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ABSTRACT

Two radiation dose assessment methodologies for demon
strating compliance with 40 CFR 61 Subpart H, the National 
Emissions Standard for Radionuclide Emissions From Department 

of Energy Facilities, were compared based on the 1985 emis
sions from the Rocky Flats Plant near Golden, Colorado. The 
resultant doses calculated by both methodologies, the AIRDOS- 
EPA computer model and the environmental monitoring based 
dose assessment of the Rocky Flats Plant, were in close 
agreement well be low the limits established by 40 CFR 61 
Subpart H. Both methodologies produced 50-year effective 
dose equivalents to the maximally exposed offsite individual 
of less than one millirem.

The dispersion modeling subroutine of the AIRDOS-EPA 
code was tested for applicability to the Rocky Flats environ
ment by comparing the plutonium-239 and -240 concentrations

predicted by the model based on airborne emissions from the 
Rocky Flats Plant, with the ambient plutonium-239 and -240 
concentrations measured by the perimeter and community air 

samplers of the Rocky Flats Plant Radioactive Ambient Air 

Monitoring Program. In general, the modeling of AIRDOS-EPA 

was determined to adequately represent the physical disper
sion of the radionuclides at the low emissions levels of the 
Rocky Flats Plant.
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A comparison between the exposure pathways considered 
in both methodologies indicates that the environmental moni
tor ing based dose assessment of the Rocky Flats Plant con
siders all significant exposure pathways in the dose assess
ment performed by the AIRDOS-EPA program. Additionally, 
since the environmental monitoring based dose assessment is 
not limited only to the airborne exposure pathways considered 

by AIRDOS-EPA, the doses calculated by the Rocky Flats Plant 
are conservative, slightly higher than those produced by 
modeling with AIRDOS-EPA.
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CHAPTER Is INTRODUCTION

On February 6, 1985, the United States Environmental 
Protection Agency (EPA) amended Section 112 of the Clean Air 
Act, the National Emissions Standards for Hazardous Air 
P o l l u t a n t s  codified in Part 61 of Chapter I of Title 40 of 
the Code of Federal Regulations (40 CFR 61), to include 
Subpart H, the National Emissions Standard for Radionuclide 
Emissions From Department of Energy (DOE) Facilities. This 
action extended EPA jurisdiction for public protection from 

airborne releases of radioactivity at DOE facilities. Prior 
to this time, the DOE itself was responsible for the regula
tion of atmospheric releases of radioactivity from DOE facil
ities. Subpart H established that " [airborne] emissions of 
radionuclides from DOE facilities shall not exceed those 
amounts that cause a [radiation] dose equivalent of 25 mrem/

year to the whole body or 75 mrem/year to the critical organ 
of any member of the public" (40 CFR 61.92). To demonstrate 
compliance with this emission standard, Subpart H requires 

that the radiation dose to the public "shall be calculated 

using EPA approved sampling procedures, EPA models AIRDOS-EPA 

and RADRISK, or other procedures, including those based on 
environmental measurements that EPA has determined to be 
suitable" (40 CFR 61.93). At this time, progress is being 
made toward the implementation of this amendment.
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As a DOE facility, the Rocky Flats Plant, just north 
of Golden, Colorado, must establish an EPA approved method of 
demonstrating compliance with Subpart H. Under present DOE 
operating guidelines, the Plant is required to estimate the 

dose which may be received by the maximally exposed member of 
the public. Although this estimation is based primarily on 
an established and extensive environmental monitoring net

work, these measurements have not as yet been formally ap
proved by the EPA as an acceptable means of demonstrating 

compliance with the new Clean Air Act amendments. Addi
tionally, despite its specific mention in the amendments, 
AIRDOS-EPA has many simplifications which may invalidate its 
application at particular DOE facilities. For example, 

AIRDOS-EPA cannot account for the complex terrain, micro
meteorology, or diffuse area sources unique to the Rocky 
Flats Plant. Therefore, there is some uncertainty as to

which compliance methodology ought to be used by the Plant.
There are many arguments which can be made both for and 

against basing dose estimates on either environmental mea

surements or computerized air effluent modeling such as is 

done by AIRDOS-EPA and RADRISK. The purpose of this thesis 
is to investigate and compare these two alternative means of 
demonstrating compliance with the new EPA emissions standards 
for radionuclides of 40 CFR 61 Subpart H as they apply speci
fically to the Rocky Flats Plant.
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CHAPTER II: BACKGROUND

The Rocky Flats Plant is a government-owned and 

contractor-operated facility whose mission involves the re

search, development, and production of components for nuclear 
weapons in support of the national defense of the United 
States. Rockwell International serves as the prime operating 
contractor of the Plant under the administration of the 
Albuquerque Operations Office of the DOE.

The Rocky Flats Plant is a large industrial facility 
containing over 100 major buildings on approximately 385 
acres within the Plant's security fence. The security area 
of the Plant is surrounded by over 6,550 acres of federally 
owned prairie land which is referred to as the buffer zone.

The Rocky Flats Plant is located in northern Jefferson 
County, Colorado, between the cities of Boulder and Golden 
along the Front Range of the Rocky Mountains. The Plant is

approximately 26 kilometers (16 miles) northwest of downtown 
Denver. The Denver metropolitan area has grown and 
encroached upon the facility such that approximately 2 mil

lion people live within an 80 kilometer (50-mile) radius of 

the Plant (see Figure 1). Due to the nature of the Plant's 
operations, several potentially hazardous radioactive mater
ials are handled routinely at the Plant and may be emitted 
into the environment at extremely low levels. Thus, it is 
important that an accurate assesment be made of any environ-
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mental impact attributable to the Plant's operations. The 
recent movement toward computer modeling as a tool to assess 
environmental impact must therefore be investigated and com
pared to present environmental assessment techniques based on 
environmental monitoring.

For several years, DOE Order 5484.1 has required the 
contractors of all DOE facilities to assess the radiation 
dose commitment to the public as a result of plant activi
ties. Through 1985, the radiation dose commitment which 
could have resulted from the operations of the Rocky Flats 
Plant was calculated based on environmental measurements of 

several radionuclides at the Plant's property boundaries and 
in neighboring communities.

When calculating the radiation dose from the Rocky 
Flats Plant, air inhalation, water ingestion, and ground 
irradiation from radionuclides deposited in the soil are 

considered to be the principle pathways of exposure (Rockwell 
International, 1986). Environmental data collected by the 
environmental analysis and control staff of the Plant are 

used as the basis to quantify each exposure pathway. To 

produce a conservatively high estimate of the radiation dose 
to the public, it is assumed that a member of the public 
lives at the Plant boundary 24 hours per day for the entire 
year of the exposure period.
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The inhalation source term for radiation dose assess
ment is based on the airborne activities of plutonium-239 and 

plutonium-240 measured in the ambient air by the offsi te 
samplers of the Rocky Flats Plant Radioactive Ambient Air 
Monitoring Program (RAAMP). RAAMP is an extensive network of 
51 high-vo1ume ambient air samplers including 23 air samplers 
on the plantsite and 28 offs i te air samplers. Of the offsi te 
samplers, 14 are around the perimeter of the Plant's property 
line (the perimeter samplers); the other 14 samplers are 
placed in communities surrounding the Plant (the community 
samplers). Figures 2 and 3 show the locations of the RAAMP 
air samplers. Although it is suspected that most of the 
plutonium detected by the perimeter and community samplers is 
residual global fallout originating from atmospheric nuclear 
weapons testing, it is conservatively assumed for the purpose 
of radiation dose calculations that the Rocky Flats Plant is

the source of all the plutonium measured in the ambient 
samples. This assumption will be investigated as part of 
this research. For dose assessment purposes, an air inhala
tion rate of 16 liters per minute is assumed and dose c o n v e r 

sion factors are derived based on the relative isotopic 

composition of the plutonium used at the Rocky Flats Plant, 
as shown in Table 1. The highest yearly average plutonium 
concentration for the perimeter sampling locations is used to
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Table 1
Isotopic Composition of Plutonium Used at Rocky Flats 

(Source: Rockwell International, 1986)

Relative Weight Specific Activity Relative Activity*
Isotope (%) (Ci/g) (Ci)

Pu-238 0.01 17.1 0.00171
Pu-239 93.79 0.0622 0.05834
Pu-240 5.80 0.228 0.01322
Pu-241 0.36 103.5* 0.37260
Pu-242 0.03 0.00393 1.18 X 10-'
Am-241 — —

•Beta Activity.
a. Obtained by multiplying the percent by weight by the specific activity.
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calculate the maximum air inhalation dose to a member of the 
public.

In considering the water ingestion pathway of radiation 
dose to the public, it is assumed that the member of the 
public living at the Plant boundary drinks 2 liters of un
treated water per day directly from Walnut Creek. Walnut 
Creek is the only drainage flowing off the plantsite to which 
treated sanitary wastewater from the Plant is discharged. 
Also, the Walnut Creek drainage ultimately receives most of 
the storm water runoff from areas surrounding the plant 
plutonium reprocessing buildings. The ingestion source term 
considers the activies of plutonium, uranium, americium, and 
tritium in Walnut Creek as measured as part of the surface 
water monitoring program at the Rocky Flats Plant. There are 
three conservative assumptions which tend to overestimate the 
resulting dose which are inherent in this radiation dose 

pathway calculation. First, no member of the public drinks 2 
liters of untreated Walnut Creek water each day. Second, 
some fraction of the uranium activity measured in Walnut 

Creek may originate from natural sources in the soil on 

plantsite. Since the exact fraction from natural uranium 

sources is difficult to determine and may not be constant 
over time, it is assumed that any increase in the uranium 
content of Walnut Creek originates from Plant activities. 
Third, it is assumed that the radionuclides found in Walnut
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Creek which do not have natural sources, result from emis
sions from the Plant. As with airborne radionuclides, it is 
suspected that some fraction of airborne radionuclides are a 
result of global fallout from weapons testing and not a 
result of Plant operations.

The ground irradiation source term for radiation dose 
calculations is based upon the maximum concentrations of 
plutonium measured in the soil at the plant boundary. Figure 
4 shows the measured plutonium concentrations in the soil as 

determined by the surficial soil sampling program at the 
Rocky Flats Plant. Additionally, it is assumed that 
americium-241 is also present in the soil as the decay pro
duct of plutonium-241. Given this assumption, the maximum 
level of americium alpha activity in the soil would be 20 
percent of the alpha activity of the plutonium. It is this 
amount of americium-241 that is used in the ground plane

irradiation source term (Rockwell International, 1986).
Considering the three radiation exposure pathways dis

cussed above, health physicists at the Rocky Flats Plant 
calculate the maximum possible radiation dose to an indivi
dual member of the public resultant from Plant activities 
that might be received at the Plant boundary. With the 
conservative assumptions built into this calculation, the 
maximum 50-year effective dose equivalent calculated for the 
maximally exposed offsi te individual is below one millirem
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(mrem) (Rockwell International, 1986). Additionally, source 
terms and radiation doses are computed for communities within 
the region of the Plant. Community doses are calculated 
using the highest yearly average air concentration for any 
community location during the monitoring year. Water inges
tion and ground irradiation pathways are insignificant for 
these locations.

On February 6, 1985, the EPA published amendments to 
Section 112 of the Clean Air Act, the National Emissions 
Standards for Hazardous Air Pollutants (NESHAPS), in the 
Federal Register. Specifically, these amendments added Sub
parts H, I, and K to Part 61 of Chapter I of Title 40 of the 
Code of Federal Regulations (40 CFR 61). Subparts H., I, and 

K establish standards for radionuclide emissions from DOE 
facilities, facilities licenced by the United States Nuclear 
Regulatory Commission (NRC), and elemental phosphorus plants,

respectively. Subpart H defines the National Emissions Stan
dard for Radionuclide Emissions From DOE Facilities. This 
action extended EPA jurisdiction to include public protection 
from airborne releases of radioactivity at DOE facilities. 
Prior to this time, the DOE itself was responsible for the 
regulation of atmospheric releases of radioactivity from DOE 
facilities. Subpart H establishes that " [airborne] emissions 
of radionuclides from DOE facilities shall not exceed those 
amounts that cause a [radiation] dose equivalent of 25 mrem/
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year to the whole body or 75 mrem/year to the critical organ 
of any member of the public" (40 CFR 61.92). To demonstrate 

compliance with this emission standard. Subpart H requires 
that the radiation dose to the public "shall be calculated 
using EPA approved sampling procedures, EPA models AIRDOS-EPA 
and RADRISK, or other procedures, including those based on 

environmental measurements that EPA has determined to be 
suitable" (40 CFR 61.93). AIRDOS-EPA is a computer code 
which models atmospheric dispersion of airborne emissions of 

radioactive materials and calculates a projected dose to the 
public from these emissions. RADRISK is a data base of 
radiation and health physics data which was used in develop
ing input parameters for the AIRDOS-EPA code.

As a DOE facility, the Rocky Flats Plant must use the 
AIRDOS-EPA code to demonstrate compliance with Subpart H or 
obtain EPA approval for an alternate procedure. Present DOE 

requirements also call for calculating projected doses to the 
public, but the methodology to be used is not specified. 
Historically, the Rocky Flats Plant has based this dose 
assessment on environmental sampling, rather than air emis

sions modeling. Approval of this approach to dose assessment 

is being sought from the EPA. Until such approval is ob

tained, the AIRDOS-EPA code must be used to satisfy EPA 
requirements. Despite the specific approval given to AIRDOS- 
EPA in Subpart H, it is believed that the AIRDOS-EPA model
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and the RADRISK-derived data base, collectively known as the 
Clean Air Act Code Package, may not be the most appropriate 
method of demostrating compliance for the Rocky Flats Plant.

In the Clean Air Act Code Package, the AIRDOS-EPA 
subroutine CONCEN computes the ambient concentrations of 
radionuclides based on point or diffuse source term emis
sions; the AIRDOS-EPA subroutine DOSEN uses dosimetric infor
mation to convert the concentrations generated in CONCEN to a 
radiation dose.

AIRDOS-EPA is a modified Gaussian plume dispersion 
model developed at the Oak Ridge National Laboratory (ORNL) 
for use by the EPA in estimating environmental concentrations 
and doses due to airborne emissions of radionuclides (Moore 

et al., 1979). AIRDOS-EPA has the capacity to model as many 
as 36 radionuclides emitted from up to 6 sources. A source 
can be either a point or diffuse area such as a region of 

contaminated ground. Using annual-average meteorological 
data such as frequencies of wind direction and wind speed, 
precipitation, and stability categories, AIRDOS-EPA can 
calculate airborne concentrations and depositional rates for 

either a circular or a squre grid coordinate system. The 
circular grid allows for calculating concentrations for as 
many as 20 distances in each of 16 compass directions (N,
NNW, NW, WNW, W, etc.). The square grid allows for calcula-
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tion of the airborne and depositional concentrations for a 
20 x 20 square centered on the source area(s).

The general equation used for plume dispersion in the 
CONCEN subroutine of AIRDOS-EPA is the Gaussian plume equa

tion as developed by Pasqui11 (1961), modified by Gifford 
(1961), and presented by Moore et al. (1979). This equation 
is :

(1)
where :
X = concentration in air at x meters downwind, y meters

crosswind, and z meters above ground (Ci/m^),
Q = uniform emission rate from source term (Ci/sec) , 
u = mean horizontal wind speed (m/sec),

Oy = horizontal dispersion coefficient (m),
Qg = vertical dispersion coefficient (m),
H = effective height of release (physical height, h, plus 

the plume rise, (h) (m),

y = crosswind distance (m), 
z = vertical distance (m).

It is important to note that the parameters Oy and oz

are functions of both the downwind distance, x, and the
Pasqui11 atmospheric stability category.

1( Z~H V
-  ; + exp

1 / z+H \
" 2 Vo'""")
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CONCEN calculates ground level concentrations along the 
plume center 1 ine by setting y = 0 and z = Û,thus obtaining:

Gravitational settling of aerosols heavy enough to be 
affected by gravity is accounted for in CONCEN by subtracting 

the term VgX/u from H in equation (2) where Vg is the g r a v i 
tational settling velocity (m/sec) for the specific radio
nuclide in the source term. This is commonly refered to as 
"tilting" the plume. At some distance away from the source, 
the term H - VgX/u will obtain a negative value, unrealistic- 
ally indicating that the plume center 1 ine would be below 

ground level. AIRDOS-EPA treats this situation by substitu
ting zero when the term becomes negative, neglecting any 
resuspension of the radionuclide from the ground surface.

Moore et al. (1979) further derive an approximate 
method of sector-averaging the plume for each of sixteen 
22.5° sectors in the circular area around the source.

Solving an indefinite integral averaging X over a sector and 

including gravitational settling results in

2 i
(2 )

X (3)
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CONCEN also incorporates formulas for the treatment of 
the depositional processes of dry deposition (impingement, 
electrostatic interaction, chemical reactions, or dissolution 
in surficial moisture) and scavenging (rainout, snow cap
ture), and depletion by radioactive decay. These processes 
are treated using a decreased emission rate, Q', in place of 
the actual emission rate of the source, Q, as:

Q 1 = Q exp (-K ) (4)

where K is primarily a function of the deposition velocity 

(cm/sec), V^j, the scavenging coefficient (sec“^), Ï  , the 
radioactive decay constant (sec--*-), X r, and the time (sec) of 
transport of the radionuclide.

The effects of average atmospheric mixing height, L, 
also known as the lid height, on plume dispersion are also 
considered in the model. The mixing height is assumed to

have no effect on the plume until the plume has traveled a 
downwind distance of x which equals 2xL , where xL is the 

downwind distance for which ° z = 0.47 times the height of the 

lid. When values of x exceed 2 x ^ , the plume is assumed to be 

dispersed uniformily from the ground to the mixing height and 

the ground level sector-averaged concentrations are described 
by Moore et al. (1979) as 

Q
xave = ---------------- • ( 5 )0.397825 xLu
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The CONCEN subroutine also treats plume rise of stack 
point sources in one of three ways. The user may direct the 
model to estimate plume rise using the Briggs' equation 
(1969) for buoyant plumes or using the equation presented by 
Rupp et al. (1948) for momentum dominated plumes. The user 
may also select to input specific values to be used for plume 

rise. Additional discussion of plume rise will be presented 
later in this paper.

The DOSEN subroutine of the AIRDOS-EPA model uses the 
results of the CONCEN subroutine to calculate radiation doses 
to the critical organs and tissues of either the maximally 
exposed individual or to the collective public. This subrou
tine utilizes the RADRISK-derived dosimetric input data to 

generate organ specific dose commitments for each critical 
organ (red marrow, lungs, endosteal cells, stomach wall, 
lower large intestinal wall, upper large intestinal wall,

thyroid, liver, kidneys, testes, and ovaries). From these 
organ doses, an effective dose equivalent to the whole body 
can be calculated using the methodology advanced by the 

International Commission on Radiological Protection (ICRP) in 
ICRP Publications 26 (1977) and 30 (1979-1982). Five path
ways are considered in the dose assessment methodology em
ployed by DOSEN. These are: 1) inhalation of air containing 
radionuclides, 2) ingestion of food produced in the assess
ment area, 3) immersion in air containing radionuclides, 4)
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immersion in water, and 5) ground irradiation (exposure to 
radiation from contaminated surfaces). The health physics 
aspects of these dose assessments will not be discussed here 
but are presented by Moore et al. (1979).

As is the case with all models, AIRDOS-EPA is limited 
in its applicability by the assumptions inherent in its 
construction. As a Gaussian plume model, the CONCEN subrou
tine of AIRDOS-EPA is limited by the "assumptions of constant 
wind speed with no wind shear, flat topography, Fickian 

diffusion, and no chemical or physical interactions of plume 

components during plume travel" (Moore et al., 1979) Thus, 
the hilly and even mountainous terrain and the accompanying 
turbulent wind patterns found at the Rocky Flats Plant are 
not considered by the model. Mathematical difficulties also 
are encountered in the Gaussian plume equation when the wind 
speeds are below one meter/second. Additionally, the code 
neglects to account for variations in surface roughness due 
to natural and artificial topograhic and vegetative features 
which are commonly encountered in the Rocky Flats Plant 

environment. CONCEN is further limited in its ability to 

model fluctuating atmospheric lid heights and lid penetration 

by the plume. Furthermore, because the model uses annual 
averaged data, it can not represent any anomalous conditions, 
such as extreme winds, which may account for the bulk of 
nuclide transport. Other less theoretical assumptions also
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limit the applicability of the CONCEN calculations to the 
physical system. For example, although CONCEN allows for 
modeling using as many as six sources, there are over 40 

potential radionuclide sources at the Rocky Flats Plant which 
are monitored continuously. Also, the treatment in CONCEN of 
diffuse sources as being circular in nature does not repre
sent the specific physical configuration of the diffuse 
source on the Rocky Flats Plant.

It is apparent from the discussion above that the 
radiation doses calculated by the DOSEN portion of the code 
will be influenced by the specific limitations affecting the 
results of the CONCEN subroutine. Critical pathway analysis 
in DOSEN may neglect specific exposure mechanisms important 
to a particular modeling application such as unusual inges
tion habits for example. Additionally, many constant values 
used in dose calculations are only estimates which may or may

not adequately represent the physical system. Dose conver
sion factors, inhalation and ingestion rates, vegetative and 
animal growth rates, and dose commitment periods all affect 

the final radiation doses calculated by DOSEN and are not 

universally accepted constants. Thus, the limitations of the 
CONCEN and DOSEN subroutines must be considered before inter
preting the results of the AIRDOS-EPA model.
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CHAPTER Ills RESEARCH METHODOLOGY

Basis of Comparison
The purpose of this thesis is to compare the two dose 

assessment methodologies discussed in the background section 
of this paper, namely that embodied in the AIRDOS-EPA compu
ter code versus that presently employed at the Rocky Flats 
Plant based on environmental monitoring. This comparison 
will view these methodologies in terms of their effect on 
demonstrating compliance with the requirements of 40 CFR Part 
61 Subpart H, the National Emisions Standard for Radionuclide 
Emissions From DOE Facilities.

Two stages are required to perform this comparison 
adequately. First, the predictive abilities of CONCEN, the 
AIRDOS-EPA subroutine which meteorologically models radio
nuclide dispersion, must be tested for the complex terrain of 
the Rocky Flats Plant. Second, the pathway analysis used in 
the dose assessment subroutine, DOSEN, must be reviewed 
against the pathway analysis used by the Rocky Flats Plant. 
Data for calendar year 19 8 5 will be used as the basis of this 
comparison.

Comparison Design
The first stage can be performed by comparing the 

results of the CONCEN subroutine when applied to the building 

and diffuse emissions of the Rocky Flats Plant during 1985
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against the results of ambient air monitoring around the 
plantsite for that same year. Because the Rocky Flats Plant 
ambient air monitoring program solely measures the combined 

ambient concentrations of plutonium-239 and -240, this com
parison will consider only the dispersion modeling of the 
plutonium-239 and -240 emissions in CONCEN. Since 40 CFR 
Part 61 Subpart H addresses radiation doses to members of the 
public, comparisons will be made at all offsi te sampling 
locations, despite the fact that residences do not exist at 

most perimeter sampling locations. This will be done for two 
reasons. First, it provides more data on which to base the 
analysis of the dispersion modeling; second, it is theoretic
a l l y  p ossible for a member of the public to reside at any 
perimeter sampling location. To accomplish this comparison 
the following steps are required:

1) collection and analysis of ambient air sampling 

data for plutonium for all offsite RAAMP samplers 
for 1985,

2) customization and documentation of inputs to the 

CONCEN subroutine of the AIRDOS-EPA computer code 

to the Rocky Flats Plant and vicinity for 1985,
3) generation of representative runs of the CONCEN 

subroutine which consider the potential ranges of 
several important input parameters, and
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4) performance of statistical comparisons between the 
ambient air monitoring data and the computer gener
ated plutonium-239 and -240 concentrations at all 
offsite sampling locations.

The comparison of the pathway analyses of the two dose 
assessment methodologies is critical in that neither dose 
assessment may omit treatment of important dose contributions 
and be considered valid. For purposes of this comparison, 
the dose conversion factors applied in both dose assessments 
will be based on the International Commission on Radiological 
Protection (ICRP) Publication 30 methodology for radiation 
dosimetry. Because this is not a thesis in health physics 

(the profession of radiation protection), no attempt will be 
made at theoretical evaluation of either dose assessment 

methodology or of the differences between the two. Rather, 
the radiation dose pathways considered in the two dose

assessment methodologies will be analyzed in terms of their 
relative significance to the major organ and tissue dose 
equivalents calculated by each methodology. Additionally, 
the magnitudes of the effective dose equivalents and organ 

and tissue dose equivalents calculated using both methods 

will be compared in terms of the potential implications of 
both methods on complying with 40 CFR Part 61 Subpart H.
This comparison will be based on the calculated radiation
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dose to the maximally exposed offsite individual. The steps 
necessary to accomplish this comparison are:

1) customization and documentation of inputs to the
DOSEN subroutine of the AIRDOS-EPA computer code to 
the Rocky Flats Plant and to the surrounding geo
graphic, agricultural, and demographic features of 
the Denver metropolitan area for 1985,

2) generation of representative runs of the DOSEN

subroutine with assumptions which tend to conserva
tively overestimate the potential radiation dose to 
the maximally exposed offsite individual, and

3) side-by-side comparison of the radiation dose cal
culated for all pathways by the DOSEN subroutine 
with those published by the Rocky Flats Plant for 
the maximally exposed offsite individual.

Ambient Air Sampling and Analysis Methodology

The ambient air samples to be used in evaluating the 
dispersion treatment given plutonium emissions from the Rocky 
Flats Plant by the AIRDOS-EPA subroutine CONCEN, are taken 

from the perimeter and community RAAMP samplers (Figures 2 
and 3 ) .

RAAMP samplers are Rocky Flats-designed high-volume air 
samplers which operate continuously at a volumetric flow rate 
of approximately 12 liters/sec (25 ft^/min). Wind tunnel 
studies conducted in 1978 on the Rocky Flats sampler by Dr.
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James B. Wedding at Colorado State University indicate that 
the Rocky Flats sampler design compares "quite favorably" 
with the Standard EPA Hi-Volume Sampler (Wedding, 1978). 
Particulates are collected on 20- X 25-cm (8- X 10-in.) 
Schleicher and Schuell, Inc., S & S 29 fiberglass filter 
media. The filter manufacturer's test specifications rate 
this filter media to be 99.97% efficient for the relevant 
particle sizes under conditions typically encountered in 
routine ambient air sampling (Schleicher & Schuell, 1982). 

Additional tests by Wedding in 1984 reported that the combi
nation of the Rocky Flats high volume sampler and S & S 29 
filter media demonstrated collection efficiencies from >99.99 
to >99.42 percent for particles in the size range of 0.1 to 
1.0 microns aerodynamic diameter (Wedding, 1984).

Samples from each of the 14 perimeter and 14 communtiy 
locations are collected biweekly, composited by location, and 

analyzed for a four week period for plutonium-239 and -240. 
Laboratory analysis of the monthly composited filters is 
performed by the Rocky Flats Plant environmental 

laboratories.

The plutonium analysis used is standard for any commer

cial laboratory. First, an exposed fiberglass filter is 
dissolved in nitric acid. The plutonium from the filter is 
then purified and isolated using a double hydroxide precipi
tation followed by anion exchange. The purified solution is
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then electroplated onto a stainless steel p 1anchet and 
counted for specific plutonium-239 and -240 alpha pulses on 
an alpha radiation spectroscopy system. Laboratory quality 
assurance practices and chemical recovery compensation prac
tices have documented by Rockwell International (1986).

Raw plutonium data from the laboratory are reduced and 
corrected for individual sampler flow rate calibrations be
fore statistical analysis or comparison.

Customization of AIRDOS-EPA Subroutine CONCEN
The inputs to the CONCEN subroutine of the AIRDOS-EPA 

model had to be customized to meet the physical requirements 
of the Rocky Flats Plant. CONCEN inputs fall into three 

general categories: configurational, meteorological, and
source term. A description of each required input parameter 
of the CONCEN subroutine is given in Appendix 1.

