92
Y-93
ZR- 95
ZR-97
NB-95
MO-99
TC-99M
RU-1G73
RU-105
RU-106
RH-105
SB-127
SB-129
TE-127
TE-127M
TE-129
TE-129M
TE-131M
TE-132
I-131
I-132
I-133
I-134
I-135
XE-133
XE-135
CS-134
CS- 136
Cs-137
BA-139
BA-140
LA-140
LA-141
LA-142
Ce-141
CE-143
CF 144

A-30
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M 3
CTOUDAHINE S GRODN] GRCUND GROUND INHALELD INHALED  INGESTION
SHINE 8HE SHINE DAY SHINE RATY ACU'TEH CHRONIC
cCo K
ST MATH 0 20E- 14 1.099E 1D 4.024E1C 6. BBIE 16 1O SSBE 10 1U994E-09 3 853E-10
SMALL Ik 1.003E-14 109X 11 3.652E-1C €.247E-16 34.30 E-10 7.494LE-10 1.130E-09
LUNGS 1.80%E 14 2.143E-11 4.356FE-10 7.4%2E-16 1.03%E €% 1.601E 08 8 .510E-11
RED MARK J.H69E 14 2.179E-11 4.430E-10 7.579E-16 1.577E-10 9.228E-10 2.601E-10
THYRO1D 4.7H8E-14 Z €90E-11 5.469E-10 9.354E-16-1.000E-00 B. 04E-10 6.308E-11
LOWER L1 4.456E-14 1 942E-11 3.94BE-10 6.754E-16 Y 144E-10 1.989E-09 3.9¢2E-09
BCHNE SUR 4.249E 14 2.389E-11 4.857E-10 8.308E-16-1.000E+0U ©.926E-10 1.252E-10
BREAS] 4.5%6cE-14 2.571IE 11 5.228E-10 8.942E-16-1.000F+*00 9.367E-10 1.788E-10
TESTES 5.074E-14 2.845E-11 S5.7B4FE-10 9.B94E-16-!.000E+00 1.060E-10 1.€13E-10
OVARIES 3.456E-14 1.942E-11 3.948E-1u 6.754E-16-1.000FE+00 6.166E-10 1.041E-09
EDEWBCDY 4.398E-14 2.459E-11 5.C00E-10 B.553E-16-1 00CE-CU 3.088E-09 8.206E-10
THYROIDH 4. 78EE-14 C.690E-11 5.469E-3i0 9.354E-16 t.142E- 11 £.704E-10 ©&.308E-11
CO 0
STOMACH 9.132E-14 4.602E-11 9.655E-10 1.59BE-15 3.840FE 10 2.720¢E-0B 1.611E-09
SMALL Iw 8.530E-14 4.3C1E-11 9.022E-10 1.494E-15 ¢.¢7 " F-10 7.046E-09 3. 591E-Q9
LUNGS 9.862E-14 4.986E-11 1.046E-C9 1.731E-15 ~.186E (9 3.448E-07 B8.768E-10
RED MARR 9.957E-14 5.032E-11 1.055E~09 1.747E-15 31.9B6E-10 1.:18F-08 1.311E-09
THYROID 1.230E-13 6.219E-11 1.305E-09 2.159E-15-1.0G00E+C0O 1.€15k-08 7.843E-10
LOWEF LI 9.069E-14 4.575E-11 9.597E~-10 1.589E-15 2.386E-09 7.916E-09 1.113E-08
BONE SUR 1.056E-13 5.333E-11 1.11%9E-09 1.852E-15-1.C00E-00 1.353E-08 9.415E-10
: BREAST 1.164E-13 5.872E-11 1.232E-09 2.039E-15-1.000E-00 1.843E-08 1.100E-09
. TESTES 1.297E-13 6.548E-11 1.373E-09 2.274E-15-1.000E~00 1.697E-0% 1.075E-09
; OVARIES 8.879FE-14 4.484E-11 8.406E~10 1.557E-15-1.000E+00 4.753E-09 3.187E-09
J EDEWBODY 1.125E-13 5.666E-11 1.189E-09 1.96BE-15-1.000E-00 5.948E-08 2.839E-09
& THYROIDH 1.230E-13 6.219%E-11 1.305E-09 2.15%E-15 1.465%E 10 1.615E-08 7_843E-10
i KR 85
i STOMACH T.674FE-17 0.Q00E+00 0.000E+Q0 C.000E+0QC &_757E-14 7.007E-14 0.000E+00
L SMALL IN 6.881E-17 0.Q00E+00 ¢.000E+00 0.000E+Q0 ¢.7?81F 14 7.0C7E-14 0.000E~00
LUNGS 8.340E-1" 0.000E+00 0.00QE+00 0.000E+00 4.672E 13 4.708E-13 0.000E+00
RED MARR 8.562E-17 0.000E+-00 0.00OE+00 C.OCOE+00 &.BOBE 14 7.007E-14 0.0COE+00
THYRGID 1.037E-16 0.000E+00 0.000E+00 O0.000E+00-i.000E+00 7.007E-14 0.000E+0O0
LOWER L1 7.484E-17 0.000E+00 0.000E+00 0.000E+00 ¢.781E-14 7.007E-14 0.00CE+00
BONE SUR 9.767E-17 G.O00E+00 0.000E+00 0.0COE+00-1.000F~00 7.007E-14 0.000E+00
BREAST 1.037E-16 0.000E+00 O0.000E+Q0 0.00GE~+Q0-1.000F-00 7.007E-14 0.000E+0QO
TESTES 1.123E-16 0.000E+00 0.000E+00 0.000E+00-1.000E-00 7.007E-14 O.000E+0D
OVARIES ".484E-17 0.000E+00 0.000E+00 ©.QQOE+00-:.000E-00 7.007E-14 0.GOQE+0Q
EDEWBODY 2. 315E-16 0.000E+0C 0.000E+00 0.000E+00-1.C00E+00 1.180E-13 0.000E+00
THYROIDH 1.037E-16 0.000E+00 0.00CE+00 0.000E+00 +.¢B2E 14 7.007E-14 0.000E~00
KR E5M
STOMACH 5.232E-15 0.000E+00 0.000E+00 0.000E+Q0 6.09BE-14 6.101E-14 0.000E+0O
SMALL IN 4.566E-15 0.0_0E+00 0.C0OE+0C O0.000E+00 ©.101E-14 6.104E-14 0.000E+00
LUNGS 5.771E-15 0.000E+00 0.000E+00 0.0O0E+00 4.804E-13 4.804E-13 0.000E+00
RED MARR 5.549E-15 0.000E+00 0.000E+00 0.000E+00 6.369E 14 (.372E-14 0.000E+00
THYROID 7.737E-15 0.000E+00 0.000E+D0 0.000E+00- 1.000E-0Q0 5.532E-14 0.000E+00
LOWER LI 5.105E-15 0.000E+00 0.000E+0C 0.000QE+0C 5.912E-14 5.915E-14 0.000E«00
RONE SUR &.467E-15 0.000E+0Q 0.000E+0C 0.000E+00- . .COQE-C0O 6.103E-14 0.000E+00
BREAST B8.593E-15% 0.000E+00 0.000E~-Q0 0.000E+C0O- 1 .000E-00 5.722E-14 0.000E+00
TESTES 7.959E-15 0.000E+00 0.000E+0O0 0.000E+00 1.000FE-G0 S.514E-14 0.0QUE+QO
OVARIES 4.63C0E-15 0.0COE+Q0 0.000E+00 0.0QQ0E+0QQ ..0COF-00 5.995E-14 0.0C0QE+00
EDEWBODY TL202E-15 0. 000E-QO0 0.00CE+Q00 0.0Q0E+Q0- 1.000F+C0O 1.110E-13 0.000E+0Q
THYRC IDH 7.737E-1% U.000E+00 0.000E+0G 0.0COE+00 ».5029t 14 ».532E-14 0.000E+0Q0
KR- 2"~
STOMACH U1 LE- 14 0L 000E+0C (L00OE-00 O.GOO0E«QQ . liH: 1% 2 JIRT-.31 0, 000E+00Q
A-31

ol "
Ftensmd 5] o bbbt B e 0t i, Lo

ket gk

OAGI0000919 00190



H B B B b I RN R Y S | AT S
RN v 1 oo ' oo vouhalb o 0 | rr | | { S
RPN S R o T R G T O B R S ST ST AT S S P S B R
Dvie [ e N A woreo g OLgb o P . "1 (R B [
IEENE L I B LR P R A YOO Y O A S N S S RN B
(EEIN A L I T Y U e O S O L PR A1 01 S N STU SENETR FRIE S "fl' v
HREA LR R B Y B E S B I SR VTS T¢] SERAITIN BENNEI O N S S SRR
Thett: I BT S B L T N ] A I A A A TR R R CR | b I N A A
AR A N R L L T T A S S RS
Elhbwh 1 S A I A T O B A S TSP RS A RANER TSI AT S BRI ALUBNEL T Gt s i
TH W e L TN Y L A I L L L O T e B I T B N S TR DN
Hi, (30
STMA N el s Uy liptee I L ] O S O I AT S S DU SRR TR L S AT
N VAO N [T D T | I L ) S S N L ok e e
e L T S R R O T A S TR S TER 0 ) SR S LRSS U S AU SN S SUND I SYPUN SR T
RET MAL | N T A R U R AR IR TSR R TSR S O A I U S S SN S S SR E Bl
ThHk 1, | S (OO S R Y S T S S AT A TR AR CTURNE S IR A A SN G TS SN Pt P e S P S R) ST AT
Liswlk v 1 O N Y RS R S B A TRV B T VR O T A1) AR SO T T S A ST T IS SN ST ST SPOR T
Rosb ok | S B O O U S TS N B R A S B S AR TS i 4 L S S R SR A O TN SN 1Y
Bhits ] | e IR S D PR SR ST C I ST AT Y SR ST | ‘ [ NS TR SRR A T
Troin Lod il o4 DDk ecin o onuk s U L DGR ; P R L P
GVARTE L S O O I R N B TN ) SN TR R Y41 S N IO b AN I T S S N S 1 G160 SRR FE
ELEWR 10 ook DA v OGO e e DGR GO UL 00000 L 0 i) et Y4 Gk L 0 0DOFs U
THY R Tp R e G S N LT S R S ) ST A B B T T 1 ST I PR [ A b e e e (0

IR+ b

SLOMA coAREE O ! CoRCIE 1D 6 L0k ' N I A I S
SMALL DN S N MU U 4 R TR S RN SR R I LY I RTINS KIS SR A
U™ LIS A SR R | Poo3LesllE 1D e HIREE L o At PR S B DER R
REL MARIE LR A S L TN 25 (2 DU VA (IR B R Y : L AT SR SR R O
THYE 10 S I S A S B e R T Lo R 1 SR VN S N DN VLY
IOWEER 11 CAVSE LT NP S U O T A 22 T R N AL 21 S AL A ¥ TS SE L)
HONE R | S PSORCONTE YD vl . doLb o e HATE L9
BREAS 4.4 e D A DRI DU I S LR LY S SO L I ot v 2O 140E Oy
TESTH E I S R ! I S I A D A | ot bt b el vy D 1TO0E 09
QVAR [ F ot b ek b el 11 6 183EL e PoddilE & 20 VR e
EDEWLGT 4. 00 1 PRI B S O T D T 1 3 o T b IR AA ST S ot e
THYR 1T #H 4. JE S R I N O B T L R N I L S A SO U B 1 S L

SR “t
STONMACH .
Sf"‘..'l,i, I 4.
LUNGS R
RED MARE "x.
THYRC 1D t
LOWE = L] 4.
BONE SR LYt
BREA fu4
TESTES R S T IO 1 TR N F-¥
OVAF LD A.Ma T TR U UEBRE- TS S5 300
EDEWLODY $.0MeE L6 L 45 TE 1) 2.924T1
THYRi 1D GoHAME tE s JQ0E LS T 4P0F
SR BN
STOMATY ULt g0 GLOGRE YO0 0L 000E00 UL 000E e TG g
SMALL 1% 0.0 G 000k«hy Q. 0UDE+U0 Q. NO0E+ NI Ptk 10 Y 4O00F 9
LUNGS O 000F-00 G000E+00 0.060FE+00 0.0COECU " 4€40 1 4. 4.2 0o
REl' MARV GLODDEDO D.000E+0D 0.000E+00 0.000E+00 . ottt a0 1051180
THYRO L O 00GE+D0 G D0UECcy 0L000E+00 0.000F 00 e TU328E 09
LOWER 1.1 OoOrnErutG OODONE-H0 0.0LDE00 U.000E+ Q0 l.fvlil-" R O R I AN
t TR
b
i
1

Ph0L R 1S S H0LE
[ R A R N
SRV N SN T b
DUoH9HEE 1S 6.0 B
B4 G20 1Y T o440E
DU 697E 1S 5. 41 4F -
B3 2ABE 1L 6. 4921
LBk (S 70418

-

R O L T A oI 9 321F 10
6ESE 20 LT SRR L PR (B S I SR IR SN AL
RV R e 0 R 8 0 SO R RO Y <2 RSN Y
3
t

—
o S

LOA3E 19 9 dene L LGS TE U 3 201E (Y
CU9TE I oo e 404 TR e LULBRE LG
LIBGE -0 L el e R 09 2 061F Ob
L2619 1 0 s e U5 09 4 B20F- 09
CEZZ2YE19 e 4°5E LU OSE4E 10
S360E-19 T 0 ke 4 A e T Y USR4E 1O
CRNAE 200 Lo e A4 6k 10 U SB4E- 10
LCE9R 0T 0 ik e PoH R gy 2 R0 3F Q9
28R 19 i RS JUNH4AE 10

—
-

..--.é-.
=
.

