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PREFACE 

This study was initiated in FY79 in the Transportation Safety Studies 
Project performed at Pacific Northwest Laboratory for DOE's Division of 
Environmental Control Technology. In FY80, responsibility for this work was 
transferred to the Division of Transportation and Fuel Storage and an over-

~ view of the work was assigned to the Transportation Technology Center (TTC) 
at Sandia Laboratories, DOE's lead laboratory for Nuclear Materials 
Transportation Technology. This work was substantially complete when 
assigned to TTC overview and TTC funds were only used for incorporation 
of review comments and for publication. Funds for completion and publication 
of this study have been provided to PNL through TTC. 
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1.0 INTRODUCTION 

A risk-based fault tree analysis method has been developed at the 
Pacific Northwest Laboratory (PNL) for analysis of nuclear fuel cycle 
operations. (1) This methodology was developed for the Department of Energy 
(DOE) as a risk analysis tool for evaluating high level waste management 
systems. A computer package consisting of three programs was written at 
that time to assist in the performance of risk assessment: ACORN(2) (draws 
fault trees), MFAULT(3) (analyzes fault trees), and RAFT(4) (calculates 
risk). 
codes. 

* The rectangles in this figure represent user inputs to the various 
The codes are represented by the diamond shapes and the ovals 

represent code outputs~ Outputs from some codes are used as input to 
others. This interrelationship is shown with the arrows connecting the 
functional blocks of the diagram. Figure 1 gives a summary of the inter­
relationships of these programs. This methodology evaluates release con­
sequences and estimates the frequency of occurrence of these consequences. 
Evaluation of consequences involves the extension of hypothetical releases 
to population exposures by way of standard airborne particulate dispersion 
and inhalation dose conversion techniques. Inhalation exposure is quite 
often the greatest risk contributor to the general public from the transport 
of radioactive material. Occasionally other factors such as ingestion or 
ground shine from particulate deposition become significant. In these cases 
additional risk analyses will be necessary to account for their absences 
in this methodology. 

This document describes an additional risk calculating code which can 
be used in conjunction with two of the three codes for transportation risk 
assessment as shown in Figure 2. TRECI! modifies the definition of risk used 
in RAFT (prob. x release) to accommodate release consequences in terms of 
fatalities .. Throughout this report risk shall be defined as probability times 
consequences (fatalities are one possible health effect consequence). This 
methodology has been applied to a variety of energy material transportation 

* The au~hor ass~mes the reader has a basic understanding of fault tree 
~nalysls.technlqUeS and terminology. For those requiring additional 
lnformatlon, references 1, 2, 3, and 4 are suggested reading. 
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systems. Typically the material shipped has been radioactive, although some 
adaptation to fossil fuels has occurred. The approach is normally applied 
to truck or train transport systems with some adaptation to pipelines and 
aircraft. Examples of these applications can be found in References 5-8. 

TREe!! is designed to be used primarily in conjunction with MFAULT; 
however, with a moderate amount of effort by the user, it can be implemented 
independent of the risk analysis package developed at PNL. 

The following sections provide code description and user instructions 
necessary for the implementation of the TRECII program. 
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2.0 PROCEDURES FOR SOLUTION 

2. 1 RISK DEFINITION 

The risk assessment methodology used in the PNL studies provides a 
flexibility not available in previous transportation risk studies. It 
permits the risk to be analyzed for a spectrum of population densities 
and weather conditions that can be encountered along shipping routes. 
The model uses one fundamental equation: 

R =2: Ri 
i 

(2-1) 

The total system risk, R, is the sum of the risks of all accidental releases 
as denoted by the subscript i. Risk contributed by routine exposure during 
normal transport is not considered in this model. The risk of an individual 
release is the product of the consequences of the release and the probability 
of its occurrence. In the current formulation of the model, each term in 
Equation (2-1) is expanded" into two expressions which have more physical signi­
ficance. The expanded equation for Ri is: 

(2-2) 

The first expression, A FR' x PR" can be thought of as a probabilistic , , 
source term for each identified release sequence. The first factor in this 
term, A FR., represents the amount of material released in the ith release , 
sequence. It is the product of the amount of material present in a shipment, 
A, and the fraction of that material lost to the environment in the ith 
release sequence, FRi' This factor can be considered a source term for the 
ith chain of events of failures which end with a release of material. The 
second factor, PR., is the probability that the release sequence will happen , 
during transport. 

