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• Foreword

J This report is a description of work performed for the Hanford Environmental Dose
Reconstruction (HEDR) Project. The HEDR Project was established to estimate radiation
doses to individuals resulting from releases of radionuclides from the Hanford Site since 1944,
when facilities there first began operating.

Preliminary radiation doses were estimated and reported during Phase I of the HEDR
Project. The technical objectives of this initial phase were to 1_2determine whether sufficient

historical information could be found or reconstructed for use in dose estimation, and
2) develop and test conceptual and computational models for calculating credible dose
estimates. Preliminary dose estimates were made in this phase because they were needed to

achieve these objectives; however, it was realized that improvements wouM be needed. As the
project has progressed, additional information regarding the magnitude and timing of the

releases has been developed, difficulties in implementation of the original conceptual models
have been uncovered, and the general scope of the required calculations has been enhanced.

A number of investigations were made using the Phase I dose estimates. The adequacy of

the Phase I models was evaluated in terms of accuracy, precision, and reproducibility of the
results. Potential improvements were identified in the areas of spatial and temporal resolu-

tion, model internal structure, and propagation of uncertainties. The major investigations are
documented in this report and "Dose Estimate Variability Caused by Air Model Uncertainties"
(Simvson 1991).

This report ('Effects of Loss of Correlation Structure on Phase 1 Dose Estimates") deals
with the impacts on the dose estimates of the actual computational structure of the Phase 1

computer code. The companion report (Simpson 1991) deals with the impacts on the dose
estimates of certain assumptions madc in coupling the various portions of the computer code.
Both reports indicate that algorithms and parameter distributions used in Phase I could be

improved. Neither individual report completely defines the total impact the problems identified
have on the dose estimates. Full quantification of this impact awaits the implementation of the

recommendations of these reports.

At the direction of the HEDR Technical Steering Panel (TSP), the recommendations of this

report and its companion (Simpson 1991) are being incorporated in the revised HEDR Project
model. The recommendations involve a major redesign of the project model. This redesign is
documented in Napier et al. (1991), a report outlining the full set of equations and solution
algorithms oft he new model.
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Appendix B is a record of TSP comments and Battelle's responses; the TSP has reviewed
and approved Battelle's responses to its comments. The comment numbers appear in the left
margin next to the paragraph in which the corresponding comment was addressed. Changed

text is shown in italics. In addition to responding to TSP comments, some changes were made
to correct errors or for further clarification.
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•' Summary

5,54 In Phase I of the Hanford Environmental Dose Reconstruction Project, a step-by-step
(modular) calculational structure, was used. This structure was intended 1) to simplify the
computational process, 2) to allow storage of intermediate calculations for later analyses, and
3) to guide the collection of data by presenting understandable structures for its use. To a

large extent, the Phase ! code achieved these goals. However, the implementation of this
modular structure resulted in the loss of correlation among inputs and outputs of the code,
resulting in less accurate dose estimates than anticipated.

The study documented in this report investigated two types of correlations in the Phase 1
model: temporal and pathway. Temporal correlations occur in the simulation when, in the

calculation, data estimated for a previous time are used in a subsequent calculation. If the
various portions of the calculation do not use the same realization of the earlier estimate, the),
are no longer correlated with respect to time. Similarly, spatial correlations occur in a
simulation when, in the calculation, data estimated for a particular location are used in

estimates for other locations. If the various calculations do not use the same value for the
original location, they are no longer correlated with respect to location. The loss of
correlation structure m the Phase I code was caused by the use of intermediate histograms to

store the output from each module of the code. Subsequent modules independently sampled
these intermediate histograms, and at that point the correlation structure was lost.

6 The loss of the correlation structure in the Phase I code resulted in dose estimates that are

biased. In general, small values of certain parameters should occur concurrently with

relatively small values of other parameters, and large values should occur concurrently with
other relatively large values. Because they did not, small values were often associated
inappropriately with large ones. The net result is a general overestimation of mean and
median dose for a number of exposure pathways.

It is recommended that the air pathway dose model be restructured and the intermediate

histograms eliminated. While the restructured code may still contain distinct modules, all
input parameters to each module and all output from each module should be retained in a

database such that subsequent modules can access all the information necessary to retain the
correlation structure.
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• 1.0 Introduction

I

The Phase I air pathway dose code was constructed in modules. Intermediate modules
output 40-bin histograms, which were used as input to subsequent modules. The bin widths
(or intervals) were 1/40 of the range between the minimum and maximum results of the
module. The first bin's left-hand side was the minimum and the 40th bin's right-hand side
was the maximum. The height of the bins were the number of results that were contained
within each bin. These histograms did not include information about the correlations that
existed within the dose model. Accordingly, this study was designed to determine the extent
to which Phase I iodine-131 dose results were affected by the loss of the correlation structure.

For the present analysis, a non-modular program was coded. This program used the same
equations and was run with the same inputs as the Phase I code. Therefore, the differences in
the results between the Phase I code and the non-modular code were caused by the loss of the
correlation structure in the Phase I code.

The non-modular code calculated the doses for one census division at a time. Therefore,
this non-modular code did not have grocery milk or stored dairy products components,
because these pathways involve using a number of census divisions simultaneously.

