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ABSTRACT

Estimates of radiation dose to the public must be made at each stage in
the identification and qualification process leading to siting a high-level
nuclear waste repository. Specifically considering the ingestion pathway,
this paper examines questions of reliability and adequacy of dose calculations
in relation to five stages of data availability (geologic province, region,
area, location, and mass balance) and three methods of calculation (popula-
tion, population/food production, and food production driven). Calculations
were done using the model PABLM with data for the Permian and Palo Duro Basins
and the Deaf Smith County area. Conclusions drawn are that the extra effort
expended in gathering agricultural data at succeeding environmental charac-
terization levels does not appear justified, since dose estimates do not
differ greatly; that effort would be better spent determining usage of food
types that contribute most to the total dose; and that consumption rate and
the air dispersion factor are critical to assessment of radiation dose via the
ingestion pathway. '
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FOREWORD

The National Waste Terminal Storage Program was established in 1976 by
the U.S. Department of Energy's predecessor, the Energy Research and
Development Administration. In September 1983, this program became the
Civilian Radioactive Waste Management (CRWM) Program. Its purpose is to
develop technology and provide facilities for safe, environmentally accept-
able, permanent disposal of high-level waste (HLW). HLW includes wastes from
both commercial and defense sources, such as spent (used) fuel from nuclear
power reactors, accumulations of wastes from production of nuclear weapons,
and solidified wastes from fuel reprocessing.

The information in this report pertains to the radiological studies of
the Salt Repository Project of the Office of Geologic Repositories in the CRWM
Program.
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To Convert

miles (mi)
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kilometers (km)

square kilometers (km2)
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1.0 INTRODUCTION

Identification and qualification of a site for use as a high-level
nuclear waste repository must progress through several intermediate stages
before successful completion. In general, new and more defined data become
available at each stage of the characterization process. For agriculture-
related radiation dose calculation, this staged data availability raises cer-
tain questions:

e At which stages of the site identification and qualification pro-
cess are data of specific levels of detail required?

e At what point in the process is the money spent to develop data
at the next level of detail not justified by a corresponding
reduction in uncertainty in the resulting dose estimates?

® Is it preferable to use a sophisticated method with inadequate
data or a method comparable in precision with the available data?

This paper addresses the above questions as they relate specifically to
the use of agricultural data in assessing radiation dose from ingestion of
contaminated foodstuffs during operation, decommissioning, and closure of a
high-level nuclear waste repository. The model used to perform the dose calc-
ulations is PABLM (INTERA, 1983), and data are from studies conducted for the
Salt Repository Project within the Permian Basin and Deaf Smith County, Texas.

Ingestion of contaminated food is one of the three critical pathways of
radionuclides to the public. The other two, inhalation of radionuclides and
submersion in the plume that contains radionuclide material, are not consid-
ered in this paper.

Chapter 2 provides pertinent regulatory background and brief descriptions
of the computer model used in this study and of the levels of data availabil-
ity. Chapter 3 discusses three alternative methods of calculating ingestion
doses from radionuclides transported through terrestrial pathways (population,
population/food, and food-driven). These methods correspond approximately in
complexity with the level of detail of input data available. Chapter 4 out-
lines the applicable data bases for the [ive data stages: geologic province,
region, area, location, and mass balance. Findings and conclusions are pre-
sented in Chapter 5. Appendix A provides an amplified discussion of the basic
input parameters used in the computer model, and Appendix B contains the
tables of values used to perform the dose calculations.
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2.0 BACKGROUND

One of the key purposes of the Nuclear Waste Policy Act of 1982 is:

..to establish a schedule for the siting, construction, and opera-
tion of repositories that will provide a reasonable assurance that
the public and the environment will be adequately protected from the
hazards posed by high-level radioactive waste and such spent nuclear
fuel as may be disposed of in a repository [Section 111(b)(1)].

The ability to estimate the radiation dose received by the population
through the ingestion of agricultural goods is important in assessing the
safety of a high-level nuclear waste repository for the public. . According to
10 CFR 20.105 and 20.106, which -contain the numerical limits established by
the U.S. Nuclear Regulatory Commission (NRC) for radiation exposures and con-
centrations of radioactive material in unrestricted areas, the total dose to
the public cannot exceed 0.5 rem (500 millirem) per year.

The U.S. Environmental Protection Agency (EPA) offsite preclosure radio-
logical requirements are documented in 40 CFR Part 191. These standards were
developed for application to a high-level nuclear waste repository. Regula-
tion 40 CFR 191.03 states:

Management and storage of spent nuclear fuel or high-level or trans-
uranic radioactive wastes at all facilities regulated by the
(Nuclear Regulatory) Commission or by Agreement States shall be con-
ducted in such a manner as to provide reasonable assurance that the
combined annual dose equivalent-to any member of the public in the
general environment resulting from: (1) Discharges of radioactive
material and direct radiation from such management and storage and
(2) all operations covered by Part 190; shall not exceed 25 mrem to
the whole body, 75 mrem to the thyroid, and 25 mrem to any other
critical organ.

It can be seen here that the limit established by the EPA of 25 millirem
per year to the whole body is much more stringent than the NRC limit of
500 millirem per year. Note that this limit is an annual limit which applies
to the maximum exposed individual., To be certain that the dose limit is not
exceeded, it is important, where possible, to reduce the uncertainty in the
total dose estimates.

2.1 DOSE CALCULATIONS USING PABLM

The main source of radionuclides of concern in this study is the radia-
tion released during disassembly of spent fuel eleménts. The release ovccurs
when the end fittings and spacers are removed from the spent fuel assembly so
the individual rods may be placed in canisters in a geometrically efficient
manner.

Contamination of food can occur from the direct deposition of radioactive
material on plants, the uptake of the radioactive material through the root
systems of plants, or the uptake of the material by animals that graze on



plants contaminated with the radionuclides. Once ingested by animals the
radioactive material is transferred to the flesh or the milk, which is then
consumed by people.

To evaluate the ingestion exposure pathway, the types of crops and ani-
mals raised in the area of the site must be known. Agricultural parameters
such as growing perlods, storage times, acreage, and crop yields must also be
known so that the. radionuclides can be properly accounted for in the food
chain. The following discusses the model and the site-specific agricultural
parameters used to assess the ingestion pathway.

The computer code PABLM (INTERA, 1983) has been used to model the inges-
tion pathway. PABLM includes a large number of biosphere pathway submodels
that evaluate the transport of radionuclides through various terrestrial path-
ways. The code is capable of handling 19 ingestion pathways, including
vegetable crops, grains, animal products, seafood, and water, as’well as four,
external exposure pathways. '

For all exposure pathways, radionuclides can be specified to be deposited
over an extended period of time and are assumed to be removed from the soil
only by radioactive decay. Leaching from the soil and other removal mechan-
isms which could act to decrease exposure are not taken into account.

PABLM can take into consideration both waterborne and airborne radio-
nuclide releases, which are the expected cases for repository preclosure
operations. The code uses dispersion parameters (x/Qs) to calculate the
deposition rate .of the radionuclides onto the plants and soil. Plant accumu-
lation factors, which are built into libraries in the code, are used to relate
the concentrations deposited to the concentrations in the plants. The concen-
tration of nuclides in animal products, such as milk and meat, depends on the
animals'. consumption of contaminated forage and the radionuclide econcentra-
tions in that forage. The ultimate exposure to humans is dependent on the
rate at which the contaminated food is ingested and the radionuclide concen-
tration in the foodstuff at the time of ingestion, which is in turn dependent
on the radioactive decay during storage of the food.

In calculating.the internal dose to an 1nd1v1dual the code can model the
exposure to any of 23 organs from a mixture of 100 radlnnuclldes The organ
doses are based on the model documented in Publication 2 of the International
Commission on Radiological Protection (ICRP, 1959) for internally deposited
radionuclides. Either the 1-year dose or a dose commitment from an extended
release can be calculated. Also, the dose to the maximum exposed individual
or the exposure to a population can be computed.

The external exposure pathways also use the concentration of the
deposited nuclides. Using external dose conversion factors and time in
contact with the external radiation fields (i.e., time spent swimming in
contaminated water or time worklng in contaminated fields), the code calc-
ulates an external exposure. In the case of the radionuclides that are a
concern during preclosure, external exposure does not contribute to the
overall dose.~

The output of the code ‘includes the exposure by organ and radlonucllde,
and by organ and food type, in a tabular form.



PABLM requires input to perform the ingestion dose calculations. The
sensitivity analysis of some of the input parameters is given in Appendix A.
These input parameters are as follows:

1. Food type. Food types represent the food pathways available in
PABLM that are viable exposure pathways within the area surrounding
the site. For the purposes of the assessment, this area was assumed
to lie within a 50-mile radius of the site.

2. Acres grown. This parameter represents the area devoted to growing
each food type within the surrounding area. It is used in calcu-
lating the affected population, which is discussed below.

3. Animal product. This value represents theAweight of animal product
produced in the area. As with the acres grown parameter, this value
is used to establish an affected population value.

4. Growing period. This value represents the time period from planting
~ to harvest and is used in the code to model the buildup of radio-
nuclides in the food chain. However, the radionuclides that are of
concern in this analysis all build up quickly. Therefore, this
parameter is not very significant (see Appendix A).

5. Yield. This value represents the production of the crop in kilo-
grams per square meter, an average value for the surrounding area
for the food type. The value is determined by calculating a yield
weighted by food type component. For example, the yield for leafy
vegetable is calculated by multiplying the yields of lettuce,
cabbage, spinach, etc., by the acres of each component and then
dividing by the total acreage of the food type. Therefore, if one
food type component. is more prevalent, it will be reflected in the
yield. In the case of the animal products, this value represents
the yield of the forage, either hay, corn, sorghum, or other grains.

6. Consumption rate. This is the average annual consumption rate in
kilograms of a given food type by a single individual.

7. Affected population. This value is determined by multiplying the
area grown (in square meters) by the yield (in kilograms per square
meter per year) and then dividing by the individual consumption (in
kilograms per year per person). This value then represents the num-
ber of people fed by the food grown. In the case of animal pro-
ducts, the production weight per year is divided by the appropriate
consumption rate.

Another parameter that is used by PABLM is the atmospheric dispersion
characteristics of the area of inlerest. The code requires that a x/Q, a
dispersion factor based on wind speed and air stability class, be supplied as
input. For this analysis, an average x/Q value for the surrounding area was
calculated by integrating the function of x/Q and distance over the 50-mile
radius. This assumes that the foodstuffs are grown uniformly throughout the
area within this radius. Another input to the code is the storage time of the
foodstufl alfter harvest to account for radiocactive decay. For this analysis,



the storage time is assumed to be zero; i.e., no credit is taken for radio-
active decay.’ :

2.2 THE FIVE DATA STAGES

This paper defines five stages of data availability, ‘which parallel the
stages of repository site focus. The five stages of data availability are the
geologic province, the region, the area, the location, and mass balance:

1.

-The geologic province for this study is the States that contain the

Permian Basin, a major salt bed. These States are Texas, Oklahoma,
New Mexico, Colorado, and Kansas.

The region is the land over the Perm1an Rasin, a 1arge salt bed
basin.

The area is the land over the Palo Duro Basin. The Palo Duro Basin
is a subbasln of the Permian Basin and is located in the north-
central part of the Texas Panhandle.

The location is within a 50-mile radius around a point in northern
Deaf Smith County, Texas.