2-1 



The second expression in Equation (2-2), L: (CEiq x PEq ) ; represents 
the consequences of a unit release of material (unit source term) under 
probabilistically weighted weather conditions and population distributions. 
The consequences of a unit release of material are evaluated in the expres­
sion CEiq' The subscript q is added to show that this factor is a function 
of the specific weather conditions existing at the time of the release 
and the population exposed to the release. The consequences can be expressed 
in a variety of ways, depending on the material being studied. Risk com­
parisons can be made most advantageously if the consequences are expressed 
in similar health effects. The final factor in this expression, PE ' is 

q 
the joint probability of encountering a particular set of weather conditions 
within a specific population zone. 

2.2 ISOPLETH CALCULATION 

Atmospheric dispersion of released radioactive material is modeled 
using a bivariate Gaussian distribution equation. (9) 

E (x,y,z;H) = 2~;;zU exp [- ~ (-f; y] exp [_ ~ (z;:)2] 

+ exp [- ~ (z::)1 
where E = time integrated concentration at (x,y,z); (g-sec/m3) 

H = release height; (m) 

(2-3) 

cry' cr = Pasquill dispersion parameters representing standard deviation 
z of crosswind and vertical plume concentration distribution; (m) 

(x,y,z) = Cartesian coordinates of the point at which the concentration 
is being determined. (Release occurs at the origin); (m) 

t = time; (sec) 
Q = source emission rate; (g/sec) 
U = windspeed; (m/sec). 

2-2 



It is necessary to note several important features of this equation. First 
it represents the steady-state concentrations downwind from a continuous 
and constant source. The inclusion of time, t, in the numerator of the right 
hand expression results in E representing a time integrated concentration. 
A second important feature is the dependence of the dispersion parameters, 
0y and 0z' on the atmospheric stability at the time of release. A discussion 
of this dependence can be found in Reference 9. Finally, the equation begins 
to lose validity at downwind distances greater than 100 km. Specifically, 
the dispersion parameters become difficult to predict at these distances. In 
TRECII, the downwind distance is limited to 100 km. 

TRECII uses a sequential search technique and Equation (2-3) to 
locate isopleths, lines of constant concentration. Eleven isopleths are 
located; one represents the maximum concentration (minimum distance from 
the release and directly downwind) and the others represent incremental 
reductions in concentration. Each increment is one order of magnitude from 
the preceding isopleth. Areas within these isopleths are determined by 
Simpsonls Rule for integration. (10) These areas will eventually be used to 

determine population exposure. To prevent overestimation of exposure, the 
isopleth areas are manipulated to represent differential areas between 
higher and lower concentration isopleths. The average concentration of 
these differential areas is found by numerically averaging the concentration 
of 50 evenly distributed points within the isopleth. The differential 
areas and average concentrations are overlaid on various uniform population 
distributions to determine the number of people exposed and the average 
atmospheric concentration they experience. 

The diffusion climatology along the transport route must be incor­
porated into any risk analysis where the atmosphere is an important pathway 
for dosage to man. The important atmospheric variables are 1) wind direc­
tion - indicates the initial direction of travel, 2) wind speed - indicates 

the rate of transport, and 3) atmospheric stability - indicates the rate 
of dilution and plume rise potential. Certain characteristics of release 
(e.g., height and temperature) are also important in the evaluation of 
the atmospheric pathway. 
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Assuming a postulated accident with a surface release and little or 
no release-related plume rise, the immediate and greatest impact will be 
in the region surrounding the location of the event. Transport and diffu­
sion are often determined by local influences. Wind speeds and directions 
show considerable variation that cannot always be summarized by large geo­
graphic regions. Consideration of local influences in the present analysis 
is not possible, principally because information is not available either 
from a data base or from current modeling capabilities. 