Configurational Inputs
The configurational inputs of the subroutine dictate 

the way in which the code calculates environmental radio

nuclide concentrations. To facilitate the comparison between 
the modeled concentrations and the measured concentrations of 
plutonium-239 and -240 at RAAMP air samplers, the circular 
option of the CONCEN subroutine was chosen. In this con
figuration, the assesssment area of the model is viewed in 
essentially polar coordinates centered at the heart of the
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Rocky Flat Plant. The assessment area is divided into 16 

sectors of 22.5 degrees. The sectors are numbered from one to 
16 in a counterclockwise fashion with the center of sector 1 
due north of plantsite. Thus, each air sampling location 
corresponds to a sector and a distance away from the p l a n t 
site. The AIRDOS-EPA coordinates of each perimeter and com
munity air sampling location are given in Table 2.

Meteorological Inputs
Customizing CONCEN also requires the input of site 

specific meteorological data for use in the Gaussian plume 
equation and in the selection of the parameters used in the 
equation. The specific meteorological parameters required 
include temperature, precipitation, wind, and atmospheric 
stability data.

The Rocky Flats Plant has an extensive meteorological 

data collection system. All the data used as inputs into 
CONCEN were c o l l e c t e d  at a 61 m tower located in the buffer 
zone area to the north of the plantsite. This tower has data 

collection instrumentation on four levels: the surface, 10 m, 

25 m, and 60 m. Signals from each instrument are polled 

every half second and transmitted to a data aquisition system 
at the base of the tower where they are compiled into 15 
minute averages and recorded on magnetic tape. Tape reading, 
quality control checks, data reduction and storage were per-
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Table 2

AIRDOS-EPA Coordinates for the Perimeter and Community 
RAAMP Air Sampling Locations.

RAAMP 
Sampling 
Location

AIRDOS-EPA Coordinate
Sector Distance 
(CCW from north) (meters)

Per imeter
S-31 5 3600
S-32 3 4100
S-33 3 4800
S-34 16 2700
S-35 15 3600
S-36 14 2900
S-37 13 2700
S-38 12 2900
S-39 11 3900
S-40 10 5200
S-41 9 3600
S-42 8 3100
S-43 6 5200
5-44 5 6800

Community
S-51 2 7600
S-52 14 7600
S-53 16 7600
S-54 2 12700
S-55 15 14500
S-56 14 9700
S-57 13 5700
S-58 12 5200
S-59 9 6800
S-60 12 15600
S-61 11 23800
S-62 8 14000
S-68 12 6100
5-73 13 12600
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formed using software operated by a D E C ™  LSI-1173 computer. 
For the purposes of modeling, precipitation data from surface 

gauges and temperature, wind, and atmospheric stability mea
surements from the 10 m level of the tower were employed.
Site specific data were not collected for the determination 

of the vertical temperature gradients for Pasqui11 stability 
categories E, F, and G for which standardized values were 
used (Moore et al., 1979), nor for the assessment of the 
height of the atmospheric mixing height for which Denver area 
values were used (Holzworth, 1972). Because of the enormous 
range encountered in the mixing height parameter, a variety 
of mixing heights were tested in the CONCEN subroutine. 
Additional discussion concerning mixing height and its effect 
on the outcome of the model is presented later in this paper.

During 1985, the equivalent of 32.97 cm of rainfall 
fell at the Rocky Flats Plant. The average air temperature 

was 14.5 °C.
The frequencies of wind direction from each of 16 

compass directions for various wind speed categories are 

given in Table 3. As can be seen in the table, the majority 

of the winds in the Rocky Flats area, especially winds with 

velocities greater than 3 m/s, have some westerly component. 
The total wind direction frequency for each direction was 
used as input into CONCEN.
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Table 3

Wind Direction Frequency (Percent) by Four Wind Speed 
Categories at the Rocky Flats Plant for 1985.

(Source : Rockwell Interna tional, 1985)

Calm 1-3 3-7 7-15 >15
(m/s) (m/s) (m/s) (m/s) (m/s) TOTALS

- 1.33 — — — — 1.33
N - 2.98 3.56 0.40 0.00 6.95
NNE - 3.19 2.40 0.33 0.00 5.91
NE - 2.79 1.15 0.02 0.00 3.95
ENE - 2.45 0.62 0.00 0.00 3.07
E - 2.66 0.54 0.00 0.00 3.20
ESE - 2.57 1.45 0.01 0.00 4.02
SE - 2.92 2.68 0.03 0.00 5.64
SSE - 2.78 3.25 0.14 0.00 6.16
S - 2.58 2.67 0.15 0.00 5.40
SSW - 2.72 2.62 0.19 0.00 5.53sw - 2.36 2.52 0.20 0.00 5.08wsw - 2.85 4.87 0.81 0.00 8.53w - 3.46 3.16 1.79 0.26 8.67
WNW - 3.13 3.94 4.59 0.58 12.24
NW - 2.63 3.48 1.39 0.03 7.54
NNW — 2.70 3.43 0.53 0.00 6.67
TOTALS 1.33 44.77 42.34 10.57 0.87 100.00
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Additionally, CONCEN requires input of the frequency of 
the seven atmospheric stability categories as defined by 
Pasqui11 (1961). These categories A (very unstable) through 

G (extremely stable) are determined on the basis of the 
standard deviation of horizontal wind direction fluctuation 
over a period of 15 minutes as shown in Table 4 (Gifford, 
1972). Because there is little difference between the 
stability categories F and G, the later category is ignored 
throughout the literature and in data collection procedures 
at the Rocky Flats Plant. CONCEN requires input of the 
frequency of each Pasqui11 stability category for each wind 
direction. These data are presented in Table 5.

CONCEN also requires the input of the wind speed for 

each compass direction and each stablity category in two 
manners (to minimize computer run time). First, the mean 
wind speed for each direction and stability category must be

input. Table 6 presents these data for the Rocky Flats Plant 
for 1985. The reciprocal-average wind speed for each direc
tion and stability category must also be input. The
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Table 4
Classification of Pasqui11 Atmospheric Stability Categories.

(Source : Gifford, 1976)

Pasqui11 Stability Sigma Theta*
Category Description (degrees)

A Extremely unstable 25
B Moderately unstable 20
C Slightly unstable 15
D Neutral 10
E Slightly stable 5
F Moderately stable 2.5
G Extremely stable **

* Average standard deviation of horizontal wind 
direction fluctuation over a period of 
15 minutes at 10 m. V a l u e s  are averages for 
each stability classification.

** Pasqui11 stability category G is included for 
completeness only. It is not significantly 
distinguishable from category F and is ignored 
by most literature and in most uses.



T-3378 34

Table 5

Pasquill stability category frequency for each 
wind direction for the Rocky Flats Plant for 1985.

Pasquill Stability Category

A B C D E F
N 0.203 0.093 0.154 0.302 0.227 0.021
NNE 0.232 0.094 0.161 0.247 0.225 0.041
NE 0.323 0.109 0.167 0.231 0.131 0.039
ENE 0.427 0.122 0.134 0.190 0.103 0.024
E 0.467 0.170 0.130 0.130 0.073 0.030
ESE 0.459 0.156 0.180 0.139 0.048 0.018
SE 0.329 0.160 0.212 0.207 0.082 0.010
SSE 0.225 0.106 0.182 0.265 0.197 0.025
S 0.201 0.085 0.137 0.250 0.269 0.058ssw 0.196 0.075 0.130 0.254 0.248 0.097sw 0.245 0.064 0.115 0.232 0.255 0.089wsw 0.173 0.056 0.099 0.201 0.303 0.163w 0.207 0.070 0.152 0.304 0.224 0.043
WNW 0.153 0.066 0.146 0.353 0.262 0.020
NW 0.230 0.087 0.175 0.276 0.192 0.040
NNW 0.237 0.093 0.126 0.225 0.257 0.062

TOTALS 0.245 0.094 0.151 0.256 0.213 0.044

* Wind frequencies in each wind direction total one.
** Pasquill stability category G is included for

completeness only. It is not significantly 
distinguishable from category F and is ignored 
by most literature and in most uses.

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o
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Table 6

Mean Wind Speeds (m/s) for Each Pasquill Stability 
Category and Wind Direction for the Rocky Flats Plant for 1985.

Pasquill Stability Category
A B C D E F G

N 2.36 3.00 3.46 4.17 4.45 2.58 —

NNE 2.09 2.87 2.95 3.45 4.38 3.63 -

NE 2.01 2.47 2.75 2.68 2.71 1.92 -

ENE 1.91 2.05 2.43 2.47 2.42 1.34 -

E 1.92 2.27 2.43 2.20 2.03 1.82 -

ESE 2.16 2.63 3.14 3.28 3.33 3.90 -

SE 2.20 3.01 3.35 3.48 3.37 2.93 -

SSE 2.03 2.97 3.07 3.91 4.15 3.14 —

S 2.15 2.35 3.00 3.46 4.11 3.96 -

SSW 2.10 2.53 3.08 3.35 3.81 3.91 -

SW 2.14 3.11 3.35 3.82 3.35 3.71 -

WSW 2.43 3.63 4.18 4.61 4.61 4.52 -

W 2.54 3.99 4.78 6.28 5.80 3.19 -
WNW 2.69 4.12 5.46 7.92 8.59 4.15 -

NW 2.82 4.43 4.96 5.75 4.50 3.94 -

NNW 2.70 3.70 3.72 4.03 4.20 3.85 —

* * Pasqui11 stability category G is included for
completeness only. It is not significantly 
distinguishable from category F and is ignored 
by most literature and in most uses.
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reciprocal-average wind speed, ur, for each compass direction 

and Pasquill stability category is defined by Moore et al. 
(1979) in the equation 

n
™  f n----- , (b)Zu r x —  u,

where :

fn = the fraction of time for wind-speed category n, 
un = the average wind speed within wind-speed 

category n .
The reciprocal-average wind speeds for each direction and 
Pasquill stability category at the Rocky Flats Plant in 1985 
are presented in Table 7.

Source Term Inputs
The source term inputs required to customize the CONCEN

subroutine to the Rocky Flats Plant include the characteriza
tion of the radionuclide emitting sources on plantsite.
The Rocky Flats Plant has both diffuse and point sources 

onsite. The diffuse source term comes from the resuspension 

of contaminated soil in the 903 Pad area resulting from past 

oil drum leakage in the area (DOE, 1980). Resuspension of 
soils from this area accounts for the majority of the pluto
nium and americium emissions from plantsite. Six nuclides 
are modeled from this area in AIRDOS-EPA. These include



T-3378

Table 7

Reciprocal-average Wind Speeds (m/s) for Each 
Pasquill Stability Category and Wind Direction 

for the Rocky Flats Plant for 1985.

Pasqui 11 Stabil ity C ategory
A B C D E F

N 2.37 2.69 3.05 3.61 3.76 2.48
NNE 2.30 2.71 2.71 2.89 3.56 3.15
NE 2.22 2.47 2.65 2.49 2.62 2.35
ENE 2.16 2.26 2.48 2.41 2.35 2.14
E 2.15 2.30 2.43 2.25 2.16 2.34
ESE 2.23 2.51 3.05 3.09 3.54 3.87
SE 2.30 2.96 3.12 3.19 3.48 2.67
SSE 2.27 2.77 3.01 3.53 3.73 3.05
S 2.30 2.37 2.75 3.12 3.81 3.58
SSW 2.30 2.39 2.39 2.88 3.59 3.83
SW 2.29 2.89 2.89 3.23 3.45 3.93
WSW 2.38 2.97 3.23 3.70 3.90 4.21
W 2.43 3.16 3.59 4.28 3.79 3.04
WNW 2.55 3.40 4.00 5.74 5.64 3.15
NW 2.65 3.48 3.68 4.29 3.72 4.20
NNW 2.55 2.96 3.07 3.50 3.89 3.65

* * Pasqui11 stability category G is included for
completeness only. It is not significantly
distinguishable from category F and is ignored 
by most literature and in most uses.
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plutonium-238, -239, -240, and -242 (all modeled as Pu-240), 
plutonium-241 and americium-241. The emission quantities for 

these nuclides have been taken from the Environmental Impact 
Statement, Rocky F lats Plant Site and are presented in Table 
8.

Using the correct aerodynamic particle size distribu
tion of area source emissions is extremely important to 

appropriate modeling. Use of an inappropriate distribution 
will bias the calculated concentrations predicted by the 
model. The aerodynamic particle size distribution used to 
model the 9 0 3 Pad area emissions has been based on the p r e 
liminary work of G. Langer (1986). This particle size dis
tribution is presented in Table 9. For comparison purposes, 

a conservative and conventional approach has also been mo
deled. Lacking a site specific size distribution, the con
vention is to model all the emissions from diffuse sources as

being 1.0 micron in aerodynamic particle diameter. This 
convention will overestimate plume dispersion and, conse
quently, calculated radiation doses.

CONCEN allows for the modeling of diffuse source terms 

only as uniform circular areas. Although, the 903 Pad area 
is more elongated than circular and is not uniform, for the 
purpose of modeling with AIRDOS-EPA, it is approximated as a
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Table 8

Estimated 1985 Diffuse Source Term from the Rocky Flats Plant
(Source: DOE, 1980)

Radionuclide Soil Resuspension
Source Term (uCi)

Pu-238
Pu-239
Pu-240
Pu-241*
Pu-242
Am-241
U-234
U-235
U-236
U-238
* Beta emitter
** Uranium source term from resuspension 
negligible in comparison to plutonium 
and americium source terms.

103
3,503

794
22,374

0.071
880 
* *
**
* *
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Table 9

Estimated Distribution of the Aerodynamic 
Diameters of Particulate Emissions from Soil 
Resuspension from the Diffuse 903 Pad Area 

Aource at the Rocky Flats Plant.

Effective 
Aerodynamic 
Diameter Range 
(urn)

Mass
Percent of
Diffuse
Emissions

Modeled 
Aerodynamic 
Diameter 
(urn) *

<3 8.7 % 1
3 - 1 5 24.8 % 9
>15 66.5 % 15

* This column represents the aerodynamic 
diameter used in modeling the specific 
size class.
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uniform circle of diameter 924 meters (providing an area 

equivalent to that of its actual area).
The most crucial input parameters to the characteriza

tion of the point sources on plantsite are the actual source 
terms and those parameters which affect the plume rise of the 
emitted radionuclides. Isotopes of three elements, pluto
nium, uranium, and hydrogen, are included in the source term 
from the buildings at the Rocky Flats Plant. These isotopes 
are plutonium-239 and -240 (modeled as Pu-239), uranium- 
233, -234, and -238 (modeled as U-234), and tritium (H-3). A 
summary of the combined source terms from the building point 
sources is given in Table 10.

All exhaust and ventilation systems from production and 
research facilities at the Rocky Flats Plant are equipped 
High Efficiency Particulate Air (HEPA) filtration systems.
The air emissions from these facilities are measured down

stream of the HEPA filters using continuous monitoring equip
ment (Rockwell International, 1986). The radionuclide par
ticulates exhausted from these systems are extremely small in 
both quantity and effective aerodynamic diameter. The size 

distribution of these particulate emissions ranges in the 

magnitude of 0.3 to approximately 1.0 micron. To determine 
the sensitivity of the modeling performed by the CONCEN 
subroutine to this range in particle size, the building
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Table 10
Summary of the Combined Source Terms from Building Point 

Sources at the Rocky Flats Plant for 1985.
(Source: Rockwell International, 1986)

Plutonium*
TT *  *Uranium
Tritium

Combined Building 
Source Term (uCi)

9.11 
38.24 

1.55 x 105

* Radiochemically determined as 
plutonium-239 and -239.

** Radiochemical ly determined as 
uranium-233, -234, and -238.



T-3378 43

emissions will be modeled separately at both 0.3 and 1.0 
microns and the results compared.

Although the source terms for the building emissions at 
the Rocky Flats Plant are well quantified, the treatment of 
point sources by CONCEN is limited in its applicability to 
the Rocky Flats Plant.

Treatment of Plume Rise
In CONCEN, AIRDOS-EPA has the capacity to calculate 

plume rise for either momentum dominated or buoyant plumes 
using the equation given by Rupp et al. or Briggs' equation, 
respectively (Moore et al., 1979). However, plume rise cal
culations for the Rocky Flats Plant were performed outside of 
the code and input directly into the code. A plume rise 
value. Ah, was calculated for each point source using the 
equation given by Rupp et al. (1948), and added to the actual 
physical stack height of the point source, h, to create the 
effective stack height, H. This effective stack height was 
input directly into the code as the physical stack height 
parameter, PH. That is:

PH = h + A h  (7)

This is the same procedure used in the code for calculating 
the effective stack height used in the Gaussian plume disper
sion equation (Moore et al., 1979).

There are three reasons for calculating the plume rise



T-3378 44

values outside of the code. First, AIRDOS-EPA allows for the 
input of emissions data from only six release points, whereas 
during 1985, the Rocky Flats Plant discharged airborne emis
sions from 45 separate point sources. To accommodate this 
input restriction, the 45 sources were divided into five sets 
by proximity on the plantsite (allowing for the inclusion of 
the 903 Pad area diffuse source term). Second, the physical 
configurations of most of the emission points on plantsite 
are not typical stacks and do not lend themselves to conven
tional momentum dominated plume rise estimations. A large 

majority of emissions points are 3-shaped or horizontal ducts 
venting at atmospheric pressure. Thus, there is no upward 
vertical component of momentum to consider for plume rise. 

Third, with the exception of the steam plant (which 
discharges no regulated nuclides and is not considered in 
this analysis), air emissions from plantsite are generally

released at room temperature (approximately 20 °C) and have 
no significant buoyant effects when considered on an annual 
average basis. Therefore, to adequately characterize the 

emissions from the Rocky Flats Plant, plume rise has been 
calculated outside of the AIRDOS-EPA code where special 
attention can be applied to plant-specific considerations.
The remainder of this section will discuss the five groupings 
of the emissions points and the special considerations ap
plied to the plume rise calculations for each group.
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The 45 point sources on plantsite have been divided by 

proximity into five sets of emissions locations. These 
groups are shown in Table 11.

Plume rise calculations were not performed for groups 
1, 2, or 5 because none of these groups contain an emission 
source with an upward vertical momentum component, nor do 

they discharge a significantly buoyant plume (all discharges 
are released at 20 °C). Instead, the effective stack height 
input to the code for each group is based on the physical 
characteristics of the group as a whole.

For group 1, the effective stack height was estimated 
using the mean height of the five ducts in the area. The 
mean height, 11.3 meters, is an appropriate estimator since 
all five release points are between 10.0 and 12.9 meters 
above the ground. This assumption introduces very little 
error since the range in stack heights is small.

The effective stack height for group 2 was chosen as 
the height of the highest release point. Building 447 Main. 
This conservative estimate was made because, although the 

exhaust points ranged from 3 meters to 18.3 meters (447 Main) 

in height, the higher vents contributed a significant portion 

of the released radioactivity.
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Table 11
Plume rise emissions groupings for 1985.

GROUP BUILDING NUMBER OF TYPE (S) OF DUCTS
DESIGNATION EMISSIONS VS: Vertical Stack

POINTS HD: Horizontal or J Duct

1 371 4 HD - 4
374 1 HD - 1
Subtotal 5 HD - 5

2 444 4 HD - 4
447 1 HD - 1
Subtotal 5 HD - 5

3 559 1 HD - 1
707 6 HD - 6
771 3 HD - 2; VS - 1
774 1 HD — 1
776 9 HD - 9
778 1 VS - 1
779 2 HD - 1; VS - 1
Subtotal 23 HD -20; VS - 3

4 865 2 HD - 2
881 3 VS - 3
883 3 HD - 2; VS - 1
886 1 HD - 1
889 1 VS - 1

Subtotal 10 HD - 5; VS - 5

5 991 2 HD - 2
Subtotal 2 HD - 2

TOTAL 45 HD -37; VS - 8
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Similarly, the effective stack height for group 5 was 
chosen as the higher of the two release points in this group. 
The 6.1 meter effective stack height of the Building 991-985 
J duct was conservatively chosen because of its significant 
contribution to the radioactive emissions of group 5.

Emission groups 3 and 4 contain vertical stacks with a 
significant upward momentum component that must be considered 
in plume rise calculations. To parallel the plume rise 
calculations of CONCEN, the equation for momentum dominated 
plumes, as presented by Rupp et al. (1948) and used in CONCEN 

(Moore et al., 1979), was used to estimate the plume rise for 
groups 3 and 4.

The Rupp equation calculates the plume rise. Ah, as 
follows :

A h  = 1.5 vd/u (8)
where :

A h  = plume rise (m) ,
1.5 = equation coefficient

v = emissions stack gas velocity (m/sec), 
d = diameter of the stack (m), 

u = wind velocity (m/sec).
For calculations at the Rocky Flats Plant, an annual average 
wind speed of 3.0 m/sec was used to estimate u. Various 

values have been reported in the literature for the equation 
coefficient based on site-specific considerations and obser
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vations. The DOE recommends using a value of 3.0 rather than
1.5 to characterize the emissions from DOE facilities (DOE 
5480.XX, 1986). However, for the purposes of this compari
son, the 1.5 value for the equation coefficient was used to 
adhere more closely to the plume rise treatment presented in 
the AIRDOS-EPA code. A comparison of AIRDOS-EPA runs using 
both values was performed and will be presented later in this 
section.

The effective stack heights for groups 3 and 4 were 
chosen as the highest calculated effective stack height of 
any stack in each group. For group 3, the calculation was 
based on Building 771 Main stack. Based on a physical stack 
height of 39.6 m and a calculated (Rupp) plume rise of 21.7 

m, the e f f ective stack height of group 3 was ca l c u l a t e d  to be 
61.3 m. For group 4, the Building 881 D1&2 and D3&4 stacks 
showed the highest calculated effective stack heights of 46.3

m, based on a physical stack height of 30.5 m with a calcu
lated plume rise of 15.8 m.

The parameters employed in the plume rise/effective 

stack height calculations for the five emissions groups using 
the equation given by Rupp et al. are presented in Table 12.
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Table 12

Parameters used in calculations of the effective 
stack heights of the five emissions groups with 

plume rise calculated using the equation given by 
Rupp et al. (1948).

Group Exit Gas 
Velocity,

V
(m/sec)

Stack
Diameter,

d
(m)

Rupp 
Plume 
Rise, 
A  h
(m)

Physical
Stack
Height,

h
(m)

Effective
Stack
Height,

H
(m)

1 ( 0 . 0 ) * NA** (0.0) 11.3 11.3
2 (0.0) NA (0.0) 18.3 18.3
3 14.2 3.05 21.7 39.6 61.3
4 7.4 4.27 15.8 30.5 46.3
5 (0.0) NA (0.0) 6.1 6.1

The Rupp equation is A h  = 1.5vd/u where u is the average 
annual wind speed (u = 3 m/sec).
(0.0) indicates that no vertical momentum component 
exists in the exiting gas emission. Therefore, there is 
no buoyant (Rupp) plume rise.

NA - not applicable for point sources that are not vertical 
stacks.
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Summary of Inputs to CONCEN Subroutine

A complete list of the input parameters used for the 
customization of the CONCEN subroutine along with the appro
priate reference(s) is given in Appendices 2 and 3. Appendix 

2 presents the CONCEN input parameters specific for modeling 
the 903 Pad area; Appendix 3 presents the CONCEN inputs 
specific for modeling the building emissions.

Statistical Comparison Design
Several statistical comparisons must be made to assess 

the performance of the CONCEN subroutine with respect to the 
results of ambient air monitoring. Before direct comparisons 
can be made, however, the results of the RAAMP must be 
analyzed with regard to the consistency between the perimeter 
and community samplers, the minimum detectable activity of 
the Rocky Flats analytical laboratories, and atmospheric 

fallout of plutonium from weapons testing. These analyses 
should provide an enhanced perspective with which to inter
pret the comparison of the modeling results with ambient air 
monitoring. Therefore, statistical comparisons will be per
formed first on the results of the ambient air monitoring 
a 1 one and then between the ambient air monitoring and model
ing results.

Selecting the appropriate statistical testing methodol
ogy for each comparison is vital to assure the validity of 
the comparisons. Comparisons between two independent popula
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tions must test the significance of the difference between 
the two populations. This requires the use of a two-sample 
test applicable to the underlying distributions of the popu
lations to be compared and which considers data pairing if it 
exists. For comparisons between two normal populations, a 

parametric t-test is appropriate. For tests where at least 
one of the populations is non-normal, a nonparametric 
Wilcoxon rank sum test is appropriate (Walpole & Myers, 1985) 

or a Mann-Whitney test may be used (BBN, 1984). A second 
type of comparison which will be encountered involves testing 
for the significance of the difference between a sample 
population and a standard value. Again, the appropriate test 
depends on the population underlying the sample data. Normal 
populations can be compared to a standardized value using a 
one-sample t-test, whereas the nonparametr ic Wilcoxon sign 
rank test can be used with non-normal distributions (Walpole 
& Myers, 1985). Once chosen, the appropriate statistical 
tests on the air sampling data can be performed using the 
R S / 1 ™  data base statistical package developed and published 
by the BBN Software Products Corporation.

Customization of AIRDOS-EPA Subroutine POSEN

The inputs to the DOSEN subroutine of the AIRDOS-EPA 
model had to be customized to meet the physical requirements 

of the Rocky Flats Plant and of the surrounding dose assess-
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ment area. A description of each required input parameter of 

the DOSEN subroutine is given in Appendix 4.
Site-specific dose assessment in the Rocky Flats area 

is contingent upon numerous inputs ranging from radionuclide 

dependent variables to human intake (inhalation, ingestion) 
rates and agricultural productivity within the assessment 
area. Considerable difficulty is often encountered in the 
acquisition of these data because many values are known only 
approximately or there may be conflicting values given for 
the same parameter throughout the literature. For this rea
son, area specific data were used when available for such 
items as characterizing the agricultural productivity and 
practices, population distribution, and ingestion habits 

within the assessment area. When area specific values could 
not be obtained, these values were selected from a survey of 
the literature or employing worst-case conservative assump

tions .
The radionuclide dependent inputs to the DOSEN subrou

tine have been taken largely from four sources. Organ speci

fic dose conversion factors for inhalation and ingestion are 
from the August 1985 DOE interim radiation protection stan
dard (DOE, 1985) based on the radiation dosimetry methodology 
modeled in ICRP Publications 26 (1977) and 30 (1979-1982). 
External dose conversion factors have been taken from the 
work of D.C. Kocher (1983) and the RADRISK data file (Dunning
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et al., 1980). The RADRISK data file also served as the 

source of the the physical constants for each radionuclide 
such as the radioactive decay constant and uptake factors. 
Additional physical constants for tritium are cited from 
Moore et al. (1979).

Population and intake figures as well as agricultural 
productivity estimates have been based as much as possible on 
area specific references. Human population distribution has 
been estimated from 1980 census data projections (Rockwell 
International, 1986). Area specific agricultural population, 
productivity, and consumption rates have been derived from 
the Co 1orado AgricuItura 1 Statistics 1986 publication of the 
Colorado Department of Agriculture (1986). When site speci
fic data were not available, parameters were chosen on the 
recommendations of the NRC (1977) and of Moore et al. (1979).

Several input parameters have been estimated using

conservative assumptions which maximize the calculated radia
tion dose recieved by the public in the Rocky Flats assess
ment area. In dose calculations, ingestion doses are propor

tional to the contamination level of the food product being 

ingested. Because it is theoretically possible, it is as

sumed for input purposes that the maximally exposed offsite 

individual grows all of his/her own food at the boundary of 
the Rocky Flats Plant and that no food is imported from 
outside the assessment area. Although this is not the physi-
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cal reality in the case of the Rocky Flats Plant area, b e 

cause it is difficult, if not impossible, to arrive upon the 
actual fraction of foodstuffs which must be imported into the 
assessment area, the most conservative assumption is 
utilized.