The mass balance is an in-depth study of the data within a 50-mile
radius around a point in northern Deaf Smith County.

Data are available for the first four stages; for the last, mass balance,
data are not yet available. :



3.0 METHODS

As discussed in Section 2.1 on dose calculations, the PABLM computer code
is used to assess the dose delivered to the public living within a 50-mile
radius of a high-level nuclear waste repository. The dose is calculated for
both the maximum exposed individual and the:population affected by the
release. The results are in terms of both an annual dose and a 50-year dose
commitment and are calculated only for exposure to radionuclides through the
food ingestion pathway. Three different methods were used to calculate the
dose. These three methods are discussed below.

3.1 METHOD A: POPULATION-DRIVEN ASSESSMENT

Method A assumes that the total population within a 50-mile radius of the
repository site is affected through the ingestion pathway. This means that
the quantity of crops grown within the affected area is enough to feed the
entire population within that area. Also, no person outside this radius will
eat the contaminated crops.

The first step of the assessment is to set up the inputs for PABLM.
Necessary agricultural-input parameters include food type, crop growing
period, crop yield, crop storage time, consumption rate, and translocation.
Data used for the calculations are described in Chapter 4. When available
data did not correspond to input needs, the input parameter was established by
forming ratios between other parameters. For example, a consumption value for
grain is given in the geologic province data set. Since two grains, wheat and
corn, are present, PABLM needs a consumption value for each of the grains.

The acreage of wheat is divided by the acreage of grain and the ratio multi-
plied by the consumption value for grain. This calculation results in a con-
sumption value for wheat. The remainder is the grain consumption value for
corn.

The next step is to run the code for the average and maximum exposed
individual cases. The output of the code consists of the dose to different
body organs of concern: total body, bone, lungs, and thyroid. The whole-body
dose is calculated by combining the weighted doses trom each organ. The
weighted doses are calculated by multiplying the organ doses by weighting fac-
tors given in ICRP Publication 26 (1977). For the organs in this assessment
the factors are 1.0 for total body, 0.12 for bone, 0.12 for lungs, and 0.03
for thyroid. The combined whole-body dose is the average exposed individual's
dose. This whole-body dose is then multiplied by 1.5 to get the maximum
exposed individual's dose. The 1.5 value allows for the maximum exposed
individual's greater consumption of food.

Finally, the population dose is calculated. For method A, the population
dose equals the average individual's dose multiplied by the total population
living within a 50-mile radius of the site.



3.2 METHOD B: POPULATION/FOOD PRODUCTION-DRIVEN ASSESSMENT

Method B is similar to method A in that the maximum exposed individual's
dose is calculated the same way. The difference is in the manner of calcu-
lating the population dose. In method B, the number of people affected by a
food type is dependent on the quantity of food available for consumption.
However, as in method A, the maximum number of people that can be affected is
the total population within a 50-mile radius of the site. In other words, if
the quantity of a crop grown will not support the total population of the
area, its effect is assessed only for the number of people who could eat that
crop. As in method A, no person outside the affected area will consume the
contaminated crop.

First the population dose is calculated by assessing the average individ-
ual's dose from each of the food types. This dose is then multiplied by the
number of people who could eat the quantity of crop grown, up to the total
population value for the area. The contributions from each food type are
summed to arrive at a total population dose, The maximum value for the popu-
lation dose by this method is the same as the one ylelded by method A.

3.3 METHOD C: FOOD PRODUCTION-DRIVEN ASSESSMENT

Method C is different from methods A and B in the way it treats the
population exposure. In this case, the number of people who are exposed to
the contaminated foodstuffs depends solely on the amount of food grown within
the affected area. Therefore, the affected population is all persons who eat
the contaminated food, regardless of where they live. With this method, it 1s
assumed that all the crop grown in the area is available for human:
consumption. -

The maximum exposed individual's dose for method C is calculated the szame
way as in methods A and B. The population dose calculations for this method
are the same as for method B. The only difference is that the total
population that could be fed by the crop is used as the population value for
each of the food types. In an area with a large amount of agricultural
activity, method C yields the highest population doses. Method C can be
thought of as a global dose assessment, because the effects of the
radionuclide release are being assessed outside the area of interest. -



4.0 DATA BASES FOR THE FIVE STAGES

'This chapter discusses the data that are available at each of the five’
data stages. Information to be considered for .the dose calculations includes
data on climate, population, consumption rates and types, growing periods,
yield, acreage, utilization, and transportation of the agricultural goods
grown in the area.

.Much of the agricultural and population data are given in acres and
square miles, since these are the basic units used in agriculture at this
time. A list of conversions (to metric units) is provided at the front of
this report. '

4.1 . GEOLOGIC PROVINCE

‘The geologic province as defined in this study is the southwest area of
the nation, which contains the Permian Basin. This area includes Kansas,
Colorado, Oklahoma, Texas, and New Mexico (see Figure 4-1). The Permian Basin
is located in the Southern Plains and Lowlands climate zones. In general,
climatic changes are gradual across the zone because there-are no significant
climate barriers. Differences in climatic conditions within this zone are
controlled primarily by latitude, general air mass and storm movements, eleva-
tion, and distance from sources of moisture.

. The province is predominantly continental, with cold winters and warm to
hot summers. The western portion has a dry climate because of the blocking
and orographic effect of the mountains to the west. The eastern portion has a
warm, humid, and rainy climate due to the modifying effects of the Gulf of
Mexico. The northern portion is affected by polar air masses, frequently
during the winter and less frequently in the summer.

The population of this geologic province is sparse. In the 1980 census,
Kansas had a population of 2,363,000; Colorado, 2,889,000; and Oklahoma,
3,025,000. Texas had the highest population with 14,228,000 and New Mexico
the lowest with 1,300,000 (Bureau of the Census, 1984). The average popu-
lation per square mile for these States is 28.7, 27.7, 43.5, 53.3, and 10.7,
respectively with an average value of 32.8 persons per square mile for the
geologic province. Since it is not knhown at this stage of characterization
what percentage of the total population lives in rural areas, urban areas, or
cities, this is only a rough approximation of the population near the site.

The types of crops grown in the province were.taken from a list of the
principal agricultural commodities in each of the five States. The top four
commodities for each State, in order of marketing receipts, and the State rank
for total farm marketing are listed in Table 4-1. The information in this
table suggests that the top four crops in the geologic province for ingestion
calculation purposes are cattle, wheat, dairy products, and corn, in that
order (cotton is overlooked 51nce it is not typically a food crop) Sorghum
and hay are presumed to be given to the livestock as feed.

The population gonsumption rates used for the province are the rates
given in U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.109 (NRC,
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Table 4-1. States' Top Four Agricultural Commodities

State Crops Rank(a)
Texas Cattle, cotton, wheat, sorghum grain » 3
Kansas Cattle, wheat, sorghum grain, corn : 7
Oklahoma _ Cattle, oats, dairy products, cotton 16
Colorado Cattle, wheat, corn, dairy products + 18
New Mexico Cattle, dairy products, hay, wheat 36

(a) National rank of total from marketing.
Source: Bureau of the Census, 1984,

1977). The consumption rates for the crops in question are given in
Table 4-2. These are the recommended consumption rates to be used for the
average individual in lieu of site-specific data. .

The growing periods for the crops to be used at this level are generic
values for the crop types specified. The yields are the weighted average
yields of the five States that contain the Permian Basin. The acreage is the
total number of acres of the crops grown in each State. The transportation
information is taken from NRC Regulatory Guide 1.109 (NRC, 1977). The
agricultural information is shown in Table 4-3.

The total area of the geologic province is approximately 6u44,608 mi2
(412,549,120 acres). .

The information available at the geologic province level is a crude
representation of the agricultural setting of the site. Only the major cash
crops are known; no information exists on crops that are less abundant but
significant in the ingestion dose pathways. Therefore, there is little
confidence in the maximum exposed individual dose assessment. Also, the
affected populations can be only roughly estimated because the crop usage is
not known. Therefore, the results of the population dose assessment cannot be
reported with much confidence. However, of the three methods, there is less
uncertainty in using methods A and B than in using method C.

4.2 REGION

The region of study is the Permian Basin, a large salt bed region which
lies in the southwestern part of Kansas, the southeastern corner of Colorado,
the western half of Oklahuma, the eastern quarter of New Mexico, and thc
northern panhandle portion of Texas (see Figure U4-1). This salt basin has

11



Table 4-2. Recommended Values for Consumption for the Average Individual in
Lieu of Site-Specific Data '

Crop Child Teen Adult
Grain (kg/yr) 48.0 57.6 45,6
Millkk (L/yr) 170.0 . 200.0 110.0
Meat (kg/yr) =~ - - -37.0 | 59.0 95.0

Source: NRC, 1977.

Table 4-3. Agricultural Information for the Geologic Province

Growing Period Yield Acreage Tfansport Time
Crop . (days) (kg/m2) (thousand acres) (days)
Wheat 90 0.24 24,239, 14
Corn 90 0.91 3,455, 1
. v Growing Period Forage ~ Produetion Transport Time
Animal Product (days) (kg/m<) (million kg) (days)
Beef 9 1.18@) oy 680. 20
Milk 30 1.1(a) 2,920. Y

(a) Corn-based grain feed.
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been characterized for the Salt Repository Project, and the data collected at
the regional stage are used here (NUS, 1983).

The climate of the Permian Basin region is the same as the climate for
the geologic province. The Permian Basin is located in the Southern Plains
and Lowlands climate zones. The prevailing winds in the Permian region are
from the southwest through south-southeast. The annual mean wind speed ranges
from a minimum of 9.0 miles per hour in New Mexico at the eastern edge of the
basin to the maximum value of 14,1 miles per hour in southern Kansas.

The total area of the Permian Basin is approximately 189,000 square miles
(120,960,000 acres) and the population of this region is sparse. The popula-
tion information used for the region is the same as that used for the geologic
province, but each State is weighted by the approximate percentage of the
Permian Basin that it includes. Using these weighting factors (given in
Table 4-U4), the total population for the Permian Basin is 7,202,000 with a
density of 38.3 per square mile. Again, this is only a rough estimate, since
population centers have not been taken into account,

The types of crops produced in the Permian Basin are the same as those
produced in the geologic province; the major crops are cattle, wheat, dairy
products, and corn. Sorghum is presumed to be used in a corn-based feed for
cattle. The population consumption rates used for the region are the recom-
mended consumption rates given ir Table 4-2.

The agricultural data used for the region are given in Table 4-5. The
growing periods and transport times are the same NRC default values that were
used for the geologic province. The acreage and yield information have been
calculated using the weighting factors in Table 4-4 on the individual State
agricultural data used for the geologic province.

The information available at the regional level is more reliable than
that reported in the geologic province section. Because a smaller land area
is involved, the food types and their production are known to a greater
degree. Still, only major crop data are reported and no credit is given for
vegetables and other crops grown in less abundance. Again, this reduces the
confidence in the maximum exposed individual dose assessment. Also, the usage
of the food types is not well documented; therefore, the affected populations
are difficult to approximate. This means that methods A and B are more useful
than method C.

4.3 AREA

The area that is under study is the Palo Duro Basin (see Figure 4-1),
The Palo Duro Basin is a subbasin of the Permian Basin and is located in the
north-central section of the Texas Panhandle. It covers an area of approxi-
mately 13,000 square miles (8,320,000 acres). Most of the information used
here was retrieved from ONWI-102, Area Environmental Characterization Report
of the Dalhart and Palo Duro Basins in the Texas Panhandle (NUS, 1982).