.

SR
HE
U
it
k]
e
ik
b

v

PR,
-~

D R e D ke e T

— e e e d et
S e S L S S

-
-
<3
>
-

5T0E 09
LBOZE 09
CAEAE 00
POk 0T
S 333E-09
L 943E- 08
Gl TREY UL 4 BHIR- 07

— e e et e

BONE SR 0L DR 0 0L COUEY GG 0. 0GOES00 0. 000F L0

BREAST Ui G0 G 000R+60 0, 00000 0,000E+00  ugkeie IPEE F9 1 443E- OY
TE‘.TF‘ 0, G O R A Y S SRR SN BRI § S 1

}
}
et 0LO00F+GO 0.000E+00 O.0060F+00
(VAR ES UoDDROE Y DL oUnEA GO 0L000EA00 0000800 ¢
1 '}
1 1

s o ASME G L 3R3E- (00
EN\MV" v acr VOO UACAE L 3 EAE 1 SLU00F TR L i T aar e . S 1HE DR
THYRC- L ¢ 6 T R S E T I ST 191 SX N VT AR % SR UCNT ST V) [EERIRIE S S A
BRO93

SToMAH AP U S T SV S U N WY B S |
ICIEY S TN A I R S S G SO U O

ST S

L S L N SRS S RNR VRSN S
b A0S R AT B

bk

OAGI0000919 00191



beprn NA
1Y ke

M I TR |
| T
BIE A
IR
CvAR L,
LU whe Y
TH e T
AREET
ST
vMACLOTN
RN
RET MAERR
THY RO U
Foowdbl 11
ETERN DR
RREAST
THCTE:S:
OVARILES
EDUWHO Y
THYRGITIH
Y ol
STCMACH
SMALLON
10855
REI" MAKR
THYROID
LOWER L1
BOME GUR
BREAST
TESTES
OVARTES
ELEWEODY
THYRIDH
Y 9.
ST(MACH
CMALL TN
11168
REL MAFRR
THYROTID
LOWFR [
RBONE SI'R
BREAST
TESTER
(YA IF.,
EDFWROUY
THYROTHH
¥ oy

5T YATH
SMATT I

| SRRAPERE

(N
Vi

)

(),

O,

(O
0.
(.
0.
R Y0E0 O
.,

bt b e bt — e e perd e

"
T

—_— D e = D T D et

o —

——

44k,
LI B
4 64 1

K

ol

et}
CSedr

LA
[N l.'|<

R
G al

BERET I O

St

v O
(3 0
CODOVE
OUUF
IRl
U
SIS
[SI8M1 D
OO0k
OOOE

OeaL:

316k

AP

L4 36F

L8R
C306F

LR28E

Y /’7F
.B74%L -
. 284F
Chat

2By

498
9B9F,

L0126
L2491

L1 A2E
.0B8E
. 1861
NSt
D6
LS AEE

R

“\lll.n
PR
NEEIE AN

(SRR ol o

IS
W13 l”"
40

A464F
LR

-
— o et e e e — o e

e
OHTE
ot
AN S
RERRNT SN
1" 2L
BRI
Larlk-
b4 3k
NIE1S
O AGE
CBOGE

— et e e S e — = A e
— . b b ke e e e

COUIEY 00
LOOUE+ O
LONOEYOQ0
SO0QE+ 00

FOOOF D0

LOU0E+Q0
OO0 (o
OUOE- D
LGOOE-00
CO0DE+00
L3IM9E- 12
COOUE+Q0

L eH0E- 14
.o 34E-14
. 240E-14
.310E-14

.060E~14

6.644F-14

SR W W NN W g bl

.765E-14
. 540014
.5H70E- 14
.5 I5E-14

LH94E-1D
.UBOE-14

LAT3E-12
L2T4E-12
LGT71E-12
.70BE-12
. 144E-12
.440E-12
L920E-12
L178E-12

CH29E- 1Y
.413E-12
O1BE-12

CA44E 12
AR 12
JUdE 12
E I SR I

[ L
[FVR) B

|

|
LALNOR Y
!
|
!
}
]
|

;
1
AL S
1
|

A000
4 k]
RO YT SR
BT S|
RO D
LALSE )
RGO DR
LADTE
o001
CABLE L
L9%3E
L9133k

— e e [ e b e b e e e
— e e ot e e — - - -

1
1

LQ00F 6N
000K+
. 000QE- 10
0. 00000
000k 00
LO00E+ GO
L0000+ Q0
CO0QF+ 00
LO00E 00
.000E+00
L404F 1]
LO0GE+ GO

i eNeleleoleRoleoRoRole)

[

L3S1E 12
L209k-12
L4638 12
L476E-12
LB30E-12
L342E-12
DHE6EE-12
L725E 12
.933FE-12
L3208 12
L21BE- 11
LB830E-12

R Tl o ol e

L125E-12
.875E-12
.376E-172
.423E-12
L227E-12
.0B4E-12
.691E-12
.017E-12
460E-12
.04%E-12
L342E-12
L227E-12

B e T L T R W R VR VLI N U]

SR 2
CBOSE 12

R Tl DOt

[N SN

RO

[Nl
OARNE e
[ SO DO
LB ATY S
IO T} A
LTI D
t BV
. 445 |t

O
G,

\

0

0.

0
0

f)

0.
8.

no

»,

\ e

W Ui a0 e RO B R W BT

SO e b BB R e N

A-33

L AHEER e
CA04Y
LBEAR
SAOTE-
Jlvekr 1
LT
SAUTE T
7 ABE- Tt
LOURE T
142
L1498
.04 3F-
L1298 -

K

1
1
1‘
lA

(RIRTO] RN A
OO+ (
CO00E+C
LO00F+C
O00E -+
LOD0DE -
DOUOE+(
COQOE+ (-
LOGORE-C
OO0F +(+,
€23E~;
LO00F e

28R

JU169E- 1

COZ1E- ¢
.H543E- i
L152E-08
L312E-1n
VI02E- 1

971 1R

.330E-1H

J274E- (8-

.544E 1
152K~

.7G0E- 14
.563E-1¢
.836E- 1t
.861E-1#
L299E- (¢,
LO6TTE- e
LQ0TE 1w
J185E-1¢
L426E~ 1«

.EH8E- 1t

L4491
299K -0k

961
COLTHE-)
AR

T T T RTY NN NUUNN
dov fab nsnerdiliia e o

Colutg
T B DU
Sren e
UL |

LSRR

Ny N -~ U
s e — e e a7

— e e e e b b

LEGE
. [)" iR
Ctuel 1
JHm R 00
CHGHE
LQGGE
LOGODE GG
Q0GR+ 00
LQONE- G0
DO TE

NN I
Gt
R A

NI D
Foe
e

R R

STRTA) DA

AN SR
REATRIAN BT

UGk oy

JA0E T

B
oju
(& o
H 1.2

LS4 LA
ORI
CABUE 10
L242E-09
LOB1E 12

COGOE+OD
L4959
COU0E-On
RS ISINI SR ETN
DGO OC
CD0OF G
LUODR G
BERE: 1D

16

REEAR: B DR I
CoAdel 10
1.4 440 |11
tLooaE 1o

AsAE o

WiqL )1
JASE 11

€Ak 11
bty O

1
4.4 848 11

- s

O TOHE 10
1. 8e L)

R
4 21 4E
RS AN
$.3R0E 40
R A
RESASE. B3 1
o1
<. 134E-
1.741E-10
VL AEeE

4 e iE
1.alat
GO309E 09
1.0 E
SL1R3E -
1.262E
LLACTE
S.184EF 1
GUIBAE L
SU191E
2.281E-
1Y 3E

.4 31E 10
41 E
9 . B3ick-
1.174E -
. 4798
1.455%E
3. 166E -
#.90BE-12
t.404E-12
v . 190F-
1.312E
B.4/98 12

1.7058 10
2.390E-10
1.249E-09
J.Q79F 12
1.0%4E 12
2.090E-10
1.2128 12
1.503E-12
3.494E 1+
JLU6LBE 12
A01E85E 10
I naaE 1y

CBHRE (o

TLIE 1n
CUTAE O

OAGI0000919 00192

i
1.

4

el S G IV O e S

WS U W DG — ™ P i o I IR VVIRPR S DU S

WP ) ) b B b B

BTN o
CO0YE
9. HL12E
AT ¥

JHYL
RN

11
10
11
oa
11
11
1418011
L1ooF 10
ot 40
G41E-11

L294E 10
.081F 09
.948E 11
L2251
.418E-11
.179E-09
.874E-11
.743F-11
.903E-11
.079E-11
.451E-10
.418E-11

.060E-09
C5STE-09
.264E-14
.664FE-13
. 264E-14
.145E-08
.664E-13
.268E-14
L 264E-14
.438E-14
. 905E-09
.264E-14

.4914E-10
.737E-09
.017E-13
L560E-12
.288E-13
.027E-08
.108E~-12
-545E-13
.137E-113
.532F-12
.571E-09
.28BE-13

LA20E-09
.000E-Q9
.393E-12
.930E-12
.776E-13
.749E-09
.754E-12
.3645'12
. 399E-12
L971E-11
D19D3E-10
.UU6E-13

L eBOF- 09
ChE4E- 09
uLIE-313

e § 231




fob, WA , N S T LR T I AN v 1 (I
LI ] v . It Vol . LA . !
Lo e VoY l } Lk I P L P v R
ot I e O T Y R v il 1
bl o4 U RO N R U B [ . b !
[ C I S R A AT IR K 0 1 A D IR A B Lo o o ' !
AR ALY BT S NA S R t4Al | LI ! g
batwh oo I A L I DR R T ) O P O oo | o
Dokl C I T R L IR B AL o) ' i !
SR
STOMA Lorrp g B L I T T : S
SMALL O e T T e e L R R R € S SR T A B I DR ool
Poeat I e L T L L KRN E T S (U S B ot
Bl MAbLK P AL R R I A TR 25 S N SV S A AN N0 AN X SRR T B I ' : ' M
THARL Ot A T ) S R T I SR U S I IPARES S TR EY R I S B B ! P ' wio
owkbeo ol R O L T R D A O R R - T D W S A0S S N S AL PR U I N ' s '
Bootp Loow LPIPRVIE ) S B T U0 SR I S T I 7 R N DI "SRR D SO O N N4 TR S o LI U
Kb RAY ] iodnel 14D 9aEE 1) 4,000 F 10 6, "haAE 16 L0 1. LI S L
TH&TE CHATE TG 2 0 9R 1L 4 e6lE 10 T ArAE Lt 1o b o4 ke .1
OVAR L Sotlelb L4 1 dBIE LD 30199 1¢S5 13TE 16 1.0 - Voot I G
El Fwie ly $OCYSE 14 1B AR 1L 4Lu43E 10 6,493k 1e 1.0 4 - U S PR '
THYPR. TDH .00 14 2.049E-11 4420 LU TUludk-le & 140 AT B & by
JROG
SToMATH PR oA 4,490 - 1.082E -1 4, i 4 . Lt e
sMALL TN S.U0vdE 14 oL L0 0K o] 9. B0E lo 0 H4) L Ve AR !

g LUNGS T SR T A SR Y O
i FElL MARE .0B4E 14 0 & 73E-
THYRC [D TUO4H1E 14 3 30E
' LOWER 1! 419 14 2. 4w H
f RCNE SUH €.691F 14 2 449F
13 BREAST CL210F 14 3 172E-
1 TESTES CL91TE -14 4 GUEE-
CYVARTES L415F 14 2. ABOE-
1 EDEWBODY LB23E-15 L 200E- 1]
I THYRO IDH C4B1E- 14 3. 301F-11
‘. NE 95

| ; STUMATH
1% SVALL IN
b LURGS
RED MARR
THYROTD
LoWHER 1]
BONE SI'F
BREAST
TESTES
CIAHIES

026k
. 044H
L2008 -0
JA24E 11
CLBAE e
L240FR- 10
LdebE- L0
DRO0E -]
LBERTE- L

L290E 1D

1 b 1
Chaar ) I, 4 :
1 JATOESLN DB e SUNEIES AT U A SN I
t J191E 1. R U 120 A R VI I |
471D t
SIS 3
}

o oo
—— b m
—_—

. 44 [ 2 '
. R LN STY ]
RIE B ol A (R S TR R AN . 4.0 Mk
LA14E- 101 0ol e B T A B A A I
CHBBE-1G-1 .00 e ake b bl g

| i

i

A ) BN

v,

1
1ot
1

POV VI R
[
e b e e e e b e
[V SOy S o}

LOBLE 15-1.C k- T D N SR TS
LITBE-16-1.0 - 8o L Gt F cne 2 2REE (i :
ATIE-1S 207He 11 s 44 Y D EelE 1Y 4l