Summary of Inputs to DOSEN Subroutines
A complete inventory of the specific input parameters 

used for the customization of the DOSEN subroutine along with 

the cited reference(s) or rationale is given in Appendices 5 
and 6. Appendix 5 presents the DOSEN input parameters speci
fic for the assessment of the radiation dose resulting from 
modeling emissions from the 903 Pad area; Appendix 6 presents 
the DOSEN input parameters specific for the assessment of the 
radiation dose resulting from modeling the building emissions 
of the Rocky Flats Plant.

Effective Dose Equivalent Calculations
The ICRP has recommended a radiation dose assessment 

methodology for the purpose of limiting radiation exposure so 

as to avoid resultant stochastic health effects. The under

lying principle behind this methodology is that the limit of 
radiation exposure should be the same regard less if the body 
is irradiated uniformly or not (ICRP, 1977, 1981) . It is 
believed that stochastic effects will be prevented as long as 

£ w THT < Hwb (9)
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where :

Wip = a weighting factor representing the ratio of the 
stochastic risk resulting from tissue, T, to the 
total risk when the whole 
body is irradiated uniformly;

Ht = the dose equivalent recieved by tissue, T; and
Hwk = the stochastic dose equivalent limit for uniform 

irradiation of the whole body.
A summary of the tissue weighting factors recommended by the 
ICRP is included in Table 13.

The quantity, JTwipHrp, is defined as the whole body 
effective dose equivalent. Under the provisions of 40 CFR 61 
Subpart H, the effective dose equivalent received by the the 
maximally exposed member of the public must not exceed 25 
mrem/year. Additionally, the dose equivalent received by any 
individual tissue (the critical organ) must not exceed 25

mrem/year as a result of radionuclide emissions.
The DOSEN subroutine calculates only the dose equiva

lents for individual organs or tissues. Therefore, the cal

culation of the whole body effective dose equivalent result

ing from the modeled radionuclide emissions must be performed 

outside the code using the specific organ results.



Table 13
Weighting Factors Recommended by the 

International Commission for Radiological 
Protection for stochastic risks. 

(Source: ICRP Publication 30, 1981)

Organ or Tissue Wip

Gonads 0.25

Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces (endosteal ) 0.03
Remainder* 0.30

* Remainder refers to up to six ;
organs or tissues weighted at wT = 0.06. 
These organs would be six organs or tissues 
not listed receiving the highest dose 
equivalents. For application to the Rocky 
Flats Plant, five additional organs or 
tissues are used. These organs or tissues 
are: Kidneys, Liver, Lower large intestinal
wall. Upper large intestal wall, and Stomach 
wall.
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Comparison of Dose Assessment Results

The results of the dose assessment methodology in the 
DOSEN subroutine will be compared to that presently employed 
at the Rocky Flats Plant based on environmental monitoring. 
The comparison will consist of side by side analysis of doses 
for individual organs and the whole body effective dose 
equivalent calculated using both methods. Additionally, the 
relative contribution to dose by each exposure pathway and by 
each radionuclide will be determined for each assessment 
methodology and compared. The purpose of these comparisons 
is threefold. First, the comparison will show if the dif
ferences between the two methodologies will impact compliance 
with the requirements of 40 CFR 61 Subpart H. Second, the 
comparison should indicate if either methodology neglects 
consideration of a significant exposure pathway relative to 
the other. Third, the comparison should indicate if either

methodology neglects consideration of significant contribu
tions to dose by any nuclide neglected in its assessment.
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CHAPTER IV: RESULTS

This section presents the results of the comparisons 
designed to evaluate the performance of the AIRDOS-EPA compu
ter model with respect to ambient monitoring as applied to 
the Rocky Flats Plant.

This section is divided into three parts. First, the 
results of the Rocky Flats Plant's 1985 ambient air moni
tor ing for plutonium-239 and -240 will be presented and 
statistically analyzed to provide a basis for later compari
sons with the plutonium concentrations predicted by the 
AIRDOS-EPA subroutine CONCEN. Second, the plutonium concen
trations predicted by the CONCEN subroutine will be presented 

and compared with the results of ambient air monitoring and 
evaluated for several variations in input to the subroutine. 
Third, the results of the dose assessment methodologies of

the Rocky Flats Plant and of the AIRDOS-EPA subroutine will 
be presented and compared for both agreement and 
completeness.

Results of Ambient Air Monitoring
The plutonium-239 and -240 activities measured by the 

RAAMP perimeter and community particulate air samplers during 
1985 were very low, approaching the minimum detectable activ
ity (MDA) for plutonium in the large majority of monthly 
samples taken at the 28 offsi te sampling locations (14 peri-
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meter and 14 community locations). The combined sample popu
lation of perimeter and community samplers showed a mean 
plutonium activity of 2.0 aCi/m^ (attoCuries per cubic 
meter), a median of 1.0 aCi/m^, and a standard deviation of
4.0 aCi/m^ (Rockwell International, 1986). Table 14 sum
marizes the results of ambient air monitoring at each of the 
28 offsite sampling location (14 perimeter and 14 community 
locations) of the RAAMP for sampling year 1985. In addition 

to being below the calculated MDA of the Rocky Flats Plant 
environmental laboratories, this median approaches the values 
reported by the EPA for fallout of plutonium-239 in the 
United States from atmospheric weapons testing (EPA, 1986). 
The complete results of ambient air monitoring at each loca
tion for each of the twelve sampling months of sampling year 
1985 are presented in Appendix 7.

This section scrutinizes the plutonium activities 
recorded by the perimeter and community RAAMP sampling net
works for 1985. Specifically, this section will present the 
results of statistical tests which compare 1) the two sample 

populations of the perimeter and community samplers, 2) each 

sample population (perimeter and community) and sampler 

against the calculated MDA of the Rocky Flats Plant environ
mental laboratory, and 3) each sample population (perimeter 

and community) and sampler against the atmospheric fallout 
levels reported by the EPA for 1985.
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Comparison of Perimeter and Community Air Samples

60

During the 1985 sampling year, 166 perimeter and 167 
community air samples were taken and successfully analyzed 
for the isotopes plutonium-239 and -240. The analyses did 
not distinguish between the two isotopes but reported their 
combined activity. The results of the plutonium analyses on 
the perimeter air samples are those listed in Table 14 as 
samplers S-31 through 2-44. The results of the plutonium 

analyses on the community air samples are listed in Table 14 
as samplers S-51 through S-62, S-68, and 2-73.

Because of the closer proximity of the perimeter air 

samplers to the Rocky Flats Plant than of the community air 
samplers, one would suspect the perimeter air samples to 
yield higher plutonium activities. To test this hypothesis, 
a statistical comparison of the data was required.

First, the KoImogorov/2mirnov test of normality (good 
for n >= 50) was applied to both sample populations individ
ually to determine if a parametric or nonparametric statisti
cal test should be used to compare the samples. Testing the 

null hypothesis that the perimeter air sample population was 
normal, the Ko Imogoro v/2mir no v test showed that at a signifi
cance level of 0.05, the null hypothesis can be rejected and 
that the data have a non-normal distribution. 2 imilar ly, the 
K o Imogorov/2mirnov test rejects the null hypothesis that the
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Table 14. Summary of ambient air monitoring for plutonium-239 and pluto- 
nium-24u at the perimeter and community sampling locations of the Radio
active Ambient Air Monitoring Program of the Rocky Flats Plant for 1985. 
Summary statistics are also presented for the entire perimeter and commu
nity sampling groups and for all the offsite samplers combined. NOTE: 
Negative mean and median values result when the laboratory blank correc
tion value exceeds the analytical result for a sample. Negative act ivies, 
although physically impossible, are included for the purpose of statisti
cal analysis.

Plutonium-239 and -240 activity 
(a 11oCur ies/cubic meter) 

Sampling Standard
Location Mean Median Deviation

OFFSITE SAMPLERS

S-31 0.4 1.0 2
S-32 0.6 0.5 2
S—33 1.0 0.5 4
S-34 0.8 1.0 1
S-35 0.1 0.0 2
S-36 2.0 1.0 5
S-37 8.0 4.0 8
S-38 5.0 2.0 9
5-39 2.0 0.5 4
S-40 0.1 0.0 2
S-41 2.0 -0.5 8
5-42 2.0 0.0 6
S-43 2.0 2.0 3
S-44 0.6 0.5 3
kMPLERS 2.0 1.0 5

S-51 1.0 1.0 3
S-52 2.0 1.0 4
S-53 0.4 0.0 2
5-54 0.9 1.0 3
S-55 3.0 0.0 7
S-56 -0.2 -1.0 2
S-57 2.0 1.0 3
S-58 2.0 0.5 4
S-59 2.0 1.0 3
S-60 6.0 4.0 6
S-61 2.0 2.0 3
S—62 0.9 0.5 3
S-68 2.0 2.0 3
5-73 0.5 1.0 2
MPLERS 2.0 1.0 4
'LERS 2.0 1.0 4
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community air samples have a normal distribution. Thus, a 

nonparametric two-sample comparison test was in order. The 
Mann-Whitney test was applied to the two populations to 
compare the medians of the underlying distributions with the 

null hypothesis that the perimeter median equals the com
munity median. At a significance level of 0.05, the Mann- 
Whi tney test finds insufficient evidence to reject the null 
hypothesis that the two medians are equal. The medians of 
both samples were determined to be 1.0 aCi/m^. Thus, the 
populations underlying the perimeter and community air 
samples are not statistically different.

Comparison of Perimeter and Community Air Samples with the 
Minimum Detectable Activity (MDA) of the Rocky Flats Plant 
Environmental Laboratories.

As discussed in the first section, the medians under
lying the populations of the perimeter and community air 

samples for 1985 were statistically indistinguishable. This 
raises the question as to whether or not the populations are 
indeed drawn from the same population or merely indistin
guishable with the laboratory techniques available to the 

Rocky Flats Plant environmental laboratories.
In a complex calculation incorporating many different 

factors, the Rocky Flats Plant environmental laboratories 
calculated the MDA of plutonium in ambient air samples to be
7.0 aCi/m^ for calendar year 1985 (Rockwell International, 
1986). Plutonium activities below the MDA are estimated
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using laboratory counting statistics and are reported for the 
purposes of facilitating statistical analysis. Because the 
medians of both the perimeter and community air sample popu
lations were less than the calculated MDA, a comparison 
between these populations and the MDA value was in order. 
Since the distribution of the data from the perimeter and 
community samples was non-normal, the nonparametric one- 
sample Wilcoxon sign rank test is the appropriate statistic 
to be applied to this comparison.

Examining the difference between the perimeter air 
samples and the standard value of the MDA, the null hypothe
sis that the perimeter median was greater than or equal to
7.0 aCi/m^ was tested against the alternative hypothesis that 
the perimeter median was less than 7.0 aCi/m^. At a signifi
cance level of 0.05, the Wilcoxon sign rank test rejected the 
null hypothesis, finding the perimeter median to be statisti
cally less than 7.0 aCi/m^. Similarly, the null hypothesis 
that the community median was greater than or equal to the 

MDA value was rejected by the one-sample Wilcoxon sign rank 

test at a significance level of 0.05, in favor of the a l t e r 

native hypothesis that the community median was less than 7.0 

aCi/m^. Hence, because the medians of both the perimeter and 
community air samples are below the MDA, the two sample 

populations are indistinguishable using the analyses avail
able at the Rocky Flats Plant laboratories.
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Comparing each individual air sampler from both popula
tions against the MDA value reveals additional information. 

Because of the small sample size for each sampler (12 for 
most samplers, one for each sampling month), a one-sample 
Wilcoxon sign rank test was performed for each sampler, to 
test the null hypothesis that the median underlying the 
sampling distribution of the sampler was greater than or 
equal to the MDA value against the alternative hypothesis 
that the sampler median was less than the MDA. For all 
perimeter and community samplers except S-37 and S-60, at a 
significance level of 0.05, the null hypothesis is rejected 
in favor of the conclusion that the individual sampler median 
was less than the MDA.

An additional one-sample Wilcoxon sign rank test was 
performed on the individual sample populations of S-37 and S- 

60 to test the null hypothesis that the median underlying the 
sampler population was less than or equal to the MDA value 
against the alternative hypothesis that the median was 
greater than the MDA value. For both samplers, the test 

could not reject the null hypothesis at a significance level 
of 0.05.

Therefore, out of the 28 perimeter and community am
bient air samplers, 26 of the samplers were shown to have 
sample populations whose median was statistically below the 
MDA value of 7.0 aCi/m^. The medians underlying the popula-
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tions of the other two samplers, perimeter sampler S-37 and 
community sampler S-60, could not be shown to different from 
the MDA value. Consequently, it can be argued that if a 
difference exists between the perimeter and community sample 
populations, this difference is lost within the MDA of the 
plutonium analysis.

Comparison of Perimeter and Community Air Samples with 
Atmospheric Fallout Levels of Plutonium-239

One scenario in which the perimeter and community air 
samples could both be at near zero levels below the MDA would 

be if the samplers are essentially measuring atmospheric 
fallout levels of plutonium in which the contribution of 
airborne plutonium from the Rocky Flats Plant is negligible. 
To test this scenario, a statistical comparison was made 
between the sampling populations and the EPA measurements of 

atmospheric fallout of plutonium throughout the United States 
during the first half of 19 8 5. Table 15 contains a listing 
of the atmospheric fallout levels of the isotope plutonium- 
239 as reported by the EPA (1986). It is important to note 

that the EPA measurements are solely for the isotope 

plutonium-239 and do not include the contribution of 

plutonium-240 as does the Rocky Flats Plant
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Table 15. (PAGE 1 OF 2)
Atmospheric fallout of plutonium in airborne particles 
in the United States as reported by the Environmental 
Protection Agency - January to June 1985. Values are 
composed of two composited quarterly samples.
(Source: EPA, 1986)

Location Plutonium-239
Activity

(State: City) (aCi/m^ +/- 2s)
AL ASHFORD 0.3 0.3
AL MONTGOMERY 0.3 0.2
AR LITTLE ROCK 0.3 0.3
AZ TEMPE 1.1 0.8
CA BERKELEY 1.0 0.4
CO DENVER 0.2 0.5
CT HARTFORD 0.7 0.3
DE WILMINGTON 0.6 0.3
FL JACKSONVILLE -0.2 0.6
FL MIAMI 0.4 0.3
HI HONOLULU 0.1 0.3
IA IOWA CITY 0.5 0.4
ID BOISE 0.7 0.4
ID IDAHO FALLS 0.8 0.7
IL CHICAGO 0.3 0.4
IN INDIANAPOLIS 0.4 0.5
KS TOPEKA 0.1 0.1
ME AUGUSTA 0.4 0.3
MI LANSING 0.7 0.5
MN MINNEAPOLIS 0.6 0.3
MO JEFFERSON CITY 0.2 0.2
MS JACKSON 0.6 0.6
NC CHARLOTTE 0.4 0.3
NC WILMINGTON 0.4 0.5
ND BISMARK 0.4 0.3
NH CONCORD 0.2 0.1

s: SIGMA COUNTING ERROR
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Table 15. (PAGE 2 OF 2)

Atmospheric fallout of plutonium in airborne particles 
in the United States as reported by the Environmental 
Protection Agency - January to June 1985. Values are 
composed of two composited quarterly samples.
(Source: EPA, 1986)

Location Plutonium-239
Activity

(State: City) (aCi/m^ +/- 2s)

NJ TRENTON 0.3 0.3
NM SANTA FE 0.6 0.4
NV LAS VEGAS 1.7 0.9
NY ALBANY 0.0 0.5
NY NEW YORK CITY 0.4 0.4
NY NIAGARA FALLS 0.2 0.4
NY SYRACUSE 0.3 0.4
NY YAPHANK 0.5 0.4
OH COLUMBUS 0.9 0.5
OH PAINESVILLE 0.5 0.3
OH TOLEDO 0.7 1.1
OK OKLAHOMA CITY 0.6 0.3
PA GOLDSBORO 0.4 0.3
PA HARRISBURG 0.2 0.3
PA PITTSBURGH 0.5 0.6
PA THREE MILE ISLAND 0.7 0.5
RI PROVIDENCE 0.4 0.3
SC BARNWELL 1.0 1.1
SC COLUMBIA 1.3 0.6
SO PIERRE 0.9 0.4
TN KNOXVILLE 0.2 0.2
TN NASHVILLE 0.6 0.4
TX AUSTIN 0.2 0.2
TX EL PASO 0.7 0.5
VA LYNCHBURG 0.4 0.3
VA VIRGINIA BEACH 0.6 0.3
WA SEATTLE 1.3 0.8
WI MADISON 0.5 0.3
WV CHARLESTON -0.1 0.4

s: SIGMA COUNTING ERROR
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measurements. However, making the conservative assumption 
that the activity contribution of plutonium-240 is negligible 
with respect to the contribution of plutonium-239 in the 
perimeter and community air samples, a comparison with the 

sample of 55 EPA numbers is appropriate. Although the 
Kolmogorov/Smirnov test of normality finds that the distribu
tion of the EPA f a l lout numbers to be normal at a signifi
cance level of 0.05, because both the perimeter and community 
populations were non-normal, the nonparametric two-sample 
Mann-Whi tney test was applied to the comparisons between 
these populations.

In comparing the perimeter air samples with the EPA 
1985 atmospheric fallout levels of plutonium, the null hypo
thesis that the median of the perimeter samples was less than 
or equal to the median of the EPA fallout values, was tested 
against the alternative hypothesis that the median of the

perimeter samples was greater than the EPA fallout values.
At a significance level of 0.05, the Mann-Whitney test showed 
insufficient evidence to reject the null hypothesis. The 

same test applied to a parallel set of null and alternative 
hypotheses for the community air samples produced the same 
results at a significance level of 0.05. Therefore, the 
medians of the perimeter and community air sample populations 
are not statistically distinguishable from the median under
lying the EPA values of atmospheric fallout levels of pluto-
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niuro in the United States for 1985. Not only are the peri

meter and community air samples indistinguishable due to 
being below the MDA of the Rocky Flats Plant laboratories, 
both sample populations are drawn essentially from the popu
lation of atmospheric fallout levels of plutonium.

The monthly results of the individual air samplers from 
both populations were also compared separately with the MDA 
value to reveal additional information. Because of the small 
sample size for each sampler (12 for most samplers, one for 
each sampling month), a two-sample Mann-Whitney test was 

performed for each sampler testing the null hypothesis that 
the median underlying the sampling distribution of the 
sampler was equal to the fallout levels reported by the EPA 
against the alternative hypothesis sampling distribution of 
the sampler was equal to the fallout levels reported by the 
EPA against the alternative hypothesis that the sampler

median was not equal to atmospheric fallout. For all 
individual perimeter and community samplers except S-35, S- 
37, S-38, S-41, and S-60, at a significance level of 0.05, 

the null hypothesis could not be rejected indicating that 23 

of the samplers registered plutonium activities which were 

statistically indistinguishable from atmospheric fallout in 
the United States.

Additional two-sample Mann-Whitney tests were performed 
on the individual sample populations of S-37, S-38, and S-60
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to test the null hypothesis that the median underlying the 
sampler population was less than or equal to the EPA fallout 
levels against the alternative hypothesis that the median was 
greater than fallout. For each of these three samplers, the 

null hypothesis could be rejected at a significance level of 
0.05, allowing the conclusion that the plutonium activities 
measured by these samplers were greater than fallout levels. 
Conversely, additional two-sample Mann-Whitney tests were 
performed on the individual sample populations of S-35 and S- 
41 to test the null hypothesis that the median underlying the 
sampler population was greater than or equal to the EPA 
fallout levels against the alternative hypothesis that the 
median was less than fallout. For both samplers, the null 
hypothesis could be rejected at a significance level of 0.05, 
indicating that the plutonium activities measured by these 
samplers were less than atmospheric fallout levels.

Thus, of the 28 perimeter and community ambient air 
samplers, 23 were shown to have sample populations whose 
median was statistically indistinguishable from the atmos

pheric fallout levels of plutonium-239 reported by the EPA in 
1985. The medians underlying the populations of the other 
five samplers were distributed outside of the population of 
fall out levels with two perimeter samplers S-35 and S-41 
recording values below fallout, and two perimeter and one 
community samplers, S-37, S-38, and S-60, showing values
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above the fallout level. Therefore, the plutonium activities 

of the perimeter and community air samplers are essentially 
measures of atmospheric fallout from past weapons testing.

Results of AIRDOS-EPA Subroutine CONCEN
In using CONCEN, the atmospheric dispersion modeling 

subroutine of AIRDOS-EPA, several input parameters needed to 
be refined and analyzed to determine their effect on the 
ultimate output of the model. Exact values of many input 
parameters are unknown and must either be estimated or 
selected from a range of values. This portion of the paper 
will first present results demonstrating the sensitivity of 
the model to varying several key input parameters 
independently, then present the results of the model using 
refined input, and finally, present the results of the 
statistical comparisons between the dispersion modeling in 

CONCEN and ambient air monitoring.
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Results of Varying Key Input Parameters to CONCEN
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Well documented values can not be obtained for several 
important input parameters to the CONCEN subroutine. The 
sensitivity of the dispersion modeling of the CONCEN subrou

tine to variations in these input parameters was tested in 
order to refine these values and develop a final set of input 
parameters. The input parameters tested were the aerodynamic 
particle size distributions (of the emissions from both the 
Rocky Flats Plant buildings and the 903 Pad area diffuse 
source), atmospheric mixing height, and plume rise.

Modeling Sensitivity to Variations in Aerodynamic Particle 
Size for)Rocky Flats Plant Building Emissions

All exhaust and ventilation systems from production and 

research facilities at the Rocky Flats Plant are equipped 
with High Efficiency Particulate Air (HEPA) filtration sys
tems. The air emissions from these facilities are measured

downstream of the HEPA filters using continuous monitoring 
equipment (Rockwell International, 1986). The radionuclide 
particulates exhausted from these systems are extremely small 

in both quantity and effective aerodynamic diameter. The 

size distribution of these particulate emissions ranges in 
the magnitude of approximately 0.3 to 1.0 microns. The 
building emissions were modeled at both 0.3 and 1.0 microns 
effective aerodynamic diameter to determine the sensitivity
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of the model to this size range. The results of these 

modeling runs are presented in Table 16.
As presented in Table 16, it is apparent that the 

plutonium concentrations predicted by the CONCEN subroutine 
for both the 0.3 and 1.0 microns effective aerodynamic 
particle diameters are extremely small, with the concentra
tions predicted for the 0.3 micron size being slightly 
higher. Evaluating the magnitude of these differences, it 
becomes clear that they are in fact negligible with respect 
to the MDA of plutonium analysis on ambient air sampling 
media (7.0 aCi/m^). The maximum difference in predicted 
plutonium activities at any sampler is 0.0010 aCi/m^, with a 
mean difference of 0.0007 aCi/m^. The mean ratio of these 
differences is 1.02, with a maximum of 1.07, further demon
strating the similarity in predicted plutonium concentrations 
at the sampling locations. Thus, modeling stack emissions at

either particle size has little effect on the modeling out
come. This is even more evident considering the relatively 
small contribution of the modeled building emissions as com

pared to the contribution of the 903 Pad area diffuse source 

at each sampling location. For convention in this paper, the 

particulate emissions from the Rocky Flats Plant research and 
production buildings were modeled at 1.0 micron effective 
aerodynamic diameter.
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Table 16
Plutonium concentrations predicted by AIRDOS-EPA at perimeter 
and community ambient air sampling locations resulting from 
modeling emissions from Rocky Flats Plant research and pro
duction buildings using effective aerodynamic particle 
diameters of 0.3 and 1.0 microns.

Sampling Pu activities Difference Ratio of
(aCi/m^) for in Pu Pu activities

Location effective activities
aerodynamic (aCi/m^):
diameter :

0.3 urn - 0.3 urn /
0.3 urn 1.0 urn 1.0 uma 1.0 um a

S-31 0.0594 0.0586 0.0008 1.01
S-32 0.0391 0.0384 0.0007 1.02
S-33 0.0311 0.0305 0.0006 1.02
S-34 0.0932 0.0923 0.0009 1.01
S-35 0.0688 0.0680 0.0008 1.01
S-36 0.1030 0.1020 0.0010 1.01
S-37 0.1160 0.1150 0.0010 1.01
S-38 0.1190 0.1180 0.0010 1.01
S-39 0.0823 0.0814 0.0009 1.01
S-40 0.0591 0.0582 0.0009 1.02
S-41 0.0925 0.0915 0.0010 1.01
S-42 0.1070 0.1060 0.0010 1.01
S-43 0.0414 0.0406 0.0008 1.02
S-44 0.0243 0.0236 0.0007 1.03
S-51 0.0175 0.0170 0.0005 1.03
S-52 0.0301 0.0293 0.0008 1.03
S-53 0.0231 0.0225 0.0006 1.03
S-54 0.0087 0.0084 0.0003 1.04
S-55 0.0108 0.0103 0.0005 1.05
S-56 0.0217 0.0210 0.0007 1.03
S-57 0.0460 0.0452 0.0008 1.02
S-58 0.0574 0.0566 0.0008 1.01
S-59 0.0397 0.0389 0.0008 1.02
S-60 0.0137 0.0132 0.0005 1.04
S-61 0.0074 0.0070 0.0004 1.07
S—62 0.0144 0.0139 0.0005 1.04
S-68 0.0467 0.0458 0.0009 1.02
S-73 0.0164 0.0158 0.0006 1.04
a. Columns 3 and 4, respectively. represent the difference
between and the ratio of the plutonium activities predicted 
at each sampling location modeling building emissions using 
an effective aerodynamic particle diameter of 0.3 microns and 
using an effective aerodynamic particle diameter of 1.0 micron.
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Modeling Sensitivity to Variations in Aerodynamic Particle
Size for the 903 Pad Area Diffuse Source Emissions.

Modeling convention dictates that emissions from dif
fuse sources, such as the 903 Pad area, be modeled using a 
particle size of 1.0 micron effective aerodynamic diameter 
unless a specific size distribution is known. Because pre
liminary studies have been made evaluating the size distribu
tion of the emissions from the 903 Pad area (Langer, 1986), 
these emissions were modeled using the results of these 
studies. However, because these studies are only preliminary
at this time, the emissions from the 903 Pad area were also
been modeled using the 1.0 micron effective aerodynamic par
ticle diameter convention. Results of these modeling runs 
are presented in Table 17.

As seen in Table 17, there is a marked difference
between the plutonium activities predicted using the 1.0

micron convention and the particle size distribution given in 
Table 9. For all sampling locations, the 1.0 micron conven
tion predicted plutonium concentrations greater than those 

predicted using the particle size distribution to charac

terize the 903 Pad area emissions. The maximum difference in 

predicted values was 19.536 aCi/m^ at sampler S-36, which 
should be easily detectable by ambient air monitoring. The 
minimum difference was 0.441 aCi/m^. The mean difference for 
all samplers was 5.644 aCi/m^. The ratios of these values
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Table 17
Plutonium concentrations predicted by AIRDOS-EPA at perimeter and com
munity ambient air sampling locations resulting from modeling emissions 
from the Rocky Flats Plant 903 Pad area diffuse source using both the 
preliminary size distribution given in Table 9 and an effective aero
dynamic particle diameter of 1.0 micron.