9 For the selected census divisions shown in Figure A. 1, seven downwind and seven upwind,
this code was run for both adults and infants (for a total of 28 different combinations). The
3-year total doses from submersion, groundshine, inhalation, fruit and vegetable ingestion, and
the four milk regimes (the backyard cow feeding regimes only) were calculated for each
combination.

, _ The Phase I dose code was simulated 200 times for each of the five milk regimes, four
backyard cow feeding regimes and the grocery milk. Therefore, the non-modular code was
also simulated 200 times for the four backyard cow feeding regimes. For the submersion,
groundshine, inhalation and vegetation pathways, the runs consisted of 1000 simulations each,
because the Phase I results were a combination of the results from the five different milk

regimes.

If the non-modular code is run only once, the resulting cumulative distribution function
(CDF) would be different from the Phase I CDF because of the stochastic nature of the model,

and there would be no way to determine whether the two different codes produced the similar
results. Therefore the non-modular code was run 19 times for each combination. These 19
runs were used to produce a band around the results. The results of each of the 19 runs were
ordered from the smallest to the largest dose. Then the smallest and largest minimum doses
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from the 19 runs were selectedi These two values formed a band aroundthe minimumdose.

This procedure was then repeated for the other 199 or 999 (depending on the pathway) ordered
doses.

_ The bands around the non-modular results were used as a reference for comparing the
results of the Phase I and non-modular codes. The Phase 1 results in this report are the same
results used in the Summary Report (I-1EDRStaff 1991a) and the Air Pathway Report (HEDR
Stt!lT1991b)for Phase 1. The results for each pathway are shown in Tables A.I through A.8
in Appendix ,4, These tables display the percent of the Phase i CDF of the 3-year iodine-131
doses that are outside the bands and the size of the deviation to the left or right of the band at
given percentiles (5th, 10th, 25th, 50th, 75th, 90th and 95th) of the Phase I CDF. The size of
the deviation is the percentage difference between the Phase I dose and the maximum (or
minimum) of the band when the Phase I dose was outside the bands. Figures A.2 through A.7
in Appendix A present examples of these results graphically for the iodine-131 dose to infants
in Kittitas 7.
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2.0 Quality Assurance

The workdescribedin this reportwas _rformed in accordancewith the requirementsof
ANSI/ASMENQA-I i986 Edition,Quality Assurance(QA) Program Requirements for
Nuclear Facilities, as interpretedby PacificNorthwestLaboratory'sQA program, The non_
modularcode used the same algorithmsand parametersthatwere used in the Phase 1
atmosphericrelease model (Napier 1990). The resultsof the non-modularcode were verified
by comparisonswith the resultsof the PhaseI atmospheric release model.

Draftsof thisdocumentunderwentinternalindependenttechnicalreview. Commentsfrom
thereviewersweresatisfactorilyresolved,andtherewerenocontroversialresolutionsto the
comments,
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* 3.0 Results

3.1 bmenlon and Inhalptlon

_ tubmenton and inhalationpathways(Tables A, 1 and A.2, respectively), there
_ld be no d'ectt from the loss of _lations in thePhase I model. Submersionis simply
IM multipleof time-integratedlodine-13l air concentration(chi/Q), source term (Q) and dose
_, _ tn_tion is the multipleof chi/Q, Q, dose factorand breathingrate. Thereare no
t,ormlationthem to be lint,

_ in Tlblu A, 1 and A,2, for many of the 28 differentcombinations,the bands
_lomt more than95 • of the Phase I CDF. However,there were a numberof case,_where
WONtl_ 20t Ofthe Phase I CDF was outside the band, but for most cases, the deviationsof
the Phase i CDF from the band were small, except for the extremeupperpercentiles (90thand
951h), The deviations in the upperpercentilesof the CDF are not unexpected. As the percen-
tile |nc_, the variabilityin the estimateof thatpercentilealso increases. For adultsin
Kiltltas 7, the deviations were quite large,a resultthatoccurred for all the pathways. The

for thtl nault is unknown.

Ftlure A,2 thews the PhaseI complementaryCDF (CCDF) for the inhalation dose
pathwayand the band from the non-modular programfor infants in Kittitas 7.

3.2 Groundshlne

For Ilroundshtne, therewas an effect resulting from t_e loss of correlations (see
_le A.3), This effect was greaterfor the upwindcensus tractsthan the downwind tracts.
The upwindcensus tractshave a larger proportionof their Phase I CDFs outside the non-
m_ultr bandsand the percentdifferencebetween the CDF and the band was larger. The
difference in the upwindand downwindcensus tracts was caused by the larger variances in the
month-endmi! concentrationsfrom the air model for the upwindcensus tracts.

FigureA.3 shows the groundshinedose CCDF for the infants in Kittitas 7 from the Phase I
program and the band from the non-modular program. We see that much of the Phase I CDF
was substantiallyoutside the non-modular band.