The climate of the Palo Duro Basin is semiarid; the basin is located
between the dry, desert climate to the west and the wet, humid climate to the

13



Table 4-4. _Permian Baéin,State Weighting Factors

Weighting Factor

State (percent)
Kansas A 26.5
Colorado _ : 5.5
‘Oklahotta . - 13,5
New Mexleo ‘ 13.5

Texas o ) 41.0

Table 4-5. 'Agricu;tural Information for the Region

lirowing Period Yield Acreagse Transport Time
Crop (days) (kg/mz) (thousand acres) (days)
Wheat 90 0.24 5,717. 14
Corn 90 0.88 946, ST
Growing Period Forage Production Transport Time
Animal Product (days) (kg/m<) (million kg) (days)
Beef 90 - 1.1(a) . 1,300, . - .20

Milk 30 1.1(a) 863. Y

(a) Corn-based grain feed.
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east and southeast. Most of the area is steppe, characterized by sparse
vegetation, warm temperatures, and periods of little precipitation.

Table U-6 provides the annual distributions of atmospheric stability
classes for Amarillo and Lubbock, Texas. Amarillo is on the northern boundary
of the basin. Lubbock is just south of the basin. In the western portion of
the Palo Duro Basin the analysis of atmospheric data shows that dispersion
conditions are relatively good at all times of the year. °‘Because of varia-
tions of the local terrain in the eastern portion of the basin, dispersion
conditions are more dependent on the actual site location, but dispersion con-
ditions of well-exposed locations can be expected to be similar to those in -
the western portion. : .

The annual average wind speed is 22.0 kilometers (13.7 miles) per hour
for Amarillo and 20.4 kilometers (12.7 miles) per hour for Lubbock.

As with the province and region, the population of the area is sparse.
Table 4-7 lists the counties that are in the Palo Duro Basin, their approx-
imate percentages of the basin, their population (Dallas Morning News, 1983)
and their population density. Using Table 4-7 to produce a weighted average,
the average number of persons per square mile in the Palo Duro Basin is 16.4
and the total population of the basin is 193,756. Table 4-8 gives the popula-
tion and population density for the counties that are near the Palo Duro
Basin. A large fraction of the population in the Palo Duro Basin is located
in the larger population centers such as Amarillo, Hereford, Plainview,
Canyon, Tulia, and Seth Ward.

The Palo Duro Basin is one of the most important agricultural regions in
Texas. - Several of the counties within the basin are the State's top producers
of field crops, grain crops, vegetables, and cotton. The major field crops
produccd in the Palo Durn Basin are c¢orn, soybeans, sorghum, sugar beets, and
sunflowers. The major grain crops are wheat, barley, and rye. The vegetable
crops, including cabbage, cantaloupes, carrots, cucumbers, lettuce, onions,
bell peppers, and potatoes, are highly concentrated in relatively small areas.
Cotton is grown, but is not taken into account for ingestion doses. Cattle is
the main livestock of the area.

Tre population consumption rates used for the area are those recommended
by the NRC for use in lieu of site-specific data, shown previously in
Table U4-2. Table 4-9 adds to these values the vegetable consumption rates.

The agricultural data used for the area stage are given in Table 4-10.
The transport time and growing period are the same generic terms that were
used before, while the acreage and yield information are from the Texas
Department of Agriculture (Texas Crop and Livestock Reporting Service, 1984a,
b, and c¢; 1985).

There is a larger amount of data available for the area characterization
than for the geologic province or regional characterizations. The introduc-
tion of a larger variety of the food types grown in the area helps to reduce
the uncertainty of the maximum individual dose assessment. The amount of
acreage devoted to each food type is more accurately known, which reduces the
uncertainty in the population dose assessment, Still, how the crops are used

15



Table 4-6. Annual Atmospheric Stability Classes for Amarillo and Lubbock

Annual Stability Class

‘ Unstable Neutral _Stable
Location A B ‘ c - D N 'F G
Amarillo 0.30 2.03 9.08 68.94 14.69 b.41.  0.55
Lubbock 0.55 4,18 12.16 54.32 14.92 11.19 © 2.68
Table 4-7. Population and ‘Areal Relationships of the Palo Duro Basin
: and Texas Counties '
‘ SIS Percentage of Percentage of
Population - Density County in Bagin in
County (1980) (persons/mi2) Basin County(a)
Armatrong 1,994 2.20 77 6
DBailey® 8,168 9.78 By 4
Briscoe - 2,579 2.95 - 100 7
Castro 10,556 12.00 100 T
Childress 6,950 9.94 24 1
Cnllingswerth ~h,618 5.20 10 1
Cottle ' 2,947 ENE 28 2
Deaf Smith’ 21,165 14.02 Q7 12 °
Donley 4,075 4 .50 55 y
Floyd 9,834 9.9 T 6
Hale 31,592 37.40 T4 - 6
Hall - 5,594 6.32 - 100 - 7
Lamb - 18,669 - - 18.27 81 - 7
Motley 1,950 1.99 81 7
Parmer 11,038 12.85 84 6
Potter - 98,637 109.35 1 < 1(b)
Randall 75,062 82.12 95 T
9,723 10. 8

Swisher

85

100 -

(a) Total less than 100 percent due to
(b) Assumed to be 0.1 percent.
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Table 4-8. Populations for Counties Néar the Palo Duro Basin

Density
County Population (1980) o (persons/mi?)

Carson 6,672 7.41
Cochran ‘ ' 4,825 6.16
Crosby . : 8,859 9.72
Dickens : 3,539 3.80
Foard 2,158 3.19
Gray 26,386 28.25
Hardeman : 6,368 9.27
Hockley 23,230 25.58
King " 425 0.45
Knox 5,329 6.26
Lubbock 211,651 237.01
0Oldham 2,283 1.54
Wheeler \ 7,137 7.81

Table 4-9. Recommended Values for Consumption Rates for the Average
: Individual in Lieu of Site-Specific Data

Crop T . Child : : - Teen. . ~ Adult

Vegetable (kg/yr) 108.0 129.6 102.6
Grain (kg/yr) 48.0 57.6 45.6
Milk (L/yr) 170.0 200.0 110.0
Meat (kg/yr) 37.0 59.0 95.0

Source: NRC, 1977.
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Table 4-10. Agricultural Information for the Area |

. Growing Period Yield Acreage Transport Time
. Crop - (days) “ (kg/me)  (thousand acres) (days)
Wheat - 90 0.19 ° 868.39 .14
Rye 90 0.08 - 1.62 14
Barley 90 0.37.- 12.51 » 14
Corn . 90 $.12 - 273.83 14
Sorghum 90 0.29 231.31 14
Soybeans 90 6.63 . 62.87 14
Sunflowers 90 0.12 - 9.39 14
Sugar beets 90 4 21 24 .4y 14
Cabbage 90 3.2k 0.08 14
Cantaloupes 90 1.42 . 0.55 14
Carrots 90 2.38 1.09 14
Cucumbers 90 1.18 1.19 14
Lettuce 90 2.61 - 0.390 ; 14
Onions . 90 2.45 3.09 ) 14
Bell peppers 90 1.12 2.79 o 14
Potatoes 90 2.48 8.58 14

Growing Period Forage Production Transport Time
Animal Product (days) (kg/m<) (million kg) (days)
Beef 90 1.1(a) 334.8 20
Milk 30 1@ 280 0 u

(a) Corn-based grain feed.
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is not included in the data base at this stage. This means that methods A and
B are more useful than method C.

4.4 LOCATION

Data for the location stage are pertinent to the area within a 50-mile
radius from a point in the north-central part of Deaf Smith County in the
Southern High Plains of the Texas Panhandle. This point is centered at lati-
tude 35°07'N and longitude 102°29'W. The source for most of the -data is
BMI/ONWI-541, Rev. .1 (Waite et al., 1986). Deaf Smith County is pictured in
Figure 4-1. :

The location climate is typical of the Palo Duro Basin; it is a semiarid
climate, with warm temperatures, and periods of little precipitation, sup-
porting a sparse natural vegetation. As measured in Amarillo, precipitation
averages about 19 inches per year, and the average annual runoff is less than
1.0 inch. Together with an average wind speed of 13.8 miles per hour, these
semiarid conditions create a high potential for wind erosion. However, they
also favor the dispersion of pollutants in the atmosphere. The location
weather includes tornadoes, thunderstorms, and heavy fog. The atmospheric
stability classes for Amarillo are given in Table U4-6.

The population within the 50-mile radius is 217,000. This gives a popu-
lation density of 27.63 persons per square mile. The total population within
this radius is greater than the population stated for the Palo Duro Basin
because the 50-mile radius around the site includes parts of the city of
Amarillo, which is not included in the Palo Duro Basin.

The types of crops grown at the location include lettuce, cabbage, sweet
corn, cucumbers, bell peppers, potatoes, carrots, onions, tomatoes, cant-
aloupes, watermelons, wheat, barley, and oats. The types of livestock pro-
duced include cattle, hogs, and poultry. Dairy products are also produced.

The population consumption rates to be used for the Deaf Smith County
location are national consumption rates given by the U.S. Department of
Agriculture (1984). The consumption rates are shown in Table 4-11,

The agricultural data used are given in Table 4-12. The transport time
and growing period are the same generic terms used for the other study
regions, while the acreage and yield information were taken from Texas
Department of Agriculture publications (Texas Crop and Livestock Reporting
Service, 1984a, b, and c; 1985).

The location stage represents the most detailed data available to date.
There is a wide variety of food types reported and the field data (e.g., yield
and acreage) are more precise. This added knowledge, as well as better con-
sumption data, result in a confident maximum individual dose assessment.

Also, the population dose assessments by methods A, B, and C are more reli-
able, because of a more reliable estimation of the affected population.
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‘Table 4-11. Deaf Smith County Location Consumption Rates

SR - SR : : Consumption Rate
Food Type (kg/yr/person)

" Lettuce 1.0 -
Cabbage 3.5
- Sweet corn - 2.9
Cucumbers - - 1.9
Bell peppers 1.5

" Potatoes - 24.6 -
Carrots 3.1

Onions 5.2 -
Sweet potatoes 1.6

Tomatoes 5.1 .

" Cantaloupes 2.8 -
-~ Watermelons S n Cond 5.0
" Wheat : ' 54.0
Barley 0.9
Qats 3.1
- Beef -35.2
M1lk RN - I 111.4

‘Poultry - o S ST 286
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Table 4-12. Agricultural Information for the Location

Growing Period  Yield Acreage Transport Time
Crop (days) (kg/m2) (thousand acres) (days)
Wheat 90 0.1 270.9 i
Barley 90 0.3 17.6 14
Qats 90 0.3 4.5 14
Sweet corn 90 0.8 0.05 14
Cabbage 90 2.8 0.08 14
Cantaloupes 90 1.3 0.55 14
Watermelons 90 1.2 0.43 i
Carrots 90 2.4 0.70 i
Cucumbers 90 1.1 0.1 , 14
Tomatoes 90 1.0 0.15 14
Lettuce 90 2.6 0.390 14
Onions - 90 2.6 1.51 14
Be2l peppers 90 1.1 0.04 14
Potatoes 90 2.4 2.91 14
Sweet potatoes 90 1.3 0.09 14
Growing Period Forage Production Transport Time
Animal Product (days) (kg/m<) (million kg) (days)
Beef 90 1.1(a) 193.2 20
Pork 90 1.1(a) 5.40 20
Poultry 90 - 1a(2) 0.31 20
Milk 30 1.1 22.0 y

(a) Corn-based grain feed.
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4.5 MASS BALANCE

The mass balance data stage will be the most in-depth of the data stages.
All the input data from the location stage will be closely investigated. Each
input parameter will be as exact as possible. Surveys and a census will be
taken of the surrounding area, which will give site-specific information.