4N
o
—
[SER N Y S SO S U R )

far 70
—_—

CHLTRE T CLORE- 10
C411E 11 2 UT6E-10
6B84F 11 L314E 10
C1TIE-11 L3GTE (L0
C121E-11 LITAR-10
CHEVE-T1] .009E--10
.B66E-11 L672E-10
L012E-11 .959E-10
. 240E-11 .388E- 10
L3014 CRI9E-11 .009E- 10
EDEWROY .449E 14 CA4T7E- 11 LB12E-10 CT4BE-16-1 00 S 00 LSO UYL O0YE i
THYRGIDH LCT3E So121E-11 J1IT73E-10 7 ,388E-16 4. 078 11 S [ 1.184F 11 :
M- 99 |
ST UMACH

.TUBE 14
.515E- 14
.0C0F-14
.C51E 14
LT3R 14
.24 14
.330E-14
SE3IE-14
.995E- 14

—
e
[Wal

LA22E-16 1.0 ko
L91SE-16 2, B<pE Do
LBOEE 1o T, auar jn
96116 1.0 10
L38BE-16-1 .0 b0
L327E-16 9, 044t 1
.501E-16-1.4:00E+0C
.008E-16-1.0C JE+uC
LTJ68E-16-1.00OOEQC
L32TE-16-1 . uG0E o0

BTN SRS RN TH S
CO00R 109 1len
R Y] ST NS TPY S O
AR L 1L 9uAR- 1o
Sdok L0 1L 1R4E L
CAIHE DY 4L 0UCE- (O :
J1EE 16 2, 965F 16 k.
LOLSE LU 1.0 4 G :
LO0TE 1L Y. 664K 11
JAT0E 10 o 030F 10

[
L -

IO U

Al ~
-

[aaliloadll SO RN SO R _ogll ol
s

[FERVUR O I VE IR PUIRIN i SERNVIL VRN N SV )
L= JRVOIVERE - I FUIR VR PURE - IS VvE)

-~

~ -

t

5.%18F- 1% 31.820F-12 S5.3€BE-!1 1 _100F~-16 1,44+ 0O R DAY St LTI B ) Ol Y f

sMalll 1w 4.978E 15 3.408E-12 4.751E-11 9.B94E-17 4.2.18 1i . 1849F 14 1.249F-00
LUNGS 5.993E 15 4.163E-12 5.B84E 11 1.197E-16 1.592F 09 4 24921 09 1.506F 13
FED MARR € 05TE-1% 4.111E-12 5.687E-11 1.202E-16 3.046E SLCTAES 1L VL9 2E 1
THYROID T.579F- 15 5.376E-12 7.737E-11 1.513E-16~1.000E-00 1.%1¢k 11 1.044L
LOWER LI 5.422E-12> 3.740E-12 5,2%1E-11 1.078E-16 2.860FE-09 4. L16F- Oy 1.367E

I ORE SUR 6.913F 15 5.189E-12 7.B849E-11 1.386E-16-~1.G00E+00 4 .260E 11 6. 669F

Al BREAST 7.38BE-1% 5.483E-12 B.176E-11 1.4B7E-16~1,000FE~00 7. 748FE 11 3.4272E

H ‘ TESTES T.991E-1% 5.622E 12 8 .026E-11 1.59%E-16~1.00 E+00 1.27.0E 11 2.719F-

i CVARIES 5.359E 1% 3. 624E-12 4.483E 11 1.06%E-16-1.000E-00 4 S04F 11 2.174F

ﬁn EDEWEDIDY CL164F 15 5.694E-12 7 B67E-11 1.667E~-16 1.000FGL 1 CTOE-CY 1. 3€2E-

q THY kG IDH TLURTYE 15 5.03V6E 12 7.737E-11 1.513EFE-16 5. vE4F 10 151K 11 1.034E-

ey T 99M

1] ST(MACH 4.1%4F 1% 1.73IE-12 2.875E 12 9.19¢F-17 1.4+ ¢ 1. 5 i4t 11 . l€up

iﬂ SYaLY T 3.REAE 1N 1OA9BE 12 2489 12 7 950E- 1T X e b o -] LT Lo

il oty 400981 10 1 90BE 1D 3203 12 1.024E 06 T gt PR ST SR

| Fril MARE 4 LU b 1T L 200 RE S0 90323007 DL e L g T g

A-34

| ‘
-;)mu»,\\.»:"h@isx.y.mvﬂml~nawiux;..4,m,.<“ N P R

st 3 de sl doiiebimbanss. cabbokid AL

OAGI0000919 00193



P L rHE 1L e 449F 3] :
o S Y RN R @
I TR SN 7

4008 0 AlE e ]
N ST O A I A I !
S SR N
T P I T S S T T e S TR K 3
P R N A A I R A N P Coboe R N ST 3

. Sl

\

]

<
12
RIS B b e R I TR § 5 T B
11
4 &
il

. .

IS

L O S A A S U L B S S
4.0 10 1401k 1 LRSS SR T R A N U R S ¥ B0 8

: ‘o a R L S T U8 5 N T A O T S S SRS N SRS B SR SR
. P O T S GRS T X U SIS S R SRS SHNS U RIRITLIVE SRy
N 4 RO TS T IR 20 SR €SS S S R S S 2 s50E 11
Ve R L N I 10173 DR ¥ VN U U S BV IRt S TR S 3 F 5 SR ¥4
) fer 4 ) SLEABE TG 4 6T T L ke L AR 1L 6L 080E 1)
I R L o9lAk 10 VU363 16 T AFb o 4 LRTE on e G348 -09
o R S S ST SO S SN S N S U SR SR N
| T Sk 1 4,094 e 0 . SR Y S E i
I SRR SRS 10 N 024F e L e bet o L GRS 1D 1. 1o ,
' oAb LA LoHOCE 10 403418 16 -0 vt e 50 0F 16 5 T 1Ub- 10 z
i 2.476E 00 4.34N1E 16 Pl AWSE DU oy o ep 10 ;
SEEa A P2 ST SO IO P S A I S A 3 SN SR A3 SR | :
Y R4 e Jell- 10 1.4T0F 11 S USB1E LG 040 1w 11 4.4982F 19
GOE g ekl TOUTE T BL010F e b0 1 BOEE L !
: S N L SENS TULNNE OO S S S SR AT S W T ‘. 10 ¢, I0F 12 :
N ) 123 - R SR N SUCULEE oS SN U S PR ) SRN ¥ TN _ FRERY SR | :
Py Eotboba L RES 1L TU919E- 1L TLHTeR- e e 2a g 1y L.eLaR 12 ;
e SR OLd P Y L YTYE 11 5 454EF 1t i 1001 3up- oG ;
o N R S O U O A CONLT- ¥5 RN S 4 I kB .rulp 12 ‘
ar s AR S BRI AP SED U S GO T 8 S S A YL) S ZE AP 12 1 8P91E 1
N [ S B R S R SR RRAT- S SE S PR CEI S B S b 1. SYfE 12
AR B O 11 N RN N TO0 S U - BT SRR WO CEe Ly HESERTUE S SR |
W Tl LOFOTLLLHARE 11 T UDGVE 16 L . 1. ORI S
TH ERES 100N U SRR INRPE KVE SRR R s SO N PR S 4 FI B SRS S B
i '
ot R SN O WA L T AR B B B e SR N SRR T S C 4y, TinE w9
x Fooedll e 0 e LY T HEYE 11 1L3Tobl e L e b e o Ty 3F 19
SRR L 4 U4l LD 9 469 L1 1.YTEE 1t ¢ a44r - 1 Gs vt 1LadnE 09
TR LY g G22F 17 Y9660 11 1L60BE- 16 - 34T 1 1. TIE 09 I 4gip oo
TSRS CUOE 12 1LU1BIE 10 1.966E- 1 . b L. Dw ol332E .9
Peull 19 4 093E 17 B.555E 11 )1.424E 36 . wdr e 4 OB CBTE g :
I NS IR 12 1.0B4E-10 1.804E iv-. e 1. S U4 1.445E 9
soeeE s a2 12 1. 100E-10 1.931E-16-, - e 0a ! 357E 19
TotE 14 4 PS3E-12 1.260E 10 2.106E 16-1 .00 (R 1. 09 L.374E .9 ;
P 1n 4 0TARE 12 BU517E-11 1.417E-1€-. . o - 1. NI ] E€SRE-L9 ;
Sl T4 U 1TE-12 1.885E 10 3.137E- 16 T 5 T .419E-19 |
COREDE 1E €528 17 1.181E-10 1.966E-16 & - ..t 11 1. 09 1.432E-19 ]
€0 15 L 4BBE-1Z 9.BTCE-12 5.981E-10 v s {6 L, TUZe2FE 11 1.Y48L- 10 |
$1%E 1% 1 327E-12 B.EO4E-12 4.978E-17 ..« 3 1. 1.5 BE-1if 4.32°E-10 \
“4lk 17 1.€31E-12 1.082E 11 €.120E-17 & % ¥ 1" 9. 3749E-1¢ 3.847E-12 !
F30E-15 1. 682E-12 1.116E-11 €.310E-17 . 4HLE 12 7.74uvE-12 1.463F-11
< E815E-1% 2.071E-12 1.374E-11 7.769E-17-1 ©(: o 2.87BE-12 Z.B9GE-12
FLEE 1T 1 462E-12 9.701E-12 S.4R6FE-17 2 1.34°E-0% 31, "BlF-(9
s.64°FE 1% 2.08BE-12 1.38%E-11 T.B32R-17-° . 4.441E-12 €_.73iE 12
TR 10 LRYUE-12 1.4%2E 11 8.213FE-17-; CUUZE 12 8.9549E-12
S0 R JGEE-12 1. 464 11 6.2T€E 1T CUBUTE Q2 299E- 12
G ) JBOE 12 9.197F 12 5.200E-17-. ot~ 2 10PE il 4.79HE- 11
o444 ) N12E-12 1.33%E 11 7.%46E-17-. « - N IE-12 980E- 10
' C 121 1 12

. B i
T ASCE 12 T RATRE

<

S3T4F 11 7L C69E-

rO
A
&2
<3
m
—
.

SO P0G L4E LY TLEP3IF-TS 4 eQ3F -ty ., wWE U TR 10 L YR 10

.ot 14 SiiE 1]l 459 10 4 21T7E 6 S T R Y .€ 30 49

) 4 I S I ) S L T G 3 O O I S BRI I 4t 11

t kb 3 IR IR DU el SR S N 141 S Y N D - T PO I AL
. N 4 cla R P D PR S L D IO SO RN

Pk b BT

OAGI0000919 00194



ot i

Yo
\

S

. . . . P | [ P e . . s T i s - s = A LEEE I e AR ) roe ® * ‘
. e . PR P P . I N N fl . a a « e .t . . . & e .t ooy . » 4 PR
' . . . o - -
Lok abd e il whae bad sed PP EEY PR R YRt R R TENRY TERT YR VRNT RSP PREY DR TR ¥ o LR VT B T TR YR FRe R PR e sts eke ef2 ed. b, oXs 5. ol wza 8. e
P PO TS .t e . . v 3 oy ¥ . T . .
. - 3 o - v - N -

- oep o PR e, . P T 17 ey [ i -, v . ; .

. . sep 0 L ep T D L3 S L BT [ v ke . I - * . ° w . - .

-~ . pa P S . . b . g ep e PR - LR « 40" » . ap LI P— s B - .
. . . . . . . v v + . . B ' ' . . 3 - N ' . . LA . " LA +

. e o P e s ' P « . . . PR . ce v e e 4
. . e s PR PR PRI G - e e e e P N
o P . . o . v . S PRI .
Y v . . cer oep N Loy . cooet ’ N . L B - .
. T (33 o L - . T et . A . ) -
. N ‘ H .r oo - .r .r .
o .- . A * va
. . N
o7 PV B} v . . s .

PR S X e - .. e e o R P A Vs e e eee aaa e e e . ez
[ - > Vo e PO PO S E T . P L | 1.4 1 2
[ P I X I T . PR va e . . . . Vv oea + . P R B T D I BPr  ) L R I R I P B R ey PR R

.
me e vma eas ber vie e ke s nd e wle sia ehe aee vad e e VRN e be ee Al ake abe mds ke sk Lee whe why acs w4 by be e3e ohs s ass ks b ke ..
I e ko - 3k T rar i - AT O " 3 - o ' R § R v oep e - L L e L
BRI AR 4 v T . o M I e = ' e T LV e . T
H v PO I o .o -t H L r N i a LA ST R .Y ,e o, - - e T - LI
- T . . A R S TR, [ L BTSSR AT RS . i BRI e ad g e YT Y e, Y, -~ 7 . Ta s T W
. B Y L 2T 2 v R Y L A LA I A S I S R I P R R B
I T T Y B T T S - L I TR B B R e e L I R R . I R e e sa a e P o
* 0 i N " i) .
ae el e e ven ean oele s oLl ke VRPNV VS I OURTY I FOJN 0% B D RIVR RPN e od hd b fa e b pd ol i G Wi ehe hi b cau sds
P - . . 3 v . R A SRR o S DO SRR AR T e IEAGEES VN SR R T .
- T - ST PR SRR N VISR S Y [ BRI TRV . IR 2 I T
4 _ e N « R O [T SRR L R R T AT A - IR ) foep P L .