The groundshinedose is the product of month-end iodine-131 surface concentration (MSC)
and dole factor, However, the MSC is "accumulated" over the months in the code. A given

3.1
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month's MSC is the sum of the' new MSC and the MSC after decay from previous months.
Although iodine-131 goes through about four half-lives in a month, there is enough carryover

to make the monthly doses correlated.

14 To check the above assertion that ignoring monthly (temporal) correlations caused the bias
in the Phase I groundshine doses, the results of the non-modular program were uncorrelated

by a systematic "shuffling" of the 36 months used to calculate the 3-year total so that they
came from different runs. That is, the first 3-year total used month 1 from run 1, month 2

from run 2, ..., month 36from run 36. Then the second 3-year total used month l from run 2,

month 2from run 3, ..., month 36from run 37. Because the runs are independent, this
_shuffling _ maxes the months uncorrelated. This was done for the infants in four census

tracts, Benton 4 and 5 downwind and Kittitas I and 7 upwind. These monthly "uncorrelated"
results are labeled "unc m" in the tables.m

As seen in Figure A.4, the band for the "uncorrelated" results now contains the biased
groundshine dose CDF from Phase I for the infants in Kittitas 7. The "unc_m" results in
Table A.3 show both a drastic decrease in the percentage of the Phase I CDFs that were
outside the non-modular bands and a decrease in the deviation between the Phase I CDF and

the band, when the Phase I CDF was outside the bands.

Note that for the four tracts that were considered, there are two independent estimates of

the bands from the non-modular program. These duplicate bands do agree fairly well with
each other.

3.3 Fruits and Vegetables

The vegetation (fruits and vegetables) dose was the sum of the doses from the ingestion of
four different food types (leafy vegetables, other vegetables, fruits, and grains). Each of the
food type doses was the product of the food type concentration, dose factor, and amount eaten.

The food type concentration was the sum of the current month's concentration and the
previous month's concentration decayed over time.

The vegetation dose was affected greatly by the loss of correlations (see Table A.4). The
deviations of the Phase I CDFs were much greater for the upwind tracts than for the down-
wind tracts. Additionally, the effects appear to be greater for infants than for adults. Infants'

diets have a relatively larger variance for the amount of the different food types eaten than the
adults' diets. Figure A.5 shows the difference between the Phase I CDF and the non-modular
band for the infants in Kittitas 7.
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When the non-modular results are "uncorrelated" over time (see "unc_m" results in
Table A.4), the band is only slightly closer to the estimated dose from Phase I (see

Figure A.6). However, when the non-modular results are also "uncorrelated" across
vegetable types (see "unc" in Table A.4), the non-modular band is closer to the Phase I CDF
(see Figure A.7). This result indicates that the correlation among vegetation types has more
effect on the dose estimates than the temporal correlations.

As seen in Table A.4, not all of the differences between the Phase I CDF and the non-

modular bands can be explained by the lost correlations. There is a possible explanation for

the remaining problem. The Phase i histograms used only a small number of bins (between
three and five bins for the downwind tracts and between six and eight bins for the upwind
tracts). With so few bins, the finer structure of the distribution was lost. For the downwind

tracts, more structure was lost, and the results are noticeably worse than the results for the
upwind tracts.

3.4 Milk

,17 Four prototypical feeding regimes are considered for milk cows (Beck et al. 1991). The
iodine-131 doses from the milk pathway for feeding regimes 1 and 2 (Tables A.5 and A.6,

re:.pectively) show little evidence of an effect due to the lost correlations. These two regimes

were dominated by fresh pasturefor which the concentration, during the growing season, was
dominated by the average deposition rate. However, the concentration of iodine-131 in the

fresh pasture did lose the temporal correlation from the carryover of undecayed iodine-131 to

the next month. The effects of this lost correlation may be overshadowed by the other sources
of variability in the model. The absence of the stored dairy products pathway in the non-

modular program was not noticeable, indicating the small impact that stored dairy products
had on the milk dose for these regimes.

For iodine-131 doses from the milk pathway for feeding regimes 3 (alfalfa hay), and 4
(grass hay), there was evidence of an effect from the loss of correlations (Tables A.7 and
A.8). These correlations were from the decaying of the concentrations of iodine-131 in the

hay over time. In the non-modular program, it was the same "batch" of hay that has

iodine-131 decayed over time, while in the Phase I program a different "batch" of hay was
used each month. There may also be correlations between the different types of feed (grain
and hay) if they were harvested during the same month.

For the adults in regimes 3 and 4, the differences seen in Tables A.7 and A.8 were

primarily due to the lack of the stored milk pathway in the non-modular program. Adults
consume only a small amount of stored dairy products (e.g., cheese) each month. However,
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the stored milk has the potential of having a much higher iodine-131 dose than the fresh milk

from regimes 3 or 4 because the stored milk comes from the grocery, which uses milk primar-
ily from "fresh pasture" regimes 1 and 2. Additionally, the stored milk has been stored on

average only 1 month_ while the hay used in regimes 3 and 4 has been stored for several
months.

3.4
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4.0 Conclusions and Recommendations

The loss of the correlation structure in the Phase I dose code causes dose estimates that

are unrealistically large for a number of different exposure pathways.