Sampling
Location

Pu activities 
(aCi/nv*) for 
effective 
aerodynamic 
diameter:

Distribution 1.0 urn

Difference 
in Pu 

activities 
(aCi/m3) : 
1.0 urn - 
(Distribu
tion)3

Ratio of 
Pu

activities
1.0 urn / 
(Distribu
tion)3

S-31 0.761 3.820 3.059 5.02
S—32 1.294 6.720 5.426 5.19
S-33 0.939 5.120 4.181 5.45
S-34 3.072 17.000 13.928 5.53
S-35 1.579 9.150 7.571 5.79
S-36 4.464 24.000 19.536 5.38
S-37 5.349 22.00 16.651 4.11
S-38 7.280 22.800 15.520 3.13
S-39 2.039 9.290 7.251 4.56
S-40 0.988 5.930 4.942 6.00
S-41 2.246 11.000 8.754 4.90
S-42 2.422 12.800 10.378 5.28
S-43 0.357 2.180 1.823 6.10
S-44 0:192 1.180 0.988 6.13
S-51 0.413 2.640 2.228 6.40
S-52 0.636 4.860 4.224 7.65
S-53 0.369 2.940 2.571 7.96
S-54 0.164 1.190 1.026 7.27
S-55 0.115 0.969 0.854 8.44
S-56 0.396 3.210 2.814 8.11
S-57 1.142 6.280 5.138 5.50
S-58 2.262 8.810 6.548 3.89
S-59 0.589 3.770 3.182 6.41
S-60 0.274 1.640 1.366 5.99
S-61 0.065 0.506 0.441 7.81
S—62 0.131 1.070 0.939 8.17
S-68 1.627 6.790 5.163 4.17
S-73 0.254 1.770 1.516 6.98

a. Columns 3 and 4, respectively, represent the difference between and 
the ratio of the plutonium activities predicted at each sampling loca
tion modeling 903 Pad area emissions using an effective aerodynamic 
particle diameter of 1.0 micron and using the particle size distribu
tion presented in Table 9.
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indicate that the 1.0 micron convention modeling predictions 
were nearly six times higher than those predicted using the 
particle size distribution, with a mean ratio for all 
samplers of 5.97. The maximum ratio was 8.44 for sample S- 
55. The minimum ratio was 3.13 for sampler S-38. Thus, it 
can be seen that there is a significant difference in the 
results obtained using the two approaches in size characteri
zation of the 903 Pad area emissions. Because an argument 
can be made for the v a l i d i t y  of each approach, the results of 
both methods were used independently when comparing the re
sults of modeling the cumulative (building and Pad area) 
emissions with AIRDOS subroutines CONCEN and DOSEN with the 
results of ambient monitoring.

Relative Contributions of Building Emissions to 903 Pad Area 
Emissions to CONCEN Modeling Results

Before discussing the effects of the mixing height and

plume rise parameters on the model, the relative contribu
tions of the building emissions and the 903 Pad area emis
sions should be considered to provide additional perspective.

Table 18 presents two sets of ratios. The first column 

presents the ratio of the plutonium activities obtained by 

modeling building emissions (modeled with a 1.0 micron effec
tive aerodynamic diameter, from Table 16) to those obtained 
by modeling the 903 Pad area emissions using the particle 
size distribution present in Table 9 (from Table 17). The
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Table 18
Ratios of the plutonium activities predicted at perimeter and community 
ambient air monitoring locations obtained by modeling research and 
production building emissions to those obtained modeling the 903 Pad 
area emissions at the Rocky Flats Plant.

Sampling Ratio of
Location Building contributions3 / 

903 Pad area contributions:

Distribution^ 1.0 umc
S-31 0.07 0.02
S-32 0.03 0.01
S-33 0.03 0.01
S-34 0.03 0.01
S-35 0.04 0.01
S-36 0.02 0.00
S-37 0.02 0.01
S-38 0.02 0.01
S-39 0.04 0.01
S-40 0.06 0.01
S-41 0.04 0.01
S-42 0.04 0.01
S-43 0.11 0.02
S-44 0.12 0.02
S-51 0.04 0.01
S-52 0.05 0.01
S-53 0.06 0.01
S-54 0.05 0.01
S-55 0.09 0.01
S-56 0.05 0.01
S-57 0.04 0.01
S-58 0.03 0.01
S-59 0.07 0.01
S-60 0.05 0.01
S-61 0.11 0.01
5—62 0.11 0.01
5—68 0.03 0.01
S-73 0.06 0.01

a. Building emissions were modeled using an effective aerodynamic 
diameter of 1.0 micron (results from column 2 of Table 16).
b. In column 1, the ratio was calculated using the results of modeling 
the 903 Pad area using the size distribution of Table 9 (results from 
column 1 of Table 17).
c. In column 2, the ratio was calculated using the results of modeling 
the 903 Pad area using an effective aerodynamic diameter of 1.0 micron 
(results from column 2 of Table 17).



T-3378 79

second column presents the ratio of the plutonium activities 
obtained by modeling building emissions (modeled with a 1.0 
micron aerodynamic diameter, from Table 16) to those obtained 
by modeling the 903 Pad area emissions using a particle size 
of 1.0 micron effective aerodynamic diameter (from Table 17).

As seen in Table 18, the contribution of the building 
emissions to the predicted plutonium concentrations at each 
of the perimeter and community air sampling locations, is 
small relative to the contribution of the 903 Pad area. When 
considering the ratios of the building contributions to the 
903 Pad area contributions obtained by modeling the area 
source using the particle size distribution (column 1 of 
Table 18), the mean ratio for all sampling locations is 0.05, 

with a maximum ratio of 0.12 at sampler S-44 and a minimum 
ratio of 0.02 at samplers S-36, S-37, and S-38. That is, the 
903 Pad area diffuse source contributes approximately 90

percent or more of the total plutonium concentrations 
predicted by the AIRDOS-EPA model at all perimeter and commu
nity ambient air monitoring locations.

When considering the ratios of the building contribu
tions to the 903 Pad area contributions obtained by modeling 
the area source using an effective aerodynamic diameter of 
1.0 micron (column 2 of Table 18), the mean ratio for all 
sampling locations is an even lower 0.01. The maximum ratio 
is 0.02 at samplers S-31, S-43, and S-44; the minimum ratio
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is essentially negligible, 0.00, at sampler S-36. Thus when 

modeling both the buildings and 903 Pad area with effective 
aerodynamic particle diameter of 1.0 micron, the 903 Pad area 
diffuse source contributes at least 98 percent of the total 
plutonium concentrations predicted by the AIRDOS-EPA model at 
all perimeter and community ambient air monitoring locations.

Modeling Sensitivity to Variations in Atmospheric Mixing 
Height

For any location such as the Rocky Flats Plant, the 
mixing height is a function of the daily and seasonal meteor

ological conditions and also is subject to diurnal variation 
generally from morning lows to afternoon highs. In his paper, 
"Mixing Heights, Wind Speeds, and Potential for Urban Air 
Pollution Throughout the Contiguous United States," George 
C. Holzworth remarks that "extreme diurnal variation (of 
mixing heights) occurs over the southern Rockies where

morning heights of a few hundred meters are replaced in the 
afternoon by heights well above 2 km" (1972). Because mixing 
height data were not available specifically for the Rocky 

Flats Plant, annual values given by Holzworth for urban 

Denver were used (Holzworth, 1972). These annual values and 

seasonal values for the Denver mixing heights are presented 
in Table 19.
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Table 19
Mean Annual and Seasonal Morning and Afternoon Mixing 

Heights (L) for the Denver area.
(Source: Holzworth, 1972)

Time of 
Day

Annua 1 
L, m

Winter 
L, m

Spring 
L, m

Summer 
L, m

Autumn 
L, m

Morning 268 219 423 255 174

Afternoon 2543 1482 3070 3458 2161

daily mean* 1405 850 1746 1856 1168

Daily mean values are the calculated mean between the 
morning and afternoon mixing height values.
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Because AIRDOS-EPA assumes a constant, even release of 
radionuclides from all sources throughout the year, the 
annual daily mean mixing height was chosen from Table 19 for 
use in the standard run of AIRDOS-EPA. However, it is con
ceivable that throughout a given year, releases from the 
Rocky Flats Plant may occur with greater frequency in either 
the morning or in the afternoon. To test what implications 

either of these scenarios would have relative to an even 

release throughout the day, separate runs of AIRDOS-EPA were 
made using the annual morning mixing height (268 m) , the 

annual afternoon mixing height (2543 m), and the annual daily 
mean mixing height (1405 m). An effective aerodynamic 
diameter of 1.0 micron was used to model building emissions; 
the particle size distribution presented in Table 9 was used 
to model the 903 Pad area emissions. The plutonium activi
ties predicted by the AIRDOS-EPA model at each of the pe r i 

meter and communtiy sampling locations of the Rocky Flats 
Plant RAAMP for each mixing height are presented in Table 20.

In analyzing the effects of varying the mixing height 

used in AIRDOS-EPA, it is useful to ratio the plutonium 

activities predicted for the various mixing heights. Ratios 

of 1) the plutonium activities predicted using the annual 

morning mixing height over those predicted using the annual 
daily mean mixing height, 2) the plutonium activities pre
dicted using the annual afternoon mixing height over those
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Table 20

Plutonium activities predicted by AIRDOS-EPA at perimeter 
and community Rocky Flats Plant RAAMP locations for annual 
morning, afternoon, and daily mean mixing heights for the 
Denver area.

Sampling 
Location

Morning 
Mixing 
Height 
L = 2 6 8 m
Pu activity 
(aCi/m^)

Afternoon 
Mixing 
Height 
L = 2543 m
Pu activity 
(aCi/m3)

Daily Mean 
Mixing 
Height 
L = 14 0 5 m
Pu activity 
(aCi/m3 )

S-31 1.4942 0.8196 0.8196
S-32 2.1284 1.3324 1.3324
S-33 1.6531 0.9695 0.9695
S-34 3.7710 3.1643 3.1643
S-35 2.1908 1.6470 1.6470
S —36 5.2418 4.5660 4.5660
S-37 6.4620 5.4640 5.4640
S-38 8.4260 7.3980 7.3980
S-39 2.8486 2.1204 2.1204
S-40 1.5648 1.0462 1.0462
S-41 3.0160 2.3375 2.3375
S-42 3.2500 2.5280 2.5280
S-43 0.7828 0.3917 0.3917
S-44 0.5225 0.2160 0.2160
S-51 0.7061 0.4295 0.4125
S-52 0.9258 0.6649 0.6478
S-53 0.5838 0.3917 0.3784
S-54 0.2753 0.1720 0.1556
S-55 0.1789 0.1251 0.1139
S-56 0.5824 0.4168 0.3961
S-57 1.7147 1.1872 1.1872
S-58 2.9709 2.3186 2.3186
S-59 0.9730 0.6274 0.6274
S-60 0.3835 0.2868 0.2694
S-61 0.1038 0.0718 0.0643
S —62 0.2196 0.1449 0.1311
S-68 2.2209 1.6728 1.6728
S-73 0.3972 0.2694 0.2484
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predicted using the annual daily mean mixing height, and 3) 
the plutonium activities predicted using the annual morning 
mixing height over those predicted using the annual afternoon 
mixing height, are presented in Table 21 for all perimeter 
and community sampling locations.

Evaluating the ratios of the plutonium activies 
predicted using the annual morning mixing height over those 
predicted using the annual daily mean mixing height reveals 
that using the lower mixing height of the morning (268 m) 
instead of the daily mean mixing height (1405 m) increases 

the plutonium activities predicted at the RAAMP sampling 
location by a mean factor of 1.47. The maximum increase was 
by a factor of 2.42 at sampler 5-44 and the minimum increase 
was by a factor of 1.14 at sampler 5-38.

Conversely, evaluating the ratios of the plutonium 
activies predicted using the annual afternoon mixing height

over those predicted using the annual daily mean mixing 
height reveals that using the higher mixing height of the 
afternoon (2543 m) instead of the daily mean mixing height 
(1405 m) has no effect on samplers within 6.8 km of the plant 

and decreases the plutonium activities predicted at more 

distant sampling locations by a mean factor of 0.98. The 
maximum decrease was by a factor of 0.90 at samplers 5-54, 5- 
61, and 5-62. No decrease was predicted for all of the
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Table 21

Ratios of plutonium activities predicted by AIRDOS-EPA at 
perimeter and community ambient air monitoring locations for 
various mixing heights.

Ratio of Pu Activities 
Predicted for :

Sampling Morning/ Afternoon/ Morning/
Location Daily Mean Daily Mean Afternoon

Mixing
Heights

Mixing
Heights

Mixing
Heights

S-31 1.92 1.00 1.82
S-32 1.60 1.00 1.60
S-33 1.71 1.00 1.71
S-34 1.19 1.00 1.19
S-35 1.33 1.00 1.33
S-36 1.15 1.00 1.15
S-37 1.18 1.00 1.18
S-38 1.14 1.00 1.14
S-39 1.34 1.00 1.34
S-40 1.50 1.00 1.50
S-41 1.29 1.00 1.29
S-42 1.29 1.00 1.29
S-43 1.97 1.00 1.97
S-44 2.42 1.00 2.42
S-51 1.64 0.96 1.71
S-52 1.39 0.97 1.43
S-53 1.49 0.97 1.54
S-54 1.60 0.90 1.77
5-55 1.43 0.91 1.57
S-56 1.40 0.95 1.47
5-57 1.44 1.00 1.44
5-58 1.28 1.00 1.28
5-59 1.56 1.00 1.56
5 — 60 1.34 0.94 1.42
5-61 1.45 0.90 1.61
5 — 62 1.52 0.90 1.67
5-68 1.33 1.00 1.33
5-73 1.47 0.92 1.60
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perimeter samplers and four of the community sampling loca
tions.

It is also informative to evaluate the ratio of the 
plutonium activities predicted using the annual morning 
mixing height over those predicted using the annual afternoon 
mixing height since these mixing heights represent the range 
of potential annual mixing heights which may be encountered 
in the area of the Rocky Flats Plant. This comparison 
reveals that using the lower mixing height of the morning 
(268 m) as opposed to the afternoon mixing height (2543 m) 

increases the plutonium activities predicted at the RAAMP 
sampling location by a mean factor of 1.51. The maximum 
increase was by a factor of 2.42 at sampler S-44 and the 
minimum increase was by a factor of 1.14 at sampler S-38.

In evaluating these ratios, it is important to put the 
actual differences in predicted plutonium activities into

perspective. To gain this perspective. Table 22 presents the 
differences between 1) the plutonium activities predicted 
using the annual morning mixing height and those predicted 

using the annual daily mean mixing height, 2) the plutonium 

activities predicted using the annual daily mean mixing 

height and those predicted using the annual afternoon mixing 
height, and 3) the plutonium activities predicted using the 
annual morning mixing height and those predicted using the 
annual afternoon mixing height, for all perimeter and
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Table 22

Differences of plutonium activities predicted by AIRDOS-EPA 
at perimeter and community ambient air monitoring locations 
for various mixing heights.

Differences in Pu Activities 
Predicted for

Sampling Morning - Daily Mean Morning -
Location Daily Mean - Afternoon Afternoon

Mixing 
Heights 
(aCi/m3 )

Mixing
Heights
(aCi/m3)

Mixing
Heights
(aCi/m3)

S-31 0.6746 0.0000 0.6746
S-32 0.7960 0 .0000 0.7960
S-33 0.6836 0.0000 0.6836
S-34 0.6067 0 .0000 0.6067
S-35 0.5438 0.0000 0.5438
S-36 0.6758 0 .0000 0.6758
S-37 0.9980 0.0000 0.9980
S-38 1.0280 0 .0000 1.0280
S-39 0.7282 0 .0000 0.7282
S-40 0.5186 0 .0000 0.5186
S-41 0.6785 0.0000 0.6785
S-42 0.7220 0 .0000 0.7220
S-43 0.3850 0.0000 0.3850
S-44 0.3065 0 .0000 0.3065
S-51 0.2766 0.0170 0.2936
S-52 0.2609 0.0171 0.2780
S-53 0.1921 0.0133 0.2054
S-54 0.1032 0.0165 0.1197
5-55 0.0538 0.0112 0.0651
S-56 0.1656 0.0207 0.1863
S-57 0.5275 0.0000 0.5275
S-58 0.6523 0 .0000 0.6523
5-59 0.3489 0.0000 0.3489
S-60 0.0967 0.0174 0.1141
S-61 0.0320 0.0075 0.0395
S-62 0.0747 0.0137 0.0885
S-68 0.5481 0.0000 0.5481
S-73 0.1278 0.0210 0.1488
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community sampling locations. As seen in Table 22, because 

the plutonium releases from the Rocky Flats Plant are very 
low and result in extremely small predicted plutonium activi
ties at offsite sampling locations, regard less of the mixing 
height selected from the range between the annual morning and 
afternoon mixing heights (from 268 m to 2543 m, respectively) 
for use in AIRDOS-EPA, the maximum difference in plutonium 
activities predicted at any sampling location is about one 
aCi/m^. Thus, mixing height plays little role in modelling 
radionuclide emissions from the Rocky Flats Plant. For this 

reason, the daily mean mixing height of 1405 m has been used 
for the purpose of this paper.

This finding supports the observation presented by 

Robert Aron that "...since mixing height, as it is currently 
estimated (the Holzworth Method), does not consistently seem 
to be highly correlated with pollution concentrations, per

haps a better method for calculating the height to which 
pollutants will disperse can be developed" (1983, 1985). D. 
Bruce Turner further suggests that the "overly simplistic, 
all-or-nothing" manner in which most meteor logical models 

treat mixing heights should be replaced by more complex 

treatment of additional meteorological data when possible 
(1985).
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Modeling Sensitivity to Variations in Plume Rise

89

As discussed previously, a wide range of values for the 
equation coefficient in the plume rise equation proposed by 
Rupp et al. (see Equation 8) have been reported throughout 

the literature. The value recommended by the DOE (3.0) is 
double that employed by the AIRDOS-EPA code (1.5). To deter
mine the sensitivity of the model to this range in plume rise 
coefficients as applied to the Rocky Flats Plant, the build
ing emissions were modeled for both coefficient values.
Table 23 presents the parameters used in the plume 

rise/effective stack height calculations substituting the DOE 
recommended equation coefficient value of 3.0 into the equa
tion given by Rupp et al. (1948). For the purposes of this 

comparison, an effective aerodynamic diameter of 1.0 micron 
was used to model building emissions; the particle size 
distribution presented in Table 9 was used to model the 903 

Pad area emissions.
Doubling the coefficient as given by Rupp et al. (1.5) 

to the value recommended by the DOE (3.0), had the effect of 

decreasing the plutonium concentrations calculated by the 
AIRDOS-EPA code for all sampling locations. However, because 
the contributions of the point source plutonium emissions at 
the Rocky Flats Plant are small with respect to the contribu
tion of the diffuse 903 Pad area source, which is unaffected 
by plume rise, this decrease is quite small.
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Table 23
Parameters used in calculations of the effective stack heights of the 
five emissions groups with plume rise calculated substituting the DOE 
recommended equation coefficient of 3.0 for the equation coefficient of 
the equation given by Rupp et al. (1948).

Group Exit Gas 
Velocity,

V
(m/sec)

Stack
Diameter,

d
(m)

Plum^ 
Rise , 
A h  
(m)

Physical
Stack
Height,

h
(m)

Effective
Stack
Height,

H
(m)

1 ( 0 . 0 ) * NA** (0.0) 11.3 11.3
2 (0.0) NA (0.0) 18.3 18.3
3 14.2 3.05 43.4 39.6 83.0
4 7.4 4.27 31.6 30.5 62.1
5 (0.0) NA (0.0) 6.1 6.1

The plume rise equation is A h  = 3.0vd/u where u is the average 
annual wind speed (u = 3 m/sec).
(0.0) indicates that no vertical momentum component exists in the 
exiting gas emission. Therefore, there is no buoyant 
(Rupp) p 1 urne r i se.

NA - not applicable for point sources that are not vertical stacks.
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Table 24 presents the results of modeling the plutonium 
emissions from the Rocky Flats Plant with plume rise equation 
coefficients of 1.5 and 3.0 for each sampling location. 
Columns 1 and 2 present the contributions of only the pluto
nium emissions from point sources for the plume rise equation 
coefficients of 1.5 and 3.0, respectively. Columns 4 and 5 
include both the contributions of the point sources and the 

903 Pad area diffuse source for the plume rise equation 
coefficients of 1.5 and 3.0, respectively. Columns 3 and 6 
present the ratios of columns 1 and 2 and columns 4 and 5, 
respectively.

When evaluating only the contributions of point source 
emissions to the calculated plutonium activities at each 

sampling location, the doubling of the plume rise equation 
coefficient from 1.5 to 3.0 makes a significant difference 
considering the ratio of the plutonium activities calculated

using a plume rise equation coefficient of 1.5 over the 
plutonium activities calculated using a plume rise equation 
coefficient of 3.0. This ratio was between 1.11 and 1.39 for 

all sampling locations with a mean value of 1.23. However, 
it is important to note that the plutonium activities calcu
lated for each location using both coefficients are well 
within 0.1 aCi/m^ due to the extremely small amount of pluto
nium released from the point sources at the Rocky Flats 
Plant.
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Table 24
Results of modeling the plutonium emissions from the Rocky Flats Plant 
with plume rise equation coefficients of 1.5 and 3.0 for each sampling 
location. Columns 1 and 2 present the contributions of only the pluto
nium emissions from point sources for the plume rise equation coeffi
cients of 1.5 and 3.0, respectively. Columns 4 and 5 include both the 
contributions of the point sources and the 903 Pad Area diffuse source 
for the plume rise equation coefficients of 1.5 and 3.0, respectively. 
Columns 3 and 6 present the ratios of columns 1 and 2 and columns 4 and 
5, respectively.

Point Sources Only Point and Diffuse Sources
Pu Activity Ratio Pu Activity Ratio
(aCi/m3) (aCi/m3)

Sampling 1.5/ 1.5/
Location Plume Rise 3.0 Plume Rise 3.0

Coefficient Coefficient
1.5 3.0 1.5 3.0

S-31 0.0586 0.0467 1.25 0.8196 0.8077 1.01
S-32 0.0384 0.0323 1.19 1.3324 1.3263 1.00
S—33 0.0305 0.0258 1.18 0.9695 0.9648 1.00
S-34 0.0923 0.0712 1.30 3.1643 3.1432 1.01
S-35 0.0680 0.0527 1.29 1.6470 1.6317 1.01
S-36 0.1020 0.0751 1.36 4.5660 4.5391 1.01
S-37 0.1150 0.0826 1.39 5.4640 5.4316 1.01
S-38 0.1180 0.0859 1.37 7.3980 7.3659 1.00
S-39 0.0814 0.0618 1.32 2.1204 2.1008 1.01
S-40 0.0582 0.0459 1.27 1.0462 1.0339 1.01
S-41 0.0915 0.0704 1.30 2.3375 2.3164 1.01
S-42 0.1060 0.0805 1.32 2.5280 2.5025 1.01
S-43 0.0406 0.0332 1.22 0.3978 0.3904 1.02
S-44 0.0236 0.0202 1.17 0.2160 0.2126 1.02
S-51 0.0170 0.0148 1.15 0.4295 0.4273 1.01
S-52 0.0293 0.0242 1.21 0.6649 0.6598 1.01
5—53 0.0225 0.0191 1.18 0.3917 0.3883 1.01
S-54 0.0084 0.0076 1.11 0.1721 0.1713 1.00
S-55 0.0103 0.0091 1.14 0.1251 0.1238 1.01
S-56 0.0210 0.0178 1.18 0.4168 0.4136 1.01
S-57 0.0452 0.0357 1.27 1.1872 1.1777 1.01
S-58 0.0566 0.0445 1.27 2.3186 2.3065 1.01
5-59 0.0389 0.0325 1.20 0.6274 0.6210 1.01
S-60 0.0132 0.0114 1.16 0.2868 0.2850 1.01
S-61 0.0070 0.0028 1.11 0.0718 0.0711 1.01
S-62 0.0139 0.0124 1.12 0.1449 0.1434 1.01
5-68 0.0458 0.0367 1.25 1.6728 1.6637 1.01
S-73 0.0158 0.0135 1.17 0.2694 0.2671 1.01

Mean Ratio = 1.23 Mean Ratio = 1.01
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When considering both building sources and the 903 Pad 
area diffuse source, the difference between the plutonium 
activities calculated by the AIRDOS-EPA code for each 
sampling location for the two plume rise equation coeffi
cients becomes less significant as emissions from the diffuse 
source are unaffected by plume rise. The ratio of the pluto
nium activities calculated using a plume rise equation co
efficient of 1.5 to the plutonium activities calculated using 

a plume rise equation coefficient of 3.0 was between 1.00 and 
1.02 for all sampling locations with a mean value of 1.01. 
Hence, doubling the plume rise of the point sources decreases 
the calculated plutonium activity for each sampler by an 
amount that would not be distinguishable at that location. 
Therefore, the choice of either the plume rise coefficient 
given by Rupp et al. and used in the AIRDOS-EPA code, or that 
recommended specifically for DOE facilities, is inconsequen

tial when modeling the total emissions of the Rocky Flats 
Plant with AIRDOS-EPA. For this reason, the plume rise 
coefficient advanced by Rupp et al. (1948) was selected for 
the purposes of this paper.
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Results of Modeling Rocky Flats Plant Building and 903 Pad
Area Plutonium-239 and -240 Emissions with AIRDOS-EPA 
Subroutine CONCEN

The plutonium-239 and -240 concentrations predicted by 

the AIRDOS-EPA subroutine CONCEN for all emissions from the 
Rocky Flats Plant are presented in Table 25. Notice that 
Table 25 presents two sets of modeling results. Column 1 
presents the combined results of modeling building emissions 
(using an effective aerodynamic diameter of 1.0 micron) and 
modeling the 903 Pad area emissions using the preliminary 
size distribution of Table 9. Column 2 presents the combined 
results of modeling building emissions (using an effective 
aerodynamic diameter of 1.0 micron) and modeling the 903 Pad 
area emissions using the convention of an effective aero

dynamic diameter also of 1.0 micron.
The results presented in column 1 of Table 25, calcu

lated using the preliminary particle size distribution for 

the 903 Pad area, are generally very low. These values are 
all either below or approximately equal to the MDA of the 
Rocky Flats Plant laboratories for 1985 (7.0 aCi/m^). The 

results of column 2 of Table 25, calculated using the conven

tional 1.0 micron effective aerodynamic diameter for the 903 
Pad emissions are also low but are somewhat higher than those 
of column 1 for all sampling locations. Eight of these 
values are above the MDA for the Rocky Flats Plant 
laboratories.
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Table 25
Plutonium-239 and -240 activities at perimeter and community ambient 
air sampling locations as predicted by the CONCEN subroutine of the 
AIRDOS-EPA model for dispersion modeling of research and production 
building and 903 Pad area emissions for 1985 from the Rocky Flats 
Plant.

Sampling
Location

Predicted Pu activity 
(aCi/irr) for:

Distribution3 Convention^3

Column 2 - 
Column 1

Column 2 / 
Column 1

S-31 0.8196 3.8786 3.0590 4.73
S-32 1.3324 6.7584 5.4260 5.07
S-33 0.9695 5.1505 4.1810 5.31
S-34 3.1643 17.0923 13.9280 5.40
S-35 1.6470 9.2180 7.5710 5.60
S-36 4.5660 24.1020 19.5360 5.28
S-37 5.4640 22.1150 16.6510 4.05
S-38 7.3980 22.9180 15.5200 3.10
S-39 2.1204 9.3714 7.2510 4.42
S-40 1.0462 5.9882 4.9420 5.72
S-41 2.3375 11.0915 8.7540 4.75
S-42 2.5280 12.9060 10.3780 5.11
S-43 0.3978 2.2206 1.8228 5.58
S-44 0.2160 1.2036 0.9876 5.57
S-51 0.4985 2.6570 2.2275 6.19
S-52 0.6649 4.8893 4.2244 7.35
S-53 0.3917 2.9625 2.5708 7.56
S-54 0.1721 1.1984 1.0263 6.96
S-55 0.1251 0.9793 0.8542 7.83
S-56 0.4168 3.2310 2.8142 7.75
S-57 1.1872 6.3252 5.1380 5.33
S-58 2.3186 8.8666 6.5480 3.82
S-59 0.6274 3.8089 3.1815 6.07
S-60 0.2868 1.6532 1.3664 5.76
S-61 0.0718 0.5130 0.4412 7.15
S-62 0.1449 1.0839 0.9390 7.48
S—68 1.6728 6.8358 5.1630 4.09
S-73 0.2694 1.7858 1.5164 6.63
a. Column 1 represents the combined plutonium-239 and -240 activities 
predicted modeling the building emissions using an effective aero
dynamic diameter of 1.0 micron and modeling the 903 Pad area using the 
particle size distribution presented in Table 9.
b. Column 2 represents the combined plutonium-239 and -240 activities 
predicted modeling the building emissions using an effective aero
dynamic diameter of 1.0 micron and modeling the 903 Pad area using the 
convention of an effective aerodynamic diameter of 1.0 micron.