P B P ¢ « ) T N R Tie ol 4 [OF IEER N o I Te a T aY IESF TR AT S B t T e 7
e e e e it e 4 L R A e LR A AR R P .
B e N S R NP PR B R R B N e et IR B e I R R e I pa e « o

f ' [ ‘ ' )

PSR vl e dad gl L, T wid i ) b {ad L7 G L lee Gd o, Cae shq ubd okd ovad Lda el vby [ad fad wsd Che led vhi ehe paa e
i S ... EERAE T o1 e A B X b X0 AN IR I T LT oal . o NV B L o
- - % = Lo . . oA, v oe I SN . JIEVREERER * P ~ 3, e o .

T - -~ [ r oA £ X v 0 b oa J . B BN e T ey .- T s T ow

e e T T T U S J . . s Cat e s R R I S R R
=T T e heal> Al S e it e R s ol - e L - e e - - -

PR P T L T I I e et I R R R P I I T R B T B R ) R e I B I A ] e

. '
A P Y S DR SR U S S VU TN T DI SIS Dos ) my wed 12 L ede e ovde fag Gd Ple eka odd ves the bhe pde bea e e el sd e e ese el e am e
T - - "7 : -~ Ly he s 1 . —_ ' FORRY A J 2 -~ 7 - i - e

AR - - T L L N LG S~ o A R ar . a YTV - 7 PR RS o (3 St ¥ X I, . . :

- 7 - .- ‘ . ST L e . L T VR RS e VRPRIE s N p PR S - - . -
- e < b e e - Rl E R R A B T NG L S BRI . e R M IR e ] e ) T e (0 T T e R TR B

- - : hR- -3 . 3 - : -l P e ER S e Tt P L] XN - -
e om0t oo . . oo BERSPED e el o S e e — b v gt s .

- - - LT e . A o el T e T - . .
L A S . YRR U s I R TR i .

. -t - - i - s ARCNS SN E e [ rs AR A B ML PRI e T L ) L ogae

T - L . . F T, - B L3 = e =T 3 . d LT
c — e . . . < Ll e R O G I A A [ - M
-t e T4 = Lo . T VR Sl LS Lo L maeplonix T Py DL ol L O

T e B T Wk U e OG- W& b O I I RN S

OAGI0000919 00195



o } .44+ . . TS S T ET T8 SIS S B € DRI) SR (PR SR A AN 3
BT AL boewop o P O SRR S S O S D -1 1) O R TR I 25 -2 5 S e
11 11 HREE S BN N R A PU: AT NN S U SR ¥ SO IR T S 1.3908 1402 10
VS L 1.1 4RE LooDYE 10 U640 F L1 2U31BE-1T 1L G0 B 1LOB3F 10D 10
| SRS E 1 e34F .0 S 13F 5L 6 VOSE 11 L. 05E-1 / E-<Li v qeeh (-« 34
T T .ol b i P doF0E L 30393E-1 ) SO S 71 TN S il
r! H (‘l\_l
Do H RIS ST I S D S Sib D0 1 L04BE-1° LD THE e L TrRE ¢, F-10
YMALTY T BLOTEE 24 D04y H YA Lie B SBE-YF X 420F- 10 4 9LBE Y I.elITE L9
Tt SR 14 DoTaE L0 DB 10 1.1%3E-1° D .244F ©° . .2%iFE v u & . 20BE- 11
RED MAKI- FLUOUEE D 30l IE LD [ U3lsF 1 1.145E-1 v 441E- 13 1 U3RE€E 1¢ 3. 304p-1G
ITHYE ot AR L4y TR sonb 10 1.450B-1- | CUGE-D BL2BTE e 3.978F- 08
LOWER 1 TLAZ4F 14 20 C1UE DD i LJ0F 3L 1.GH1E-1° L REAsE (4 2.360FE (9 E_102F 09
BUNE SUR t. 18R 34 4. tee® 1 SoHE D TUZ2BIE-~T 0 D owuwdE-UL L 6CPE I 3.698F-1C
BFEAST .245FE 14 3.€4€E 1 2.%42E 10 1.387E-1--1.0(0E-C. Y4.204FE-1: 1.342E-10
TroTes SOYELS s GO 1D L USU9E 20 1LS11E-10 LLuiTE-f 4.9420-11 9 RlEr- 11
AR TED DoATOE LS 209 T1E 1D 1L e9SE- 16 1.GI16E-10 1 GOLOE-0G D 335F- 1 TV O0F 10
ELEWL [y GUABE 34 4 040F 11 LG OE 10 1.2I27E-10 LLO00F.7 1. €34F-0% 2_3ISSF g
THY+" 10N TLAYTE 14 3. STE L UUANOFE LT 1.430E 10 o 4I9E-C- 4 28OF OB 1,908 OB
TE oLl
STOMACH €. el 15 s 19 L. L4 1F-10 1.%1E-1e . 2T2F 1. 4.G70E-10 3 g%8- 10
SMED L TN Co2L0F 18 2 aI2E-10 4. TF 17 1 .364E-1¢ < L_E 1. - (BIF 13 T 662F- 10
HENINS . BolT S4U3E 11 UMsSE L7 1 T U2E-1t 0 T4UF 1 1.641F-0% 2. 93TE-10
JESIT 3P AIE- LI 6LODEE 10 i EB1E-1 el SL9NIF-1C 4.T¢4F IO
LUDOTE 13 4,304 10 TU4€E 1 S 3 BE-fe F-f- - D2B4E-.¥ 4 .625E 0B
G.RAYE- 1L 3. 04F -1 % e E 10 1.%I9E le b .0 E 1. 1. ST4E na 3. ¥4E-09
LT 7RE 14 4 U Z4F LY w C2E 1o J.419E-31¢ ke 249F-10 B.537F-10
TLITAY Tg 4064 Ll LB Iy J L eREE- - E- 3L 1T ALLIDEE-LIO
L4 4.6P3E 1L AN ST Y 250 2 T S <. AT4F 1T 3.C5EE 10
CEARTES N YUI1GES 1L L4138 L0 LLd99E e D0 t-7 0 4 BE®E-1. S.0SRE-10Q
ELEWHODT DO LAYESIL 6LNY2E- 10 SU1TIE-Ie LU Lf Fed, 2 229F-C9 2. L3ZE-09
THYR 1D 2 4.434E 101 TU4Y9F [ L 3 HE-le | 2e b T¥ 5 DRAF-UE 4. €95E-08

[ 14

STUMATH

[ 3]
-
, .
a2l
»

2 4 QRIE LD TUTBE 1 LUTDTE-Te LRI S O +1€E-11 3. 0”9E-10
SVMALTD 1X LLUAE D4 v ni4F-IT LOYTE-Llr D 4%SE-le D S0 1Y . 42E 11 4.371E 12
Liss oA mE D3 BUARAE Y0 1L LIF L0 JL9TEE-1 4 e1€F 1L 0 URESE-TC 1 .0ler-10
FED MAFR 1.44%L 14 B.e7BE 11 1.%rgE 1., 3.0TTE I 2 -1YE Il e D¢ FE-1l 9.444-11
THYR O 1,776k 14 1.0€JE 11 1.e99E 10 4. T42E e E- S R DR S
Toager T LU 18 gk 10 LUUI4E 1 JU6T3IE-Iv 1 4e b L1 U .SO3R ST 4.239%F 11
FodE SR 1. 7%:F 14 1.U44E-11 l1.¢ 1K 17 . &"BE 1 ;.. E- TIBE LI Boe9wsr 11
bitbAS Lo B N4 LN9RE-21 1. TE 19 3LBE9E-le L Lf EeS JHelE 1D01. 209 10
TESTES PoBwHE 014 1.14<F 11 1LETOE-Y1 - 4. 0ITE-Ye L5 Bel - U RI2E 13 3.77TE-LE
CUARTES SL2Z4E 14 SRR CIT LUITEE T 2.3BAE-1e L b el TASE 11 4,06 E-13
EIFWRODY e B 34 1.079F 11 1. ¢14F 10 3_S53E-1¢ .00 b CBT2E 07 1.434E-08
THYFI 1T H ! CE I OLCtIE DL 1LE99E 10 1.T42E-1¢ D 4 L% 4 g G§F 9 1.%838-07

1 142

STOMACH IR S R AHE 11 1. 8E 11 1P YEE ] b DL e BWEE D] € 320 10
SMATL 1N 41 14l SE 113 T YE 11 1.4%2E-1° L L4 b 1o J4°FE 11 3,160 11
17 s B 43 09 L eT9E 1y 2.0k 11 L, TeBeel i SEoLd Z2iegob 17
REL. MAFPR 9.LA0E 14 1.9.0F 11 U.0%99E 11 1.T4YTE-] -4 LF DD D4 i 11 2.450F 11
THY .. IT 1L32¢E 14 2.3-0F 11 2.984F 11 2.1¢3E : LU BT T TEE U 3 . B40E-C9
TOWER 11 Bold9E-14 1.703F 11 1 . ¢71F 1! 1.5¢E D S 0§ S N o) SRS § |
5 BONE SUR 9.9849F 14 . 90E 11 2.09¢E Y1 1.922E-: L S AVECEAY DU R S R L 1) SR B §
n FREAST LLOTHE T« o 0n9F 11 2.4HIE -2 2.077E-. - E-C% L.410F 11 2. s11E-11
! TESTES TO192E s 2U4M3F 11 20 THNE LD D UDY3E-L- b CORULE D MO2M0E-1L
i OVARIES BLYIBE 14 1. 700E-11 1 Be8F 11 1.9%B3F-"5 1.0 "Bel. e L1500 S SRR T Y5 SN B
EILEWECD Y T.OAb I 20003k 1D JO800FE 1L JLOSSE-T Lt B <ovJrr 10 1 wnl4F-10
THY L0 Lodoey 23 2 aq0FE 11 ULt R4E LY CUIRAE T 6 34LF BEEE: 3 o S L.27°9L- 09
MR I
‘ NTONMACH AR SHES B S 63 11 40 20F 11 8L 24%F- e LN AT S R L I § R K ¢
SMALT TN Lodlob l4 4 IREI2 400028 11 SUBYTE ¢ L S R L §.40E 1)
LATteRS TP LY TUIF 1 o LNBE UL 4. o i0E LoME SlEJE 1 §_.918F 1t
FLL MARE . A X P B T S - S 4 3t I S DURE R TR B |
NELIE T o N L2 S U T RS S| 1B B 4+ ¢ 2 LA R MRS S
IoWIE T S OIL 40 sk 1l 4.1 4 o 4 1} 34 1 B i1
| AN vl N A D S I N R 4 JEE CE S N

A-37

s1ds

OAGIO000919 00196



BE LA
Tl
OVAR Y

EOVWh Ty

1 149

SX' .."{‘\ "
SMALL %
L

LOWRE
BONE
BREAL 1
TESTES
VAR T
El ¥ 10
THYyr i
1 1

SrI BAVORR|
SMAL L I
Lre s

RED MoKk
THY R
Lowtk 1
BONE »1
BREAS
TESTES
OVARIE:
EDEWRSY
THYFCGIDH
XE-13+
ST AMAYH
SMALL 1IN
LUNGS
RED MAPE
THYRGID
LOWER 11
BONE Si'w
BREALT
TESTE!,
CVAKIES
EDEWR(DYY
THYRO DK
XE-13°%
STOMATH
SMALL 1IN
LUNGS
RED MARPR
THYROCID
LOWLER 1.0
BCNE SUF
BREAST
TESTES
OVARIES
EDEWRCTY
THYRDIDH
CS-114
STOMAH
SMALI N
LUNGS
RED MAPER
THYROIL
LOWER 1.1
RONF &7
ERFEA T

BN

e

[e ol

_— L —

e (O b

bl e b e (T D

o

d
v
v ol
vt
v} E
R
4\‘!
LRSS,
Y.
R
qel
LAY B4
S
C oA
L
(|(i
(2RI
v ":
[V
U]
|
(S
rooLt
R
) Y
4° 0}
FITERS
IR
BREES

¢
-~ o~

skl
L
gt
It
o
4547
The o
.
.

i
-
A
A
.t
U
"
o
.t
14
Ve
‘
4
J R
i
P
]
.
JERY
Py
Ve
cot
.
.
“t
.
!
“+
.
Plial
Vo
o'
I
i
L.
[
Y
il
Lt
y oA
i
I
B
L
it
N
i
G
+
T
1
1
1

LRI - N

£

SNV S Y

'y

]

5
4

4
i

4

RS o

e s

NI S
. Hp o,
ik
[ S
A SN
e LR
Vo
Hb oL
R I N
B S
O N
R SN
dt .
¢ L
RN
P 3 SN
LR SN
[TV SN
RSO
lE L.
LA NES SN
P

st E e e
[SIBIAIJERAY
[T SR

RN SR

CHBE
L4 04E
.4 HE
S

(A2
R4 4F
BRI SN

B e N i i
Mo e bt et e e e

t.
A
Lt ':
Wyl
N b
Loaiet
~F

ABRSIVIATS

f TS
AR

DL u0nt

SEROINCl S
. 0Cor

».COulL.
PERVIAIEAS)
. 00L0oY
0.000F
D00

AISEISS

18R
S84t
7L 1RYE

Y30

118
481

d
RIS

y

N
N I
15

N a
4 i
\ '
. N
v v
.- '
‘
RS -
. "
R !
4 i e
. -
4 -
o M
i i
T o
[ -

Py
P
i1
M Al
il 1
T
[
i1
'
il
s
ad
C ol
2l
.
il
vy
La

12
PR
HE
19
Tt

\

A-138

< -

P —

RIS
C9eSE ]
J1B9E 1
LSTIE 1S
3
I}
L

490

NERRE )

bt bt b bt e p

LS SN
[SREREY R e
RN
”".:I‘ ',“7
PR Y
N

btar
vy
St
P
4.8 -
:"['_ A»
VAT
SO
oL

COGOE - Ly
LUOOE~ G
LDOOE+GO-
3. Q00E~20

LDOQE-S
FOCGOE~GG
CNGOE~a0
LOCOE~O0
QGOE D0
LJUOE- OO
OQGUGE+ 0O
,O00E+0D
_O00E+ Q0
LO00OE+00 -
LGRS OQ
DGR+ 20

E:

TRTRSE

— e »

4.