The loss of the correlation structure in the Phase I dose code was caused by the use of
intermediate histograms to store the output from each module of the code. Subsequent
modules independently sampled these intermediate histograms and at that point the correlation
structure was lost.

It is recommended that the air pathway dose model be restructured and the intermediate
histograms eliminated. While the res_tructuredmodel will still contain distinct modules, all
input parameters to each module and all output from each module will be retained in a data
base such that subsequent modules can access all the information necessary to retain the
correlation structure,

There are currently five distinct modules that the restructured model should contain.
The first module, SOURCE, simulates the time and amounts of each release of iodine-13 I.
The data base produced by SOURCE is then used in the second module, DISPERSION.
DISPERSION is the climatological dispersion model that computes the air concentration and
deposition of iodine-131 for each simulation, time period, and location. The data base
produced by DISPERSION is then used by the third module, CONCENTRATIONS. This
module calculates the concentrations in soil, fruit, vegetables and milk for each simulation,
time period, and location. The fourth module, MILK-TRANSPORT, uses the data base
produced by CONCENTRATIONS to calculate the concentrations of "grocery" milk, which
are a mixture of milk concentrations from different locations and time periods. MILK-
TRANSPORT cr_'.atesa data base of milk and other dairy product (e.g., cheese) concentra-
tions for each simulation, time period, creamery and grocery store. The final module, DOSE,
uses the individual or population life-style profiles to gather information from the DISPER-
SION, CONCENTRATION and MILK-TRANSPORT data bases and then calculate the
appropriate dose. The profiles used in DOSE allow the subject to move to different locations
within the HEDR Project study domain and to change diets and age.

As the time period, locations, and radionuclides considered by the HEDR Project are
expanded, the data bases are also expanded. As new pathwaysare developed, such as meat
ingestion, new modules are added to the model that use the existing data bases. The output
from the new modules is added to the appropriate data bases used by DOSE.
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As seen above, this restructuring of the model will produce a number of large data bases
that will require fast and efticient data management tools and large data storage devices.
Before this approach to the restructuring of the model is undertaken, a feasibility study must
be performed to determine whether the necessary data management tools exist and to verify
that the costs of the large data storage devices are within the budgetary constraints of the
HEDR Project.

If this approach is not feasible, other approaches to the restructuring of the model will
need to be considered. One alternative is to reduce the number of modules in the restructured

model. For example, the CONCENTRATION module couM be added to the MILK-
TRANSPORT and DOSE modules. This would eliminate the need to store the

CGNCENTRATION data base, which would be the largest data base. However, the
CONCENTRATION module would have to be run more than once. Also, algorithms would
need to be developed to synchronize the runs so that all individuals who are at the same
location during the same time period ingest food products with the same concentrations.
Additionally, as new radionueiides are considered by the HEDR Project, either the
CONCENTRATION-DOSE modules will need to be expanded and rerun or the new
radionuclide modules will have to be synchronized with previous modules so that the
correlations among radionueiides are not lost.

A second alternative would be to increase the time period for storing the data. For
example, although the CONCENTRATION module would calculate the concentration in the
food products on a daily basis, only the average weekly concentrations would be retained.
This approach would reduce the size of the CONCENTRATION data base by a factor of
seven.

4.2
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FigureA.2. HEDRPhasei Iodine-131InhalationDoseEstimateCCDF
withBandfromNon-ModularCodeforInfantsin Kittitas 7
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Figure A.4. HEDR Phase I Iodine-131GroundshineDose EstimateCCDF
with BandfromNon-ModularCodeUsing"Uncon'elatexl"
Monthsfor Infantsin Ktttito.s7
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Figure A.7. HEDRPhase I Iodine-131VegetableDose EstimateCCDF with
Band from Non-ModularCode with "Uncorrelated"Months
and Vegetation Types for Infants in Kittitas 7

A.7



Table A.1. Percent of the:Phase I CDF for the Iodine-131 Dose from the Submersion

Pathway that is Above or Below the CDF Band from the Non-Modular Code.

Also shown are the percent deviations of the Phase I CDF from the

non-modular band at selected percentiles.

[ % Deviations at Percentiles

Census Tract 9_ Below % Above P5 Pl0 -P25 VS0 P75 P90 P95

Infants

Downwind BE4 30.7 0.0 -1.6

BE5 0,0 I0.0

BE8 0.0 0.0

BE9 51.7 0.0 -0.8 -1.0

FR1 28.8 0.0 -0.2 -0.4
FR4 0.0 3.4

FR5 0.1 0.0

Upwind KII 8,6 0.0
KI7 4.2 0.0 -10,4
KI8 0.I 0.0

KI9 2.4 0.0

KI10 0.0 23.9 1.0 0.2
KL5 0.0 0.2

KL6 0.3 0.5

Adults

Downwind BE4 0.0 0.0

BE5 0.0 4.9 1,5
BE8 0.0 1.4

BE9 35,7 0.0 -2.1 -1.7 -2,0
FRI 0.0 0.1

FR4 29,1 0.1 -1.3
FR5 0.0 0.2

Upwind KII 0.0 0.0
KI7 0.1 57.2 7.5 17.2 9.6

KI8 1.9 0.0 -36

KI9 27.2 3.8 -1.6 -6,9 -12,8

KII0 9.0 0.0 4.1

KL5 1.2 2.4

K_ 0.0 1.6
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Table A.2. Percent of the Phase I CDF for the iodine-131 Dose from the Inhalation

Pathway that is Above or Below the CDF Band from the Non-Modular

Code. Also shown are the percent deviations of the Phase I CDF from

the non-modular band at selected percentiles.