The climate will be monitored by a meteorological station on site. When
necessary, climate and weather information will be used from a station near
the mass balance site, since there should be only a marginal difference.

The population and food consumption information will be obtained through
a census, which will give an exact population of the area around-the site and -
information on food consumption habits.

The agricultural intormation will be obtained through exact measurements
of the amount, types, and yields of agricultural goods. The importing and
exporting of agricultural goods will be measured, as will ftheir average

storage and shipping times. Destination of exported agricultural goods will.
also be noted. Most importantly, the usage of each crop will be documeéented.

The amount of information available at this level of study should give
the best estimation of the ingestion dose to the public. All the necessary
parameters will be measured and taken into account, allowing for confidence in
the assessment of both the affected area and global doses. Therefore, at. this
stage, method C is the best method to use. '

22



5.0 FINDINGS AND CONCLUSIONS

The questions asked in the introduction to this paper can now be consid-
ered in light of the results obtained using staged data and the three methods
of calculation. Table 5-1 summarizes these results.

First, at which stages of the site identification and qualification pro-
cess are data of specific levels of detail required? The stages of the site
identification progressed from a very general to a very specific area. How-
ever, for each stage of the site identification process, there were adequate
data available to assess the radiological impacts of ingestion radiation
doses. These data were general for the larger geographic areas and became
more specific as the site was narrowed. Therefore, since the assessment did
not demand more specific data at any stage, there was no stage where specific
levels of detail were required.

Closely related to the first question, the second is concerned with how
more detailed input data pay off with respect to assessment results. The
maximum individual and population dose results in Table 5-1 show that there is
not much difference in the results from the different stages. Thus, the extra
effort in detailing the additional data as the site was better defined does
not seem to pay off. Therefore, the amount of money spent in developing more
detailed data for all agricultural goods does not have the corresponding
effect of producing more accurate assessment results.

One of the reasons that there is not a convergence in the assessment
results as the site-selection stages narrow is that the more detailed data
available are related to pathways that do not contribute greatly to the final
results. For example, the agricultural data related to vegetable types and
consumption were developed significantly from geological province to location
stage. However, the major dose pathways are from wheat and beef, which were
detailed for all of the stages. (See Appendix B for a complete breakdown of
the dose contributions of the individual food types.) Therefore, one place
where money would be well spent is in developing the data base on how the food
types which contribute largely to the total dose are used. This would include
the percentages of the food that are actually used for human consumption and,
in the case of animal products, the actual radionuclide intake of the animal.
These data are very important in determining the total impact of these food
types on humans.

The third question asks, is it preferable to use a sophisticated method
with inadequate data or a method comparable in precision with the available
data? To answer this question, it is necessary to examine the population dose
calculation methodologies and results.

Method A, which assumes that everyone living within the assessment area
(within a 50-mile radius of the site) is exposed through the ingestion path-
way, even if the amount of food grown in the area cannot support everyone, is
the case of the method being comparable to the available data. This is the
case since there are no data on the food usage. Method C, which assumes that
the affected population is the number of people who could be supported by the
food type if it were all used for human consumption, is an example of a more
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Table 5-1. Maximum Individual. Dose and Total Populatioh by Method

‘Maximum

Total Population

Individual Method A Method B Method C
Stage (mrem) (person-mrem) (person-mrem) (person-mrem)
égggé;_ggiﬁ ,
Provinee 2.9 x 10°2 4.9 x 103 4.9 % 103 1.5 % 104
Reglon 2.9 x 10-2 5.7 x 103 5.7 x 103 5.5 x 10l
Area 5.6 x 102 4.8 x 103 4.8 x 103 2.1 x 105
Location 4.5 x.10-2 6.5 x 103 5.8 x 103 5.1 x 10t
Mass Balance (a) (a) (a) (a)
50-Year -Dose
Province 2.3 3.9 x 109 3.9 x 105 4.6 x 106
Region 2.3 4.5 x 105 4.5 x 105 3.5 x 106
Area 4.4 3.0 x 109 3.0 x 109 1.3 x 107
Location 2.6 3.7 x 105 3.3 x .105 3.3 x 106

Mass Balance

(a) .

(a)

(a) No characterization data available at this time.
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sophisticated method with inadequate data. Method C can be thought of as a
global assessment, i.e., including affected people outside the assessment
area. -

) Table 5-1 documents the results of the population dose assessment given
by these three methods.. Since a global assessment is not required by regula-
tion, and if it is decided that a global assessment is not necessary, then
method & would be adequate, yielding results that were conservative and which
required little data gathering. Method B, which is method C truncated at the
assessment area population, gives no significant advantage over method A. It
must be noted that for areas with very little agricultural output these con-
clusions may not be valid. There is very large difference between methods A
and C because the large agricultural output of the area affects a great number
of people. However, since the true affected population values needed for
method C were not known, there cannot be much confidence in the results. More
realistic results would necessitate a "mass-balance" analysis dose during site
characterization, where the disposition of every bit of food is known. Based
on the population dose calculation methodologies and results, it is preferable
to use a method comparable in precision with the available data.

Other conclusions can be drawn by examining the model. The sensitivity
analysis (Appendix A) points out some important relationships among the
individual agricultural input parameters of PABLM. For example, there is a
direct relationship between consumption and dose and between x/Q and dose.
Thus, even if the agricultural makeup of the site is well documented, the use
of inadequate meteorological information and human consumption data for the
area would adversely affect the analysis. However, for the long-lived
radionuclides of interest in the assessment, the growing period and holdup
(storage plus transport time) parameters are not very important.

The final conclusion that can be drawn concerns the data gathered during
site characterization, i.e., data for the mass-balance analysis. Based on the
results shown here, the greatest effort should be focused on gathering mete-
orological data, human food consumption data, and overall crop usage data.
The meteorological data are necessary to develop the atmospheric dispersion
parameters used in calculating deposition of released radionuclides. The
consumption information is necessary in calculating the intake quantity of
contaminated food. Finally, the crop usage data establish how much of the
contaminated food type actually goes toward human consumption. Adequate data
for these parameters translate into a confident value for the affected popu-
lation, both within and outside the affected area. Therefore, if the site
undergoes site characterization, these will be the key parameters to measure
and record for a high confidence in the ingestion dose estimates.

One important point to note is that the conclusions drawn here are based
on the results of only one assessment model and, therefore, are only specific
for that model. A close comparison of the performance of PABLM with other
agricultural assessment models must be made before final conclusions can be
drawn concerning the data needs during site characterization.
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APPENDIX A .

: SENSITIVITY ANALYSIS OF PABLM INPUT PARAMETERS

This appeﬁdix discusses six basic ingeétion pérémeﬁérs in«the PABLM model

and how they relate to the dose. Figures A-1 through A-7 .illustrate the rela-
tionships using 1-129.

Consumption - The consumption value represents the quantity of
radioactively contaminated food ingested. This parameter has a
linear relationship with dose. Figure A-1 shows a graph of the
relationship.

Translocation - the translocation parameter represents the frac-
tion of the radionuclide deposited on the exterior of a plant
that is transferred to the interior. There is a linear relation-
ship between the translocation parameter and dose. When the
parameter is equal to zero, the dose is a minimum constant value.
The dose increases linearly as translocation increases to its
maximum value of 1.0. The minimum constant value represents the
contribution of plant radionuclide inventory from root uptake.
For the dose calculations this value was set to 1.0 for leafy
vegetables and 0.1 for all other food types. Figure A-2 shows
the relationship.

x/Q - The x/Q parameter represents the atmospheric dispersion
characteristics of the area. The lower the x/Q value, the
greater the dispersion and, therefore, the lower the concentra-
tion. There is a linear relationship between x/Q and dose. This
relationship is shown in Figure A-3.

Holdup ~ The holdup parameter takes into consideration the radio-
active decay of the radionuclides during storage and transport
times. Since the radionuclides of concern are long-lived, this
value is not important. The relationship between dose and holdup
is an exponential reduction in dose with time, with the specific
radionuclide decay constant as time is constant. The relation-
ship for I-129 is shown in Figure A-4.

Growing Period - Growing period is used to calculate the time
necessary for the radionuclides to build up in the plant. The
longer the half-life of the radionuclide, the faster the buildup.
For the radionuclides of concern in the present analysis, this
parameter is not very important. Figure A-5 shows the expon-
ential growth from a minimum dose to a saturation value. The
minimum dose is the contribution from uptake in roots. The
saturation value is 2 percent greater than the 90-day value used
in the reference case.

Yield - The yield represents the quantity of a food type produced
per unit of land. The yield is inversely proportional to the
dose. That 1s to say, the highcer the yield, the lower the duse.
This is the case because a higher yield dilutes the deposition of
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radionuclides. Figure A-6 shows the inverse relationship between
yield and dose. The dose drops to a minimum value. Again, this
minimum value represents the contribution from root uptake, which
is not affected by the yield parameter. Figure A-7 shows the
relationship between yield and dose with the minimum value sub-
tracted. It can be seen from this flgure that .the relationship
is inversely proportional:
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APPENDIX B

VALUES FOR DOSE CALCULATIONS

This appendix contains tables of the values used for the dose calcula-
tions for province, region, area, and location stages. It was from these data
that the final total ingestion doses were calculated (Table 5-1).

Table B-1. Operational Repository Emission

Annual Average

' . : Release .

Radionuclide . - . ' . (Curles)
H-3 o . . 3.2 x 10+!
C-14 ‘ o o 2.6 x 10-)
1-129 C ' 3.2 x 10-2

Table B-1 contains-the repository emission values used_as inputs for the
PABLM -runs. The x/Q value used for the runs was 4.87 x 1077. A sample of
the' program output is reproduced in Figure B-1. The dose values shown here
are then used to calculate the whole-body dose by multiplying the organ doses
by the weighting factors given in Publication 26 of the International Com-
mittee on Radiological Protection (ICRP, 1977). For the organs in this
assessment the factors are 1.0 for total body, 0.12 for bone, 0.12 for lungs,
and 0.03 for thyroid. The combined whole-body dose is the average individ-
ual's dose. The total dose is computed by summing the individual agricultural
doses. To get the total population dose for each agricultural good the aver-
age individual dose is multiplied by the aff'ected population. The total dose
is again the summation of the individual agricultural goods doses. The maxi-
mum exposed individual dose is calculated by multiplying the total average
individual dose by 1.5. This process is used to calculate the ingestion dose
for both the annual and 50-year dose for each of the four stages of environ-
mental characterization in which data are available.