T S

e R

B SO o

[

B3 b b R ps A s b, -

ax

-

-

bl

-t

» ke

Ppe rpe bes

B RS

PP

'
4
| f
h
..
'
'
: .
, .
'
L3
1 .
'
v
"
3
‘
i
P
l} -
M
-
y o
oy L.
-
i
ot
e
¥ oy i
' !
"
-
! &
1) s
X .
* q ‘.1
v
v
[

OAGI0000919 00197



HUS v AL T v I X T Looe b . i o “hoor
N vo4h 4 T [ A O AT A N R
i Ve S o N B S A R A YO & S S S U S T A U ST FUL I P T L SRS
Trogw L I P S N AL D SRR Y. 25 B SO T bt it A - s

O | TS CHENE SR LS SR LY FE T R J R
DU TV R N Y T
T Boiewe 00 1t 4t

T L T S
B S S SRR RCIE 3 B0 SRR

~
£
ry
PRS- N SR

i

! s

1 . |
i 2 +4F (S U TP R (K. S S KR S TUR SU CLblEr ool LR ARSI
ThHYE RIS & B A D U O IS SRS T 7 1Ok T S P S ¢ [STOr B s AL B Y % SR AT
LowWEy P4 40190 F 1] B O O N R L O 3 Y O SNSRI LTS SO IS
[EA: I A S A A 3 I R B S EE SV S 5 S SRR AN Y ¢ TR Ltk S SR AN
BEL2 R B 1 DU RS N ST S SN VI VTS A S ST SR S SR
it I e 109F 1D 1.0Bebk o UL I4LE L 1000 N S B VY2 9L
E3.F L4 4 146F 131 TUMTE-IG LL4TIE-IS-1.00(08 N S A PN 3°1°) S VL)
T TR 2 S - DU S PR S S S VEOLEE P O S T SR TR YA
i b T G S RN AN 7 D SRS SR B -L N S ] & SR AT

ol DoiasE Sl U d-0E I 4.0 E e LIy A PN S DN T S

DU S DI AR A S RSB USRI S 5 A S SR Gt U0 S B SRS 1 SE LR R S R T < SRS
S8E-14 01 244 11 Z.64CE- L0 4.35CE 16 Y.53-1 Yoo abE Uy 1 Qe R0l

. Ji7E 14 L1.Z2€CE-11 2.e€6F -1C 4.41Ck 16 L6251 Ho09WE G99 1L 316E- 08
. SR lg TUS6UE-YD 3.301E-10 2 460FE 161,000 - JAlaE Gy 1UI25TE- D
DowedE T4 117N 11 CU3T6E 10 AL930E ie 1. 4e 2 ol sk 410439808
o At 14 L 40 1Y 20874 10 4wl 0E-le-1.Gu - A33E-0v 1. 258E- Q%
edg R D3 LUBCSE 1T YU192E 10 LTkl le 1. 060 - B Y R R EY- FUY S
(T B S SN IFSAY SN U SRR ST PYAS DU I RN R S B SN S OF COUR IR R SV LT S KPS § S+
AP L4 L 10 1L TURTeFR 3L < vd B e 1,00 . VDTRG04 1. 2Pl O
SeE T4 Y 4ol 1 3 CHSE T T g e 160 1. A SRR SERVE DR S AT

= 1. 14 1.secl 11 3.501E L0 4o 0l e 2w RoL AL ) SO " DS 61 ]

SE I T UT40E-14 1UTTEE 1 46 TE 17 9 lvdr il o lgdbE-11 € .BEDE 1C

1LOZ4E-10 1 OSs%E 13 1UR€TESL13 JL1TRE-LY 742 8 L LaLhES LY S 0%00F 1O

do2 B8R Y0 LLO2BE 13 L0964 -1 JLTACE 1T 2 6210 oL DYFE-10 4.450F 13

PU22TELY 1JUB4IE-13 1.8VSE 1% TL60 E 10 4.45%1F 3D 4. %YE 1D 9. €10F-14

Io0OE-19 L 59BE-13 2.64eF- L4 AETEE 17 1.G0 B0 T USTSE 1D 4.210E-14

PoARBE 10 L7V IF-13 1UT43F 1 DU40E- LT LLTTA6 ML T TRE 11000 1o

1.82eE 1% CESL4 ZUE2YE YR ¢ GBS D 21000 B- 0 G004 E-172 .4 E 13

LEBTE- 1Y D097 1FE 1% 2.9€6FE-13% 4.1202E 173100 - 0 L M4TE 12 SUTOOE 13

L.Ve3E 1Y .62 b 13 2.7sTE-1% 3. RLLE-1T-1.00 V- SLBETUESLID 3L620F-13

OVAR IS 1.034E-1% 1.2548- 13 1.583E-1s Z.2C1E-17-1.00 b- undbk-le 1.610F 12
EDFwWRC T Zol64E 15 EOLDTE 14 BO276E-13 1.150E-16-1.0C b~ d.e80BE-11 1.0%0FE 10
THY RO TLOYESL1S 059 E-13 2.646E-13 <. 67EE- 10 2Ly L0 FCHE 1D 4.L10E- 13

BA 14
STIMATH [N SO O
SMAILD Ix . -OnE

r
-

-
-

.94 1F -
5.512E-
6.4 38E -
t.525E-
JL951E-1C
.B31E-10
L0e9E-10
. JBBE-10

1L332E 16
1. 1BYE 16
45-E-1¢
471E- 1€
.B42E 16-
. 30CE-le
. H54FE-1¢-
.91BE-16-
L4935E- 10 .991FE-1€e-
. 7O5E-10 .284E 16~
L62BE- 10 1 .BTHE-16-
L9S1E-IG 1.B42E 16

o

G S B3eE-10
.691E- 00
. 920E-11
o S219E- 10
GO RSl 2 TIIES10 SLU583E 1)
354 09 4. 404E-09 2 E€I0E-OE
EeTG LU31TE 09 S U331E-1G
: o DB LD T E0UE 10
1
+

»

I

FEL M F
THY RO g.7A0E
R i ©.4 F
BOYE R
BEES
THEIT =L
OVAEIE -
~DEWH.
THYR DT
LA 14,

ST #Aacs

e e
,
gl

St T
RIS
~

[

I

bt bed prd e

R e

-

@

e
o T
o -

e
Al < e ]

Lren
(3

'
C
w
'
!

[ I SRR B S B N

SO0 B0 L H0RE-10 1. 467E-10
Feol 4.48CE-10 9. RTTE-10
LOCTE-Da ] 020R-09 2 545E-09
SBivk D0 TLIE X 2.%B3E-11

bt i bt et e s e b oo

W
S
to
m
b b bed b pad o R b
. - E,

.,
Py
n
—
.
Salie
bt b et b i bk ek pd et ped e pes

[ 2 O W)

L A e il RS O B - S Vel R B

)
—
P AN
"
.
L
™
SERNENT -

-

e

g 14 4,007 §1 2 954E 10 L 3ATF 15 3.5 0w T tedE 10 1.0B6E 09
sMALD N BLoLEEE 14 30 54K 11 20 US4E-1C 1 395 15 T LAriE L v S AE 1o JLOYEHRES D
dosBAE 1 4035« 11 03 19BE-10C LLel0E 1% 2 0451 O 4L 01eFE © 9 4. 0NGE li
G.4P1E 14 4,419 11 3.242E-10 1. e43E 1% 1.44 F Lc I04E 17 LLEleE-L
PoIGYE T So3eed 11 3.936E 1C 5990 1% 1.0 - LA A I U R £ 171 2
PUOAME D4 4 C T T 2 93nE 1 1L4ECE LD 0 9. I 4 TEDE Oy
FRRRRIAR S AR | AL T X 0 VA S T S S I ) I A Forl oo ol
N irt : R D R -2 D U A D S D N I N A B Y
NP VRO 40 1M e DU LTRE [ 1 - ' P HEN

OAGI0000919 00198



140 13
\'."'f- i
i

RET NS
tHY

HI‘{'./‘«.‘ .
Thy it
RN BRI
| DA ORI
Pyl T
| IS AN
.‘;.l‘ ST

X [
[T O )

IRERIEE
FED O MAL
Thydk o,
fowt b0
Poons otk
|2V A ARV
Triil

EDE w507

THY S T
(O T A
STUNAH
SMALT N
i
RED ARV
THw- T
Lot i 1
SR
BRE.
T8I HS
VAR IES
Ebt v Dy
THY LD
T4
STOMACH
SvMLL O IN
| S
RES op
THw s+ 11

Tt -
By
BRES

Tho "

ARERiE
41

otad

H

4y

- s L

Lo

=a

L
N
st
bovay I
S
e
9

e

.
R
[
1
v
N
'
“1
P
I s
.
R
| <
I
N
1
Al
Y
4
~\
N
N
ot
[
P
11
..
¢
M
I
P
P Y
!
v
L
[
.
t
L
1

et eyt e e s m

e mm e e e e e

]
b')‘!}
Tl
(A
R
\-1!
Y
vy i}

AL
S

AR B3

4.0 b
[EARE RS
wode I
g b
LIRS
v
Vo
Sar
tin

[RIEIND:

Bl
v

S

PO

: y
! i
' '

‘

!
.

.

4

]

N

« o
.
\
«
«
« o d
»

e

I

[

'

[ It
: i
Y
L.

N

.
1
TR

,

e
~

ke e e e
. ——
=Y

.
R
-
L 1
LI 1
[ 1
o
i
il
1L
.
L. .
A
i« .
1
1.
S
i
1
LI S
P

1.+
b4
Lo
i 8
'
[
iio4.
.
I

A-40

HEEE N

REIRRR AN
B AL

vt
Pl
foa ]

sk
3.0
vt
Pl
R
ity
erlt
Lo
.0t
A SR
o

CHOHEE
IR

JENS

SoLaE
RS
RGO
A A Iv)3
LRA L
RAF

o

St

RERTS

PSR

<t

o1
RN
,
o
v
. .
PRI
(K]
» g v
.
SR
[ .
b}
. I
vy s
[

~ -

Le

—

13
. ;
toe 1]
[
.
LS &

40
U
v
.

< ag b
RS
t4LF

OAGI0000919 00199

b
1o
»
i
Lt
f

'
.
B
L.
L
.
1
i
s
3
[
I
i
1
v
I
s
.
'1.
N
<
1
1
N
(3
td
HER}
Lo
s e
it
T
. 4
1o
Loy
\
V1