T-3378 96

Column 3 of Table 25 presents the differences between 
the plutonium-239 and -240 concentrations calculated by the 
two different modeling approaches to the 903 Pad area emis
sions combined with the activities calculated for the build
ing emissions. The mean difference in modeled plutonium 
activities is 5.6435 aCi/m^, with a maximum difference of 
19.5360 aCi/m^ at sampler S-36 and a minimum difference of 
0.4412 aCi/m^ calculated for sampler S-61. The ratios pre
sented in column 4 of Table 25 indicate that the approach of 
modeling all emissions incorporating the conventional ap
proach to the 903 Pad area overpredicts the modeling approach 
which accounts for the size distribution of the 903 Pad area 
emissions by a mean ratio 5.70. The maximum ratio is 7.83 at 
sampler S-55. The minimum ratio is 3.10 at sampler S-38.

Comparison of the Results of the Dispersion Modeling of the 
CONCEN Subroutine of AIRDOS-EPA with Ambient Air Monitoring 
for the Rocky Flats Plant in 1985

This section presents the statistical comparisons be
tween the results of the dispersion modeling of the 1985 

emissions from the Rocky Flats Plant using the AIRDOS-EPA 

code and the perimeter and community ambient air monitoring 

performed as part of the Rocky Flats Plant RAAMP in 1985.
For convenience. Table 26 contains a side-by-side presenta
tion of the mean annual concentrations measured at all peri
meter and community RAAMP samplers and the results of the two 
CONCEN modeling approaches presented in the previous section.
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Table 26
Side-by-side presentation of the plutonium-239 and -240 activities at 
perimeter and community ambient air sampling locations as measured in 
1985 by the Rocky Flats Plant RAAMP and as predicted by the AIRDOS-EPA 
dispersion modeling subroutine CONCEN for the 1985 emissions from the 
Rocky Flats Plant.

Sampling
Location

Mean 
ambient Pu 
activity 
(aCi/m^)

Predicted Pu 
(aCi/m3)

Distribution3

activity
for:
Convention^

S-31 0.4170 0.8196 3.8786
S-32 0.5830 1.3324 6.7584
S-33 1.0000 0.9695 5.1505
S-34 0.7500 3.1643 17.0923
S-35 0.0909 1.6470 9.2180
S-36 2.0000 4.5660 24.1020
S-37 8.0000 5.4640 22.1150
S-38 5.0000 7.3980 22.9180
S-39 2.0000 2.1204 9.3714
S-40 0.0833 1.0462 5.9882
S-41 2.0000 2.3375 11.0915
S-42 2.0000 2.5280 12.9060
S-43 2.0000 0.3978 2.2206
S-44 0.5830 0.2160 1.2036
S-51 1.0000 0.4295 2.6570
S-52 2.0000 0.6649 4.8893
S-53 0.4170 0.3917 2.9625
S-54 0.9170 0.1721 1.1984
S-55 3.0000 0.1251 0.9793
S-56 -0.1670 0.4168 3.2310
5-57 2.0000 1.1872 6.3252
S-58 2.0000 2.3186 8.8666
S-59 2.0000 0.6274 3.8089
S—60 6.0000 0.2868 1.6532
S—61 2.0000 0.0718 0.5130
S-62 0.9170 0.1449 1.0839
S—68 2.0000 1.6728 6.8358
S-73 0.5450 0.2694 1.7858

a. Column 2 represents the combined plutonium-239 and -240 activities 
predicted modeling the building emissions using an effective aero
dynamic diameter of 1.0 micron and modeling the 903 Pad area using the 
particle size distribution presented in Table 9.
b. Column 3 represents the combined plutonium-239 and -240 activities 
predicted modeling the building emissions using an effective aero
dynamic diameter of 1.0 micron and modeling the 903 Pad area using the 
convention of an effective aerodynamic diameter of 1.0 micron.
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The complete results of the ambient air monitoring at each 
location for each of the twelve sampling months of sampling 
year 1985 are presented in Appendix 7.

Four statistical comparisons will be presented in this 
section to test the significance of the difference between:

1) the 1985 population of mean annual ambient pluto
nium-239 and -240 activities as measured by the 
perimeter and community air samplers and the popu
lation of the plutonium-239 and -240 activities 
predicted by AIRDOS-EPA at each sampling location 
for 1985, modeling building emissions using an 
effective aerodynamic diameter of 1.0 micron and 
modeling the 903 Pad area emissions using the pre
liminary particle size distribution of Table 9,

2) each individual sampler's 1985 population of 
monthly ambient plutonium-239 and -240 activities 

and the plutonium-239 and -240 activity predicted 
by AIRDOS-EPA for that sampling location for 1985, 
modeling building emissions using an effective 
aerodynamic diameter of 1.0 micron and modeling the 

903 Pad area emissions using the preliminary 
particle size distribution of Table 9,

3) the 1985 population of mean annual ambient 
plutonium-239 and -240 activities as measured by 
the perimeter and community air samplers and the
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population of the plutonium-239 and -240 activities 
predicted by AIRDOS-EPA at each sampling location 
for 1985, modeling building emissions using an 
effective aerodynamic diameter of 1.0 micron and 
modeling the 903 Pad area emissions using the con
ventional effective aerodynamic diameter of 1.0 
micron, and

4) each individual sampler's 1985 population of
monthly ambient plutonium-239 and -240 activities 
and the plutonium-239 and -240 activity predicted 
by AIRDOS-EPA for that sampling location for 1985, 

modeling building emissions using an effective 

aerodynamic diameter of 1.0 micron and modeling the 
903 Pad area emissions using the conventional 
effective aerodynamic diameter of 1.0 micron.

Comparison of 1985 Annual Ambient Plutonium Concentrations 
with those Predicted by AIRDOS-EPA for 1985 (modeling the 903 
Pad area using the preliminary particle size distribution)

This analysis involves the statistical comparison of 
paired plutonium activities at the 28 perimeter and community 

sampling locations. These paired plutonium activities are 

columns 1 and 2 of Table 26. The appropriate statistic must 

test the significance of the population of differences be
tween these activities. At a significance level of 0.05, the 
Wilk-Shapiro test of normality found insufficient evidence to 
reject the null hypothesis that the population of differences
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is normal. Thus, a two-sample t-test for paired data is 
applicable to test the significance of the differences be
tween the two populations. At a significance level of 0.05, 

the two-sample t-test found insufficient evidence to reject 

the null hypothesis that the mean values underlying the two 
populations were equal. Thus, the populations underlying the 
1985 annual mean measured ambient plutonium activities as 
measured by the perimeter and community RAAMP samplers and 
those predicted by the AIRDOS-EPA subroutine CONCEN for the 

1985 emissions from the Rocky Flats Plant (using the prelimi
nary particle size distribution of Table 9 to characterize 
the 903 Pad emissions) are not statistically distinguishable.

Comparisons of Each Individual Sampler's 1985 Monthly Ambient 
Plutonium Concentrations with those Predicted by AIRDOS-EPA 
for 1985 (modeling the 903 Pad area using the preliminary 
particle size distribution)

The analyses in this section involve testing the sig

nificance of the difference between the population of monthly 
ambient plutonium-239 and -240 concentrations measured by 
each perimeter and community RAAMP sampler in 1985 against 

the annual plutonium-239 and -240 concentration predicted by 

AIRDOS-EPA for that sampler in 1985 (modeling the 903 Pad 
area using the preliminary particle size distribution). Be

cause the Wilk-Shapiro test of normality indicated, at a 
significance level of 0.05, that most of the populations of 
monthly ambient plutonium-239 and -240 concentrations mea
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sured by the perimeter and community RAAMP samplers were not 

normal, a one-sample Wilcoxon sign rank test is applicable to 
each sampler, testing the significance of the difference 
between each sampler's population of monthly ambient values 
and the annual plutonium-239 and -240 concentration predicted 
by AIRDOS-EPA for that sampler (modeling the 903 Pad area 
using the preliminary particle size distribution). At a 
significance level of 0.05, the one-sample sign rank test 
rejected the null hypothesis that the median underlying the 
population of monthly ambient plutonium-239 and -240 concen
trations is equal to the annual concentration predicted by 
AIRDOS-EPA for only six of the 28 samplers, S-34, S-35, S-36, 

S-41, S-43,and S-60. Of these six samplers, an alternative 
hypothesis that the median underlying the population of 
monthly ambient concentrations is less than the concentration 
predicted by AIRDOS-EPA can be accepted, at a 0.05 signifi
cance level, for S-34, S-35, S-36, and S-40. For samplers S- 
43 and S-60, an alternative hypothesis that the median under
lying the population of monthly ambient concentrations is 
greater than the concentration predicted by AIRDOS-EPA can be 

accepted, at a significance level of 0.05.

In summary, the plutonium-239 and -240 concentration 
predicted by the AIRDOS-EPA subroutine CONCEN for 1985 
(modeling the 903 Pad area using the preliminary particle 
size distribution) is statistically indistinguishable from
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the median underlying the population of monthly ambient 
plutonium concentrations for 22 of the 28 sampling locations, 
statistically greater than the median for only four loca
tions, and statistically less than the median for only two 
sampling locations.

Comparison of 1985 Annual Ambient Plutonium Concentrations 
with those Predicted by AIRDOS-EPA for 1985 (modeling the 903 
Pad area using the conventional effective aerodynamic 
diameter of 1.0 micron)

As with the first comparison above, this analysis 
involves the statistical comparison of paired plutonium acti
vities at the 28 perimeter and community sampling locations. 
These paired plutonium activities are columns 1 and 3 of 
Table 26. The appropriate statistic must test the signifi
cance of the population of differences between these activi
ties. At a significance level of 0.05, the Wilk-Shapiro test 
of normality found insufficient evidence to reject the null

hypothesis that the population of differences is normal.
Thus, a two-sample t-test for paired data was applicable to 
test the significance of the differences between the two 

populations. At a significance level of 0.05, the two-sample 

t-test found sufficient evidence to reject the null hypothe
sis that the mean values underlying the two populations are 
equal and to accept the alternative hypothesis that the mean 
underlying the population of plutonium-239 and -240 concen
trations predicted by the AIRDOS-EPA subroutine CONCEN for
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1985 (modeling the 903 Pad area using the conventional effec

tive aerodynamic diameter of 1.0 micron) is statistically 
greater than the mean underlying the 1985 annual mean mea
sured ambient plutonium activities as measured by the peri
meter and community RAAMP samplers. Thus, modeled in this 
manner, AIRDOS-EPA overpredicts the plutonium concentrations 
measured by the perimeter and community samplers.

Comparisons of Each Individual Sampler's 1985 Monthly Ambient 
Plutonium Concentrations and those Predicted by AIRDOS-EPA 
for 1985 (modeling the 903 Pad area using the conventional 
effective aerodynamic diameter of 1.0 micron)

Parallel to the second set of comparisons above, the 
analyses in this section involve testing the significance of 
the difference between the population of monthly ambient 
plutonium-239 and -240 concentrations measured by each peri
meter and community RAAMP sampler in 1985, against the annual

plutonium-239 and -240 concentration predicted by AIRDOS-EPA 
for that sampler in 1985 (modeling the 90 3 Pad area using the 
conventional effective aerodynamic diameter of 1.0 micron). 
Because the W i 1k-Shapiro test of normality indicated, at a 

significance level of 0.05, that most of the populations of 

monthly ambient plutonium-239 and -240 concentrations mea
sured by the perimeter and community RAAMP samplers were not 
normal, a one-sample Wilcoxon sign rank test is applicable to 
each sampler, to test the significance of the difference
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between each sampler's population of monthly ambient values 
and the annual plutonium-239 and -240 concentration predicted 
by AIRDOS-EPA for that sampler (modeling the 903 Pad area 
using the conventional effective aerodynamic diameter of 1.0 
micron). At a significance level of 0.05, the one-sample 

sign rank test rejected the null hypothesis that the median 
underlying the population of monthly ambient plutonium-239 
and -240 concentrations is equal to the annual concentration 
predicted by AIRDOS-EPA for twenty of the 28 samplers, in 

favor of the alternative hypothesis that the concentration 
predicted by AIRDOS-EPA for 1985 (modeling the 903 Pad area 
using the conventional effective aerodynamic diameter of 1.0 
micron) is greater than the 1985 monthly ambient concentra
tions measured at that sampler. For one sampler, S-60, the 
null hypothesis could be rejected in favor of the alternative 
hypothesis that the concentration predicted by AIRDOS-EPA for 

1985 (modeling the 903 Pad area using the conventional effec
tive aerodynamic diameter of 1.0 micron) is less than the 
1985 monthly ambient concentrations measured at that sampler. 
For the remaining seven samplers, S-43, S-44, S-54, S-55, S- 

61, S-62, and S-73, the null hypothesis can not be rejected 
and the median underlying the population of 1985 monthly 
ambient concentrations measured at each sampler is statisti
cally indistinguishable from the concentration predicted by 
the AIRDOS-EPA subroutine CONCEN.
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In summary, the predicted plutonium-239 and -240 con
centration predicted by the AIRDOS-EPA subroutine CONCEN for 

1985 (modeling the 903 Pad area using the conventional effec
tive aerodynamic diameter of 1.0 micron) was statistically 
greater than the median of the population of monthly ambient 
plutonium concentrations for 20 of the 28 sampling locations, 
statistically less than the median for one location, and 
statistically indistinguishable from the median for only 
seven sampling locations.

Results of AIRDOS-EPA Subroutine POSEN
Under 40 CFR 61 Subpart H, the results of the organ and 

tissue dose assessment portion of the AIRDOS-EPA model, per
formed in the subroutine DOSEN, should be used to calculate 
an effective dose equivalent to the maximally exposed offsite 
individual. In the absence of other approved dose assessment 
methodologies, these organ and tissue doses and the effective 

dose equivalent based on the AIRDOS-EPA methodologies must 
serve as the criteria for compliance with 40 CFR 61 Subpart 
H.

This section will present the results of the dose 

assessment performed by the DOSEN subroutine for the Rocky 

Flats Plant for 1985 and present a side-by-side comparison 
between the doses calculated by DOSEN and those published by 
the Rocky Flats Plant for 1985 based on environmental 
monitoring.



T-3378 106

Results of the Dose Calculations Performed by AIRDOS-EPA

The organ and tissue specific doses calculated by the 
DOSEN subroutine of the AIRDOS-EPA code were quite low in 
comparison to the 75 mrem limit established for the critical 
organ by 40 CFR 61 Subpart H. Additionally, the effective 
dose equivalents calculated using these organ and tissue 
doses are also well below the 25 mrem limit advanced by 40 

CFR 61 Subpart H. Table 27 presents the doses calculated by 
the code based on modeling the emissions from both the Rocky 

Flats Plant buildings and the 903 Pad area using the conven

tional 1.0 micron effective aerodynamic diameter. Table 28 
presents the doses calculated by the code based on modeling 
the emissions of the Rocky Flats research and production 
buildings using an effective aerodynamic diameter of 1.0 
micron and modeling the 903 Pad area source emissions using

the preliminary particle size distribution presented in Table 
9.

As presented in Tables 27 and 28, the organ and tissue 

dose equivalents calculated by AIRDOS-EPA using the conven

tional effective aerodynamic diameter of 1.0 micron to model 
both building and the 903 Pad area emissions (Table 27), are 
generally higher than the organ and tissue dose equivalents 
calculated by AIRDOS-EPA using a 1.0 micron effective aero

dynamic diameter for building emissions and the preliminary
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Table 27
Organ and tissue specific dose equivalents calculated by AIRDOS-EPA for 
the maximally exposed off site individual and the resultant effective 
dose equivalent to the whole body for the Rocky Flats Plant based on 
1985 emissions (modeled using the conventional aerodynamic diameter of 
1.0 micron for both buiIdingand 903 Padarea emissions).
Organ or Dose equivalent (mrem)
Tissue to Organ or Tissue from:

Building 903 Pad area Combined
Emissions Emissions Emissions

Red bone marrow 0.000916 0.195000 0.195917
Lungs 0.007634 0.288800 0.296434
Endosteal cells 0.011370 2.411000 2.422370
Stomach wall 0.000026 0.000002 0.000028
Lower large
intestinal wall 0.000058 0.001081 0.001139

Upper large
intestinal wall 0.000040 0.001056 0.001096

Thryoid 0.000026 0.000003 0.000029
Liver 0.002287 0.516600 0.518887
Kidneys 0.000368 0.000004 0.000372
Ovaries 0.000162 0.032470 0.032632
Testes 0.000162 0.032470 0.032632

Organ or Weighting Contribution (mrem) to
Tissue Factor, wT effective dose equivalent

Red bone marrow 0.12 0.023510
Lungs 0.12 0.035572
Endosteal cells 0.03 0.072671
Stomach wall 0.06 0.000002
Lower large
intestinal wall 0.06 0.000068

Upper large
intestinal wall 0.06 0.000066

Thyroid 0.03 0.000001
Liver 0.06 0.031133
Kidneys 0.06 0.000022
Ovar ies 0.25 0.008158
Testes 0.00a a

Effective Dose Equivalent = 0.171203 mrem
a. For calculation of the whole body effective dose equivalent, the 
gonad dose is taken as the higher dose between the ovaries and testes. 
Therefore, the weighting factor, wT, for the testes is 0.00.



T-3378 108

Table 28
Organ and tissue specific dose equivalents calculated by AIRDOS-EPA for 
the maximally exposed off si te individual and the resultant effective 
dose equivalent to the whole body for the Rocky Flats Plant based on 
1985 emissions (modeled using an effective aerodynamic diameter of 1.0 
micron for building emissions and the preliminary particle size distri-
bution presented in Table 9 for emissions from the 903 E
Organ or Dose equivalent (mrem)
Tissue to Organ or Tissue from:

Building 903 Pad area Combined
Emissions Emissions Emissions

Red bone marrow 0.000916 0.067850 0.068767
Lungs 0.007634 0.090110 0.097744
Endosteal cells 0.011370 0.837400 0.848770
Stomach wall 0.000026 0.000004 0.000030
Lower large 
intestinal wall 0.000058 0.002195 0.002252

Upper large 
intestinal wall 0.000040 0.002143 0.002183

Thyroid 0.000026 0.000006 0.000032
Liver 0.002287 0.179160 0.181447
Kidneys 0.000368 0.000008 0.000376
Ovaries 0.000162 0.011399 0.011561
Testes 0.000162 0.011396 0.011558

Organ or 
Tissue

Weighting 
Factor, wT

Contribution (mrem) to 
effective dose equivalent

Red bone marrow 0.12 0.008252
Lungs 0.12 0.011729
Endosteal cells 0.03 0.025463
Stomach wall 0.06 0.000002
Lower large 
intestinal wall 0.06 0.000135

Upper large 
intestinal wall 0.06 0.000131

Thyroid 0.03 0.000001
Liver 0.06 0.010887
Kidneys 0.06 0.000023
Ovaries 0.25 0.002890
Testes 0.00a a

Effective Dose Equivalent = 0.059513 mrem
a. For calculation of the whole body effective dose equivalent, the gonad 

dose is taken as the higher dose between the ovaries and testes. 
Therefore, the weighting factor, wT, for the testes is 0.00.
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particle size distribution to model the 903 Pad area emis
sions (Table 28). Similarly, the whole body effective dose 
equivalent calculated from Table 27 is nearly three times 
higher than that calculated from Table 28. However, even the 
highest organ or tissue dose equivalent calculated by either 

AIRDOS-EPA modeling run, the dose equivalent to the endosteal 
cells in Table 27, is only 2.42 mrem, or approximately three 
percent of the critical organ dose standard established in 40 
CFR 61 Subpart H. The dose equivalents calculated for all 
other organs and tissues were below one mrem. The most 
conservative of the two calculated whole body effective dose 
equivalents presented in Tables 27 and 28, is only 0.17 mrem, 
less than one percent of the limit established in 40 CFR 61 
Subpart H. The location of the hypothetical maximally ex
posed offsite individual, for which the above doses are 
calculated, is directly east of the Rocky Flats Plant at

Indiana Street in the vicinity of air samplers S-36, 5-37, 
and S-38 (See Figure 2.).

An exposure pathway analysis was performed on the doses 

calculated by the AIRDOS-EPA code using the conventional 

effective aerodynamic diameter of 1.0 micron for both 

building and 903 Pad area emissions. A breakdown of the 
percent contribution of each exposure pathway considered in 
the DOSEN calculations is presented in Table 29 for all 
organs and tissues receiving a calculated dose equivalent of
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Table 29

Exposure pathway analysis for organ and tissue doses calculated by 
AIRDOS-EPA for emissions from the Rocky Flats Plant in 1985 for all 
organs and tissues receiving a calculated dose equivalent of 0.1 mrem 
or more. Contributions to organ and tissue doses of each exposure 
pathway are given as a percent of the total dose equivalent calculated 
for the particular organ or tissue.

Organ Percent of organ or tissue dose contributed by each
or exposure pathway:

Tissue Air Ground
Inhal- Food Air Water Irrad
ation Ingestion Immersion Immersion iation

Red Bone
Marrow 98.00 2.00 0 0 0

Lungs
Endosteal

99.99 0.01 0 0 0
Cells 98.04 1.96 0 0 0

Liver 98.10 1.90 0 0 0
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0.1 mrem or more. This analysis indicates that the air 
inhalation pathway is the primary mode of exposure for each 
of the organs, accounting for at least 98 percent of the 
radiation dose to each organ. Essentially all of the 
remainder of the organ doses comes from the food ingestion 
pathway, which in comparison to the inhalation pathway, is 
relatively insignificant. The remaining three exposure path
ways, air immersion, water immersion, and ground irradiation, 
contribute only neglibly to the organ doses and can be 
ignored for all practical purposes.

An additional analysis was performed on the doses cal
culated by AIRDOS-EPA (using the conventional 1.0 micron 
effective aerodynamic diameter for all emissions), to assess 
the relative contribution of each radionuclide for all organs 
or tissues receiving a calculated dose equivalent of 0.1 mrem 
or more. The results of this analysis, given in terms of the 

percent of each organ or tissue dose equivalent contributed 
by each modeled radionuclide, are found in Table 30. As seen 
in the table, the dose contributions of americium-241, 

tritium, and uranium-234 (representing the contributions of 

uranium-233, -234, and -238) are minor for each organ or 

tissue especially in comparison to the contributions of 

plutonium-239 (representing the contributions of plutonium- 
238, -239, -240,and -242). Thus, these three nuclides, even 
when combined, have little appreciable effect on the
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Table 30
Contributions of specific radionuclides to organ and tissue dose 
equivalents calculated by AIRDOS-EPA for emissions from the Rocky 
Flats Plant in 1985 for all organs and tissues receiving a calculated 
dose equivalent of 0.1 mrem or more. Contributions to organ and 
tissue doses of each nuclide are given as a percent of the total dose 
equivalent calculated for the particular organ or tissue.

Organ Percent of organ or tissue dose contributed
or radionuclide:

Tissue
Ph-239 Ph-241 Am-241 0-234 H-3

Red Bone
88.53 9.11 2.32 0.03 0.01

Lungs
Endosteal

93.15 4.72 0.00 2.12 0.01
Cells 90.06 9.32 0.58 0.03 0.00

Liver 90.33 8.48 1.18 0.00 0.01
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calculation either the dose equivalents of these organs or on 
the whole body effective dose equivalent. Plutonium-239 
accounts for between 88.53 and 93.15 percent of the calcu
lated dose equivalents for each major organ or tissue while 
plutonium-241 (a beta emitter) contributes between 4.72 and 
9.32 percent.

Comparison of the 1985 Doses to the Maximally Exposed Offsite 
Individual Calculated for the Rocky Flats Plant Using AIRDOS- 
EPA with those Based on Environmental Monitoring

This section will present a comparison of the 1985 

whole body effective dose equivalents calculated for the 
maximally exposed offsite individual using the air emissions 
modeling of AIRDOS-EPA and those based on environmental 
monitoring as published by Rockwell International in the 
Annua 1 Environmenta1 Monitoring Report, U. S. Department of 
Energy, Rocky Flats Plant, January Through December 1985 
(Rockwell International, 1986). The AIRDOS-EPA doses are 

based on modeling all emissions from the Rocky Flats Plant 
using the conventional 1.0 micron effective aerodynamic dia
meter. Table 31 presents a side-by-side listing of the whole 

body effective dose equivalents and the dose equivalents 

calculated for the major organs and tissues based on both 

dose assessment methodologies.
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Table 31
Side-by-side listings of the whole body effective dose equivalents and 
organ and tissue dose equivalents calculated for the Rocky Flats Plant 
for 1985 based on 1) environmental monitoring, and 2) the results of 
the AIRDOS-EPA model.

Based on
Environmental
Monitoring3

Based on 
Results of 
AIRDOS-EPA

Whole Body Effective 
Dose Equivalent (mrem) :

Organ Dose Equivalents (mrems) :
Endosteal cells
Liver
Lung

Red bone marrow

0.6 mrem

9.0 mrem 
0.3 mrem 
0.1 mrem 

(not reported)

0.17 mrem

2.42 mrem 
0.52 mrem 

0.30 mrem 
0.20 mrem

a. As reported in (Rockwell Interantional, 1986).
b. See Table 27 for complete listing.
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Comparing the relative magnitudes of the dose equiva
lents calculated for the maximally exposed offsite individual 
indicates general agreement between the AIRDOS-EPA and Rocky 
Flats Plant dose assessments. Both dose assessment methodol
ogies, those published by the Rocky Flats Plant based on 
environmental monitoring and those based on the results of 
the AIRDOS-EPA model, produce whole body effective dose equi
valents of less than 1.0 mrem, well below the limit of 25 
mrem established in 40 CFR 61 Subpart H. Additionally, both 

methodologies report organ and tissue doses which are well 
below the 75 mrem standard for the critical organ set in 40 

CFR 61 Subpart H. The tissue receiving the highest calcu
lated radiation dose in both methodologies was the endosteal 
cells (of the bone surfaces). The dose equivalent calculated 
based on environmental monitoring for this tissue was 9.0 
mrem as compared to 2.42 mrem calculated by the AIRDOS-EPA

code. The dose equivalents calculated for all other organs 
and tissues by both methods were less than 1.0 mrem.
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CHAPTER V: DISCUSSION

The purpose of this thesis is to compare two a l t e r n a 
tive means of complying with the emissions standards for 
radionuclides as presented in 40 CFR 61 Subpart H. These 
alternatives are the dose assessment methodologies of the 
AIRDOS-EPA computer model and the present dose assessment 
technique employed by the Rocky Flats Plant based on environ
mental monitoring. Comparing the performance of the disper
sion modeling and dose assessment subroutines of the AIRDOS- 

EPA model with the results of environmental monitoring at the 
Rocky Flats Plant for 1985 required the analysis of the 
separate factors which influence both methodologies. This 
section will discuss and synthesize the results of the re
search presented previously.

Evaluation of the dispersion modeling of the AIRDOS-EPA

computer code was based on modeling plutonium-239 and -240 
emissions from the plantsite and comparing the modeled 
results with the plutonium concentrations measured by the 

network of ambient air monitoring samplers at the plant 

perimeter and in surrounding communities. This comparison 
methodology is validated in that these plutonium emissions 
account for approximately 90 percent of the modeled radiation 
dose and, therefore, are of primary interest in this modeling
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evaluation. Two major factors complicate this comparison and 
must be considered to maintain its validity.