B.1 GEOLOGIC PROVINCE

Tables B-2 through B-5 are for the geologic province calculations. The
data in the geologic province tables were produced from Bureau of the Census,
1984 ; and NRC, 1977.
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COMBINED PATHWAY SUMMARY TOTALS PABLM VERSION2

TOTALS BY PATHWAY FOR SPECIFIED ORGANS (INTERNAL DOSES ONLY)

CASE TITLE., Deafl Swilh - Nation

*+* DOSE COMMITMET SUMMARY FOR DOSE-YEAR 1 OF A 26. YEAR PLANT 'LIFE #**x

IRRIGATION CROP PATHWAY: OFF
AIR DEPOSITION CROP PATH: ON
AQUATIC FOODS PATHWAY: OFF

DOSES AND TOTALS REPORTED IN REM

EXPOSURE

PATHWAY TOTAL BODY BONE
WHEAT 8.5E-07 1.3E-08 0.

OT. GRAIN . 5.9E-08 1.7€E-07 0.
MILK 9.5C-07 5.0E-07 0.
BEEF 7.9€E-07 2.0E-08 0.
TOTALS 1.9E-08 . 3.9E-06 0.
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B.2 REGION

Tables B-6 through B-9 are for the regional calculations. The data in
these tables were produced from U.S. Bureau of the Census, 1984; and NRC,
1977.
B.3 AREA

Tables B-10 through B-14 are for the area'calculations, The data in
these tables were produced from NUS, 1982; Dallas Morning News, 1983; and
Texas Crop and Livestock Reporting Service, 1984a, b, c; 1985.
B.4 LOCATION

Tables B-15 through B-19 are for the location calculations. The data in

these location tables were produced from Waite et al., 1986; USDA, 1984; and
Texas Crop and Livestock Reporting Service, 1984a, b, c; 1985.
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Table B-2. Ingestion

Pathways Input Data, Province

Acres Growing Consumption
Grown Period Yield Rate
Food Type (thousands) (days) (kg/m2) (kg/yr/person)
Wheat 290 90 0.24 39.9
Other Grain 43 90 0.91 5.7
Kilograms Growing Consumption
: Produced - Period Forags Rate
Animal Product (million kg) (days) (kg/m=) (kg/yr/person)
Milk 36 30 1.1 110.0
Beef 57 90 1.1 95.0
Table B-3, Affected Population by Agricultural Good, Province
Method A Method B Methud C
Food (people) (people) {people)
Wheat 257,600 257,600 7,000,000
Otlierr Graina 257,600 257,600 27,000,000
Milk 257,600 257,600 330,000
Beef 257,600 257,600 600,000
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Table B-4.

Individual Dose by Agricultural Good, Province

Annual Dose

50-Year Dose

Food (mrem) (mrem)
Wheat 8.6 x 10-3 3.9 x 10
Other Grains 3.8 x 10-4 3.3 x 10-2
Milk 2.8 x 10-3 2.8 x 1071
Beef 6.4 x 10-3 7.7 x 10-1
Total Dose 1.9 x 10-2 1.5

Table B-5. Population Dose by Method and Agricﬁltural Good, Province

Method A Method B Method C

Food (person-mrem) (person-mrem)

(person-mrem)

Annual Dose

Wheat

Other Grains

Milk
Beef

Total Dose

50-Year Dose

Wheat

Other Grains

Milk
Beef

Total Dose
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6.0 x 104
1.0 x 104
9.2 x 102
3.8 x 103
7.5 x 104
2.7 x 106
8.9 x 102
9.2 x 104
4.6 x 105
4.6 x 106
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Table B-6.

Ingestion Pathways Input Data, Region

Acres Growing Consumption
Grown Period Yield Rate
Food Type (thousands) (days) (kg/m2) (kg/yr/person)
Wheat 238.0 90 0.24 39.9
Other Grain 39.4 90 0.88 5.7
Kilograms Growing Conszumption
Prouduced Perlod Forage Rate
Animal Product (million kg) (days) (kg/m<) (kg/yr/person)
Milk 36.0 30 1.1 110.0
Beef 54,0 90 1.1 95.0
Table B-7. Affected Population by Agricultural Good, Region
Method A Method B Method €
Food -(people) (people) (people)
Wheat 300,800 300,800 5,730,000
Other Grains - 300,800 300,800 24,300,000
Mille 300,800 300,800 327,300
Beef 300,800 300,800 568, 400
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Table B-8. Individual Dose by Agricultural Good, Region

. Annual Dose ’ 50-Year Dose
Food .(mrem) (mrem)
Wheat . 8.6 1073 : 3.9 x 10-1
Other Grains _ o Coylx0d 3.3 x 102
Milk 2.8 x 10-3 - - 2.8 % 10~
Beef 6.4 x 10-3 | 7.7 x 10-1
Total Dose . 1.9 x 10-2 | 1.5 '

Table B-9. Population Dose by Method and Agricultural Good, Region . -

Method A : Method B Method C
Food (person-mrem) (person-mrem) (person-mrem)
Annual Dose
Wheat 2.6 x 103 2.6 x 103 4.9 x 1ok
Other Grains 1.2 x 102 1.2 x 102 “1.0°x 103
Milk 8.4 x 102 8.4 x 102 9.2 x 102
Beef 1.9 x 103 1.9 x 103 3.6 x 103
Total Dose 5.7 x 103 o 5.7 x 103 5.5 x 104
50-Year Dose
Wheat 1.2 x 109 1.2 x 102 2.2 x 106
Other Grains 9.9 x 103 9.9 x 103 8.0 x 109
Milk 8.4 x 104 8.4 x 104 9.2 x 104
Beef 2.3 x 109 2.3 x 109 4.4 x 10°
Total Dose 4.5 x 109 4.5 x 105 3.5 x 106
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" Table B-10. Ingestion Pathways Input Data, Area

Acres Growing Consumption
Grown .Period Yield Rate
Food Type (thousands) (days) (kg/m2) (kg/yr/person)
Leafy Vegetables 2.40 90 . 3.23 11.2
o9 ’
Aboveground 17.20 90 3.78 79.7
Vegelables
Potatoes 5.10 90 2.148 17.0
Other Root 2.53 90 2.43 1.7
Vegetables
Melons 0.33 90 R R 15.0
Wheat : 521.00 90 . 0.19 : 34.2
Other Grain - 174.00 90 1.08 1.4
Kilograms Growing Consumption
Produced Period Farage Rate
Animal Product (million kg) (days) (kg/m<) (kg/yr/person)
Milk 17.00 30 1.1 110.0
Beef ) 202.00 90 1.1 . 95.0 .
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Table B-11. - Affected Population by Agricultural Good, Area

Method A Method B Method C
Food (people) (people) (people)
Leafy Vegetables 128,800 128,800 2,770,000
Aboveground 128,800 128,800 3,263,000
Vegetables
Potatoes 128,800 128,800 - 439,000
Other Root 128,800 128,800 2,102,000
Vegetables : :
Melons 128,800 125,000 125,000
Wheat 128,800 128,800 11,580,000
Other Grains 128,800 128,800 65,900,005
Milk 128,800 128,800 154,000
\Beef 128,800 128,800 2,130,000
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Table B-12. Individual Dose by Agricultural Good, Area

Annual Dose 50-Year Dose
Food {mrem) (mrem)
Leafy Vegetables 1.8 x 10-3 9.3 x 10-2
Aboveground 1.1 x 10-2 6.1 x 10-1
Vegetables
Potatoes 3.5 x 10-3 5.5 x 10~
Other Root 3.5 x 10-4 5.5 x 10-2
Vegetables
Melons 6.5 x 104 7.2 x 10-2
Wheat 9.2 x 10-3 3.9 x 10~
Other Grains ‘ 6.9 x 10-4 5.7 x 10-2
Milk 2.8 x 10-3 2.7 x 10-]
Beef 6.4 x 10-3 7.7 x 10-]
Total Doae 3.7 x 10-7 2.9
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Table B-13. Population Annual Dose by Method and Agricultural Good, Area

Method A Method B Method C
- Food (person-mrem) (person-mrem) . (person-mrem)
Leafy Vegetables 2.3 x 102 2.3 x 102 5.0 x 103
Aboveground 1.4 x 103 1.4 x 103 3.6 x 104
Vegetables :
Potatoes 4.5 x 102 4.5 x 102 1.5 x 103
Other Root 4.5 x 10! 4.5 x 101 7.4 x 102
Vegetables -
Melons . 8.4 x 101 8.1 x 10 8.1 x 10!
Wheat 1.2 x 103 1.2 x 103 1.1 x 105
Other’ Grains 8.9 x 10! 8.9 x 10! 4.5 x 104
Milk 3.6 x 102 3.6 x 102 4.3 x 102 -
Beef 8.2 x 102 8.2 x 102 1.4 x 104
Total Dose 4.8 x 103 4.8 x 103 2.1 x 109
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Table B-14. Population 50-Year Dose by Method .and Agricultural Good, Area

: Method A Method B " Method C
Food (person-mrem) (person-mrem) (person-mrem)
Leafy Vegetables 1.2 x 104 1.2 x 108 2.6 x 109
Aboveground 7.9.x 104 7.9 x 104 2.0 x 106
Vegetables
Potatoes . 7.1 x 108 7.1 x 104 2.4 x 105
Other Root 7.1 x 103 7.1 x 103 1.2 x 105
Vegetables
Melons : 9.3 x 103 9.0 x 103 9.0 x 103
Wheat . 5.0 x 104 5.0 x 10t 4.5 x 106
Other Grains 7.3 x 103 7.3 x 103 3.8 x 100
Milk 3.5 x 104 3.5 x 10t n.2 x 104
Beef 9.9 x 104 9.9 x 104 1.6 x 106
Total Dose 3.7 x 10° 3.7 x 109 1.3 x 107
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Table B-15. ' Ingestion Pathways Input Data,  Location

Acres Growing : Consumption
Grown : Period Yield Rate
Food Type (thousands) (days) (kg/m2)  (kg/yr/person)
Leafy Vegetables 0.47 90 2.6 _ 14.5
Aboveground 0.34 90 1.0 1.4
Vegetables
‘Potatoes 2.91 " 90 2.4 24.6
Other Root 2.30 90 2.5 9.9
Vegetables
Melons 0.98 90 1.3 7.8
Wheat 270.90 90 0.1 54.0
Other Grain 22.10 90 0.3 4.0
Kilograms Growing ‘ Consumption
. Produced Period Forage Rate
Animal Product (million kg) (days) (kg/me) (kg/yr/person)
Milk . 22,00 30 1.1 1
Beef . 193.20 - 90 N . . 35.2.
Pork 5.40 90 1.1 28.9
Poultry 0.31(a) 90 1.1 28.6

(a) Calculated value, based on 5 percent criteria.
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Table B-16.

Affected Population by Agricultural Good, Location

Method A Method B Method C
Food (people) (people) (people)
Leafy Vegetables 217,000 217,000 343,000
Aboveground 217,000 125,100 125,100
Vegetables
Potatoes 217,000 217,000 1;142,600
Other Root 217,000 217,000 2,344,400
Vegetables .
Melons 217,000 217,000 647,800
Wheat 217,000 217,000 1,881,300
‘Other Grains 217,000 21%,000 7,320,600
Milk 217,000 197,500 197,500
Beef 217,000 217,000 5,489,000
Pork 217,000 187,000 187,000
Poultry 217,000 10,900(2) 10,900

(a) Calculated value, based on 5 percent criteria.
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Table B-17.

Individual Dose by Agricultural Good, Location

Annual Dose .