SRS a4 T R 1 N SN B NURRE . ‘ P
T ' i v LA . 1oy LNt . . : .
e
o By D I ST REY S N S S S RO S R EPE Ty v T
: oo R 25 T SN oL oo, i
G N I L T LA S TR T Y ST TS . : ¢ L :
. ) S R S S N BTY 0 S S S B T B A
4 o R R B I S U I S VR o A TS T :
- . S NS N T S S PR e CL Geet
: - ST T B IO L A S ST S S
Pore s R T T 2 A £ U AT S S - . N S ST T
e K N SN TR I 20} SHEU N N STRP R T S O ST S
S . R ) S S I B URE TR T S
. o N L 2 ORI ERIT I F S . Sl :
; S S I A S N STV S S S o 1ot
R T T U S X1 N SUNN I SRt L 41 o . b
. LA S RS STV INCET N3 SN O S DAY 5 AR ST T SPRCE T S TN S
CJR I S SRR EI U S SR PRD UL 0% S SRR RO CT- R S RN L a0t
HE T T IR ST DALY DI & SN S S SN PR  S I
' o q L RO Y 3 S U T T YUEY) S ST B Y IR
HSRR! O S I N BV I0 2 S T : PR e b
: v ] S S B ST L T IO RU L S SO VT R TR L
PR S EE S SOERN U § SR I N S PR Y SN N SO R U R T
' ‘i T N R O O R TAY § ORI S AT ' 3 i N il
SIS USRI SR B LS5 SN S RNV B SR S SO S S )
T N U S0 T NS S S T S V5T SO R e Tl P
i ' oL 4 S 152 T D TN SN R S o R
L O TR S S S SV STCS S S B R P S S :
. S SR S RlvboL = LoLnTE e oA N 2 1
SRR S S SRR S S TLEE 16 9 G ERERE CoL 1
Yo S S L S T 7T S ¥ T P S SR S : ?
THYE 1° N I T B S S PR S N S B CT R U] S ] ;
Lot O DR S S Y- IS SN ISR 0 RV SRS W R BT - PR e s o
BoNt » o n oo B R L L N S U TS SRS R S G U S R L. y
BEE AL B L U ULV SENN IS AN KT 'S S N L SR T sLoAE L i ;
TH: SR N AN RS I T S D TS S " § SO E I S ET R wrood o 1 g
OVAR 4 v, EKI S IS TR S 1 TR B ALY 3 SN S R R AR ) :
FLiwie . R | B DU T P T T O S S S ¥ TR S (T G U S i
THew 14 SOlE LA s E LD ASTE D YLUTYLE 16 41 RIS
IR R
SToMA H L A TN S Y TP SR O S B - LA SN T B S D AEES SN A S
ISP TN SLorell O g a0k 6 B0 10 1.4 HE DL 6l 4F R S R )
JANEHE Lo mh oM B T e 48R 14 L 050E 19 1.4 < R E I S I i ;
M L RN R F IS S - S 2T o0 S S BN ) mp v s
i - TR S SE LS CUBISE 14 1.294F 14901 G- vt “ 14
OWER Eroa U UL R SUEE RUS SENL P W T NS S TR LR R g {~
Beb Lo e oL 1T.0€ s 13 1,70 B 191,00 RS ‘.
BRI.AST S P LD TEAE T 2 3I0E 10 4 4BEE 1K 107 1,995 e 1e 1-
TETE. AL R S SRR T TR DI B IR SENS IR T S TSRt S S BN TR TS D SR
A TE L S L N T T BN T I ST VR S 3 G PO I PRI SE 3
R I PR U S SO ) SR U N L0 § SR K TUE BN ORI S Sy A R SRR J
AT b 1 v s O3 T EULE 14 1L 294F 14 1. 4% R 2P SRR PL IS S
PR GO ) S X I ) AL S S S S S YOS S P O E A
B N A RS A S A LTS S P ST ST ORI R PO S GRE oty et :
T T I SENE ST B S S DU NP R S P S welhoo4 ;
i T T T S O Y ORSt SHD -T T VR 11 S T - S ST L4 v 3§
L T S T S SR T VAT . Vo SV .. r G Pa ;
; O T L LN 70 BT N SRRSO B Coe e e ey (o !
; S R S S R I DR S ST S0 S PR S O I S B RO
' S O Y E S A S R 122 " NP R IR v
‘ SO R B O S S SR ST Y . R £ '
PR A o Pl R Lov LA :
1IN Coe g ' I : A Lk AT " Y
:

A-41

OAGIO000919 00200



B Mk SUR
RFEAS
THSTES
CGUARTRG
BRI Lor
THY R IDY
UV 44
STOMACH

SMALD DN

- ¥ S

L0

kR MARE

ik 10
{

SO S
BRES L

Th

Ve
AR
tt
vy ok
reyl b
At
o
(SR 13

[P

3
=
1
I
[N

e
et rre by e ras

-

-~

r)’c
a4
‘- (R}
44t
T4k
TS
P
i t

ey vee

e e b

. o
H LtE
[N
<k
LR
. q4t
CERER
i_')‘\':
: ol
IR
T
ot lh
T DA
« ¢}
IR
N [
W e
L3
[ T
IR
1,610k
H (A

rLy

. 4

A

POy

.

N

e aa-

oo
~

]
. ovee

oLy o
—

CAM9E
SR

(- 2E-

LA o
a,aF

“4iF
REERA
C4F

BRI
k.

el

' .1

04
A
.9
"
R
.
C
jad
4
o
i
ie)
1o
P
o=
G
L
N
PO
3
1 «
Y
o
MY
*d
1z
M)
.
'
1o
14
J

[ G

— b b

— bt et p

[ VU

e e ks

DA IS

e -

SE ek

Ce ¥

' ow

. B

i «
-
4

C

—

b~

<L

LS ad s I )

R
3o

EUATE~ R~ N I

-

£ e

T o

O L v b
;

3

1

’\'
<
- r-;j el

T L

de b
(=2

e}

e

-

BN
T m

91+
v

e HE

s

el

”
Lot .
VoA
N
1 B
] 3
S B
©oa
.1
N
.4 .
B
P I ¢
N “
s

.
-~

+
e -

x N
ds
R

o

o

~
i
T

[dalls

[aal
.
.

N4 . E-
1¢ ... E-~
P SRR AERI S
Tt . E-
oL L LU R
N KRN b
i€ . CTIE-
1¢ LU B
PSR S
N .. i.mF
ir b
FUREE- T o
1e .. $E
AP SRS o
i . ILBERE
HE S
1o L.~
FOSEERI § SS% A
11 4. 706l
11 4.0
[ S 3
11 2.€1cE-
11 .7 J1iE

to
RNV )

-
VR -
— )

[
J
R - 3

—
3
*

[
B s 2l

.50 3E-
.59 2E-
.t lE-
.045E
.t BF-
.54 0E-
L CGHE-
L€03E

A I

1

O T Sy

LEUUER -

LOTRE

Q-
JHUOE-

. 364L-

J15E
. e OF -
RAMES N

6 IE
AN
e R

R O

\
5

-t

Sy bes kAT ) et B ke B}

P N

»
4

- T
« - .
. S}
oo 3
b t o :
1 . - - . -
- 2 B ~ arl
- RSN . Il
.o R N
. D v : ,
- RS PR -
4o et :
. . R .
Il - ) . - . N
- N 1 .. .t .-
. . A L AN
. '.r ( . Lad T N
- oo Lor e
. A ~ 3r ot 9
. - - s vz -
- L IR
¢ 03 » o .
. 3 ; .
Lol e . . .
. SEETRE IR
- - 4 1%e+ ¢
Lo TRV
N S U S
. R “ oo T
. [ L S N
. N 5 RN
- N ; 't b
- L ',; P .l
- tor LU DU N
: PR RS B S: .
S O S SIS L SO
MR T8 SRR R A
R [N Doyl < »i:. |-
- oamgE 1 ‘_;-_- ;.1
EEEE RIS 8 SEIEE N LR
2 o v X .
- I S R I LR T Y
T . . <A
B P S S S
. (S MR SRR
- Vet Lapp
S St SRR SN
. . 17+ v Tp
v ¢ 1 [ \
. NS L
. . « 4 . L T AR
- P x 1
. ¢ [P O SR
. .. HE Py
- N i [ i 13 A
AN - ELON SO
- Lo T N
. o i
- -y ' LIRS ¢
[t . BES
4 L t o
LIS 1 '

OAGI0000919 00201



MAC S TTE DATA IR TR SURRY (1S, 1110 -88)
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MACCS SITE DATA FILE FOR SEQUOYAH (JLS,
SECPOP POP DISTRIBUTION FROM 1980 CENSUS DATA ALTERED USING
26 SPATIAL INTERVALS
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148. 58.2. 1596. 3404. 0. 148. 1389, 2780.
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952215, 4577283,
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LAND FRACTION

1,00 1.00 0.75 0.90 0.60 0.35 1.00 0.45 0.30 0.80 0.9C 0.9% 0.9% 1.00 1.60 1.060
1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 0.80 0.50

1.00 0.50 0.40 0.00 0.00 0.40 0.75 0.75 0.95 0.50 0.50 {.5% (.60 C©.50 0.70 G.80
1.00 0.5 0.90 1.00 1.00 1.00 1.00 1 00 0.95 0.70

1.00 0.20 0.10 0.00 0.00 0.40 0.90 1.00 1.00 1.00 1.00 1.00 G.9% 0.50 1.00 1.00
0.9% 1.00 1.00 0.9% 0.95 1.00 1.00 1.00 1.00 0.55

1.00 6.0 0.00 0.00 0.1C 0.90 1.00 1.00 1.00 1.00 1.0¢ 31.00 1.0 0.80 0.70 1.00
1.00 1.00 1.u0 1.00 1.00 1.00 1.00 1.00 0.95 0.00

1.00 1.00 0.00 0.00 0.60 1.00 1.00 1.00 1.00 1.00 1.00C .0 1.00 1.0C 1.00 1.00
1.00 1.00 1,00 .95 1.00 1.00 1.00 1.00 ©.40 0.00

1.00 1.00 0.00 0.00 0.95 1.00 1.00 1.00 1.00 1.00 1.ui: 1.0 21.00 1.00 1.00 1.00
6.90 1.00 1.00 0.95 0.95 1.00 0.95 0.90 0.00 0.00

1.061.00 0.00 0.10 1.00 1.00 1.00 1.00 1.00 1.00 1.-« 1.0C 1.00 1.GC 1.00 1.00
1.060 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.50 0.15

1.00 1.00 0.00 0.00 1.60 1.00 1.00 1.00 1.00 1.00 O.4% 1.Go ;.0U 1.00 1.00 1.0C
1.00 1.00 1.00 1.00 1.0C 1.00 1.00 1.00 0.80 0.10

1.00 0.50 (.00 0.00 1.00 1.00 1.00 1.00 1.00 0.70 1.0 .00 .02 1.0C 1.00 1.00
1.00 1.00 1.00 0.80 1.00 1.00 0.95 0.8% 0.00 0.060

1.00 0.50 G.30 0.0 0.20 G.B0 1.00 1.C0 1.00 O.BO O.¢.. 1.0¢ 1.C5 1.0t 1.00 1.96
1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.75 0.00

1.00 0.90 0.80 0.4 0.00 0.20 0.55 0.30 0.20 0.2% C.e <. 'Y (.65 (.90 G.95% 1.Q00
1.00 1.00 1,00 0.9% 0.90 0.90 1.0¢ 1.00 1.00 0.2

1.00 1.00 ¢.15 0.75% 0.25 0.45 ©.55 0.90 0.80 0.45 0.9. 1.0C 1.00 1.00 O 92 0.9%
0.90 0.95 1.00 1.00 1.0¢G 0.95 1.00 1.0G 1.00 1.00

1.00 1.00 ¢.%0 1.0G 1.00 1.00 1.00 1.00 1.00 1.00 1.0 1.6 1.00 1.00 1.00 1.00
1.00 1.00 1.00 0.8¢ 1.00 1.00 0.95 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0 1.CC 1.00 1.00 1.00 1.00
1.06 1.00 1.00 1.00 1.00 1.00 0.7 1.00 1.00 1.00

1.00 1 00 1.00 1.00 1.00 1.00 1.00 1 DD 1.00 1.00 1.0C 1.0v 1.00 1.0 1.00 1.00
1.00 1.00 1.00 0.9% 0.95 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.50 0.8 1.07 1.00 1.00 1 .00 1.0Q0
1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 0.75 0.50

RES ION INDEX
4040404040404040404040404040404040404040401515333320
40404040404040404040404°4040404040404040401515153330
40404040404040404040404040404040404040404040404644 36
4040404040404040404040404040404040404040403131313150
4040404040404040404040404040404040404031313838383150

404040404040404040404040404040404040 9 9 9 9 9385050
40404040404040404040404040404040 9 9 9 9 9 3 9 g g g
4040404040404040404040404040 9 9 9 9 9 99 99 9 g B
4040404040404040404040404040 9 9 9 9 9 91 1 1 15050
4040404040404040404040404040 9 99 9 9 1 1 1 1 11650
40404040404040404040404040404040 9 9 1 1 1 1 1221641
404040404040404040404040404040404040 1 1 1 12222 341

4040404040404040404040404040404040404040404040 3 334
4040404040404040404040404040404040404040404040232314
4040404040404040404040404040404040404040404015111117
4040404040404040404540404040404040404040401%1512114
WATFRSHED INDEX

P11ty 11r111 111111111191

RS R D T I T T S U T U T N T T T U W T W

N T e T A U U A U U T T T T W TS T
A-49

Lttt bt s
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112111111131 1111111
11111111111111111
11111111111111111
111111111111 11111
11111111111 111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
l11111111111111111
11111111111111111
11111111111111111
11111111111111111
CROP SEASON AND SHARE
1 PASTURE 90. 270
2 STORED FORAGE 150. 240
3 GRAINS 150. 240
4 GRN LEAFY VEGETABLES 150. 240
S OTHER FOOD CROPS 150. 240
6 LEGUMES ANL SEEDS 150. 240.
7 ROOTS AND TUBERS 150. 240.
WATERSHED DEFINITION -- INITIAL
1 SR-89
2 SR-90
3 CS-134
4 C5-137
REGIONAL ECONOMIC DATA
1 AlA .354 .040
2 ARIZ .516 .104
3 ARK .483 .041
4 CALIF .330 .144
5 COLO .522 .048
6 CONN .160 .294
7 DEL .534 042
B FLA .375 .080
9 GA .363 .060Q
10 IDAHO .279 .144
11 ILL .806 .044
12 IND .713 .079
13 IOWA .938 .060
14 KANS .917 .035
15 KY .571 112
16 LA .354 .074
17 MAINE .079 .260
18 MD .429 .216
.2 MASS .136 .249
<u MICH .313 .247
21 MINN .597 .223
22 MISS .470 .054
23 MO .703 .102
24 MONT .657 .030
25 NEBR .962 .031
26 NEV .127 1139
27 N.H. .096 .482
28 N.J. .203 .129
29 N.MEX .590 .144
30 N.Y. .310 .589
31 N.C. .352 .065
32 N.DAK .924 .048
33 OHIO .662 .175
34 OKLA .751 .060
35 OREG .292 (111
3¢ PA .303 .447
37 R.T1. .108 .213
38 s5.C. .290 .084
39 S.DAK .915% .091

[ S T ) Ty
b e bt et e et et s et e

DOCODCCO

b b et et e s b b et e e p

S S T I

(==
RNO W = et b b b b b et ed st e
o

.0007
.005
.15

001

b b b b s b b e b
b b b e e b b b b b s ps

I ol = SY ST SN NN Sy

NN NNNNNNN

AND ANNUAL WASHOFF AND INGESTION FACTORS

1349,

1399.