Estimates of long-term diffusion averages are determined from the 
average persistence of winds by sectors. Considering wind direction persis­
tences alone, the actual sector annual-average air concentrations can be 
considerably different than an average. Based on reported values from 129 
weather bureau surface stations in the continental U.S., the concentrations 
range from one half to five times the average. Air concentrations near a 
particular population center can be expected to vary by the same factor 
depending on the direction of the population center from the selected 
route. Such a factor could be quite important in determining the effects 
of releases near large population centers. Over a sufficiently long route, 
the effect of different wind direction persistences may tend to cancel if 
there is a random relationship between the prevailing wind directions and 
population centers. The alternative of picking a route based on known 
diffusion climatologies to minimize risk could be beneficial; however, at 
the present time it is not included in the model. 

Meteorological data used in this analysis are shown in Table 1. These 
values were developed from micrometeorological data collected for diffusion 
calculations for reactor sites. Seven sets of micrometeorological data were 
selected from 26 compilations from reactor sites to account for the range 
of conditions that could reasonably occur along a route. Use of a single 
averaged distribution allows for the typical range of windspeeds without 
undue weighting to any particular site. Although this result cannot be 
expected to necessarily represent any particular portion of a route, it 
does represent the type of conditions that may be encountered on the average. 
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The correlation of atmospheric stability classes to wind speeds was done 
~ using the temperature differential method described in the Nuclear Regulatory 

Commission Regulatory Guides 1.21 and 1.23. This technique allows very low 
probability situations to be included in the analysis. Section 3.2 describes 
input techniques should the user decide to select values different than those 
given in Table 1. 

TABLE 1. Average Wind Speed/Stability Characteristics 

Wind Seeed Pasguill Stabilit~ Classification 
Uk 

Pk 
P j/k 

m/sec k B(j=l) D(j=2) E(j=3) F(j=4 ) 

1 1 0.255 0.136 0.202 0.299 0.363 
3.5 2 0.508 0.243 0.274 0.272 0.211 
7 3 0.161 0.190 0.290 0.339 O. 181 

10 4 0.052 0.240 0.312 0.358 0.090 
18 5 0.024 0.276 0.348 0.356 0.020 

2.3 POPULATION EXPOSURE 

To determine the number of people exposed to radioactive material 
release resulting from a transportation accident, the population distribu­
tion along the shipping route must be characterized. In TREeII, this was 
done by dividing the Continental U.S. into four zones based roughly on 
population density and degree of urbanization. A representative state was 
chosen for each of the zones shown in Appendix D. Then for the purpose 
of the study, the population data of the selected states were used in 
forecasting population characteristics of their respective zones. The 
states chosen to represent these zones are shown below. 

Zone 

I - Highly urbanized 
II Densely populated 

III - Moderately populated 
IV - Low population 
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Reeresentative State 

New Jersey 
Massachusetts 
Missouri 
Washington 



The initial approach was to establish a set of population data for the 
representative states. The population densities for each of the four zones 
were grouped into three classes: urban for densely populated urban areas; 
suburban for areas of moderate population density; and rural for the non­
urbanized areas. The suburban area data were obtained by taking the 
Standard Metropolitan Statistical Area (SMSA) data, which include urban, 
and subtracting out the population and land area of the cities. Census 
data for 1960 were used as a data base and extended to 1970 with infor­
mation available from'the 1970 census. Population projections were also 
made to the year 2000, and, using the compound interest formula to model 
population growth, estimates were made for 1980 and 1990. 

The next step was to obtain the same data for 1970 and then determine 
the population and land area change for major cities (100,000 population) 
from 1960 to 1970. The 1970 census data were obtained from the Statistical 
Abstracts of the U.S. (11) 

. The extrapolation of 2000 was then made based on information presented 
in, an ~rtic1e by J. P. Pickard. (12) Pickard states that by the year 2000, 
the urban land area will double. He also states that 85% of the total 
population growth will occur in major urban areas. Using this, the total 
population increase is the urban increase divided by 0.85. This leaves the 
rural population increase at 15% of the total growth. 