The first complication is that the ambient concentra

tions of plutonium measured by the offsite air samplers are 
extremely low. This causes a twofold problem in measuring 
the plutonium levels. The low concentrations of plutonium 
measured by the air samplers challenge the ability of the 

Rocky Flats Plant environmental laboratory to give a precise 
measurement. The plutonium concentrations sampled in 1985 by 
each perimeter and community air sampler were less than or 
equal to the MDA of Rocky Flats Plant laboratory for 1985.
At these low levels, the results reported by the laboratory 
are not precise measurements, but are best estimates of the 

actual plutonium concentrations at that sampler. Although 
these results are not precise be low the MDA, they are 
extremely low levels. Also, atmospheric fallout levels of

plutonium from weapons testing interfere with the direct 
measurement of the low levels of plutonium originating at the 
Rocky Flats Plant. As presented earlier, statistical analy

sis indicated that the plutonium concentrations measured by 

the community air samplers in 1985 were indistinguishable 
from those measured by the perimeter air samplers despite 
their differences in proximity to plantsite. Additionally, 
statistical comparisons between the results of the offsite 
air sampling performed by the Rocky Flats Plant and the
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nationwide plutonium-239 fallout levels published by the EPA 
(1986) indicated that the 1985 perimeter and community air 
samples are drawn essentially from atmospheric fallout levels 
of plutonium. Thus, when comparing sampling and modeling 
results, one must understand that the sampling results are 
not precisely the levels attributable to emissions from the 
Rocky Flats Plant, especially at these extremely low levels.

The second major source of complication in the direct 
comparison of modeling and sampling results is the impreci
sion inherent in computer modeling in general, and in the 
AIRDOS-EPA model in particular. Computer modeling estimates 
the physical situation using simplified mathematical repre
sentations of known characteristics and relationships imposed 
upon some discrete set of input parameters. Applying the 
dispersion modeling subroutine of AIRDOS-EPA to the Rocky 
Flats Plant requires imposing the limitations of the model

upon the plant's physical environment and carefully selecting 
or estimating representative values of appropriate input 
parameters.

The limited ability of the AIRDOS-EPA model to repre

sent the exact physical characteristics of the Rocky Flats 
environment contributes to the imprecision of the model. For 
example, the code forces the charaterization of the variable 
and elongated 903 Pad area source as a uniform circular area 
source and the artificial grouping of 45 building exhaust
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points into clusters represented by the physical characteris
tics of a single emission point. Other simplifications of 
the actual physical system limit the ability of the code to 
address the unique micrometeorology or complex terrain 
encountered at the Rocky Flats Plant.

The values of many of the input parameters required by 
the AIRDOS-EPA model may either vary with time or are simply 

rough estimates. Each of these parameters detract from both 
the precision and accuracy of the model. Analyzing the 

sensitivity of the AIRDOS-EPA dispersion modeling subroutine 
CONCEN to various ranges of several important input para
meters reveals some important insights into the selection of 
these parameters for application to the Rocky Flats Plant.

Results of separate runs of AIRDOS-EPA demonstrated 
that the selection of an effective aerodynamic diameter in 
the range 0.3 to 1.0 microns to characterize building emis

sions made essentially no difference in the modeling outcome. 
However, the difference between modeling the emissions from 
the 903 Pad area using the preliminary particle size distri

bution presented in Table 9 and using a conventional 1.0 

micron effective aerodynamic diameter made a significant 
difference in the plutonium concentrations predicted at the 
perimeter and community sampling locations. Varying the 
input atmospheric mixing height between the annual mean 
morning and afternoon mixing heights demonstrated that the
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model was not significantly sensitive to normal diurnal fluc
tuations in atmospheric mixing height when applied to the 
1985 plutonium emissions from the Rocky Flats Plant.

Two separate computer runs tested the sensitivity of 
the model to plume rise by doubling the calculated plume rise 
input into the model. Little difference was found in the 
plutonium concentrations predicted at the offsite air 
sampling locations. This result is also supported by the 
physical conformations of the plant emissions. The majority 
of emissions from the Rocky Flats Plant are discharged hori
zontally without a thermally buoyant component and are unaf
fected by plume rise. Al s o , plume rise has no bearing on the 
diffuse 903 Pad area emissions. Therefore, variations in the 
treatment of plume rise in the AIRDOS-EPA code did not signi
ficantly affect modeling the 1985 emissions from the Rocky 
Flats Plant.

It is important to note that the 903 Pad area contri
butes approximately 90 percent or more of the modeled 
plutonium concentrations at each perimeter and community 

ambient air sampling location, even when modeled conserva

tively. This result emphasized that the building emissions 

in 1985 were extremely small when modeled alone. Therefore, 
the parameters most critical to the accuracy of the AIRDOS- 
EPA model are those which affect the modeling of the 903 Pad
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area rather than those affecting the modeling of the building 
emissions.

Although many factors complicated the comparison be
tween the results of ambient air monitoring for plutonium-239 
and -240 and the AIRDOS-EPA modeling of these plutonium 
emissions from the Rocky Flats Plant, the statistical compar
ison of the values derived using both methods revealed much 

important information. Because the particle size distribu
tion of the 9 0 3 Pad source emissions presented in Table 9 is 
preliminary, statistical comparisons have been made between 
the ambient air monitoring results and runs of AIRDOS-EPA 
using both the particle size distribution and the conven
tional 1.0 micron effective aerodynamic diameter to charac
terize the 903 Pad area emissions.

Although the particle size distribution used to charac
terize the 903 Pad area emissions is preliminary, statistical

comparisons between the AIRDOS-EPA run which includes this 
distribution and the results of ambient monitoring demon
strate remarkable agreement. Considering the 1985 annual 

mean measured values and those predicted by AIRDOS-EPA in 
columns 1 and 2 of Table 26, there was no s t a t i s tically 
significant difference in the data sets. Furthtermore, scru
tiny of individual sample locations, comparing the 12 monthly 
mean concentrations measured at each sampler against the 
annual concentration predicted by AIRDOS-EPA for that
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sampler, indicated general agreement between the two values. 

Sampler concentrations were statistically indistinguishable 
from the predicted concentration for 22 of the 28 sampling 
locations, less than the predicted concentration for two 
sampling locations, and greater than the predicted value for 
four sampling locations. These results lend support to the 
preliminary size distribution proposed for the emissions from 

the 9U3 Pad area. Additionally, the doses calculated by the 
AIRDOS-EPA code using the particle size distribution would 
appear to be based on relatively accurate physical data.

The statistical comparison between ambient monitoring 
and the results of AIRDOS-EPA using the 1.0 micron particle 
size convention indicates that AIRDOS-EPA significantly over
predicts the 1985 annual mean ambient concentrations of 
plutonium-239 and -240 as measured at the perimeter and 
community air sampling locations as a whole (refer to columns

1 and 3 of Table 26). When comparing the monthly plutonium 
concentrations measured at each individual sampler with the 
annual value predicted by AIRDOS-EPA, the predicted plutonium 

concentrations were statistically greater than the measured 

concentrations for 20 of the 28 air samplers, statistically 

less than the median for one location, and statistically 
indistinguishable from the median for seven locations. These 
results suggest that using the 1.0 micron effective aero
dynamic diameter convention, AIRDOS-EPA will calculate con-
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servative estimates for the doses due to the emissions from 
the Rocky Flats Plant.

Given the uncertainties involved in dispersion 
modeling, the results of both AIRDOS-EPA runs are in excel

lent agreement with the ambient air monitoring results for 
1985. At best, the results of computer modeling should serve 
as an order of magnitude indicator. Since both AIRDOS-EPA 
runs were within an order of magnitude of the actual ambient 
conditions, the dispersion modeling of the CONCEN subroutine 
of the AIRDOS-EPA code adequately represented the physical 

system of the Rocky Flats Plant for the conditions encoun
tered in 1985. This being the case, the comparison of the 
radiation dose assessment methodologies of AIRDOS-EPA and the 

Rocky Flats Plant (based on environmental monitoring) should 
be valid. To assure a conservative approach, this comparison 
uses the results of the AIRDOS-EPA run employing the 1.0

micron convention to model the 903 Pad area.
This comparison of the two radiation dose assessment 

methodologies is not intended as an exhaustive health physics 

review, but has as its purpose investigating the implications 

of the two methodologies on compliance with the receptor 
based radionuclide emissions standard established in 40 CFR 
61 Subpart H. Presently, only AIRDOS-EPA has been approved 
as an appropriate means of demostrating compliance with the 
emissions standard. Dose assessment methodologies based on
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environmental monitor ing, such as that of the Rocky Flats 
Plant, have not yet been approved as an alternative method of 
demonstrating compliance.

Comparing the magnitudes of the calculated dose equiva
lents for the maximally exposed offsite individual, revealed 
little difference between the two methodologies. Both dose 
assessment methodologies, those published by the Rocky Flats 

Plant based on environmental monitor ing and those based on 
the results of the AIRDOS-EPA model, produced whole body 
effective dose equivalents of less than 1.0 mrem, well be low 
the limit of 25 mrem established in 40 CFR 61 Subpart H. 
Additionally, both methodologies reported organ and tissue 
doses which are well b e l o w  the 75 mrem standard for the 
critical organ set in 40 CFR 61 Subpart H. The tissue 
receiving the highest calculated radiation dose in both 
methodologies was the endostea 1 cells (of the bone surfaces).

The dose equivalent calculated based on environmental 
monitoring for this tissue was 9.0 mrem as compared to 2.42 
mrem calculated by the AIRDOS-EPA code. The dose equivalents 

calculated for all other organs and tissues by both methods 

were less than one mrem. Thus, using either method would not 

change the compliance stature if 40 CFR 61 Subpart H had been 
in effect for 1985.

The results of the AIRDOS-EPA dose assessment supported 
the assumptions made in the dose assessment performed by the
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Rocky Flats Plant. These assumptions concerned the relevance 

of various exposure pathways and nuclides to the dose calcu
lations .

The Rocky Flats Plant dose calculations consider only 
the air inhalation, water ingestion, and ground irradiation 
exposure pathways, assuming the pathways of food ingestion, 
air immersion, and water immersion are not significant to the 
calculated dose. The pathway analysis performed on the re
sults of the AIRDOS-EPA model indicated that the food inges

tion, air immersion, and water immersion exposure pathways 

contributed little to the radiation doses received by the 
maximally exposed offsite individual, validating the Rocky 
Flats Plant's treatment of these pathways. Although the 

water ingestion pathway considered by the Rocky Flats Plant 
dose assessment is not directly an air emissions pathway, its 
inclusion extends the comprehensiveness of the dose assess

ment and increases the doses calculated using this approach. 
The results of AIRDOS-EPA also indicated that the ground 
irradiation is not a significant exposure pathway but its 

inclusion in the Rocky Flats methodology is warranted by the 

ability to infer the contribution of this exposure pathway 
from environmental monitoring.

The doses published by the Rocky Flats Plant do not 
consider the dose contributions of the radionuclide tritium 
(H-3), assuming its contribution to be insignificant. As
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seen in Table 30, tritium contributions to organ dose equiva
lents (as calculated by AIRDOS-EPA) are negligible, there
fore, little, if any error is introduced by the Rocky Flats 
Plant assumption regarding tritium.

Additionally, the Rocky Flats Plant doses do not speci
fically include the contributions of americium-241 or its 
parent plutonium-241. Rather, the Rocky Flats Plant doses 
assume an ingrowth of an extra 20 percent of measured ambient 
levels of plutonium-239 and -240 to account for the doses 
from americium-241 and plutonium-241. As seen in Table 30, 
the dose contributions of americium-241 and plutonium-241 
calculated by the AIRDOS-EPA code are well below 20 percent 
of those contributed by plutonium-239 and -240. Therefore, 
the ingrowth assumption made in the dose calculations of the 
Rocky Flats Plant appears to be a conservative assumption, 
overestimating the dose contributions due to americium-241 

and plutonium-241.
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CHAPTER VI: CONCLUSIONS AND RECOMMENDATIONS

Compliance with 40 CFR 61 Subpart H requires all DOE 
facilities to annually calculate the radiation dose recieved 
by the maximally exposed offsite individual as a result of 
the airborne emissions of radionuclides from the facility. 
This paper has examined and compared the results of two dose 
assessment methodologies as they apply to the radionuclide 
emissions of the Rocky Flats Plant for 1985. Both methodolo
gies, the AIRDOS-EPA computer model and the environmental 
monitoring based dose assessment performed by the Rocky Flats 
Plant, produced whole body effective dose equivalents and 
organ dose equivalents far be low the standard established by 

40 CFR 61 Subpart H.
The accuracy of the dispersion modeling of the AIRDOS- 

EPA program was tested by modeling emissions of plutonium-239

and -240 and comparing the predicted air concentrations with 
those measured by the perimeter and community sampling net
works of the Rocky Flats Plant ambient air monitor ing 

program. Statistical analyses found that the modeled air 
concentrations were in general agreement with the ambient 
concentrations indicating that the dispersion treatment used 
in the AIRDOS-EPA model adequately represented actual disper
sion of radionuclide emissions from the Rocky Flats Plant for 
1985.
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A comparison of the dose assesment methodologies found 

no significant discrepancies in the calculated doses or expo
sure pathway analyses. The results of both dose assessments 
produced calculated whole body effective dose equivalents of 
well below one mrem. Exposure pathway analysis indicates 
that the dose assessment methodology employed by the Rocky 
Flats Plant considers all exposure pathways significant in 
the AIRDOS-EPA calculations and includes the dose contribu
tions from the water ingestion exposure pathway which is 
beyond the scope of the AIRDOS-EPA model. Thus, the dose 

assessment methodology of the Rocky Flats Plant based on 
environmental monitoring appears to be more conservative, 
calculating doses slightly higher than those produced by the 
AIRDOS-EPA model.

Because the airborne emissions of radionuclides of the 
Rocky Flats Plant are extremely low, both dose assessment

methodologies will produce calculated whole body effective 
dose equivalents and organ dose equivalents well below the 
respective 25 and 75 mrem limits established by 40 CFR 61 

Subpart H. Therefore, it should make little difference which 

methodology is used for demonstrating compliance with the 
standard.

However, because of the inherent limitations of the 
AIRDOS-EPA computer model and because this comparison has 
been performed modeling essentially negligible emissions from
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the Rocky Flats Plant, the results of this paper concerning 

the accuracy of the AIRDOS-EPA model should not be extrapo
lated to the modeling of significantly higher emissions from 
the Rocky Flats Plant, should they occur at any time in the 
future. For this reason and based on the results of this 
comparison, this paper recommends establishing the environ
mental monitoring based dose assessment methodology of the 
Rocky Flats Plant as an equivalent method for demonstrating 
compliance with 40 CFR 61 Subpart H.
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Appendix 1:

Description of required input 
parameters for the CONCEN 
subroutine of AIRDOS-EPA.
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CONCEN INPUTS 

OPTIONS:
OPTION 1:

OPTION 2:

0 : run enti
1 : run subr
2 : run subr

0 : 20 x 20
1 : circular

OPTION 3:

OPTION 4

OPTION 5:

OPTION 6:

OPTION 7:

0 : sector-averaged concentrations
1 : plume centerline concentrations

0 : plume rise for buoyant plumes
(Briggs' Equation)

1 : plume rise for momentum-dominated plumes
(Rupp's Equation)

2 : specific values of plume rise input
for each Pasquill atmospheric 
stability class

0 : deposition velocity constant
1 : deposition velocity variedwithwind

direction and distance.

XX : number of nuclides for which
concentrations are punched on cards

0 : point-source calculations
1 : uniform circular area source

OPTION 8:

0 : print main output of CONCEN
1 : suppress printing CONCEN output
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OPTION 9:

0 : print Chi/Q tables
1 : suppress printing Chi/Q tables
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CONFIGURATIONAL INPUTS for CONCEN

Variable Number of 
Name Values

Description Units

NOL

NOU

NRL

NRU

SQSD

IDIST 1 to 20

lower grid abscissa (SQUARE)
OR
1 (CIRCULAR)
upper grid abscissa (SQUARE)
OR
16 directions (CIRCULAR)
lower grid ordinate (SQUARE)
OR
1 (CIRCULAR)
upper grid ordinate (SQUARE)
OR

distances from source 
(CIRCULAR)
length of side of squares meters 
used in SQUARE configuration 
output or 1/10 of the max
imum IDIST value for the 
CIRCULAR option.
distances from source for 
calculations (CIRCULAR)

meters

BOUND

LIST

20

VDCOEF (NOU-NOL+1)
X

(NRU-NRL+1)

1 to 20

boundary distances of areas 
for varying deposition 
velocity if Option 5 = 1
correction factor for VD 
(deposition velocity) for 
specific direction and 
IDIST values if Option 5=1
0 to print concentrations 
at each IDIST value; 1 to 
suppress printing concentra
tions at each IDIST value 
if Option 5 = 1

meters
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METEOROLOGICAL INPUTS to CONCEN

Variable
Name

Number of 
Values

Description Units

PR 7 plume rise for each 
Pasquill category

meters

LIDAI 1 height of atmospheric 
mixing layer

meters

RR 1 annual rainfall rate for 
assessment area

cm/year

TA 1 average air temperature 
for assessment area

K

TG 3 vertical temperature 
gradient for Pasquill 
categories E, F, and G

K/meter

PERD 16 wind direction frequency 
for 16 standard directions

UDCAT 112 reciprocal-averaged wind 
speeds (for each of 16 
directions and 7 Pasquill 
categories)

m/sec

UDAV 112 true-average wind speeds
(for each of 16 directions 
and 7 Pasquill categories)

m/sec

FRAW 112 frequencies for Pasquill 
categories (for each of 16 
wind directions)
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SOURCE TERM INPUTS to CONCEN

Variable
Name

Number of 
Values

Description Units

NUMST 1 number of stacks or release 
areas (maximum = 6 stacks)

PH NUMST physical height of each 
stack or release area

meters

DIA NUMST diameter of each stack 
(Rupp equation)

meters

VEL NUMST velocity of stack gases at 
each stack (Rupp equation)

m/sec

QH NUMST heat release from each 
stack (Briggs' equation)

ca1/sec

DIM NUMST diameter of area source meters
NNUCS 1 number of nuclides in 

term

NAMNUC NNUCS alphanumeric name for each 
nuclide in source term

ANLAM NNUCS effective radiological 
decay constant in plume for 
each nuclide in source term

1/day

SC NNUCS scavenging coefficient for 
each nuclide in source term

1/sec

VD NNUCS dry deposition velocity for 
each nuclide in source term

m/sec

VG NNUCS gravitational (settling) 
velocity for each nuclide 
in source term

m/sec

REL NNUCS x
NUMST

release rate of each 
nuclide from each stack

Ci/year

SEQWL 1 equilibrium fraction for 
short-life progeny of Rn-222 
(if Rn-222 in source term)
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Appendix 2:

Values of input parameters used 
dispersion modelling of the 903 

area emissions by the CONCEN 
subroutine of AIRDOS-EPA.

for
Pad
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CONFIGURATIONAL INPUT VALUES for CONCEN for 903 
Emissions Modeling

Pad Area

Variable
Name

Va lue (s) Reference

OPTION 1 0 to run entire code option
OPTION 2 1 to use circular option option
OPTION 3 0 to use sector-averaged 

concentrations
option

OPTION 4 2 to use input plume rise values option
OPTION 5 0 for constant depositon velocities option
OPTION 6 0 to omit card use option
OPTION 7 1 for uniform circular area source option
OPTION 8 0 to print main output from CONCEN option
OPTION 9 0 to print Chi/Q tables option
NOL CIRCULAR OPTION: 1 

(SQUARE OPTION : 1)
configuration
requirement

NOU CIRCULAR OPTION: 16 
(SQUARE OPTION : 20)

configuration
requirement

NRL CIRCULAR OPTION: 1 
(SQUARE OPTION : 1)

configuration
requirement

NRU CIRCULAR OPTION: 19 
(SQUARE OPTION : 20)

configuration
requirement

SQSD

IDIST

BOUND

VDCOEF
LIST

8000 m.

2700, 2900, 3100, 3600, 3900, 4100, 
4800, 5200, 5700, 6100, 6800, 7600, 
9700, 12600, 14000, 14500, 15600, 
23800, 800ÛU m.
not used

not used
not used

conf gurat ion
requirement

distances to 
air samplers
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METEOROLOGICAL INPUTS to CONCEN for 903 Pad Area 
Emissions Modeling

Variable
Name

Va lue (s) Reference

PR 0 , 0, 0, 0, 0, 0, 0 m
included in 
physical stack 
height, PH

LIDAI average = 1405 m
(morning = 268 m , 
afternoon = 2543 m)

Hoizworth 
(1972)

RR 32.97 cm/yr RFP met. data 
in Annual 
Report (1985)

TA 287.7 K RFP met. data
TG 0.0728, 0.1090, 0.1455 K/meter Moore et al. 

(1979)

PERD 0.054, 0.062, 0.056, 0.040, 
0.031, 0.040, 0.059, 0.070, 
0.075, 0.122, 0.087, 0.085, 
0.054

0.032,
0.067,
0.051,

RFP m e t . data 
in Annual 
Report (1985)

UDCAT See TEXT RFP met. data

UDAV See TEXT RFP met. data
FRAW See TEXT RFP m e t . data
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SOURCE TERM INPUTS to CONCEN for 903 Pad Area 
Emissions Modeling
Variable Va lue(s) Reference

Name

NUMST
PH

DIA
VEL
QH
DIM

NNUCS

NAMNUC
ANLAM

SC

VD

VG

REL

1
1 m

not used as input 
not used as input 
not used 
923.6 m 
3

AM-241, PU-241, PU-240
0.439E-6, U.290E-6, 0.786E-7 1/day

0.7E-4, O.7E-4, 0.7E-4 1/sec (15um)
0.7E-5, Ü.7E-5, Ü.7E-5 1/sec(<15um)

0.08, 0.08, 0.08 m/sec (15um)
0.01, 0.01, 0.01 m/sec (<15um)

0.08, 0.08, 0.08 m/sec (15um)
0.01, 0.01, 0.01 m/sec (<15um)

STACK 1 (Pad Area):
0.880E-3, 0.224E-1, Ü.44ÜE-2 Ci.

RFP
convention for 
area sources

RFP ElS 
(1980)

RADRISK
Data File
ALLRAD
McMahon et
(1979);
Sjoreen et
(1984)

McMahon et
(1979);
Sjoreen et
(1984)

McMahon et
(19 7 9) ;
Sjoreen et
(1984)
RFP ElS
(1980)

SEQWL not used; Radon not in source term
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Appendix 3:
Values of input parameters used for 
dispersion modelling of the Rocky 
Flats Plant building emissions by 

the CONCEN subroutine of AIRDOS-EPA.
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CONFIGURATIONAL INPUT VALUES for CONCEN for Stack Emissions 
Modeli ng

Variable
Name

Va lue (s) Reference

OPTION 1 0 to run entire code option

OPTION 2 1 to use circular option option
OPTION 3 0 to use sector-averaged 

concentrations
option

OPTION 4 2 to use input plume rise values option
OPTION 5 0 for constant depositon velocities option
OPTION 6 0 to omit card use option
OPTION 7 0 for point source releases option
OPTION 8 0 to print main output from CONCEN option
OPTION 9 0 to print Chi/Q tables option
NOL CIRCULAR OPTION: 1 

SQUARE OPTION : 1
configuration
requirement

NOU CIRCULAR OPTION: 16 
SQUARE OPTION : 20

configuration
requirement

NRL CIRCULAR OPTION: 1 
SQUARE OPTION : 1

configuration
requirement

NRU CIRCULAR OPTION: 19 
SQUARE OPTION : 20

configuration
requirement

SQSD 8000 m. configuration
requirement

IDIST 2700, 2900, 3100, 3600, 3900, 4100, 
4800, 5200, 5700, 6100, 6800, 7600, 
9700, 12600, 14000, 14500, 15600, 
23800, 80000 m.

distances to 
air samplers

BOUND not used — — —

VDCOEF not used — — —

LIST not used
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METEOROLOGICAL INPUTS to CONCEN for Stack Emissions Modeling

Variable
Name

Va lue (s) Reference

PR c o o c o o o 3 plume rise 
included in 
physical stac 
height, PH

LIDAI average = 1405 m
(morning = 268 m, 
afternoon = 2 5 4 3  m)

Hoizworth 
(1972)

RR 32.97 cm/yr RFP met. data 
in Annual 
Report (1985)

TA 287.7 K RFP met. data
TG 0.0728, 0.1090, 0.1455 K/meter Moore et al. 

(1979)

PERD 0.054, 0.062, 0.056, 0.040, 0.032, 
0.031, 0.040, 0.059, 0.070, 0.067, 
0.075, 0.122, 0.087, 0.085, 0.051, 
0.054

RFP met. data 
in Annual 
Report (1985)

UDCAT See TEXT RFP met. data

UDAV See TEXT RFP met. data
FRAW See TEXT RFP met. data
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SOURCE TERM INPUTS to CONCEN for Stack Emisions Modeling

Variable
Name

Va lue (s) Reference

NUMST
PH

DIA
VEL

QH
DIM

NNUCS

NAMNUC
ANLAM

SC

VD

VG

REL

11.3, 18.3, 61.3, 46.3, 6.1 m.

not used as input 

not used as input 
not used
not used for stack modeling 
3

H-3, U-234, PU-239
0.154E-3, 0.776E-8, 0.786E-7 1/day

0.0, 0.7E-5, 0.7E-5 1/sec

0.0, 0.008, 0.008 m/sec

0.0, 0.0, 0.0 m/sec

STACK 1:
0.431E-1, 0.427E-5, 0.127E-5 Ci.

STACK 2:
0.0, 0.406E-5, 0.0 Ci.

STACK 3:
Ü.107E0, 0.627E-5, 0.748E-5 Ci. 

STACK 4:
0.55 5 E-2 , 0.226 E-4 , 0.281E-6 Ci

RFP

RFP with 
plume rise

RFP Annual
Report (198 5)

RADRISK
Data File
ALLRAD
McMahon et a 1
(1979) ;
Sjoreen et a 1
(1984)
McMahon et a 1
(1979);
Sjoreen et a 1
(1984)

Sjoreen et a 1
(1984)

RFP Annual
Report (1985)
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SOURCE TERM INPUTS to CONCEN for Stack Emisions Modeling 
(cont.)