236,
B55.
106..
472

145,

A-50

0.0

620C0.
4700
€100,
93°0¢C .
B3C{0.
157000,
8200 .
1] OSION
T3.0G.
61700,
ge “C. .
T2000.
73.:C00.
BloGl.
61.0¢ .
61720CC.
JCCCu.
9300J.
9760 .

B8luCu.

8210 .
53200,
76000
€550¢.
7500C.
84000.
87000.
102000G.
6300C.
94500.
6BOCC .
6900 .
7600 ..
67‘\-!" '

4

el
B
t

t
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

58
59
END

TENN

TEX

UTAH

vT

VA

WASH
W.VA

WI1S

wYO

BRIT COL
OCEAN
SASKAT
MANITOBA
ONTARIOQ
QUEBEC
NOVA SCOT
BAJA CAL
SONORA
CHIHUAHUA
COAHUILA

.509
.816
. 425
. 286
.3e2
.377
. 246
.517
.561
.377
.000
.657
. 924
.597
.310
.079
.330
.516
.590
.816

.153
.064
. 259
.789
.198
.154
. 224
.591
.028
.154
.000
.030
.048
.223
.589
. 260
. 144
.104
.144
.064

2

1850.
1492,
1286.
1472,
2075.
1944.
1728.
1751.

380.
1948.

563.
948.
2111.
1378.
1133.
4394.

473,
1492,

€6000.
74000.
€0000.
73000.
84000.
82000.
58000.
76000.
70000.
60000.

60000.
60000.
60000.
60000.
60000.
10000.
10000.
10000.
10000.

OAGI0000919 00209



MACCS SITE DATA FILE FOR PEACH BOTTOM (JLS, 11/10/B8)

SECPOP POP DISTRIBUTION FROM 1980 CENSUS DATA ALTERED USING NRC 0-10 MI DATA

26 SPATIAL INTERVALS

16 WIND DIRECTIONS

7 CROP CATEGORIES

4 WATER PATHWAY ISOTOPES

4 WATERSHEDS

59 ECONOMIC REGIONS
SPATIAL DISTANCES

0.40 0.82 1.21 1,61 2.43 3.22
5.63 8.05 11.27 16.09 20.92 25.75
48,28 64 .37 80.47 112.65 160.93 241.14
804.67 1609 .34
POPULATION
0. 0. 0. 0. 0. 0.
31. 122. 406. B67. 2212. 5557,
36746, 25232. 43251. 8B038. 210634, 215849,
25330, 0.
0. 0. 1. 1. 3. 7.
30. 123. 455. 977. 5385. 1870,
13500. 29877. 18B747. 79915. 174604. 43068572
393819, 0.
0. 0. 1. 2. 4. B.
37. 151. 413. BBY9. l602. 2235,
144%06. 22521. 91474. 220858. 495439. 1F (BL1.
1201796 326019.
0. 0. 0. 1. 2. 4.
48. 187, 325. 700. 2912, 1710,
26164. 90241. 164108. 2425058. 9B7201. 1C€3%304.
32847. 0.
0. 0. 6. 5. 14. 21
49. 195, 323. 698. 1871. 4768
37964. 241423, 217733, 745625. 219373. SeHE2E
0. 0.
0. 0. 0. 0. 0. 2
46 . 183. 354. 755. 4439. e
40619. 35254. 18393, 113077. 188361. 49837,
0. 0.
0. 0. 0. 0. 0. {.
43. 169. 406. 870. 3309. 3109.
3899. 10750. 14771. 72422. 79583. 9235,
0. G.
0. 0. 1. 2. 4. & .
56. 219. 702. 1498, 1005. 40619.
856. 8539. 9246. 26850. 83286. 11948¢ .
0. 0.
0. 0. 4. 4. 11. 17,
23. 91. 1048. 2238. 4653. 52¢..
5216. 3830. 3556. 39680. 50491. TI48¢€
91529. 0.
0. 0. 8. 6. 20. 28.
27. 109. 476. 1024. 2497. 11148.

77714. 765820. 262612. 524192. 713496. 142725,
1818021. 9939781.

0. 0. 5. 5. 13. 1¢

259, 1019. 510. 1090. 2522. 2259,

48267. 370900. 1551e1. 804528. 1197119. 135997,
3539979. 10361091.

0. 0. 4. 4. 11. l6.

46 . 185. 317. 683 . 1074. 2421

4610. 26679, 45421. 93784 . 130701. HEERE B
2351412. 10208089,

0. 0. 9. 7. 21. R

73. 291. 475, 1019. 3353. L

4223. 44975, 27904, 69133, 177306 Paviet

5452104. 13054765.

A-52

4.02
32.19
321.87

20.
68185.
547385,

14.
agle .
69w lRG |

le.
9730.
773884

178.
TBAO.
JEH587 .

0.
19131,
PRATARS G5 20

4

4.83
40.23
563.27

26,
42610.
1124293,

26.
12012.
1349066,

3z.
10573,
5663616.

39.
3038.
4107688.

41.
9780,
C.

39.
11312,

0.

36.
1130.
0.

4% .
5722.
G.

20.
24736,
908098.

23.
20245,
1665003.

219.
10533.
2040215,

39.
3:81.

1206559,
62.
R A
DHAT e
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0. 0. 6. 6. l16. 2. 1], 38.

46 . 183. 322. 691. 1940. 1080. 6848 31792.
83410, 44075, 21768. 7378B3. 45512, 395828. 1156228. 5822832.
77A17T 6. 19209774
0. 0. 10. 8. 23. 34. 25. 34.
40. 162. 277. 601. 0. 1973. 2991 . 15791.
21371, 47987, 222390. 93214. 73488, 171388, 178662, 598201,
349209. 682187,
0. 0. 6. 6. 16. 22. 10. 14.
17, €9. 344. 741. 925, 3322. 15194 . 35881.
19668. 33274. 82407. 38728, 153958. 173734, 178396. 2242777.
0. 0.
LAND' FRACTION
0.00 0.00 0.00 0.00 0.00 0.00 0.05 1.00 1.00 1.00 0.9% 1.00 1.90 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.70
0.00 0.00 0.00 0.G5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.GC0 1.00 1.00 1.00 1.00
1.00 1.00 1.00 .00 1.00 ©.75 0.65 0.45 0.00 0.15
0.00 0.00 0.00 0.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 0.15 0.00 0.00 0.00 0.00
0.00 0.00 .00 0.20 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.¢0 0.90 0.80 0.9C 0.95 0.00 0.00 0.00 0.00 0.0C
5.00 0.00 0.00 0.00 0.00 0.25 0.60 1.00 1.00 1.00 1.00 1.00 1.00 1.006 1.00 1.060
0.9¢ 0.75 0.4G 0.8C 0.15 0.00 0.00 0.00 0.00 0.0C
0.C0 0.00 0.00 G.00 0.00 0.00 0.00 0.25 0.75 1.00 C.95 G.95 0.90 0.90 0.75 0.50
0.50 1.00 1.C0 0.70 1.00 0.45 0.00 0.00 0.00 0.00
1.00 1.60 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.85 1.0C 1.00 1.00 0.90 0.40
0.2% 0.95 1.00 1.00 0.60 0.20 0.10 0.20 0.00 0.00
1.06 1.00 1.0 1.06 1.00 1.00 1.00 1.00 1.00 1.00 !.GC 1.00 1.00 1.00 1.00 0.80
0.4C 0.25 0.15 0.20 0.65 0.80 $.BO 1.00 0.50 0.1C
1.0v 1.00 1.00 1.6C 1.00 1.00 1.00 1.00 1.00 1.00 1.€0 1.05 1.00 1.00 1.060 1.00
0.9% 0.80 0.75 0.9% 1.00 1.00 1.00 1.00 1.00 0.95
1.00 1.00 1.00 1.006 1.00 1.00 1.00 1.06 1.0C 1.06 1.00 1.0C 1.00 1.00 1.00 1.00
‘ 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.GO 1.00
L 1.00 1.00 1.00 1.0C 1.00 1.00 1.00 1.00 1.00 1.0C 1.C0¢ 1.00 1.00 1.00 1.00 1.00
: 0.30 1.0C 1.00 1.06 1.00 1.00 1.00 1.00 1.00 1.090
. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0G 1.00 1.G0 1.00 1.00 1.00 1.00
| 1.00 1.00 1.00 1.06 1.00 1.00 1.00 0.90 0.95 0.90
i 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0C 1.00 1.00 1.0C 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.0C 1.00 1.00 1.00 0.50 0.60 0.50C
1.00 1.06 1.00 1.0C 1.00 1.00 1.00 1.00 1.00 1.0C¢ ¢.7% (.80 1.00 0.95 0.95 0.90
.95 0.95 1.¢5 1.00 1.00 1.00 1.00 0.70 G.50 0.97
0.00 U.00 G.00 G.0C C.00 0.00 0.00 0.25 0.25 0.4C 1.00 1.00 0.B0 0.95 1.00 1.00
; 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.70 1.00 0.90
; REGION INDEX
0 36363636363€163636363€363636363636363636363030305454

363630363636363636363¢36363636363636363636283027171"7
3636363636363€36363636363636363636363636282B30 6505
363636 363636363636363636363636363636363€628285050505¢
36363636363636363636363636363636 7 7282828505050505¢0
36363€36363616363636168181818181818 7282828505050505v
3636363636463636361818181816181681818 7 7 71850505050
36363 3036363636181818181818181818181818 7 744445050
3636316363636 30181818181818181818181818184454443131 &
363636 36363636361818181B1818181818181818B4444443138 9
363€7€3636363636361818181816818181818101844444443440 1
36363€3636363¢3636361818181818181818181818464646152:
362636363636363636363636363636363636363636363633331.
363636363636363636363636363636363636363636363636204°
363630 ICIC I IEIEI6I6363636363636363€363636363630535+%
363676 3676 1 e 36 3636363636363636363€36363040%3%3%
WATEPSHED IUDEX

1 11 11 i b1 ir1i111111111 101
111 111 1. 1111111111111
11111113 [ 11111 1t

A-53
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GRAINS
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STORED FORAGE

GRN LEAFY VEGETABLES
OTHER FOOD CROPS
LEGUMES AND SEEDS
ROOTS AND TUBERS

WATERSHED DEFINITION -—-

1 SR-89
2 SR-90
3 CS-134
4 CS5-137

REGIONAL ECONOMIC DATA

1 ALA

2 ARIZ
3 ARK

4 CALIF
5 CoLo
& CONN
7 DEL

8
9

.354
.516
.483
.330
.522
.160
.534
. 375
.363
.279
.806
.713
.938
.917
.571
.354
.079
.429
.136
.313
.597
.470
.703
.657
.962
.127
.096
. 203
.590
. 310
.352
.924
.602
.751
. 292
.303
.108
.290
L9115

N Y Y Sy U i ey

1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
90. 270
150. 240
150. 240
150. 240
150. 240
150. 240.
150. 240.
INITIAL

. 040
.104
.041
.144
.048
.294
.042
.080
.060
-144
.044
.079
.060
.035
.112
.074
.260
.216
.249
. 247
.223
.054
.102
.030
.031
.139
.482
.129
.144
.589
.0€5
.048
.175
.060
.111
.447
213
.84
091

[ S Y S S S e -
b e b b b e et e b
[ T
P bt e e b et et et B Bt b
b et b e b B = N N N

QOO0 OOO
(=]
(=]
N

5.0E-6

459.
110.
466
1022.
211.
1605,
1723.
832.
613.
343.
709,
611.
695.
281.
482.
459.
662.
956.
1349,
658.
516.
403.
322.
61.
318.
63.
518.
1399,
53.
711.
860.
164.
581.
204.
236,
855
1062,
472,

i4%.