[ % DeviationsatPorcontiles
...... i [jlli,!!,!,.,i,,ii iii i !ii i[ii iii [i

CensusTract % Below % Above P5 PIO P25 PS0 P75 P90 P95
i,.ll,Jl , ,,_, , i ...................... _

Downwind BE4 3,0 0.0

BE5 0.0 10.9

BE8 0.0 0.0

BE9 7.4 0.0

FRI 5,1 0.0 0,9

FR4 0,0 0.3

FR5 0,0 0.0

Upwind KI1 21,6 0.0 -0,2 -7.5 .6,1
107 1.8 4.9 0,8

108 3.8 0.0 -3,3

109 29.2 0.0 -I1.6 -15,I

1010 0,0 0.I

KL5 0.0 2.4

KI_ 0,6 7.8

Downwind BE4 3,8 0.0

BE5 0,0 5.6 31,7

BE8 0,0 1.2

BE9 23.1 0.0 -2.2 -1,2
FRI 0,0 0.0

FR4 15.0 0.0 -0.2

FR5 0.0 0.0

Upwind ledI 0,0 O.0

KI7 0,1 74.8 5.2 8.0 19,4 31,6 11,1
108 0.0 0.2

KI9 I1.6 0.0 -0,4

KIIO 0,0 0.i

KL.5 3,2 0.0 -3,3

KL6 6,2 0.I
.... • ................

A.9
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Table A,3. Percent of the Phase I CDF for the Iodine-131 Dose from the Oroundshine

Pathway that is Above or Below the CDF Band from the Non-Modular Code.
Also shown are percent deviations of the Phase I CDF from the non-modular
band at selected percentiles.

_"...................................... _ DeviationJat Percentiles ....

CenmsTm_! _ Below _ Abavo P5 PIO IV_ _' "
" ' illgll i JJill El iI ]] _ _................. illll!ill i -

Downwind BK4 0.0 90,2 7,2 5.3 2,6 1,3 0,3 i ,S
BE4 0,0 61,1 5,:2 T,0 3,6

(unc m) BK4 0.0 I 5,2 3, I 1,0

BE3 1,4 59.S 6,8 8,8 '1.3 2,8
BE3 0,6 62,0 10,7 11.3 7,7 3, I

(um:.m) BE3 0.5 0,0

BE3 0,0 77,3 23,1 21,7 14,2 8,8 3,3
BIB9 0,0 38, I $.7 4.9 1,6
FRI 4,6 46.6 5,4 3.6 1,9
FR4 7,8 24,6 5,7 3,4 0,0
PIU 17,6 32,6 4,2 1,9 1,2 4,9 -3,8

Upwind KII 0.0 69, I 28,0 36, I 25,9 14,4
ICli 0,7 56,9 43,0 40. I 2'1,4

(un%m) KJI 7,3 0,0

KIT 0,5 88,6 55,"/ 59,0 51.9 42,2 19,_
KIT 0.1 15,9 63,5 60,5 31.0 41.5 10,2

(unc_m) KIT 0,4 0,0

KJ8 0,0 90.4 37,2 33,'/ 2?.7 17,6 .'1,3 3,3
KI9 0,0 92,2 48,1 36,9 28,4 13,4 4,? 21,8
KII0 7,0 80,9 33.7 36,0 36,4 18,1 8,3 .9,2
1(1.5 0,0 94,7 42,4 36,0 36,3 2.5,3 1:2,9 32.,9
KL,6 0,0 95.4 43,7 37.2 30.6 21,9 17,2 4,2 3.8

i6si_

Downwind BB4 0,0 23,6 5,0 2,6
BE3 0.8 119,6 13,8 12,6 12.2 6,0 4.8
BE8 0.0 76.2, 8.8 8,6 6,5 5,4 0,6
BE9 2,4 21,6 3.3 3,0
FRI 0.0 75,S 6,3 1,0 3.3 3,0
FR4 0.2 12,0 2,3 1,0 I
FlU 0,5 36,9 4,0 4,4 1,9

Upwind KII 4.5 62,1 3%8 36,? 2?,8 l,l .9.0
1(1'7 0,0 89.2 67,6 66,4 59,1 56,4 66,6
KI8 0,0 85,0 32,5 28,9 26,1 22,1 3,5
KI9 0,0 99,0 50,8 44,8 40,9 30.0 32,6 22,8 !9,0
KII0 0,0 77,6 49,6 41.3 31,1 11,4 2,4
K[.S 1.0 gO,"/ _,7 42.3 28.0 2'7,4 10,9 2,9
KL6 0.0 66,4 40,2 39,3 23,0 14,7....... ,,,, i , , ,, ............ h....... , ........................
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Table A,4. Percent:of the PhaseI CDF for the Iodine-131Dose from the Fruitand
VegetablePathwaythat is Above or Below the CDF Bandfrom the
Non-ModularCode. Aim shownare percent deviationsof tl,_ Phase I
CDF from the non-modularbandat selected percentiles.