50-Year Dose

Food (mrem) {(mrem)
Leafy Vegetables 2.8 x 10-3 1.3 x 10-1.
Aboveground 5.4 x 10-3 1.9 x 10‘T

Vegetables
Potatoes 7.4 x 10-4 1.2 x 10-1
Other Root 2.9 x 104 4.8 x 10-2

Vegetables :
Melons 3.6 x 10°4 4.2 x 10-2
Wheat 1.3 x 1072 4.5 x 10-1
Other Grains 7.0 x 104 - 3.6 x 10-2
Milk 3.3 x 10-3" 3.2 x 101
Beef 2.6 x 10-3 2.6 x 10-]
Pork: 5.2 x 10-4 5.8 x 1072
Poultry - 1.5 x 10°4% - 4.0 x 10-3
Total Dose 3.0 x 10-2 1.7
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Table B-18. Population Annual Dose by Method and Agricultural Good, Location

Method A Method B Method C

?ood , . (person-mrem) - {person-mrem) (person-mrem)
Leafy Vegetables 6.1 x 102 6.1 x 102 9.6 x 10°
Aboveground 1.2 x 103 . 6.8 x 102 6.8 x 102

Vegetables
Potatoes 1.6 x 102 1.6 x 102 8.5 x 102
Other Root ’ 6.3 x 10! 6.3 x 101 6.8 x 102
Vegetables :
Melons : 7.8 x 101 7.8 x 10! 2.3 x 102
Wheat 2.8 x 103 2.8 x 103 2.4 x 10t
Other Grains’ 1.5 x 102 1.5 x 102 5.1 x 103
Milk 7.2 x 102 ’ 6.5 x 102 6.5 x 102
Beef  ° 5.6 x 102 5.6 x 102 1.8 x 104
Pork : 1.1 x 102 ' 9.7 x 10! 9.7 x 10
Poultry _ 3.3 x 105 1.6 1.6
Total Dose 6.5 x 103 5.8 x 103 5.1 x 104
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Table B-19. Population 50-Year Dose by Method and Agricultural
Good, Location

Method A Method B Method C
Food (person-mrem) (person-mrem) (person-mrem)
Leafy Vegetables 2.8 x 104 2.8 x 104 4.5 x 104
Aboveground n.1 x 104 2.4 x 10t 2.4 x 104
Vegetables
Potatoes 2.6 x 104 2.6 x 10H 1.4 x 105
Other Root ‘ 1.0 x 104 1.0 x 104 1.1 x 109
Vegetables
Melons 9.1 x 103 9.1 x 103 2.7 x 108
Wheat 9.8 x 104/ 9.8 x 104 8.5 x 109
Other Grains 7.8 x 103 7.8 x 103 2.6 x 10°
Milk 6.9 x 104 6.3 x 10t 6.3 x 104
Beef | 5.6 x 10% 5.6 x 10% 1.8 x 106
Pork 1.3 x 104 1.1 x 104 1.1 x 104
Poultry 8.7 x 102 4.4 x 10! 4.4 x 101
Total Dose 3.7 x 105 3.3 x 105 3.3 x 106
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" HARZA ENGINEERING COMPANY

PETER CONROY
HEREFORD NUCLEAR WASTE INFORMATION
OFFICE
CAROLYN JOHNSON
HIGH PLAINS WATER DISTRICT
DON MCREYNOLDS
A. WAYNE WYATT
HITACHI WORKS, HITACHI LTD
MAKOTO KIKUCHI
HOUGH-NORWOOD HEALTH CARE CENTER
GEORGE H. BROWN, M.D.
HUMBOLDT STATE UNIVERSITY
JOHN LONGSHORE
ILLINOIS DEPT OF NUCLEAR SAFETY
JOHN COQPER
TERRY R. LASI|
ILLINOIS STATE GEOLOGICAL SURVEY
MORRIS W. LEIGHTON
INDIANA UNIVERSITY
CHARLES ). VITALIANO
INSTITUT FUR TIEFLAGERUNG—W. GERMANY
WERNT BREWITZ
E. R. SOLTER .
INSTITUTE FOR CHEMICAL TECHNOLOGY—W.
GERMANY
REINHARD ODOJ
INSTITUTE OF PLASMA PHYSICS
H. AMANO
INSTITUTO DE INVESTIGACIONES
FISICOQUIMICAS TEORICAS Y APLICADAS
l. R. VILCHE
INTER/FACE ASSOCIATES INC
RON GINGERICH
INTERA TECHNOLOGIES INC
JAMES E. CAMPBELL
JOHN F. PICKENS
MARK REEVES

INTERNATIONAL ENGINEERING COMPANY INC
MAX ZASLAWSKY
INTERNATIONAL GROUND WATER MODELING
CENTER
PAUL K. M. VAN DER HEIJDE
INTERNATIONAL RESEARCH AND EVALUATION
R. DANFORD
IOWA STATE COMMERCE COMMISSION
1OWA STATE UNIVERSITY
BERNARD I. SPINRAD
ISTITUTO SPERIMENTALE MODELLI E STRUTTURE
S.P.A—ITALY
FERRUCCIO GERA
IT CORP
PETER C. KELSALL
ITASCA CONSULTING GROUP INC
CHARLES FAIRHURST
ROGER HART
J. L. MAGRUDER & ASSOCIATES
). L. MAGRUDER
1.F.T. AGAPITO & ASSOCIATES INC
MICHAEL P. HARDY
JACOBY & COMPANY
CHARLES M. JACOBY
JAMES MADISON UNIVERSITY
STEPHEN B. HARPER
JGC CORPORATION—JAPAN
MASAHIKO MAKINO
}K RESEARCH ASSOCIATES INC
CINDY CHIFOS
JOHNS HOPKINS UNIVERSITY
JARED L. COHON
JOINT STUDY COMMITTEE ON ENERGY
T. W. EDWARDS, JR.
JONES COUNTY JUNIOR COLLEGE LIBRARY
JUPITER ASSOCIATES INC
CLYDE JUPITER
KAISER ENGINEERS INC
BEVERLY S. AUSMUS
KALAMAZOO COLLEGE
RALPH M. DEAL
KANSAS DEPT OF HEALTH AND ENVIRONMENT
GERALD W. ALLEN
KELLER WREATH ASSOCIATES
FRANK WRFATH
KERNFORSCHUNGSZENTRUM KARLSRUHE
GMBH—W, GERMANY
K. D. CLOSS
R. KOESTER
KETTERING FOUNDATION
ESTUS SMITH
KIHN ASSOCIATES
HARRY KIHN
KILLGORES INC
CHARLES KILLGORE
KIMBERLY MECHANICAL CONSULTANTS
KENNETH CROMWELL
KLM ENGINEERING INC
B. GEORGE KNIAZEWYCZ
KUTA RADIO
KUTV-TV
ROBERT LOY
LAKE SUPERIOR REGION RADIOACTIVE WASTE
PROJECT
C. DIXON
LAWRENCE BERKELEY LABORATORY
EUGENE P. BINNALL
NORMAN M. EDELSTEIN
J. WANG
LAWRENCE LIVERMORE NATIONAL
LABORATORY
THOMAS E. MCKONE
WILLIAM ). OCONNELL
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LAWRENCE D. RAMSPOTT (2)
DAVID B. SLEMMONS
TECHNICAL INFORMATION DEPARTMENT
WASTE PACKAGE TASK LIBRARY'
LEAGUE OPPOSING SITE SELECTION
LINDA S. TAYLOR
LIBRARY OF MICHIGAN
RICHARD ). HATHAWAY
LOCKHEED ENGINEERING & MANAGEMENT
COMPANY
STEVE NACHT
LOS ALAMOS NATIONAL LABORATORY
ERNEST A. BRYANT
B. CROWE
C. W. MYERS
DONALD T. OAKLEY
LOUISIANA DEPT OF ENVIRONMENTAL
QUALITY
L. HALL BOHLINGER
JAMES ). FRILOUX
LOUISIANA GEOLOGICAL SURVEY
SYED HAQUE
LOUISIANA STATE UNIVERSITY
JCFTRIY 5. FIANOR
LOUISIANA TECHNICAL UNIVERSITY
LIBRARY
R. H. IHOMPSUN
LOWENBERG ASSOCIATES
HOMER LOWENBERG
LUMMUS CREST INC
MARION DABROWSKI
LYLE FRANCIS MINING COMPANY
LYLE FRANCIS
M.). OCONNOR & ASSOCIATES LTD
M. J. OCONNOR
MARTIN MARIETTA
CATHY S. FORE
MARYLAND DEPT OF HEALTH & MENTAL
HYGIENE .
MAX EISENBERG
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
RICHARD K. LESTER
MARSHA LEVINE
DANIEL METLAY
MOCDFRMOTT INTFRNATIONAIL
KAREN L. FURLOW
MUMASTER UNIVERSH Y—CANADA
L. W. SHEMILT
MELLEN GEOLOGICAL ASSOCIATES INC
FREDERIC F. MELLEN
MEMBERS OF THE GENERAL PUBLIC
ROGER H. BROOKS
LAWRENCE CHASE, PH.D.
TOM & SLISAN CLAWSON
ROBERT DEADMAN
GERALD A. DRAKE, M.D.
CARL EISEMANN (2)
WARREN EISTER
JERRY L. ELLIS
GERALDINE A. FERRARO
CARL A. GIESE
OSWALD H. GREAGER
KENNETH GUSCOTT
A. M. HALE
MICHAEL T. HARRIS
TALMADGE HEFLIN
JOSEPH M. HENNIGAN
B. JEANINE HULL
DOROTHY HUSEBY
KENNETH S. JOHNSON
THOMAS H. LANGEVIN
LINDA LEHMAN
MICHAEL A. LETENDRE



JOSEPH A. LIEBERMAN
STEVEN ). MAHERAS
DUANE MATLOCK
MAX MCDOWELL
A. ALAN MOGHISSI
TONY MORGCAN
DENNIS MRAZ
F. ). PEARSON, JR.
CAROLINE PETTI
L. M. PIERSON
HOWARD PINCUS
PETER j. SABATINI, JR.
ZUBAIR SALEEM
OWEN SEVERANCE
LEWIS K. SHUMWAY
FRANK STEINRRLINN
M. J. SZULINSKI
EBIMO D. UMBU
A. E. WASSERBACH
SUSAN D. WILTSHIRE
MERRIMAN AND BARBER CONSULTING
ENGINEERS INC
GENE R. BARBER
MICHAEL BAKER, JR. INC
C. ). TOUHILL
MICHIGAN DEPT OF PUBLIC HEALTH
ARTHUR W. BLOOMER
MICHIGAN DISTRICT HEALTH DEPT NO. 4
EDGAR KREFT
MICHIGAN ENVIRONMENTAL COUNCIL
MICHIGAN PUBLIC SERVICE COMMISSION
RON CALLEN
MICHIGAN UNITED CONSERVATION CLUBS
WAYNE SCHMIDT
MIDDLETON LIBRARY
M. S. BOLNER
MINDEN NUCLEAR WASTE INFORMATION
OFFICE
SHIRLEY JOHNSON
MINE CRAFT INC
NORBERT PAAS
MINNESOTA DEPT OF HEALTH
ALICE T. DOLEZAL-HENNIGAN
MINNESOTA GEOLOGICAL SURVEY
PRISCILLA C. GREW
MINNESOTA STATE PLANNING AGENCY
BILL CLAUSEN
MISSISSIPPI ATTORNEY GENERALS OFFICE
LISA A. SPRUILL
MISSISSIPPI BUREAU OF GEOLOGY
MICHAEL B. E. BOGRAD
MisSISSIPPI DEPT OF ENERGY AND
TRANSPORTATION
DON CIIRISTY
MISSISSIPPI DEPT OF NATURAL RESOURCES
ALVIN R. BICKER, JR.
CHARLES L. BLALOCK
MISSISSIPPI DEPT OF WILDLIFE CONSERVATION
KENNETH L. GORDON
MISSISSIPPI MINERAL RESOURCES INSTITUTE
MISSISSIPPI STATE DEPT OF HEALTH
EDDIE S. FUENTE
MISSISSIPPI STATE UNIVERSITY
JUHN t. MYLROIE
MITRE CORP
LESTER A. ETTLINGER
MOAB NUCLEAR WASTE INFORMATION OFFICE
MICHAELENE PENDLETON (2)
MORRISON-KNUDSEN COMPANY INC
BILL GALE
NAGRA—SWITZERLAND
CHARLES MCCOMBIE