Based on Pickard's projections, the land areas and rural populations 
were calculated for the year 2000. The data for 1980 and 1990 were filled 
in using the compound interest formula. The resultant population charac­
teristics for each of the four zones in the years 1980, 1990, and 2000 are 
presented in Table 2. Projections for 1980 are used as default values in 
TRECI!. The probability of an accidental release of material in a particular 
zone and population class is assumed to be proportional to the land area 
percentage of that zone and population class. 
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TABLE 2. Projected Population Density and Land 
Area by Zone and Population Classes 

Zone and 1980 1990 2000 
Population Land DensitY2 Land Density Land Denslty 
Classes Area, % Peo~le/m Area, % Peo~le/m2 Area, % Peo~le/m2 

I Urban 3.8 3.587E-3 4.8 3.239E-3 6.0 2.923E-3 
Suburban(a) 66.9 3.174E-4 84.3 3.448E-4 94.0 3.880E-4 

Rural 29.3 2.363E-4 10.9 2.687E-4 
II Urban 11 .5 1.224E-3 14.5 1 .208E-3 18.2 1 .089E-3 

Suburban(a) 35.5 3.263E-4 44.8 2.942E-4 56.5 2.649E-4 
N Rural 53.0 9.189E-5 40.7 1.351E-4 25.3 2.452E-4 I 
-.t 

III Urban 0.8 1.537E-3 1.0 1.517E-3 1.2 1.502E-3 
Suburban(a) 17.3 8.726E-3 21.8 8.610E-5 27.5 8.533E-5 
Rural 81.9 6.564E-6 77.2 9.266E-6 71. 3 1.120E-5 

IV Urban 0.5 1.695E-3 0.6 1.730E-3 0.8 1. 761 E-3 
Suburban(a) 15.0 5.058E-5 18.9 5.560E-5 23.7 5.676E-5 
Rural 84.5 9.653E-6 80.6 1.120E-5 75.5 1.313E-5 

(a) SMSA-Cities. 



2.4 HEALTH EFFECTS 

The dose to an individual from inhalation of radionuclides is a function 
of the duration of the release, the concentration during the release period, 
the particle size, the isotopic composition of the released material, the 
individual's ventilation rate, the solubility of the inhaled material in 
body fluids, and the retention time of the radionuclide in body organs. 
Doses of this type are typically calculated using the lung model recommended 

. i 

by the International Commission on Radiological Protection (ICRP) Task Group 
on Lung Dynamics. This model, referred to as the Task Group Lung Model 
(TGLM), characterizes the metabolic pathways of the inhaled material. (13) 
A detailed discussion of the lung model and a program for calculating the 
dose to the lungs and other organs can be found in Reference 14. 

In general, the inhalation dose to an individual exposed to a passing 
cloud can be expressed by: 

D. = KiP 
J 

where: K' is the dose conversion factor 
P is the quantity inhaled. 

(2-4) 

The quantity of material inhaled is dependent upon the time-integrated 
air concentration as expressed by: 

where: 

b is human ventilation rate; (cm3/sec) 
ca is air concentration; (g/cm3) 
! is duration of inhalation exposure; (sec) 
E is time-integrated air concentration; (g-sec/cm3). 

(2-5) 

The time-integrated air concentration, E, is obtained from the atmos­
pheric dispersion model discussed in Section 2.2. 

Combining Equation (2-4) with Equation (2-5) and normalizing the 
result to the quantity released yields: 
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where: 

or 

O. 
.::..J.. = 
Q 

Q is the quantity released 

K'b f 
Q 

where: K is the inhalation dose conversion factor (K'b) for an 
accidental atmospheric release. 

(2-6) 

The array of conversion factors, CNVl (discussed in Section 3.2.2), are 
values of K for individual isotopes. Note that the evaluation of these 
conversion factors is done external to TRECII and the factors themselves 
are considered input. 

The health effects that could be associated with a radioactive mate­
rial release can be divided into three categories. These are early fatali­
ties (fatalities that occur within one year), early illnesses (people 
needing medical treatment), and late health effects that are estimated from 
the total population dose. In general, early effects are associated with 
individual total body doses of 100 rads or more and would be limited to 
persons in the immediate vicinity of rather large releases of radioactivity, 
such as severe reactor accidents covered in WASH-1400. (15) 

The transportation of radioactive material involves small amounts of 
activity and the public is assumed to be excluded from the immediate area 
of an accident. On this basis, potential doses to maximum individuals would 
be below levels that could produce early health effects. 