................................................ 11,INvlatlonl st h_sntiles

CenJuJTmat, S Below S Able - -P$ PIO i F_ I'50 Ir/_ I_0 I_,5
i| ii[ml ..................... :::II_Ill_H1IllII! .......................

_vnw|nd DILl O,1 97,0 31.7 38,._ 25,6 32,4 30.4 16,3 10.2
|B4 O,4 97,3 20,9 24,6 211,5 21,8 19,? 21,2 20,0

(.n%m) ItB4 0,4 96,? 19.1 19,1 3,1,2 32,3 30,T 21,9 21.6
(ur¢) BE4 0,3 11,5 6.1 10,1 18,1 33,ii IT,;)

11¢_ 0,0 95,? 36,4 35.3 31,5 2:),4 11,:) 7,9 ;}.6
ItB_ 0,0 96,4 31,6 :)3.9 39,:) 31,:;I 9.:) l.II 6,4

(.n%m) I_ 0,0 9?,1 il.i 35.1 13,J I?,:) 13,$ IO,II 9.5
(uJ_) llU 0,:) 69,6 5.5 6,4 13,.I I?A

ElM 0,0 91,8 45,6 4:),9 :)l,? 29,8 20,9 4,:)
II|9 0,0 93,4 36,0 IS.5 _,? 34,3 II,:) I,A
Fit I 0.9 97. i :)?,0 ]8,3 :34,? 39, I I I, I I?J I l, I
FR4 0,0 97,8 32,0 39.$ ]1,9 34,11i 31,8 17,4 i?,1
PlU 0,0 98, I _4,6 39. I 1,3.5 30 ,g 39.9 39_? II_5

Upwind KII 0.0 93,1 147,:) 139.3 99,9 81.? 45.3 13,9
KII O,0 90,1 IS5,1 140,3 101.5 IlO,I 46.6

(un;.m) KII 0,0 91.4 91.3 89,7 6:),1 63,9 40,6 ?,3
(.n_) Kit 0,0 63,8 3,5 10,9 0,]

KI? O,0 91, I Ill ,3 11,5,3 lOT,:) 90.T ?1.0 :)0,i 19,9
KI? 0,0 91. I 131,4 ! 1:).4 00,9 98,3 ?1,9 5L I 383

(un%m) KJ? 0,0 93,J 54,8 ._J7,:) $5,J 49,6 30,5 1l_0
(.M) I(J? 0,0 10,1 1,0

KI8 0,3 95,4 135,5 114,1 91,1 00,3 36.5 10_ ¥,S
KI9 ' 0 118,_ J19,5 96,6 ?j,? ?l._) 33,5
KIlO 0,0 91,1 1:39,4 136,6 i II,l 11,5 51,4 15,6 ?,A
KI,,_ O,I 06,9 154.0 140,3 100,0 M,t :34._ 3:)J '_
KL6 0,0 06,3 1305 114,8 9j,9 58,_ 34,?

Omvnwind BDA 0,0 58,1 14,? 14,6 1:).1 6.3
IIU 0,5 76,0 30.4 2.1.6 1t.9 IJ 0.4
mlUJ 1,4 75,9 37,0 !l,? Ii,I 15J I,?
a|9 0.1 6"1,4 iI,i 19,3 10,3 ?,l
Fit I 0,3 63,8 30,0 3.1,0 19,? ?,il
Fit4 0,9 ll,t 33,0 IOA 13,6 6.4 _,3
FR4 6,4 _6,0 19,1 17,9 11.3 1.3 _AJ

Upwind KIt O,0 98,1 155,3 130,0 97,4 !13,3 35,4 14_1
K"_ O,0 95,? i58.9 134.4 iGP.5 gG? 49.:) 39.0 10.9
KIll :).? 91. I 1_.3 9:).;J 54.7 43.5 16.6 6.4
KI9 0.0 94.5 116.0 100.3 76,9 31.3 36_1 13_6
KIlO 0,0 t7,5 1;IO,4 101,'1 74,0 50,5 _ ,0
KI,_ 0,1 t?,? I;}6 0 100,3 67,? 4:),? 13.6
KI.,6 1.3 85.0 110.9 9:),5 71,:) .41J,0 36.6

............ ,,,,, ,,,,, ............ ....................
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Table A.$. Percentof the Phase I CDF for _,heIodine-i31 Dose from the Milk
(Cow FeediniiResime1) Pathwaythatis Aboveor _low theCDF
Bandfrom theNon-ModularCode, Alw shownarepercent
deviationsof'thePhue I CDF fromthenon-modularbandatselected
percentiles.

..................... K Deviationsa!Perc,mdlm
!!.!!tile, i [_,lirlll_i_ .........................