NATIONAL ACADEMY OF SCIENCES
JOHN T. HOLLOWAY ,
NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION—JOHNSON SPACE CENTER
MICHAEL R. HELFERT
NATIONAL ATOMIC MUSEUM
LORETTA HELLING
NATIONAL BOARD FOR SPENT NUCLEAR FUEL,
KARNBRANSLENAMDEN—SWEDEN
NILS RYDELL .
NATIONAL GROUND WATER INFORMATION
CENTER
JANET BIX
NATIONAL PARK SERVICE
CECIL D. LEWIS, JR.
L. L. MINTZMEYER
PETER L. PARRY
NATIONAL PARKS & CONSERVATION
ASSOCIATION
TERRI MARTIN
NATIONAL SCIENCE FOUNDATION
ROYAL E. ROSTENBACH
NATIONAL STORAGE TANK PROGRAM
CARL E. SCHUBERT
NATIONAL WATER WELL ASSOCIATION
VALERIE ORR
NEW MEXICO ENVIRONMENTAL EVALUATION
GROUP '
ROBERT H. NEILL
NEW MEXICO INSTITUTE OF MINING AND
TECHNOLOGY
JOHN L. WILSON
NEW YORK DEPT OF HEALTH
DAVID AXELROD, M.D.
NEW YORK ENERGY RESEARCH &
DEVELOPMENT AUTHORITY
JOHN P. SPATH (8)
NEW YORK STATE ASSEMBLY
WILLIAM B. HOYT
NEW YORK STATE ATTORNEY GENERALS OFFICE
PETER SKINNER |
NEW YORK STATE DEPT OF ENVIRONMENTAL
CONSERVATION
PAUL MERGES
NEW YORK STATE ENVIRONMENTAL FACILITIES
CORP
PICKETT T. SIMPSON
NEW YORK STATE HEALTH DEPT
JOHN MATUSZEK
NEW YORK STATE PUBLIC SERVICE
COMMISSION
FRED HAAG
NEYER, TISEO, & HINDO LTD
KAL R. HINDO
NIAGARA MOHAWK POWER CORP
GERALD K. RHODE
NORTH CAROLINA STATE UNIVERSITY
M. KIMBERLEY
NORTHWESTERN UNIVERSITY
BERNARD ). WOOD
NUCLEAR ASSURANCE CORP
JOHN V. HOUSTON
NUCLEAR DEVELOPMENT DIVISION
YUNG M. PAKK
NUCLEAR SAFETY RESEARCH ASSOCIATION
HIDETAKA ISHIKAWA
NUCLEAR WASTE CONSULTANTS
ADRIAN BROWN
NUCLEAR WASTE INFORMATION CENTER
MISSISSIPPI STATE LAW LIBRARY
JUDITH HUTSON
NUCLEAR WASTE WATCHERS
HELEN LETARTE
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NUS CORP
W. G. BELTER
RODNEY |. DAVIS
DOUGLAS D. ORVIS
NWT CORP
W. L. PEARL ,
OAK RIDGE NATIONAL LABORATORY
J. O. BLOMEKE
ALLEN G. CROFF
DAVID C. KOCHER
£. M. OBLOW
FRANCOIS G. PIN
ELLEN D. SMITH
SUSAN K. WHATLEY
OHIO DEPT OF HEALTH
ROBERT M. QUILLIN
OHIO ENVIRONMENTAL PROTECTION AGENCY
HAROLD W. KOHN
OKLAHOMA STATE DEPT OF HEALTH
R. L. CRAIG
ONR DETACHMENT
DAVID EPP
ONTARIO HYDRO—CANADA
R. W. BARNES
). A. CHADHA
K. A. CORNELL
C. F. LEE
ONTARIO RESEARCH FOUNDATION—CANADA
LYDIA M. LUCKEVICH
ORANGE COUNTY COMMUNITY COLLEGE
LAWRENCE E. OBRIEN
OKREGON DEPT OF ENERGY
DAVID A. STEWART-SMITH
OREGON STATE UNIVERSITY
JOHN C. RINGLE
ORGANIZATION FOR ECONOMIC
COOPERATION AND DEVELOPMENT—FRANCE
STEFAN G. CARLYLE
PACIFIC NORTHWEST LABORATORY
DON J. BRADLEY
H. C. BURKHOLDER
T. D. CHIKALLA
CHARLES R. COLE
WILLIAM CONBERE
FLOYD N. HODGES
J. H. JARRETT
MAX R. KREITER
J. M. LATKOVICH
J. E. MENDEL
J. M. RUSIN
R. JEFF SERNE
ABRAMAM E. VAN LUIK
PARSONS BRINCKERHOFF QUADE & DOUGLAS
INC .
T. R. KUESEL
ROBERT PRIETO
PARSONS BRINCKERHOFF/PB-KBB
KAROLYN KENNEDY
PARSONS-REDPATH
DAVID C. NORTHCUTT
KRISHMA SHRIYASTAVA
GLEN A. STAFFORD.
PR-KRR INC
JULIITH G, HACKNEY
PENNSYLVANIA STATE UNIVERSITY
WILLIAM B. WHITE
PHYSIKALISCH-TECHNISCHE BUNDESANSTALT—
W. GERMANY
PETER BRENNECKE
POBERESKIN INC
MEYER POBERESKIN



POTASH CORPORATION OF SASKATCHEWAN—
CANADA
GRAEME G. STRATHDEE
POWER REACTOR AND NUCLEAR FUEL
DEVELOPMENT CORP—JAPAN
PRINCIPLED NEGOTIATIONS
ARNIE WIGHT
PUBLIC SERVICE ELECTRIC & GAS
JOHN J. MOLNER
RADIAN CORP
RICHARD STRICKERT
RADIOACTIVE WASTE CAMPAIGN
MARVIN RESNIKOFF
RAYMOND KAISER ENGINEERS
W. J. DODSON
RE/SPEC INC
GARY D. CALLAHAN
PAUL F. GNIRK
REDCO INC
WILLIAM E. SHAFER
RENWICK P. DEVILLE AND ASSOC INC
KENWICK P. DEVITLE
RICHTON NUCLEAR WASTE INFORMATION
OFFICE
BOB FREEMAN
RISO NATIONAL LABORATORY—DENMARK
LARS CARLSEN
ROCKWELL HANFORD OPERATIONS
RONALD C. ARNETT
JAMES L. ASH
HARRY BABAD
G. S. BARNEY
BRAD ERLANDSON
SALLY C. FITZPATRICK
KUNSOO KIM
ROCKWELL INTERNATIONAL ENERGY SYSTEMS
GROUP
HARRY PEARLMAN
ROGERS & ASSOCIATES ENGINEERING CORP
ARTHUR A. SUTHERLAND
ROBERT E. WILEMS
ROY E. WESTON INC
E. F. BENZ
MICHAEL CONROY
DAVID F. FENSTER
KAREN ST. JOHN
LAWRENCE A. WHITE
ROYAL INSTITUTE OF TECHNOLOGY—SWEDEN
IVARS NERETNIEKS
ROYCES ELECTRONICS INC
ROYCF HFENNINGSON
SALT LAKE CITY TRIBUNE
Jit WOOLr
SAN DIEGO GAS & ELECTRIC COMPANY
STEPHEN B. ALLMAN
SAN JUAN RECORD s
JOYCE MARTIN .
SANDIA NATIONAL LABORATORIES
JOY BEMESDERFER
SHARLA BERTRAM
MARGARET S. CHU
ROBERT M. CRANWELL
JOE A. FERNANDEZ
THOMAS O. HUNTER
MARTIN A. MOLECKE
SCOTT SINNOCK
DR. DAVID TOMASKO
LYNN D. TYLER
WENDELL WEART
SAVANNAH RIVER LABORATORY
PETER L. GRAY
CAROL JANTZEN
WILLIAM R. MCDONELL
DONALD ORTH

SCIENCE APPLICATIONS INTERNATIONAL CORP
MARY LOU BROWN
JERRY ). COHEN
BARRY DIAL
JAMES E. HAMMELMAN
ROBERT R. JACKSON
DEAN C. KAUL
DAVID H. LESTER
PETER E. MCGRATH
JOHN E. MOSIER
ANTHONY MULLER
DOUGLAS A. OUTLAW
HOWARD PRATT
PATTY ROWAN
MICHAEL E. SPAETH
ROBERT T. STULA
T. WILLIAM THOMPSON
M. D. VOEGELE
SHIMIZU CONSTRUCTION COMPANY
LTD—JAPAN
TAKASHI ISHII
SIERRA CLUB—COLORADO OPEN SPACE
COUNCIL
ROY YOUNG
SIERRA CLUB LEGAL DEFENSE FUND, INC
BILL CURTISS
SIMECSOL CONSULTING ENGINEERS—FRANCE
MATTHEW LEONARD
SKBF/KBS—SWEDEN
C. THEGERSTROM
SOGO TECHNOLOGY INC
TIO C. CIIIN
SOKAOGON CHIPPEWA COMMUNITY
ARLYN ACKLEY
SOUTH DAKOTA OFFICE OF ENERGY POLICY
STEVEN M. WEGMAN
SOUTHERN CALIFORNIA EDISON CO
JOHN LADESICH
SOUTHERN STATES ENERGY BOARD
|. F. CLARK
SOUTHWEST RESEARCH AND INFORMATION
CENTER
DON HANCOCK
SPRING CREEK RANCH
DALTON RED BRANGUS
SPRINGVILLE CITY LIBRARY
SRI INTERNATIONAL
DIGBY MACDONALD
ST & E, INC.
STANLEY M. KLAINER
STANFORD UNIVERSITY
GEORGE A. PARKS
IRWIHN REMSON
STATE OF TEXAS—NUCLEAR WASTE PROGRAMS
OFFICE
GARY RASP
STATE UNIVERSITY OF NEW YORK AT
CORTLAND
JAMES E. BUGH .
STATE UNIVERSITY OF NEW YORK AT STONY
BROOK
S. REAVEN
STONE & WEBSTER ENGINEERING CORP
NANCY E. PEARSON
ARLENE C. PORT
EVERETT M. WASHER
STUDIO GEOLOGICO FOMAR—ITALY
A. MARTORANA
STUDSVIK ENERGITEKNIK AB—SWEDEN
AKE HULTGREN
ROLF SJOBLOM
SYRACUSE UNIVERSITY
WALTER MEYER
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TAYLOR INSTRUMENT
PETER ALEXANDER
TECHNICA INC
AHAMAD SHAFAGHI
TECHNICAL INFORMATION PROJECT
DONALD PAY
TEXAS A & M UNIVERSITY
STEVE MURDOCK
JAMES E. RUSSELL
TEXAS BUREAU OF ECONOMIC GEOLOGY
WILLIAM L. FISHER
TEXAS DEPT OF AGRICULTURE
GARY KEITH
TEXAS DEPT OF HEALTH
DAVID K. LACKER
TEXAS DEPT OF WATER RESOURCES
T. KNOWLES
TEXAS GOVERNORS OFFICE
STEVE FRISHMAN
TEXAS TECH UNIVERSITY
DAVID PROCTOR
THE ANALYTIC SCIENCES CORP
JOHN W. BARTLETT
CHARLES M. KOPLIK
THE BENHAM GROUP
KEN SENOUR
THE DAILY SENTINEL
JIM SULLIVAN
THE FARTH TECHNQLQGY CORP
FRED A. DONATH (2)
JOSEPH G. GIBSON
FIA VITAR
MATT WERNER
KENNETH L. WILSON
THE RADIOACTIVE EXCHANGE
EDWARD L. HELMINSKI
THE SEATTLE TIMES
ELOUISE SCHUMACHER
TIOGA COUNTY PLANNING BOARD
THOMAS A. COOKINGHAM
TULIA NUCLEAR WASTE INFORMATION OFFICE
NADINE COX
U.S. BUREAU OF LAND MANAGEMENT
GREGORY F. THAYN
U.S. BUREAU OF RECLAMATION
JOHN BROWN
REGE LEACH
U.S. DEPT OF COMMERCE
PETER A. RONA
U.S. DEPT OF ENERGY
C. R. COOLEY (2)
R. COOPERSTEIN
NEAL DUNCAN
JIM FIORE
ROGER MAYES
CARL NEWTON
JANIE SHAHEEN
U.S. DEPT OF ENERGY—ALBUQUERQUE
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—CHICAGO OPERATIONS
OFFICE
BARRETT R. FRITZ
VICKI PROUTY
PUBLIC READING ROOM
R. SELBY
U.S. DEPT OF ENERGY—IDAHO OPERATIONS
OFFICE .
JAMES F. LEONARD
PUBLIC READING ROOM