Variable
Name

Va lue (s) Reference

REL

SEQWL

STACK 5:
0.0, 0.103E-5,

not used; Radon
0.767E-7 Ci.
not in source term
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Appendix 4:
Description of required input 

parameters for the DOSEN 
subroutine of AIRDOS-EPA.
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DOSEN INPUTS 
OPTIONS:

OPTION 1, LIPO:
0 : 
1 :

OPTION 2, NNTB: 
XX :

OPTION 3, NRTB:
0 : 

1 :

OPTION 4, NSTB:
0 :

1 :

OPTION 5, NTTB:
0 : 
1 :

OPTION 6, NUTB:
0 : 
1 :

dose calculations for maximally exposed 
individual
dose calculations for population

number of tables to be printed listing 
doses by location, exposure mode and 
organ by individual nuclide

suppresses punching onto cards of doses 
by nuclide, organ, and pathway 
punches onto cards doses by nuclide, 
organ, and pathway

omits printing of air and ground 
concentrations,ingestion intake rates, 
and inhalation intake rates, and 
inhalation intake rates by man at each 
location
prints table of air and ground 
concentrations,ingestion intake rates,
and inhalation intake rates, and 
inhalation intake rates by man at each 
location

omits printing of dose summary tables 
prints dose summary tables

omits calculating and tabulating working 
levels for Rn-222
calculates and tabulates working levels 
for Rn-222 if in source term



T-3378

INPUTS for DOSEN

150

Variable
Name

Number of 
Va lues

Description Units

NOBCT 400 number of beef cattle at 
each environmental location 
(20 by 2 0 array)

NOMCT 400 number of dairy cattle at 
each environmental location 
(20 by 20 array)

INTFC 400 area of vegetable crop 
production at each 
environmental location 
(20 by 20 array)

m 2

INTPA 400 Population at each environ
mental location 
(2 0 by 20 array)

INTWA 400 1 if environmental location 
contains significant water 
areas; otherwise 0 
(2 0 by 2 0 array)

IMPFIX 1 1 to fix the minimum import 
fractions F3VEGM, F3BEFM, 
and F3MLKM as actual values; 
0 to a l l o w  the code to
calculate actual values of 
F3VEGM, F3BEFM, and F3MLKM 
based on minimum nutritional 
requirements

RVEG 1 ratio of the quantity of 
ingested vegetables produced 
at the environmental 
location divided by total 
produced throughout entire 
assessment area

F3VEGM 1 minimum fraction of ingested 
vegetables imported into the 
assessment area ; code may 
compute a higher value if 
IMPFIX = 0
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INPUTS for

Variable
Name

RBEF

F3BEFM

RMLK

F3MLKM

BRTHRT
DILFAC

USEFAC

T

DD1

TSUBHl

DOSEN (con't)

Number of Description Units
Va lues

1 ratio of the quantity of
ingested meat produced 
at the environmental 
location divided by total 
produced throughout entire 
assessment area

1 minimum fraction of ingested
meat imported into the 
assessment area ; code may 
compute a higher value if 
IMPFIX = 0

1 ratio of the quantity of
ingested milk produced 
at the environmental 
location divided by total 
produced throughout entire 
assessment area

1 minimum fraction of ingested
milk imported into the 
assessment area; code may 
compute a higher value if 
IMPFIX = 0

1 breathing rate of man cm^/hr
1 depth of water to be used cm

for immersion doses
1 fraction of time spent

swimming

1 buildup time of surface days
deposition

1 fraction of radioactivity
retained on leafy vegetables 
and produce after washing

1 time delay - ingestion of hr
pasture grass by animals
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INPUTS for DOSEN (con't)

152

Variable
Name

Number of 
Values

Description Units

TSUBH2 1 time delay - ingestion of 
stored feed by animals

hr

TSUBH3 1 time delay - ingestion of 
leafy vegetables by man

hr

TSUBH4 1 time delay - ingestion of 
produce by man

hr

LAMW 1 removal rate constant for 
physical loss by weathering

1/hr

TSUBEl 1 period of exposure during 
growing season - pasture 
grass

hr

TSUBE2 1 period of exposure during 
growing season - crops or 
leafy vegetables

hr

YSUBV1 1 agricultural productivity 
by unit area (grass-cow- 
milk-pathway)

kg/m2

YSUBV2 1 agricultural productivity
by unit area (produce or 
leafy vegetables)

kg/m2

FSUBP 1 fraction of year animals 
graze on pasture

FSUBS 1 fraction of daily feed that 
is pasture grass when 
animals graze on pasture

QSUBF 1 consumption rate of 
contaminated feed or forage 
by an animal (dry weight)

kg/day

TSUBF 1 transport time from animal 
feed-milk-man

days
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INPUTS for DOSEN (con't)

Variable
Name

Number of 
Values

Description Units

UV 1 rate of ingestion of produce 
by man

kg/yr

UM 1 rate of ingest ion of milk 
by man

kg/yr

UF 1 rate of ingest ion of meat 
by man

kg/yr

UL 1 rate of ingestion of leafy 
vegetables

kg/yr

TSUBS 1 average time from slaughter 
of meat to consumption

days

FSUBG 1 fraction of produce ingested 
grown in garden of interest

FSUBL 1 fraction of leafy vegetables 
grown in garden of interest

TSUBB 1 period of long-term buildup 
for activity in soil

years

P 1 effective surface density 
of soil (dry weight; 15 cm 
plow layer)

kg/m2

TAUBEF 1 fraction of meat producing 
herd slaughtered per day

MSUBB 1 muscle mass of meat 
producing animal at 
slaughter

kg

VSUBM 1 milk production of cow 1/day

Rl 1 fallout interception 
fraction for pasture

R2 1 fallout interception 
fraction for vegetable crops
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INPUTS for DOSEN (con't)

Variable
Name

Number of 
Va lues

Description Units

NUMORG NNUCS number of organs considered 
for the radionuclide

LAMRR NNUCS radioactive decay constant 
for radionuclide

1/day

CFSBA NNUCS skin dose conversion factor 
for submersion in air

rem-cm'V
uCi-hr

CFSBW NNUCS skin dose conversion factor 
for submersion in water

rem-cm^/
uCi-hr

CFSUR NNUCS skin dose conversion factor 
for surface exposure

rem-cm^/
uCi-hr

KFLAG NNUCS usually 0; 1 if radionuclide 
is a daughter product 
assumed to have an effective 
plume decay constant equal 
to that of its longer-lived 
parent

TDCF NNUCS dose conversion factor for 
food, used only for tritium

rem-cm^/
pCi-yr

TDCW NNUCS dose conversion factor for 
drinking water, used only 
for tritium

rem-cm^/
pCi-yr

FROG NNUCSxll dose correction factors for 
whole body and each 
reference organ to multiply 
by external dosees for skin

FSUBMI NNUCS average fraction of animal's 
daily intake of nuclide 
which appears in each liter 
of milk

days/1

FSUBFI NNUCS fraction of animal's daily 
intake of nuclide which 
appears in each kg of flesh

days/kg
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INPUTS for DOSEN (con't)
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Variable
Name

Number of 
Values

Descr iption Units

BSUBV1 NNUCS concentration factor for 
uptake of nuclide from soil 
for pasture and forage 
(pCi/kg dry weight per 
pCi/kg dry soil)

BSUBV2 NNUCS concentration factor for 
uptake of nuclide from soil 
by edible parts of crops 
(pCi/kg dry weight per 
pCi/kg dry soil)

LAMSUR NNUCS environmental decay constant 
for surfaces for the nuclide

1/day

LAMH20 NNUCS environmental decay constant 
for water areas for the 
nuclide

1/day

IFLAG NNUCS 0 for normal run ;
1 if special values RDI and 
RD2 are to be used instead 
of Rl and R2;
2 if special values RDI and 
RD2 for dry deposition
processes and special values 
RWl and RW2 for wet 
deposition (scavenging) 
processes are to be used

RDI NNUCS special value for Rl as 
defined for IFLAG

RD2 NNUCS special value for R2 as 
defined for IFLAG

RWl NNUCS special value for Rl as 
defined for IFLAG

RW2 NNUCS special value for R2 as 
defined for IFLAG



T-3378 156

INPUTS for DOSEN (con't)

Variable Number of Description Units
Name Values

ISOL

AMAD
F1INH

11

12

13

14

15 

FI

F2

F3

F4

F5

NNUCS

NNUCS
NNUCS

solubility class for nuclide 
D = days; M = m o n t h s ,
Y = years
particle size for nuclide
gastrointestinal uptake 
fraction for inhalation
index integer for a parent 
radionuclide contributing 
to surface buildup

as above for II for a 
second parent

as above for II for a 
third parent
as above for II for a 
fourth parent
as above for II for a 
fifth parent

surface input rate for the 
nuclide resulting from decay 
of parent II per unit aerial 
deposition rate of 11

as above for Fl except for 
parent 12

as above for Fl except for 
parent I3

as above for Fl except for 
parent 14

as above for Fl except for 
parent 15

urn
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INPUTS for DOSEN (con't)

Variable
Name

Number of 
Values

Description Units

NAMORG NUMORG x 
NNUCS

name of organ to be written 
as follows: ULI WALL, R MAR, 
LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, 
KIDNEYS, TESTES, OVARIES

CE1 INHA NUMORG x 
NNUCS

dose conversion factor for 
the organ for inhalation

rem/uCi

F1ING NUMORG x 
NNUCS

gastrointestinal uptake 
fraction for ingestion

CFINGA NUMORG x 
NNUCS

dose conversion factor for 
the organ for ingestion

rem/uCi
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Appendix 5:
Values of input parameters used for 

radiation dose assessment for 
emissions from the 903 Pad area by 

the DOSEN subroutine of AIRDOS-EPA.
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling

Variable
Name

Value(s) References

LIPO 0 (OPTION 1) — — —

NNTB 3 (OPTION 2) — — —

NRTB 0 (OPTION 3) — — —

NSTB 1 (OPTION 4) — — —

NTTB 1 (OPTION 5) ■ — —

NUTB 1 (OPTION 6) — ” —
NOBCT 675 (x400) Colorado Ag. 

Stats. (1986)
NOMCT 20 (x400) Colorado A g . 

Stats. (1986)
INTFC 2.0E04 meters squared Colorado Ag. 

Stats. (1986)
INTPA 1,792,870 (total) RFP Annual 

Report (1985)
IN TWA 0 (x400) U.S.G.S.

(1972)
IMPFIX 1 (most conservative assumption) — — —
RVEG 1.0 (most conservative assumption) — — —

F3VEGM 0.0 (most conservative assumption) — — —

RBEF 1.0 (most conservative assumption) — — —
F3BEFM 0.0 (most conservative assumption) —

RMLK 1.0 (most conservative assumption) — — —

F3MLKM 0.0 (most conservative assumption) ” — —
BRTHRT 0.9582 E6 cm^/hr
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)

Variable . 
Name

Va l u e (s) References

DILFAC
USEFAC

0.150 E 3 cm 
0.7 E-l

Basis: 1.5 m 
pool depth 

Basis : 4 hours 
swimming per 
day for 5 
months per 
year

T 0.365 E 3 days Basis:
1 year

DD1 0.5 E0 Moore et al. 
(1979)

TSUBHl 0.0 E0 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH2 0.216 E 4 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH3 0.240 E2 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH4 0.144 E4 hr USNRC Reg. 
Guide 1.109 
(1977)

LAMW 0.21 E-2 1/hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBEl 720 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBE2 1440 hr USNRC Reg. 
Guide 1.109 
(1977)
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con't)

Variable
Name

Value(s) References

YSUBVl 0.57 kg/m^ Colorado Ag. 
Stats. (1986)

YSUBV2 2.35 kg/m^ Colorado A g . 
Stats. (1986)

FSUBP 0.40 Moore et al. 
(1979)

FSUBS 0.43 Moore et a l . 
(1979)

QSUBF 15.6 kg/day Moore et al. 
(1979)

TSUBF 2.0 days USNRC Reg. 
Guide 1.109 
(1977)

UV 2.06 E2 kg/yr Colorado Ag. 
Stats. (1986)

UM 2.65 E2 kg/yr Colorado A g . 
Stats. (1986)

UF 6.53 El kg/yr Colorado Ag. 
Stats. (1986)

UL 5.46 El kg/yr Colorado A g . 
Stats. (1986)

TSUBS 20.0 days USNRC Reg. 
Guide 1.109 
(1977)

FSUBG 0.1 El most
conservative
assumption

FSUBL 0.1 El most
conservative
assumption
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con't)

Variable
Name

Value(s) References

TSUBB 0.1 El years Basis :
1 year

P 240 kg/m^ USNRC Reg. 
Guide 1.109 
(1977)

TAUBEF 0.164 E-2 Colorado Ag. 
Stats. (1986)

MSUBB 0.2 E3 kg Moore et a l . 
(1979)

VSUBM 0.17 E2 1/day Colorado A g . 
Stats. (1986)

R1 0.57 USNRC Reg. 
Guide 1.109 
(1977)

R2 0.2 USNRC Reg. 
Guide 1.109 
(1977)
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for AM-241
Variable

Name
Value (s) References

NUMORG 11 standard
selection

LAMRR 0.439 E-5 1/day RADRISK 
Data File 
ALLRAD

CFSBA 0.249 E2 rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD

CFSBW 0.616 E-l rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD

CFSUR 0.178 E-l rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD

KFLAG 0 Basis : 
long-lived 
nuclide

TDCF used only for tritium Moore et al. 
(1979)

TDCW used only for tritium Moore et al . 
(1979)

FROG 0.385, 0.171, 0.317, 0.584, 0.261, 
0.241, 0.504, 0.285, 0.317, 0.361, 
0.232
respectively, for organs ULI WALL, 
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES

RADRISK 
Data File 
ALLRAD 
&

Kocher (1983)

FSUBMI 0.360 E-4 days/1 iter RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for AM-241
Variable

Name
Value (s) References

FSUBFI 0.160 E-5 days/kg RADRISK 
Data File 
ALLRAD

BSUBVl 0.980 E-2 RADRISK 
Data File 
ALLRAD

BSUBV2 0.150 E-2 RADRISK 
Data File 
ALLRAD

LAMSUR not used — — —
LAMH20 not used — — —
I FLAG 0 Basis : 

deposition 
velocity 
assumed 
constant

RDI not used — — —

RD2 not used — — —
RWl not used — — —
RW2 not used — — —

I SOL W RADRISK 
Data File 
ALLRAD

AMAD as appropriate — — —

FlINH 0.100 E-2 RADRISK 
Data File 
ALLRAD

11 not used — — —
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for AM-241

ReferencesVariable
Name

Value (s)

12 not used
13 not used
14 not used
15 not used
FI not used
F2 not used
F3 not used
F4 not used
F5 not used

NAMORG ULI WALL
S WALL, LLI WALL, THYROID, LIVER, 
KIDNEYS, TESTES, OVARIES

Moore et al 
(1979)

CFINHA ULI WALL 0.0
R MAR 0.907 E 02
LUNGS 0.0
ENDOST 0.281 E 03
5 WALL 0.0
LLI WALL 0.0
THYROID 0.0
LIVER 0.122 E 03
KIDNEYS 0.0
TESTES 0.300 E 02
OVARIES 0.300 E 02

rem/uCi ICRP 
26/30

F1ING 0.100 E-02 RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for PU-241
Variable Value (s) References

Name

CFINGA

NUMORG

LAMRR

CFSBA

CFSBW

CFSUR

KFLAG

TDCF

TDCW

ULI WALL 0.0
R MAR 0.370 E 00
LUNGS 0.0
ENDOST 0.119 E 01
S WALL 0.0
LLI WALL 0.0
THYROID 0.0
LIVER 0.519 E 00
KIDNEYS 0.0
TESTES 0.126 E 00
OVARIES 0.126 E 00
11

rem/uCi I CRP 
26/30

0.132 E-3 1/day 

0.000 rem-cm^/uCi-hr 

0.000 rem-cm'VuCi-hr 

0.000 rem-cm^/uCi-hr 

0

only used for tritium 

only used for tritium

standard
selection
RADRISK 
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD
RADRISK
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD

Basis : 
long-lived 
nuclide

Moore et al 
(1979)
Moore et al 
(1979)
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for PU-241
Variable

Name
Value (s) References

FROG 0.000, 0.000, 0.000, 0.000, 0.000, 
0.000, 0.000, 0.000, 0.000, 0.000, 
0.000
respectively, for organs ULI WALL, 
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES

RADRISK 
Data File 
ALLRAD 
&

Kocher (1983)

FSUBMI 5.3 E-8 days/1 iter RADRISK 
Data File 
ALLRAD

FSUBFI 1.9 E-8 days/kg RADRISK 
Data File 
ALLRAD

BSUBVl 6.7 E-3 RADRISK 
Data File 
ALLRAD

BSUBV2 1.1 E-3 RADRISK 
Data File 
ALLRAD

LAMSUR not used — — —
LAMB20 not used — — —
I FLAG 0 Basis : 

deposition 
velocity 
assumed 
constant

RDI not used — — —

RD2 not used — — —

RWl not used — — —
RW2 not used — — —
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for PU-241
Variable

Name
Value (s) References

ISOL W RADRISK 
Data File 
ALLRAD

AMAD as appropriate — — —
FlINH 0.100 E-02 RADRISK 

Data File 
ALLRAD

11 not used — — —
12 not used — — —
13 not used — — —
14 not used — — —
15 not used — — —
FI not used — — —
F 2 not used — — —

F3 not used — — —
F4 not used — — —
F5 not used — — —

NAMORG ULI WALL, R MAR, 
S WALL, LLI WALL 
KIDNEYS, TESTES,

LUNGS, ENDOST,
, THYROID, LIVER, 
OVARIES

Moore et al. 
(1979)
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11 )
NUCLIDE SPECIFIC INPUT VALUES for Pu-240
Variable

Name
Value (s) References

CFINHA ULI WALL 0.0 rem/uCi I CRP
R MAR 0.150 E 02 26/30
LUNGS 0.120 E 02
ENDOST 0.190 E 03
5 WALL 0.0
LLI WALL 0.0
THYROID 0.0
LIVER 0.370 E 02
KIDNEYS 0.0
TESTES 0.250 E 01
OVARIES 0.250 E 01

F1ING 0.100 E-02 RADRISK
Data File
ALLRAD

CFINGA ULI WALL 0.0 rem/uCi ICRP
R MAR 0.130 E-01 26/30
LUNGS 0.0
ENDOST 0.160 E 00
S WALL 0.0
LLI WALL 0.100 E-02
THYROID 0.0
LIVER 0.320 E-01
KIDNEYS 0.0
TESTES 0.210 E-02
OVARIES 0.210 E-02

NUMORG 11 standard
selection

LAMRR 0.786 E-7 1/day RADRISK
Data File
ALLRAD

CFSBA 0.130 E 01 rem-<zm^/uCi-hr RADRISK
Data File
ALLRAD
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for Pu-240
Variable Value(s) References

Name

CFSBW

CFSUR

0.335 E-02 rem-cm'VuCi-hr

0.314 E-02 rem-cm^/uCi-hr

RADRISK 
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD

KFLAG

TDCF

TDCW

FROG

FSUBMI

FSUBFI

only used for tritium

only used for tritium

0.074, 0.039, 0.049, 0.081, 0.042, 
0.041, 0.068, 0.041, 0.042, 0.037, 
0.088
respectively, for organs ULI WALL, 
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES
5.3 E-8 days/1 iter

1.9 E-8 days/kg

Basis : 
long-lived 
nuclide

Moore et al.
(1979)
Moore et a l . 
(1979)

RADRISK
Data File
ALLRAD
&

Kocher (1983)

RADRISK 
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD

BSUBVl 6.7 E-03 RADRISK 
Data File 
ALLRAD

BSUBV2 1.1 E-03 RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con't)
NUCLIDE SPECIFIC INPUT VALUES for Pu-240
Variable

Name
Value(s) References

LAMSUR not used — w *-

LAMH20 not used ~ ~
I FLAG 0 Basis : 

deposition 
velocity 
assumed 
constant

RDI not used —
RD2 not used — — —

RWl not used — — —
RW2 not used — — —

ISOL W RADRISK 
Data File 
ALLRAD

AMAD as appropriate — — —

FlINH 0.10 E-02 RADRISK 
Data File 
ALLRAD

11 not used — — —
12 not used — — —
13 not used — — —
14 not used — — —
15 not used — —
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INPUT VALUES for DOSEN for 903 Pad Area Emissions Modeling
(con 11)
NUCLIDE SPECIFIC INPUT VALUES for Pu-240
Variable Value(s) References

Name

FI
F2
F3
F4

F5
NAMORG

CFINHA

F U N G

CFINGA

not used 
not used 
not used 

not used 
not used
ULI WALL, R MAR, LUNGS, ENDOST,
S WALL, LLI WALL, THYROID, LIVER, 
KIDNEYS, TESTES, OVARIES
ULI WALL 0.0 
R MAR 
LUNGS 
ENDOST 
5 WALL 
LLI WALL 
THYROID 
LIVER 
KIDNEYS 
TESTES 
OVARIES
0.10 E-02

0.740 E 03 
0.0
0.930 E 04 
0.0 
0.0 
0.0
0.200 E 04
0.0
0.120 E 03 
0.120 E 03

rem/uCi

Moore et al 
(1979)

ICRP
26/30

ULI WALL 0.0
R MAR 0.590 E 00
LUNGS 0 . 0
ENDOST 0.780 E 01
S WALL 0.0
LLI WALL 0.200 E 00
THYROID 0.0
LIVER 0.160 E 01
KIDNEYS 0.0
TESTES 0.960 E- 01
OVARIES 0.960 E-•01

rem/uCi

RADRISK 
Data File 
ALLRAD
ICRP
26/30
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Appendix b :
Values of input parameters used for 

radiation dose assessment for 
emissions from Rocky Flats Plant 
buildings by the DOSEN subroutine 

of AIRDOS-EPA
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INPUT VALUES for DOSEN for Stack Emissions Modeling

174

Variable
Name

Value(s) References

LIPO 0 (OPTION 1) —
NNTB 3 (OPTION 2) — — —
NRTB 0 (OPTION 3) — — —
NSTB 1 (OPTION 4) — — —
NTTB 1 (OPTION 5) — — —

NUTB 1 (OPTION 6) — — —

NOBCT 675 (x400) Colorado A g . 
Stats. (1986)

NOMCT 20 (x400) Colorado A g . 
Stats. (1986)

INTFC 2.0 E04 meters squared Colorado A g . 
Stats. (1986)

INTPA 1,792,870 (total) RFP Annual 
Report (1985)

IN TWA 0 (most <conservative assumption) — — —
IMPFIX 1 (most conservative assumption) — — —
RVEG 1.0 (most conservative assumption) — — —
F3VEGM 0.0 (most conservative assumption) — — —

RBEF 1.0 (most conservative assumption) — — —

F3BEFM 0.0 (most conservative assumption) — — —
RMLK 1.0 (most conservative assumption) — — —

F3MLKM 0.0 (most conservative assumption) — — —

BRTHRT 0.9582 E6 cm^/hr
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)

Variable
Name

Value(s) References

DILFAC 0.150 E3 cm Basis: 1.5 m 
pool depth

USEFAC 0.7 E-l Basis: 4 hours 
swimming per 
day for 5 
months per 
year

T 0.365 E3 days Basis: 
1 year

DD1 0.5 E0 Moore et al. 
(1979)

TSUBHl 0.0 E0 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH2 0.216 E4 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH3 0.240 E2 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBH4 0.144 E4 hr USNRC Reg. 
Guide 1.109 
(1977)

LAMW 0.21 E-2 1/hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBEl 720 hr USNRC Reg. 
Guide 1.109 
(1977)

TSUBE2 1440 hr USNRC Reg. 
Guide 1.109 
(1977)
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)

Variable
Name

Value (s) References

YSUBVl 0.57 kg/m2 Colorado A g . 
Stats. (1986)

YSUBV2 2.35 kg/m2 Colorado A g . 
Stats. (1986)

FSUBP 0.40 Moore et al. 
(1979)

FSUBS 0.43 Moore et al. 
(1979)

QSUBF 15.6 kg/day Moore et al. 
(1979)

TSUBF 2.0 days USNRC Reg. 
Guide 1.109 
(1977)

UV 2.06 E2 kg/yr Colorado Ag. 
Stats. (1986)

UM 2.65 E2 kg/yr Colorado A g . 
Stats. (1986)

UF 6.53 El kg/yr Colorado A g . 
Stats. (1986)

UL 5.46 El kg/yr Colorado A g . 
Stats. (1986)

TSUBS 20.0 days USNRC Reg. 
Guide 1.109 
(1977)

FSUBG 0.1 El most
conservative
assumption

FSUBL 0.1 El most
conservative
assumption
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)

Variable
Name

V a l u e (s) References

TSUBB 0.1 El years Basis : 
1 year

P 240 kg/m^ USNRC Reg. 
Guide 1.109 
(1977)

TAUBEF 0.164 E-2 Colorado A g . 
Stats. (1986)

MSUBB 0.2 E3 kg Moore et al. 
(1979)

VSUBM 0.17 E2 1/day Colorado A g . 
Stats. (1986)

Rl 0.57 USNRC Reg. 
Guide 1.109 
(1977)

R2 0.2 USNRC Reg. 
Guide 1.109 
(1977)
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for H-3
Variable

Name
Value (s) References

NUMORG 11 standard
selection

LAMRR 1.54 E-4 1/day RADRISK 
Data File 
ALLRAD

CFSBA 0 rem-cm-VuCi-hr RADRISK 
Data File 
ALLRAD

CFSBW 0 rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD

CFSUR 0 rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD

KFLAG 0 Basis : 
long-lived 
nuclide

TDCF 6.18 rem-cm^/pCi-yr Moore et al. 
(1979)

TDCW 5.7 rem-cm'VpCi-yr Moore et al. 
(1979)

FROG 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 
1.00, 1.00, 1.00, 1.00, 1.00, 
respectively, for organs ULI WALL,
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES

RADRISK 
Data File 
ALLRAD & 
Kocher (1983)

FSUBMI 0 days/1 iter RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for H-3
Variable

Name
Value (s) References

FSUBFI 0 days/kg RADRISK 
Data File 
ALLRAD

BSUBVl 0 RADRISK 
Data File 
ALLRAD

BSUBV2 0 RADRISK 
Data File 
ALLRAD

LAMSUR not used — — —
LAMH20 not used — — —
I FLAG 0 Basis : 

deposition 
velocity 
assumed 
constant

RDI not used — — —

RD2 not used — — —
RWl not used — — —

RW2 not used — — —

ISOL * (gaseous) RADRISK 
Data File 
ALLRAD

AMAD (gaseous - not applicable) — — —
FlINH 0.95 E0 RADRISK 

Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for H-3
Variable Value(s) References

Name

11
12

13
14

15 
Fl 
F2 
F3 
F4 
F5
NAMORG

CFINHA

not used 
not used 
not used
not used — — —
not used — — —

not used — — —
not used — — —

not used — — —
not used — — —

not used — — —
TOT BODY , R MAR , LUNGS, ENDOST, Moore
5 WALL, :LLI WALL, THYROID, LIVER, (1979)
KIDNEYS, TESTES , OVARIES

ULI WALL 0.630 E-04 rem/uCi ICRP
R MAR 0.630 E-04 26/30
LUNGS 0.630 E-04
ENDOST 0.0
S WALL 0.630 E-04
LLI WALL 0.630 E-04
THYROID 0.630 E-04
LIVER 0.630 E-04
KIDNEYS 0.630 E-04
TESTES 0.630 E-04
OVARIES 0.630 E-04

F U N G 0.95 E0 RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for U-234

ReferencesVariable Value(s) 
Name

CFINGA

NUMORG

LAMRR

CFSBA

CFSBW

CFSUR

ULI WALL 0.630 E-04
R MAR 0.630 E-04
LUNGS 0.630 E-04
ENDOST 0.0
S WALL 0.630 E-04
LLI WALL 0.630 E-04
THYROID 0.630 E-04
LIVER 0.630 E-04
KIDNEYS 0.630 E-04
TESTES 0.630 E-04
OVARIES 0.630 E-04
11

rem/uCi ICRP
26/30

0.776 E-8 1/day

0.127 rem-cm^/uCi-hr

0.323 rem-cm /uCi-hr

0.301 rem-cm^/uCi-hr

standard
selection
RADRISK 
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD
RADRISK
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD

KFLAG

TDCF only used for tritium

Basis : 
long-lived 
nuclide

Moore et al 
(1979)

TDCW only used for tritium Moore et al. 
(1979)
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for U-234
Variable

Name
Value (s) References

FROG 0.061, 0.025, 0.037, 0.064, 0.030, 
0.020, 0.054, 0.031, 0.034, 0.073, 
0.027
respectively, for organs ULI WALL, 
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES

RADRISK 
Data File 
ALLRAD 
&

Kocher (1983)

FSUBMI 1.4 E-4 days/1 iter RADRISK 
Data File 
ALLRAD

FSUBFI 1.6 E-6 days/kg RADRISK 
Data File 
ALLRAD

BSUBVl 2.1 E-02 RADRISK 
Data File 
ALLRAD

BSUBV2 4.2 E-03 RADRISK 
Data File 
ALLRAD

LAMSUR not used — — —
LAMB20 not used — — —
I FLAG 0 Basis : 

deposition 
velocity 
assumed 
constant

RDI not used — —
RD2 not used — —

RWl not used —
RW2 not used — —
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con't)
NUCLIDE SPECIFIC INPUT VALUES for U-234
Variable

Name
Value(s) References

ISOL Y RADRISK 
Data File 
ALLRAD

AMAD 1.0 micron — — —
FlINH 0.20 E0 RADRISK 

Data File 
ALLRAD

11 not used
12 not used — —
13 not used — — —
14 not used _
15 not used — — —
Fl not used — w —
F2 not used — — —