CensusTract fLBelow fi A_e P$ PlO _ P$O P75 _ _5
I

Downwind liB4 5.0 0.0
B_ 2.$ 0.0 .1,3
DEll 27,$ 0.0 -i.0
BIB9 0,0 0.0
FRI 2:1.O 0.0 -3,?
PR4 0.O :13.0 10,6 2.3
FlU 5:1,S 0,0 .?.ll .9.11 -6, I

Upwind KII I,O 0,5 ' -O.2
KIT 0.O 32,$ 17.:1 Ig.$
Kill 0,0 2.0
KIg 2.5 0.0
Kll0 I1,$ I0.0 0,9 9.11 .13.2 .O.I
KLJ 1.0 :12,5 :1.O
KI,_ 2:1.5 0.0 ,_}2.l ,25.0

_wmd BIB4 9,0 3,0 ,,4,5 .0,)
BE_ 22,5 0.0 -1.0
liES 0,0 0,0

DE0 0.0 0,0
FRI :15.5 0,0 .I 1,2 -6,4 -I ,4 -0,?
FR4 2.5 0,0
FR5 3,5 0,0 .:1.2

Upwind KI1 0,0 10,5 :1.4 6,0
KI? 4.0 16.5 33,Q 36.0 .1,(_

Kill 0,0 5,5
KI9 ll.5 5.0 O.i .5,? ,4,_
KIlO 1,$ 0,$
KU 0,o 0.0
K_ 1:1,0 0,0

..................................... ,,, , ,,J,,,, ,,, H,,,,,
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_ble A,6. Pe_n[ of'thePham I CDF fortheIodine-131Dose from theMilk

(Cow FeedinB ReBJme2) Psthwsy that is Above or Below the CDF
Band from the Non-Modul_ Code. Also shown are the percent
deviations of' the Phase I CDF From the non-modul_ bind at

mlected percentiles.

.................... _tDsvilltioalIll"P._Ii_ .................................
.................. _lit rt i l i r

c...-.. Trot S _,I_ S ^_. PS PI0 _ PTS 1'90-- PgS
i iiii i_ ]jfj_J_llttt7 .................................. t , ,,1_,.,,.1,. , , i ,,r,,,,_.r!!,!,r. ,,],

Downwind BE4 311,$ 0.0 -3.2 -3,I -1.'7
BES IO.S 0.0 .6,0
DEl i,S 0.0
BE9 66,J 0,0 -I l.l -3,9 .'/,0
PRI 0.$ 18.S 4,1

PR4 0.0 21.0 S.2 11.7
FR5 28.S 0.0 .1,4

,:

Upwind Kit 9.$ 2,0 .8.5 I
KIt 35 8,0 16
KI8 .1,5 0,0
KI9 4,5 0,0
KII0 0.0 0,0
KLJ 13.5 0,0 -15,1 -4,9
KL6 0o 0,0 .

L

O_vnwtnd BE4 30,5 0,0 .3,1

BES 430 0.0 4,! ,]5 .2_IS
DEI 1,5 0,0 ,,I,4
BE0 1,0 0.0
PRI 0,$ 0.0
PR4 0,5 0,0

PIO 4,5 1.0 -3,0

Upw_ KII 1,5 0,0
KI? 5,0 37,0 10,3 16,1 1,9 ,1,1 _i,9
KI8 3,5 0,0
KIg 0,0 g,O ll,g 2,5
KII0 16,0 6,5 8.1 ,3,0 .137

I 1,0 0.0 -4,4 .9,S
KI& 5,5 0,0 .tLI

........

A,13
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Table A.7, Percentofthe Phasel CDF for the lodlne-131 Dose from the Milk
(Cow F_ing Resime 3) Pathwaythat is Aboveor Below the CDF
_d from the Non-ModularCode. Also shownarc the Percent
deviationsof the Ph_ I CDF from the non-modularband at
selectedpercentiles.

....................... W_OeVtlt_ it l_eeemil4i

....................................................... _ .......... ...................................................................... Mr ................ : ........................

_n*ind ltll4 00 62,A 27 i_
|R4 0.0 91_ 09 7,9 1t,I 1.1_6 |0 IA,H 14,i

(u_.m) |B4 00 ii4,A ?j )._ 10,6 J,J |OA 320

I_ 00 I0_
IIIU 0,0 II,0 |I 4

(u_.m} |l[_ 00 |?0 |i ?

IBI ;1_5 O0 , ,:
DE9 00 IIIO,O 1,J J 0 i I_ I _i)

_4 0,0 1t,0 1,6

Upwind VJi 00 150 |OJ )44 ]19 1_4 : 15?
KlJ O0 9|_ )10 )44 |0 t |9 i4 ? |I |

¢._m) KJI O0 IV_ 30J

Kit 00 _ A t17,5 1451 01! J42

_,,,om) 1(1'7 O0 3t_ !5 O I le

Kii 00 140 N_ 50_A )09 _1 |l 5
K_ 05 5V_ ¢01 401 )0 i i)3
KIlO O0 _ Sl _ )00 |4 V
KL_ 00 tbtA tJ_6 U 4 41• |44

00 )I_ It] ;lO_t }15

_n_,_ 11[4 O0 Ii!_ el IV) i4 i 11_ 141 II
t&_t O0 _ 0 09 I,I,5 v ? 13,0 I)

DILl 0,0 Vl 5 Ill 410 )I) lW] t0_! 4 _I
llDl O0 li4 V|O 157 i?,| ]5 _ '14

i,_m) lP O0 11_ ¢4_ 4_! )t 9 }01 4 i _ ?