U.S. DEPT OF ENERGY—NEVADA OPERATIONS °
OFFICE s
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—OAK RIDGE
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—OFFICE OF CIVILIAN
RADIOACTIVE WASTE
D. H. ALEXANDER (2)
R. J. BLANEY
J. C. BRESEE
J. £. DALY
M. W. FREL -
B. G. GALE
R. W. GALE
N. DEL GOBBO
THOMAS ISAACS
S. H. KALE
C. E. KAY
J. P. KNIGHT
GERALD PARKER
B. C. RUSCHE
RALPH STEIN
U.S. DEPT OF ENERGY—OFFICE OF ENERGY
RESEARCH
FRANK J. WOBBER
U.S. DEPT OF ENERGY—OSTI (250)
U.S. DEPT OF ENERGY—RICHLAND OPERATIONS
OFFICE
D. H. DAHLEM
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—SALT REPOSITORY
PROJECT OFFICE
RAM B. LAHOTI
K. K. WU
U.S. DEPT OF ENERGY—SAN FRANCISCO
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—SAVANNAH RIVER
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY—WASTE ISOLATION
PILOT PLANT
ARLEN HUNT
U.S. DEPT OF THE INTERIOR
MATTHEW JAMES DEMARCO
F. L. DOYLE
U.S. ENVIRONMENTAL PROTECTION AGENCY
JAMES NEIHEISEL
U.S. ENVIRONMENTAL PROTECTION AGENCY—
DENVER REGION Vil
PHIL NYBERG
U.S. ENVIRONMENTAL PROTECTION AGENCY—
REGION 1l
EPA LIBRARY
U.S. GEOLOGICAL SURVEY
DARWIN KNOCHENMUS
JACOB RUBIN
U.S. GEOLOGICAL SURVEY—DENVER
JESS M. CLEVELAND
11.S: GEOLOGICAL SURVEY—NUCLEAR WASTE
PROGRAM, WATER RESOURCES DIVISION
GEORGE A. DINWIDDIE
U.S. GEOLOGICAL SURVEY—RESTON
NEIL PLUMMER
DAVID B. STEWART
NEWELL J. TRASK, JR.

U.S. GEOLOGICAL SURVEY—WATER RESOURCES

DIVISION
PETER B. DAVIES
U.S. GEOLOGICAL SURVEY NATIONAL CENTER
IIM ROLLO

U.S. NUCLEAR REGULATORY COMMISSION
KIEN C. CHANG a
EILEEN CHEN
F. ROBERT COOK
DOCKET CONTROL CENTER
PHILIP S. JUSTUS
JOHN C. MCKINLEY  ~ T
TIN MO o
NRC LIBRARY
EDWARD OCONNELL
CHARLES H. PETERSON
JACOB PHILIP
JOHN TRAPP
TILAK R. VERMA
~ JOHN C. VOGLEWEDE
US. SENATE .~
CARL LEVIN
BILL SARPALIUS  °
UNDERGROUND SPACE
DONNA AHRENS
UNITED KINGDOM DEPT OF THE
ENVIRONMENT
F. S. FEATES
UNITED NUCLEAR CORPORATION TECHNICAL
SERVICES INC
CHARLES A. JONES

. UNIVERSITE DU QUEBEC EN ABITIBI-

TEMISCAMINGUE
MICHEL AUBERTIN'

. UNIVERSITY COLLEGE LONDON

B. K. ATKINSON

" UNIVERSITY OF ALBERTA—CANADA

F. W. SCHWARTZ
UNIVERSITY OF ARIZONA
JAAK DAEMEN
I. W. FARMER
AMITAVA GHOSH
JAMES G. MCCRAY
ROY G. POST
UNIVERSITY OF BRITISH COLUMBIA—CANADA
R. ALLAN FREEZE
UNIVERSITY OF CALIFORNIA AT BERKELEY
TODD LAPORTE .
UNIVERSITY OF CALIFORNIA AT LOS ANGELES
D. OKRENT
UNIVERSITY OF ILLINOIS AT URBANA—
_CHAMPAIGN
'ALBERT ). MACHIELS
MAGD! RAGHEB
UNIVERSITY. OF LOWELL
JAMES R. SHEFF
UNIVERSIY OF MARYLAND
AMERICAN NUCLEAR SOCIETY
UNIVERSITY OF MASSACHUSETTS
GEORGE MCGILL
UNIVERSITY OF MISSOURI AT COLUMBIA
W. D. KELLER

: UNIVERSITY OF MISSOURI AT KANSAS CITY

SYED E. HASAN

UNIVERSITY OF MISSOURI AT ROLLA
ALLEN W, HATHEWAY
ARVIND KUMAR

UNIVERSITY OF NEW MEXICO
DOUGLAS G. BROUKINS
RODNEY C. EWING

UNIVERSITY OF OKLAHOMA
DANIEL T. BOATRIGHT

UNIVERSITY OF OTTAWA--CANADA
TUNCER OREN

UNIVERSITY OF PITTSBURGH
B. L. COHEN

UNIVERSITY OF SOUTHERN MISSISSIPPI
CHARLES R. BRENT
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UNIVERSITY OF TEXAS AT AUSTIN
BUREAU OF ECONOMIC GEOLOGY
CAROLYN E. CONDON
UNIVERSITY OF TEXAS AT SAN ANTONIO
DONALD R. LEWIS =~ o
UNIVERSITY OF TOLEDO
DON STIERMAN = *
UNIVERSITY OF UTAH
STEVEN J. MANNING
MARRIOTT LIBRARY
JAMES A. PROCARIONE
GARY M. SANDQUIST
UNIVERSITY OF UTAH RESEARCH INSTITUTE
LIBRARY
UNIVERSITY OF WASHINGTON
DAVID BODANSKY
M. A. ROBKIN
UNIVERSITY OF WATERLOO
F. SYKES
UTAH DEPT OF HEALTH
. LARRY F. ANDERSUN
UTAH DEPT OF TRANSPORTATION
DAVID LLOYD
UTAH DIVISION OF PARKS & RECREATION
GORDON W. TOPHAM
UTAH ENERGY OFFICE
ROD MILLAR
UTAH HIGH LEVEL NUCLEAR WASTE OFFICE
RUTH ANN STOREY
UTAH SOUTHEASTERN DISTRICT HEALTH DEPT
ROBERT L. FURLOW
UTAH STATE GEOLOGIC TASK FORCE
DAVID D. TILLSON
VANDERBILT UNIVERSITY
FRANK L. PARKER
VEGA NUCLEAR WASTE INFORMATION OFFICE
EFFIE HARLE
VERMONT HOUSE OF REPRESENTATIVES
RALPH G. WRIGHT
VERMONT STATE NUCLEAR ADVISORY PANEL
VIRGINIA CALLAN
VIRGINIA DEPT OF HEALTH
ROBERT G. WICKLINE
VIRGINIA POWER COMPANY
B. H. WAKEMAN
WASHINGTON HOUSE OF REPRESENTATIVES
RAY ISAACSON
WASHINGTON STATE DEPT OF ECOLOGY
TERRY HUSSEMAN
WATTLAB
BOB E. WATT
WELL SITE GEOLOGICAL SERVICES
WAYNE S. GREB
WEST VALLEY NUCLEAR SERVICES COMPANY
INC
LARRY R. EISENSTATT
WESTERN MICHIGAN UNIVERSITY
RICHARD PASSERO
W. THOMAS STRAW
WESTERN STATE COLLEGE
FRED R. PECK
WESTINGHOUSE ELECTRIC CORP
GEORGE V. B. HALL
YOZ20 15SOCAI
WIPP PROJECT
WESTINGHOUSE ELECTRIC CORP—NUCLEAR
WASTE DEPARTMENT
C. R. BOLMGREN
WESTINGHOUSE HANFORD COMPANY
ROBERT EINZIGER
WESTINGHOUSE IDAHO NUCLEAR COMPANY
INC
NATHAN A. CHIPMAN



WESTON GEOPHYSICAL CORP *
CHARLENE SULLIVAN

WEYER CORP INC
K. L). WFYER

WILLIAMS AND ASSOCIATES INC
GERRY WINTER

WISCONSIN DEPT OF NATURAL RESOURCES ’

DUWAYNE F. GEBKEN

WISCONSIN DIVISION OF STATE ENERGY
ROBERT HALSTEAD C s

WISCONSIN STATE SENATE g
JOSEPH STROHL :

WISCONSIN WATER RESOURCES MANAGEMENT
SALLY ). KEFER

WITHERSPOON, AIKEN AND LANGLEY
SID HAM
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WOODWARD-CLYDE CONSULTANTS
TERRY A. GRANT
ASHOK PATWARDHAN
WESTERN REGION LIBRARY-
YALE UNIVERSITY
G. R. HOLEMAN
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usefulness of this report and to critique it. Please submit your comments below and return the sheet.
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(Use additional sheet if necessary.)
Name Date
Organization
Street
City Slate Zip Code
or Country

Telephone Number ( )
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Fald Here

JEFFERSON O. NEFF, MANAGER
SALT REPOSITORY PROMECT QOFFICF
U.S. DEPARTMENT OF ENERGY

110 N. 25-MILE AVENUE

HEREFORD, TEXAS 79045