A-54

I O NI N ST N
(I TSN F SENE N Y VY N
el N N A SRR SENY X

0.0
0.0

1824.
682.
2049.
4394.
971.
4980.
3428.
3341.
1885.
1562.
3900.
3283.
3133,
1204.
1838.
3284.
1133,
4489,
2563.
2187.
2111.
2084.
1647.
563.
1148.
601.
2018.
6477.
473,
1378,
2658.
948.
2686 .
1508.
1203,
2534.
6438,
1B43.
587.

[l N S SR SN NESE ) 8

62000.
74000.
61000.
93000.
83000.
107000.
B2000.
80000.
73000.
€1000.
86000.
72000.
73000.
81000.
61000.
61000.
70000,
93000.
97000.
81000.
82000,
53000.
76000.
65000.
75000.
84000.
87000.
102000.
63000.
94000.
68000.
69000.
“6000.
6€7000.
73000.
78000.
80000,
€.N00
t 5300,
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TENN
TEX
UTAH
VT

VA
WASH
W.VA
WIS
WYO
BRIT COL
OCEAN
SASKAT

! MANITOBA

ONTARIO
QUEBEC
NOVA SCOT
BAJA CAL
SONORA
CHIHUAHUA
COARHUILA

.509
.816
.225
. 286
.382
.377
. 246
.517
.561
.377
.000
.657

.597
. 310
.079
.330 .
.516
.590
.816

.153 360.
.064 164.
.259 123.
.789 628,
.198 371.
.154 476.
.224 150.
.591 723.
.028 43,
.154 476.
.000 0.
.030 61.
.048 l64.
.223 516.
.589 711.
.260 662.
144 1022.
.104 110.
.144 53.
.064 l64.

1850
1492

1286.
1472.
2075.
1948.
1728.
1751.

380.
1948.

563.
948.
2111.
1378,
1133.
4394
682.
473.

1492

66000.
74000.
60000.
73000.
84000.
82000.
58000.
76000.
70000.
60000.

60000.
60000.
60000.
60000.
60000.
10000.
10000.
16000.
10000.
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MACCS SITE DATA FILE FOR GRAND GULF (JLS, 11/10/88)
SECPOP POP DISTRIBUTION FROM 1980 CENSUS DATA ALTERED USING NRC 0-10 M1 DATA
26 SPATIAL INTERVALS
16 WIND DIRECTIONS
7 CROP CATEGORIES
4 WATER PATHWAY ISOTOPES
2 WATERSHEDS
59 ECONOMIC REGIONS
SPATIAL DISTANCES

0.40 0.70 1.21 1.61 2.31 3.22 4.02 4.83

5.63 8.05 11.27 16.09 20.92 25.75 32.19 40.23

48.28 64.37 80.47 112.65 160.93 241.14 321.87 563.27
804.67 1609.34

POPULATION

0. 0. 4. 3. 7. le. 0. 1.

2. 12. 30. 70. 0. 0. 67. 1304.

0. 74. 743. 15484. 83209. 72162. 120923. 541090,
3057152. 9822912,

G. 0. 1. 2. 3. 9. 1. 3.

4. 17. 45. 105. 0. 4637. C. 15004.

21111. 2866, 604. 10875. 316821, 110002. 126487, 1603453,
1595033. 24970756.

0. 0. 0. 0. 0. 0. 5. 6.

8. 31. 95. 205, 713. 0. 1658, 4373,

757. 3527. 3814. 12032, 35282. 62550, 175379, 1020222.
2240248. 21211502.

0. 0. 0. 0. 1. 4. 1. 16.

19. 79. 85. 130. a. 413. Q. 8513.

2232, 3387. 49094. 247241. 33956, 99583, 73501. 1699378.
3829756. 18370806.

0. 0. 1. 2. 3. 9. 13. 18.

22, 87. 61. 139. 4C1. 327 0. 0.

893. 5713. 10673, 16982. 31249. 133652 75589. 888587.
1460466. 1943140.

0. 0. 1. 0. 3. [ 51. 65.

77. 307, 109. 241. 0. 751. 63. 0.

1185. 5028. 7940. 15118. 33308. 130847, 390071. 714008.
368763. B028B641.

0. 0. 1. 0. 3. 6. 201. 249,

293, 1157. 1149. 2451. 0. 851. 0. 222.

858. 1203. 21095, 19956. 49172. 94458. 284438, 656.
0. 7543¢87.

0. 0. 0. 0. 1. 4. 14. 20.

23. 93. 170. 370. 201. 0. 1430. 0.

13. 3396. 1567. 22369. 42828, 544166. 811964. 116. 3.
0. 0.

0. 0. 1. 2. 3. 9. 6. 9.

12. 418. 128. 282. 0. 0. 1492. 3370.

0. 1858. 2341. 9365. 67097. 515206. 208032, 0.
0. 0.

0. 0. 0. 0. 1. 4. 3. 6.

8. 33. 101. 224. 0. 927. 0. 1091.

65. 28282. 3770. 5243. 35077. 369254 56437. 0.
0. 0.

0. 0. 1. 0. 2. 2. 0. 0.

0. 0. 79. 171, 0. 0. 0. 1339,

0. 23126, 3047. 4072. 41214. 100210. 217276 879780.
399582. 639306.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 63. 137. 171€. 465. 0. 525.

663, 1298, 2246. 16476. 123117, 790849, 75399 2976832,
2081941. 284505,

0. 0. 0. 0. 0. 0. Q. 0.

0. 0. 25. 55. 0. Q. 117. 313.

0. 5945. 2397, 10843. 2B920. 64 1y, 23¢€712.  2130706.

1744285, 18018.3
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0. 0. 0. 0. 1. 4. 0. 1.

2. 12. 22. 53. 1473. 87. 0. 855.

0. 4689. 14121. 53864. 93558. 102537. 291271. 781001.
1506956. 216278B5.

0. 0. 1. 2. 3. 4. 0. 0.

0. 0. 32. 6B. 0. 0. 107. 0.

. 2793. 6767. 20193, 50650. 73872. 97972. 481302.
1452393, 344455¢6.

0. 0. 7. 5. 14. 24. 0. 0.

0. u. 24. 51. 0. 0. 0. 515.

11703. 2097. 2389. 12027. 17138. 62950. 248012. 8l1364.

989294. 5604039.
LAND FRACTION

-

REGION INDEX
222222222222222222222162216161622222222222 3 3 32311
$2222322222222222222222222222222222222222222222401533
2222222222222222222222222222222222222222222222 14044
23222222222222222222222222222222222222222222 1 1 938
232222222222222222222222222222222222222222220101 9 8
v $222222222222222222222222222222222222222222222 B8 8 B
2322222222222222222222222222222222222222221616165050
2322222222222222222222222222222222222222161616505050
2222222222222222222222222222222222222222161616505050
2222222222222222222222222222222222222222161616505059
2222222222222222222222222222222216161616161616414159
2222222222222222222222221616161616161616161641414141
2222222222221616161616161616161616161616161616414141
222222222222161616161616161616161616161612616 3343441
222222222222222222161616161616161616161616€ 3 3 33414
2222222222222222221616161616161616161616 3 3 3 32313

WATERSHED INDEX

1111111

11 1 11

11 1 11

L

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 1.00 0.90 0.80 1.0C 1.0C 0.90
0.85 0.90 0.90 0.95 0.95 0.95 1.00 1.00 1.00 0.75
1,00 1.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.35 1.00 1.00 0.90 0.90
0,95 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.85
1.00 1.00 1.00 1.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.060 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 0.90 0.95 1.00 1.00 1.00 1.0C 0.55
1.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.20
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.20 0.05 C.40
1.00 1.00 1.00 1.€0 1.00 1.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 0.20 0.05 0.00 0.00
1.00 1.00 1.00 1.00 1.0C 1.00 1.00 1.00 1.00 1.0¢ 1.00 1.00 1.00 1.00 1.CJ 1.00
1.00 1.00 1.00 1.00 1.00 0.70 0.95 0.00 0.00 0.0C
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.70 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 G.50 0.00 0.0C ©.0O
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0C 1.00 1.00 1.00 1.00 1.00
* 1.00 1.00 0.95 0.95 1.00 1.00 1.00 0.75 0.00 0.10
j 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.06 1.00 1.06 0.65 0.60 0.€0 0.80
! 0.85 0.85 1,95 1.00 1.00 1.00 0.60 0.50 0.30 0.BS
i 1.00 1.00 1.00 1.00 1.00 1.00 0.85 0.60 0.50 0.70 $.75 0.85 0.70 .90 1.00 1.00
1 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
i 1.00 1.00 1.00 1.0 1.(2 0.50 0.10 G.80 1.00 1.00 1.0C 1.00 0.80 1.00 1.00 1.00
1.00 1.00 ..00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 0.20 0.60 1.00 0.80 0.7C 0.85 0.95 1.00 1.00 1.00 1.00
’ 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00
. 1.00 1.00 1.00 1.00 1.00 0.70 0.30 0.80 0.65 0.90 0.95 0.90 0.85 1.00 1.00 1,00
- 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00
- 1.00 1.00 1.00 1.00 1.00 1.00 0.R0 0.50 0.75 0.60 0.75 0.80 0.80 1.030 1.00 1.00
s 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
l

1111
1111
1111

—

1 1
1 1

—
b
—
— bt ot
—
[ S
b s
et

11
11
11

bt P bt
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11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
11111111111111111
CROP SEASON AND SHARE
1 PASTURE 90. 270.
2 STORED FORAGE 150. 240.
3 GRAINS 150. 240.
4 GRN LEAFY VEGETABLES 150. 240.
5 OTHER FOOD CROPS 150. 240.
6 LEGUMES AND SEEDS 150. 240.
7 ROQTS AND TUBERS 150. 240.
WATERSHED DEFINITION -- INITIAL
1 SR-89
2 SR-90
3 CS-134
4 CS-137
REGIONAL ECONOMIC DATA
1l ALA .354 .040
2 ARIZ .516 .104
3 ARK .483 .041
4 CALIF -330 .144
5 COLO .522 .048
6 CONN .160 .294
7 DEL .534 ,042
8 FLA .375 .08C
9 GA .363 .060
10 IDAHO .279 .144
11 ILL .806 .044
12 IND .713 .079
13 IOWA .938 .060
14 KANS .917 .035
15 KY .571 112
16 LA .354 074
17 MAINE .079 .260
18 MD .429 .216
19 MASS .136 .249
20 MICH .313 . 247
21 MINN .597 223
22 MISS .470 .054
23 MO .703 .102
24 MONT .657 .030
25 NEBR .962 .031
26 NEV .127 .139
27 N.H. .096 .482
28 N.J. .203 .129
29 N.MEX .590 .144
30 N.Y. .310 .589
31 N.C. .352 .065
32 N.DAK .924 .048
33 OHIO .602 .175
34 OKLA .751 .060
35 OREG .2492 .111
36 PA .303 . 447
37 R.I1. .108 .213
38 S.C. .290 .08B4
39 S.DAK L4915 .091

b e et et e e et et
b s e b e b b e e
P Y S e
P e b e b b s b b b et
b b b b S b b et s

0.70
0.05
0.18
0.0005
0.004
0.13
0.0008

s s b B S RO B e
s B B N N B

=t b et s DO N B DD DD DD

S S S SE SN S RN N SR

AND ANNUAL WASHOFF AND INGESTION FACTORS

.CE~-6
.0E-6
.0E-6

5
5
5
5.0E-6

0.0
0.0
0.0
0.0

1824.
682.
2049.
4394.
971.
4980.
3428.
3341.
1885.
1562.
3900.
3283.
3133.
1204.
1838.
3284.
1133.
4489.
2563,
2187.
2111.
2084 .
1647.
563.
1148.
601.
2018.
6477.
473.
1378.
2658.
948.
2686.
1508.
1203.
2534 .
6438 .
1843,
587.

62000.
74000.
61000.
93000.
83000.
107000.
82000.
80000.
73000.
61000.
86000.
72000.
73000.
81000.
61000.
61000.
70000.
93000.
97000.
81000.
82000.
53000.
76000.
65000.
75000.
84000.
87000.
102000.
63000.
94000.
68000.
63000.
76000.
67000.
73000.
78000.
80000.
€2000.
6€5000.
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
END

TENN

TEX

UTAH

VT

VA

WASH

W.VA

WIS

WYO

BRIT COL
OCEAN
SASKAT
MANITOBA
ONTARIO
QUEBEC
NOVA SCOT
BAJA CAL
SONORA
CHIHUAHUA
COAHUILA

.509
.816
. 225
. 286
.382
<377
. 246
.517
.561
37
.000
.657
.924
.597
.310
.079
.330
.516
.590
.816

.153
.064
. 259
.789
.198
.154
. 224
.591
.028
.154
.000
.030
.048
.223
.589
.260
.144
.104
.144
.064

360.
le4.
123.
628.
371.
476.
150.
723.

43.
476.

61.
164.
516.
711.
662,

1022.
110.

53.

l64.

1850,
1492,
1286.
1472,
2075,
1948,
1728,
1751.

3so0,
1948,

563.
948,
2111.
1378.
1133,
4394,
682,
473,
1492,

66000.
74000.
60000.
73000,
84000.
82000.
58000.
76000.
70000,
60000.

60000.
60000.
60000.
60000,
60000.
10000.
10000.
10000.
1o0000.
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