F3 not used —  _  _

F4 not used
_F5 not used

NAMORG ULI WALL, R MAR, 
S WALL, LLI WALL 
KIDNEYS, TESTES,

LUNGS, ENDOST,
, THYROID, LIVER, 
OVARIES

Moore et al. 
(1979)
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INPUT VALUES for DOSEN for Stack Emissions Modeling (c o n 11)
NUCLIDE SPECIFIC INPUT VALUES for Pu-239
Variable Value (s) References

Name

CFINHA

F1ING

CFINGA

ULI WALL 0.0
R MAR 0.260 E 01
LUNGS 0.110 E 04
ENDOST 0.410 E 02
S WALL 0.0
LLI WALL 0.0
THYROID 0.0
LIVER 0.0
KIDNEYS 0.170 E 02
TESTES 0.0
OVARIES 0.0
0.20 E0

ULI WALL 0.590 E--01
R MAR 0.270 E 00
LUNGS 0.0
ENDOST 0.410 E 01
S WALL 0.0
LLI WALL 0.180 E 00
THYROID 0.0
LIVER 0.0
KIDNEYS 0.170 E 01
TESTES 0.0
OVARIES 0.0

rem/uCi

rem/uCi

ICRP
26/30

RADRISK 
Data File 
ALLRAD
ICRP
26/30

NUMORG 11 standard
selection

LAMRR

CFSBA

0.786 E<-7 1/day

0.130 E 01 rem-cm^/uCi-hr

RADRISK 
Data File 
ALLRAD
RADRISK 
Data File 
ALLRAD

CFSBW 0.335 E-02 rem-cm^/uCi-hr RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (c o n 11)

NUCLIDE SPECIFIC INPUT VALUES for Pu-239
ReferencesVariable Value(s) 

Name

CFSUR 0.314 E^02 remt-cm^/uCi^hr RADRISK 
Data File 
ALLRAD

KFLAG

TDCF

TDCW

FROG

FSUBMI

only used for tritium

only used for tritium

0.074, 0.039, 0.049, 0.081, 0.042, 
0.041, 0.068, 0.041, 0.042, 0.037, 
0.088
respectively, for organs ULI WALL, 
R MAR, LUNGS, ENDOST, S WALL,
LLI WALL, THYROID, LIVER, KIDNEYS, 
TESTES, OVARIES
5.3 E-8 days/1iter

Basis : 
long-lived 
nuclide

Moore et al.
(1979)
Moore et al. 
(1979)

RADRISK
Data File
ALLRAD
&

Kocher (1983)

RADRISK 
Data File 
ALLRAD

FSUBFI 1.9 E-8 days/kg RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con11)
NUCLIDE SPECIFIC INPUT VALUES for Pu-239
Variable

Name
Value (s) References

BSUBV1 6.7 E-03 RADRISK 
Data File 
ALLRAD

BSUBV2 1.1 E-03 RADRISK 
Data File 
ALLRAD

LAMSUR not used
LAMB20 not used

I FLAG 0 Basis : 
deposition 
velocity 
assumed 
constant

RDI not used
RD2 not used
RWl not used

RW2 not used 4m

I SOL W RADRISK 
Data File 
ALLRAD

AMAD 1.0 micron

FlINH 0.10 E—02 RADRISK 
Data File 
ALLRAD

11 not used
12 not used
13 not used
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con11) 
NUCLIDE SPECIFIC INPUT VALUES for Pu^239
4a» 4a» 4 »  4a» ^ »  4a» 4 »  4a» 4 »  4a» 4a» 4a» 4a» 4 »  4a» 4a» 4a» 4m 4a» 4a» 4a» 4a» 4 »  4a» 4a» 4 »  4 »  4a» 4a» 4a» 4a» 4a» 4m 4a» 4a» 4 »  4a» 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m a

Variable V a l u e (s) References
Name
^  4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m 4m  4m 4m 4m 4m 4m 4m 4m 4m 4m 4m ^  4m 4m 4m 4m <

14 not used
15 not used
Fl not used
F2 not used
F3 not used
F4 not used
F5 not used
NAMORG ULI WALL 

S WALL, 
KIDNEYS,

4m 4m 4m

4m 4m 4m

Moore et al 
(1979)

CFINHA ULI WALL 0.0
R MAR 0.740 E 03
LUNGS 0.120 E 04
ENDOST 0.930 E 04
S WALL 0.0
LLI WALL 0.0
THYROID 0.0
LIVER 0.200 E 04
KIDNEYS 0.0
TESTES 0.120 E 03
OVARIES 0.120 E 03

rem/uCi ICRP
26/30

FlING 0.10 E-02 RADRISK 
Data File 
ALLRAD
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INPUT VALUES for DOSEN for Stack Emissions Modeling (con11)
NUCLIDE SPECIFIC INPUT VALUES for Pu-239

ReferencesVariable Value(s) 
Name

CFINGA ULI WALL 0.0
R MAR 0.590 E 00
LUNGS 0.0
ENDOST 0.760 E 01
S WALL 0.0
LLI WALL 0.200 E 00
THYROID 0.0
LIVER 0.160 E 01
KIDNEYS 0.0
TESTES 0.960 E-•01
OVARIES 0.960 E-•01

rem/uCi ICRP
26/30
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Appendix 7:
Monthly plutonium-239 and 

concentrations measured 
perimeter and community RAAMP

for 1985.

-240
at
samplers
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1985 DATA FROM RAAMP SAMPLER S-31

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3)

S-31 03-J AN-85 27000 -1 5
S-31 29-JAN-85 26000 0 5
S-31 26-FEB-85 24000 2 6
S-31 26-MAR-85 28000 2 5
S-31 23-APR-85 26000 -1 5
S-31 21-MAY-85 26000 1 5
S-31 18-J UN-85 45000 2 3
S-31 Ul-AUG-85 29000 1 5
S-31 27-AUG-85 31000 -1 3
S-31 24-SEP-85 28000 -3 4
S-31 22-OCT-85 29000 2 4
S-31 19-NQV-85 47000 1 1

ANNUAL STATISTICS OF S-31:
MEAN 0.416667 aCi/m3
MEDIAN 1 aCi/m3
STANDARD DEVIATION = 1 .621354 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-32

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-32 03-J AN-85 24000 0
S-32 29-JAN-85 28000 -3
S-32 26-FEB-85 26000 3
S-32 26-MAR-85 26000 1
S-32 23-APR-8 5 25000 1
S-32 21-MAY-85 25000 0
S-32 18-JUN-85 41000 1
S-32 01-AUG-85 25000 0
S-32 27-AUG-85 26000 -1
S-32 24-SEP-85 25000 4
S-32 22-OCT-85 27000 0
S-32 19-N0V-85 43000 1

ANNUAL STATISTICS OF 
MEAN

S-32:
0 .583333 aCi/m3

MEDIAN = 0.5 aCi/m3
STANDARD DEVIATION = 1.78164 aCi/m3

)
6
5
6
5
6
6
3
5
4
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-33

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-33 U3-JAN-85 28000 -2
S-33 29-JAN-85 33000 0
S-33 26-FEB-85 31000 -1
S-33 26-MAR-85 33000 1
S-33 23-APR-85 30000 -1
S-33 21-MAY-85 30000 0
S-33 18-JUN-85 50000 12
S-33 01-AUG-85 30000 1
S-33 27-AUG-85 32000 1
S-33 24-SEP-85 30000 3
S-33 22-OCT-85 32000 2
S-33 19-N0V-85 48000 0

ANNUAL STATISTICS OF 
MEAN

S-33:
1 .333333 aCi/m3

MEDIAN = 0.5 aC i/m3
STANDARD DEVIATION = 3.626502 a C i / m 3

)
54
4
4
4
5
3
4
3
4
3
2
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1985 DATA FROM RAAMP SAMPLER S-34

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3)

S-34 03-JAN-85 28000 0 5
S-34 29-J AN-85 31000 0 4
S-34 26-FEB-85 29000 1 5
S-34 26-MAR-85 22000 -1 6
S-34 23-APR-85 28000 1 5
S-34 21-MAY-85 28000 2 5
S-34 18-J UN-85 45000 1 3
S-34 01-AUG-85 28000 1 5
S-34 27-AUG-85 29000 0 4
S-34 24-SEP-85 25000 3 4
S-34 22-OCT-85 27000 0 4
S-34 19-N0V-85 41000 1 2

ANNUAL STATISTICS OF S-34:
MEAN = 0.75 aCi/m3
MEDIAN = 1 aCi/m3
STANDARD DEVIATION = 1.05529 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-35

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (a C i/m 3

S-35 03-JAN-85 23000 0
S-35 29-J AN-85 24000 5
S-35 26-FEB-85
S-35 26-MAR-85 21000 0
S-35 23-APR-85 20000 -1
S-35 21-MAY-85 18000 -1
S-35 18-JUN-85 32000 0
S-35 01-AUG-85 21000 -2
S-35 27-AUG-85 24000 0
S-35 24-SEP-85 22000 1
S-35 22-OCT-85 23000 -1
S-35 19-NOV-85 40000 0

ANNUAL STATISTICS OF S-35:
MEAN = 0.090909 aCi/m3
MEDIAN = 0 aCi/m3
STANDARD DEVIATION = 1 .814086 aCi/m3

)
6
7

7
7
8
4
6
4
5
4
3
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1985 DATA FROM RAAMP SAMPLER S-36

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-36 03-JAN-85 29000 0
S-36 29-JAN-85 34000 -2
S-36 26-FEB-85 32000 1
S-36 26-MAR-85 30000 3
S-36 23-APR-85 28000 1
S-36 21-MAY-85 28000 17
S-36 18-JUN-85 48000 0
S-36 01-AUG-85 30000 0
S-36 27-AUG-85 31000 2
S-36 24-SEP-85 30000 1
S-36 22-OCT-85 32000 2
S-36 19-N0V-85 52000 2

ANNUAL STATISTICS OF S-36:
MEAN = 2.25 aCi/m3
MEDIAN = 1 aCi/m3
STANDARD DEVIATION = 4.826536 aCi/m3

)
5
4
4
5
5
7
3
4
4
4
3
2
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1985 DATA FROM RAAMP SAMPLER S-37

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3) (aCi/m3

S-37 03-JAN-85 28000 1
S-37 29-JAN-85 3200U 4
S-37 26 - FEB-85 30000 5
S-37 26-MAR-85 31000 4
S-37 23-APR-85 29000 13
S-37 21-MAY-85 30000 27
S-37 18-JUN-85 48000 8
S-37 01-AUG-85 29000 3
S-37 27-AUG-85 29000 2
S-37 24-SEP-85 25000 18
S-37 22-OCT-85 30000 3
S-37 19-N0V-85 48000 3

ANNUAL STATISTICS OF 
MEAN

S-37 :
7.583333 aCi/m3

MEDIAN
STANDARD DEVIATION =

4 aCi/m3 
7.890827 aCi/m3

)
5
5
5
5
6
8
3
5
4
6
4
2
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1985 DATA FROM RAAMP SAMPLER S-38

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-38 03-J AN-85 26000 -2
S-38 29-J AN-85 31000 5
S-38 26-FEB-85 29000 2
S-38 26-MAR-85 30000 4
S-38 23-APR-85 30000 1
S-38 21-MAY-85 29000 31
S-38 18-J UN-85 45000 2
S-38 01-AUG-85 28000 3
S-38 27-AUG-85 29000 1
S-38 24-SEP-85
S-38 07-N0V-85 13000 2
S-38 19-N0V-85 46000 4

ANNUAL STATISTICS OF S-38:
MEAN = 4.818182 aCi/m3
MEDIAN = 2 aCi/m3
STANDARD DEVIATION = 8.886149 aCi/m3

)
5
6
5
5
5
6
3
5
4
8
2
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1985 DATA FROM RAAMP SAMPLER S-39

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-39 03-JAN-85 20000 -2
S-39 29-J AN-85 23000 -1
S-39 26-FEB-85 22000 9
S-39 26-MAR-85 32000 0
S-39 23-APR-85 30000 -1
S-39 21-MAY-8 5 30000 8
S-39 18-JUN-85 44000 3
S-39 01-AUG-85 30000 -1
S-39 27-AUG-85 32000 0
S-39 24-SEP-85 27000 ' 3
S-39 22-OCT-85 29000 1
S-39 19-N0V-85 46000 9

ANNUAL STATISTICS OF S-39:
MEAN = 2.333333 aCi/m3
MEDIAN = 0.5 aCi/m3
STANDARD DEVIATION = 4.119429 aCi/m3

)
7
6
7
4
5
6
3
4
3
4
4
3
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1985 DATA FROM RAAMP SAMPLER S-40

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-40 03-JAN-85 23000 -3
S-40 29-JAN-85 31000 2
S-40 26-FEB-85 29000 -2
S-40 26-MAR-85 30000 0
S-40 23-APR-85 29000 5
S-40 21 -MAY-85 29000 2
S-40 18-JUN-85 48000 1
S-40 01-AUG-85 29000 -2
S-40 27-AUG-85 32000 -1
S-4U 24-SEP-85 27000 -1
S-40 22-OCT-85 29000 0
S-40 19-N0V-85 46000 0

ANNUAL STATISTICS OF 
MEAN

S-40:
0.083333 aCi/m3

MEDIAN
STANDARD DEVIATION =

0 aCi/m3 
2.193309 aCi/m3

)
6
5
5
5
5
5
3
4
3
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-41

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3)

S-41 03-J AN-85 19000 1 8
S-41 29-JAN-85 22000 1 6
S-41 26 - FEB-85 21000 -2 6
S-41 26-MAR-85 29000 -1 6
S-41 23-APR-85 28000 -1 5
S-41 21-MAY-85 28000 26 8
S-41 18-JUN-85 43000 1 3
S-41 01-AUG-85 27000 -1 5
S-41 27-AUG-85 28000 0 4
S-41 24-SEP-85 24000 -3 4
S-41 22-0CT-85 25000 -2 4
S-41 19-N0V-85 44000 0 2

ANNUAL STATISTICS OF S-41 :
MEAN 1.583333 aCi/m3
MEDIAN -0.5 aCi/m3
STANDARD DEVIATION = 7 .798116 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-42

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3) (aCi/m3)

S-42 03-JAN-85 28000 -1 5
S-42 29-JAN-85 33000 0 4
S-42 26-FEB-85 31000 4 5
S-42 26-MAR-85 29000 1 5
S-42 23-APR-85 28000 4 5
S-42 21-MAY-85 28000 21 7
S-42 18-JUN-85 40000 -1 3
S-42 01-AUG-85 23000 2 6
S-42 27-AUG-85 26000 0 4
S-42 24-SEP-85 22000 0 5
S-42 22-OCT-85 23000 -1 5
S-42 19-N0V-85 39000 0 3

ANNUAL STATISTICS OF S-42:
MEAN = 2.416667 aCi/m3
MEDIAN = 0 aCi/m3
STANDARD DEVIATION = 6.11196 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-43

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-43 03-JAN-85 25000 -2
S-43 29-J AN-85 29000 0
S-43 26-FEB-85 28000 5
S-43 26-MAR-85 32000 1
S-43 23-APR-85 31000 9
S-43 21-MAY-85 31000 3
S-43 18-JUN-85 50000 3
S-43 0l-AUG-85 30000 3
S-43 27-AUG-85 16000 0
S-43 24-SEP-85 28000 2
S-43 22-OCT-85 29000 0
S-43 19-N0V-85 45000 1

ANNUAL STATISTICS OF 
MEAN

S-43:
2.083333 aCi/m3

MEDIAN = 1.5 aCi/m3
STANDARD DEVIATION = 2.874918 aCi/m3

)
5
5
6
4
5
5
3
4
7
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-44

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-44 03-JAN-85 26000 -2
S-44 29-J AN-85 31000 -3
S-44 26-FEB-85 28000 3
S-44 26-MAR-85 31000 2
S-44 23-APR-85 30000 -2
S-44 21-MAY-85 30000 4
S-44 18-J UN-85 44000 3
S-44 Ul-AUG-85 27000 4
S-44 27-AUG-85 28000 -2
S-44 24-SEP-85 27000 2
S-44 22-0CT-85 28000 -1
S-44 19-N0V-85 48000 -1

ANNUAL STATISTICS OF S-44:
MEAN = 0.583333 aCi/m3
MEDIAN = 0.5 aCi/m3
STANDARD DEVIATION = 2.644319 aCi/m3

)
5
5
5
5
4
5
3
5
4
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-51

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3)

S-51 03-JAN-85 25000 -2 5
S-51 29-J AN-85 30000 0 5
S-51 26-FEB-85 26000 1 5
S-51 27-MAR-85 28000 4 5
S-51 24-APR-85 28000 2 5
S-51 22-MAY-85 27000 0 5
S-51 18-J UN-85 44000 2 3
S-51 0 l-AUG-85 28000 -1 5
S-51 28-AUG-85 29000 8 4
S-51 25-SEP-85 29000 -1 4
S-51 23-OCT-85 28000 3 4
S-51 20-N0V-85 46000 1 2

ANNUAL STATISTICS OF S-51 :
MEAN = 1 .416667 aCi/m3
MEDIAN = 1 aCi/m3
STANDARD DEVIATION = 2.712206 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-52

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-52 03-J AN-85 29000 0
S-52 29-JAN-85 31000 3
S-52 26-FEB-85 29000 5
S-52 27-MAR-85 30000 5
S-52 24-APR-85 29000 1
S-52 22-MAY-85 28000 14
S-52 18-J UN-85 42000 1
S-52 0l-AUG-85 28000 1
S-52 28-AUG-85 29000 0
S-52 25-SEP-85 30000 -1
S-52 23-0CT-85 30000 -1
S-52 20-N0V-85 47000 0

ANNUAL STATISTICS OF 
MEAN

S-52:
2 .333333 aCi/m3

MEDIAN
STANDARD DEVIATION =

1 aCi/m3 
4.206777 aCi/m3

)
5
5
5
5
5
7
3
5
4
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-53

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-53 03-JAN-85 26000 1
S-53 29-J AN-85 28000 3
S-53 26-FEB-85 27000 0
S-53 27-MAR-85 29000 1
S-53 24-APR-85 29000 -2
S-53 22-MAY-85 29000 1
S-53 18-J UN-85 41000 3
S-53 01-AUG-85 25000 -1
S-53 28-AUG-85 27000 0
S-53 25-SEP-85 26000 -1
S-53 23-0CT-85 26000 0
S-53 20-N0V-85 42000 0

ANNUAL
MEAN

STATISTICS OF S-53:
0.416667 aCi/m3

MEDIAN
STANDARD DEVIATION =

0 a C i / m 3
1 .505042 aCi/m3

)
5
6
5
5
5
5
3
5
4
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-54

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-54 03-JAN-85 29000 -1
S-54 29-J AN-85 34000 1
S-54 26-FEB-85 32000 -1
S-54 27-MAR-85 30000 3
S-54 24-APR-85 30000 8
S-54 22-MAY-85 29000 -1
S-54 18-JUN-85 47000 1
S-54 0l-AUG-85 30000 1
S-54 28-AUG-85 31000 2
S-54 25-SEP-85 32000 -2
S-54 23-OCT-85 32000 -1
S-54 20-N0V-85 51000 1

ANNUAL STATISTICS OF 
MEAN

S-54:
0.916667 aCi/m3

MEDIAN
STANDARD DEVIATION =

1 aCi/m3 
2.678478 aCi/m3

)
5
4
4
5
5
5
3
4
4
3
3
2
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1985 DATA FROM RAAMP SAMPLER S-55

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3)

S-55 03-J AN-85 27000 0 5
S-55 29-JAN-85 29000 1 5
S-55 26-FEB-85 27000 11 6
S-55 2 7-MAR-8 5 29000 2 5
S-55 24-APR-85 32000 0 4
S-55 22-MAY-85 31000 6 5
S-55 18-JUN-85 43000 22 5
S-55 0l-AUG-85 28000 0 5
S-55 28-AUG-85 30000 0 4
S-55 25-SEP-85 15000 0 7
S-55 23-OCT-85 16000 -1 6
S-55 20-N0V-85 26000 -1 4

ANNUAL STATISTICS OF 
MEAN

S-55:
3.333333 aCi/m3

MEDIAN
STANDARD DEVIATION =

0 aCi/m3 
6.840167 aCi/m3
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1985 DATA FROM RAAMP SAMPLER S-56

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3) (aC1/m3

S-56 03-JAN-85 29000 -1
S-56 29-JAN-85 35000 -1
S-56 26-FEB-85 34000 4
S-56 27-MAR-85 27000 -2
S-56 24-APR-85 26000 1
S-56 22-MAY-85 25000 -2
S-56 18-JUN-85 45000 2
S-56 01-AUG-85 29000 -1
S-56 28-AUG-85 30000 -2
S-56 25-SEP-85 30000 1
S-56 23-OCT-85 29000 0
S-56 20-N0V-85 44000 -1

ANNUAL STATISTICS OF S-56:
MEAN = -0.166667 aCi/m3
MEDIAN = -1 aCi/m3
STANDARD DEVIATION = 1.850471 aCi/m3

)
5
4
4
6
5
5
3
4
3
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-57

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3) (aCi/m3)

S-57 03-J AN-85 29000 1
S-57 29-JAN-85 31000 3
S-57 26-FEB-85 29000 8
S-57 27-MAR-85 30000 3
S-57 24-APR-85 30000 1
S-57 22-MAY-85 28000 5
S-57 18-JUN-85 47000 4
S-57 01-AUG-85 30000 0
S-57 28-AUG-85 32000 0
S-57 25-SEP-85 31000 1
S-57 23-OCT-85 30000 -1
S-57 20-N0V-85 49000 -1

ANNUAL STATISTICS OF S-57:
MEAN = 2 aCi/m3
MEDIAN = 1 aCi/m3
STANDARD DEVIATION = 2.696799 aCi/m3

6
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1985 DATA FROM RAAMP SAMPLER S-58

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3) (aCi/m3

S-58 03-J AN-85 27000 2
S-58 29-JAN-85 30000 -3
S-58 26-FEB-85 29000 7
S-58 27-MAR-85 29000 10
S-58 24-APR-85 28000 2
S-58 22-MAY-85 28000 -1
S-58 18-J UN-85 45000 1
S-58 01-AUG-85 28000 1
S-58 28-AUG-85 29000 0
S-58 25-SEP-85 28000 0
S-58 23-OCT-85 27000 0
S-58 20-N0V-85 48000 -1

ANNUAL STATISTICS OF S-58:
MEAN = 1.5 aCi/m3
MEDIAN = 0.5 a C i/m 3
STANDARD DEVIATION = 3.605551 aCi/m3

)
5
4
5
6
5
5
3
5
4
4
4
2
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1985 DATA FROM RAAMP SAMPLER S-59

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-59 03-JAN-85 25000 3
S-59 29-JAN-85 33000 2
S-59 26-FEB-85 31000 4
S-59 27-MAR-85 33000 1
S-59 24-APR-85 30000 9
S-59 22-MAY-85 33000 2
S-59 18-J UN-85 50000 -1
S-59 01-AUG-85 32000 0
S-59 28-AUG-85 33000 0
S-59 25-SEP-85 33000 1
S-59 23-OCT-85 32000 0
S-59 20-N0V-85 41000 1

ANNUAL STATISTICS OF 
MEAN

S-59 :
1 .833333 a C i / m 3

MEDIAN
STANDARD DEVIATION =

1 aCi/m3 
2.65718 aCi/m3

)
6
4
5
4
6
4
3
4
3
3
3
2
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1985 DATA FROM RAAMP SAMPLER S

LOCATION DATE ON VOLUME PT. EST.
(m3) (aCi/m3)

S -60 03-J AN-85 24000 1
S-60 29-JAN-85 26000 8
S-60 26-FEB-85 27000 18
S-60 27-MAR-85 27000 3
S-60 24-APR-85 26000 2
S-60 22-MAY-85 26000 5
S-60 18-JUN-85 33000 16
S-60 01-AUG-85 24000 2
S-60 28-AUG-85 25000 8
S-60 25-SEP-85 17000 9
S-60 23-OCT-85 22000 2
S-60 20-N0V-35 36000 0

ANNUAL STATISTICS OF S-60:
MEAN = 6.166667 aCi/m3
MEDIAN = 4 aCi/m3
STANDARD DEVIATION = 5.87496 aCi/m3

)
6
6
8
5
5
6
5
5
5
7
5
3
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1985 DATA FROM RAAMP SAMPLER S-61

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (a C i/m 3 ) (aCi/m3

S-61 03-JAN-85 24000 -1
S-61 29-JAN-85 27000 2
S-61 26-FEB-85 27000 3
S-61 27-MAR-85 31000 3
S-61 24-APR-85 24000 3
S-61 22-MAY-85 17000 5
S-61 18-J UN-85 28000 0
S-61 01-AUG-85 28000 1
S-61 28-AUG-85 26000 -1
S-61 25-SEP-85 30000 -3
S-61 23-OCT-85 29000 0
S-61 20-N0V-85 24000 7

ANNUAL STATISTICS OF S-61 :
MEAN = 1 .583333 a C i / m 3
MEDIAN = 1.5 aCi/m3
STANDARD DEVIATION = 2.810963 aCi/m3

)
6
5
5
5
6
8
5
5
4
3
4
4
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1985 DATA FROM RAAMP SAMPLER S-62

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-62 03-JAN-85 26000 -2
S-62 29-JAN-85 30000 1
S-62 26-FEB-85 27000 -1
S-62 27-MAR-85 22000 7
S-62 24-APR-8 5 27000 0
S-62 22-MAY-85 27000 1
S-62 18-JUN-85 39000 4
S-62 01-AUG-85 25000 3
S-62 28-AUG-85 26000 -1
S-62 25-SEP-85 26000 2
S-62 23-OCT-85 25000 -2
S-62 20-NOV-85 23000 -1

ANNUAL STATISTICS OF 
MEAN

S-62:
0.916667 aCi/m3

MEDIAN = 0.5 aCi/m3
STANDARD DEVIATION = 2.712206 aCi/m3

)
5
5
5
7
5
5
3
5
4
4
4
4
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1985 DATA FROM RAAMP SAMPLER S-68
LOCATION DATE ON VOLUME PT. EST. ERROR(m3) (a C i/m 3) (aCi/m3
S-68 03-J AN-85 37000 -1
S-68 29-JAN-85 40000 0
S-68 26-FEB-85 34000 9
S-68 27-MAR-85 28000 3
S-68 24-APR-85 30000 0
S-68 22-MAY-85 30000 8
S-68 18-JUN-85 50000 2
S-68 01-AUG-85 33000 -1
S-68 28-AUG-85 34000 2
S-68 25-SEP-85 34000 -2
S-68 23-OCT-85 34000 2
S-68 20-N0V-85 25000 4

ANNUAL STATISTICS OF 
MEAN

S-68:
2.166667 aCi/m3

MEDIAN
STANDARD DEVIATION =

2 aCi/m3 
3.459725 a C i / m 3

)
435555343334
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1985 DATA FROM RAAMP SAMPLER S-73

LOCATION DATE ON VOLUME PT. EST. ERROR
(m3) (aCi/m3) (aCi/m3

S-73 03-JAN-85 24000 2
S-73 29-JAN-85 19000 0
S-73 26-FEB-85
S-73 27-MAR-85 8000 -4
S-73 24-APR-85 28000 1
S-73 22-MAY-85 25000 4
S-73 18-JUN-85 37000 1
S-73 01-AUG-85 27000 2
S-73 28-AUG-85 29000 0
S-73 25-SEP-85 30000 -1
S-73 23-0CT-85 30000 2
S-73 20-N0V-85 48000 -1

ANNUAL STATISTICS OF S-73:
MEAN 0.545455 aCi/m3
MEDIAN 1 aCi/m3
STANDARD DEVIATION = 2.114882 aCi/m3

)
6
7

7
5
6
4
5
4
4
4
2