Itl!V 00 eli 0 V_5 ,i 4 ?) 15,1 _1 It i 'i j_
l|V O0 _5 14_ It_ 41 _I ||4 ' 4|i

,._m) liV O0 V|__ 0¢ tO0 I| | lVi |_1I t) ? S?.*

i_l O0 _iO IV t v | I1 4 300 1_,I 15 l
PII4 00 ]5 0 :: O0

O0 340 ,t,A

Ue_,nd _Jl 00 _10 I0_ _3 _J lit I_ 4
il! O0 1_5 }el 1 34tl 343V 134t 3| II IO V

O0 410 _ 0 14_) Ilk|
00 t0_ I?_ 4 1140 i!l 17_I |"t 4

KIlO 0 O _) 0 l|i_} 134) i| _ |1 t
i_ O0 IJO 490 41_i |ll ]| I 4Vi)

....... O0 (1,10 _| ill !|'t .... _4} 1_ I }5 4
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Table A.8. Paint ofthe PhaseI CDF for the lodine-131 Dose from the Milk
(Cow F_inll Relllme 4) Pathwaythat is Above or Below the CDF
Bend from the -NonModularCode, Also shown are the percent
deviationsof the Phm I CDF from the non-modularbandat
NI_IOd percentiles.

............................. _ _V_J_ jii" _ _ j_tlQ j .............

I: ] _

,t

l_m,nwtnd IS4 O+J 67,5 17,? e+l 4,1 4.1 i+6
IRA 0,S ?0,0 30,0 tJ,i I S |i+O

(urn+m} |14 , 0,0 _t_,5 II ,6 Ii,6 I?+| 12.4

flu 0+0 ?5,0 1,4 17,4 14,1 15,t +4,)
l_ 0,0 ltl,O 1,6 31,5 II+_t ?++1

(urn.m) IIJ 0,0 _,J I0+_ ,,

nil O0 61+J _+I 49,0 I?,i J+_
II_J OS OS
lqll 0+0 lJ,S e+? 1|4 |4,I ||,6 li_? ]e_l_
Iqt4 0+0 J6,_ 8+i 1_+V
FIU 0+0 +i++0 I+1 I?+1

Up+rod KJI 0+0 14+S I_,+ N+J iI +4 14++J )tb+)
KII 0,0 61,0 it,6 III,I i4,) 16+)

lure+m) _ 0+0 111• ll+t ++I

KIT 0o0 TI+$ 1+,4 el+| H,| 4++I
O0 ?Q,+ 120++ 104+I II +I lJ,| +_+I

lure.m) KI_ 0+0 _40 3t,+ _+,I 31,l i 1,6
t+

KI| 0+0 |l++ 11.+4 ll+l ll,l I?,| I??
K_I 0+0 14 0 ll,e 93+I ?)+l 74+i IS,|
KII0 0++ M++ III+0 161++4 elJ ll+l
+ O0 il ++ 14 IA+I l++V I0+I

O0 YilO 41+| 410 3++6 JO_? t4 0
:+

[_..nw_ 114 00 _ 13_0 IJO+e _,7 Sll V I
IIU 00 74,0 I I l+t 91,| 6]++ 170

IM 0+0 +?+S 4_0A 3i]+0 |I0,9 IH,+_ i3.+7 3++7 7+i
DIUi O0 i? 0 47++S 4101 |I0.+ 149+4 ItO.S _t]4 S++

iunv+m) IllUt 0+0 980 4131,1 31_1_1_II 1174 I_)l,i 746 16_ _]?

III O0 eiS 16Vq 141+6 t44 4(131 1,14 _VO |_ l
119 O0 _,S t07,4 i19,1 74+3t if+! |4_1 447 lily

fun,,,+m)! _++ OO VI+O 1141 lll+l ttl _7 ISV 474_ +_1)4

Flli O0 iS,0 30S+6 i+_] 6S6 5S,| IV I j 7 I_ I
FIt4 I0 +?0 41V 4_4 I?+I I i+0
IqLS 00 llO 10 I,!

++ ,,

Upllnd KII 0 0 h+0 I]0+0 14J+6 10V+l _JSV S+4
O0 960 _3t4 ?_ I _l19+V _?,4 i060 7,,I,ti

KIi O,O 14,S I13,6 IS),) X,) I_qO 11++
+ 0+0 9l+0 4,)3+] 341+9 ,1|1+] ll?,l IOV+7 _4
KII0 0+0 Ol+0 370+i )?1+3 ]M,l ll),V 13_,6 15,4
it, S 00 V++0 !+4,4 l|V°l 5++I 41+0 I?,0 St+) I)+
KI_ 0,0 |?,0 ?), i I Ii,3 04,3 |6.| _ ,S V(}+ ,. ,.,i,.,.,, ,. , ,+............... .... +..................
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AppendixB

Summary of _P Commentsand BattelleResponses
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