Late health effects, including latent cancer fatalities, are assumed 
to result from the exposure of populations to low levels of radioactivity. 
Predicted magnitudes of these effects are based on observed health effects 
produced at high dose levels, primarily by low linear energy transfer (LET) 
radiations, and a hy~othesis of linearity between effect and dose. It is 
probable that these estimators are significantly dependent on the LET of 
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the ionizing radiation and upon the dose levels actually encountered. (16) 
Determination of these factors is not within the scope of this study. 
Detailed discussions of health effects and health effects models can be 
found in References 16, 17, and 18. Conversion of population doses in 
man-rem to estimated possible excess cancer deaths was based on the factors 
presented in Table 3. These conversion factors enable a comparison of 
radioactive material transportation risk estimates with other societal 
risks. 

TABLE 3. Health Effects Conversion Factors: Population 
Dose to Maximum Number of Health Effects 

Estimated Excess Cancer Deaths 
Per 106 man-rem(a} 

Organ of Reference Range of Values Value Used 

Lung 16-110 50 

Thyroid 1-15 5 

Bone 2-17 6 

Total Body 50-450 200 

(a) Derived from the BEIR Report. (17) 
(b) From EPA-520/4-73-002 based on BEIR statistics. (18) 

(b) 

The above discussions of health effects applies primarily to the de­
fault values for the dose conversion factors CNVl and CNV2 (see Section 
3.2.2). The discussion of the derivation of these factors has been included 
to provide the reader some familiarity with the concepts involved in deter­
mining these values. The dose conversion factors are basic input elements 
to TRECII and the burden of assigning their values lies with the TREC!I 
user. 
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2.5 RISK SPECTRUM AND TOTAL RISK 

Risk calculations proceed along two parallel and interrelated paths. 
One path characterizes the consequences of an accidental release, and the 
other path determines the frequency of occurrence for each event in the 
consequence analysis. 

As briefly discussed earlier, risk is expressed by the equation: 

(2-7) 

where: 

q represents a number of indices as indicated below. 

The terms inside the first set of parentheses represent the product 
of the amount of material present in a shipment, A, times the fraction of 
that material which is lost to the environment in the ith release sequence, 
FR.' times the expected frequency of occurrence of the release sequence, 

1 
PR.. The two terms in the second set of parentheses represent the conse-

1 
quences of a unit release, CEo , as discussed in Section 2.4, and the 

lq 
expected frequency of encountering a given set of environmental condi-
tions, PE. The expected frequency of encountering a given set of environ­

q 
mental conditions can be expressed as: 

where: 

= P _ P P P P (a) 
Ejkim - k j/k ~/m m 

j is the atmospheric stability classification index 
k is the wind speed index 
~ is the population density index in zone m of the U.S. 
m is the zone index for the shipping routes. 

(2-8) 

(a) Pj / k should be read as the probability of index j given index k has 
occurred. 
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The notation j/k indicates that the expected frequency of encountering the 
jth stability class is a function of the wind speed existing at the time of 
release. Similarly, the expected frequency of encountering the £th popu­
lation density is dependent on the expected frequency that a shipment will 
pass through zone m. The values correspond to the TRECII variables (defined 
in Section 3.2.2) as follows: 

Pk = PU 

P j/k = PS 

Pm = PZ 

P £1m = PO 

The default values for the IIp li in Equation (2-8) are obtained from 
the following tables in this section: 

Pk - Table 1, Column 3 

Pj / k - Table 1, Columns 4-7 

P £/m - Table 2 

Pm - Table 2 

By ~pecifying a value for j, k, ~, and m, one can obtain the expected . 
frequency that an environmental condition will be experienced during a 
shipment. Associated with that frequency is a corresponding value for the 
env~ronmenta1 consequences. The relationship is best summarized by the 
following equation for the environmental term in the risk equation: 

I:(CE. x PE ) = I: (KliK2Anjk(E/Q)njkN£/mPkPj/kPt/mPm) (2-9) 
q 1 q q j kQ,mn 

where: 

K1 i converts grams received to organ dose 

K2 converts organ dose to health effects 

Anjk is the area between isop1eths nand n-1 
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(E/Q)njk is the time integrated air concentration 
received in Anjk per gram released 

N£/m is the population density in the release plume. 

The subscripts and the values for P in Equation 2-9 have been defined 
following Equation 2-8. The product (CEo x PE ) has units of fatalities lq q 
per gram of material released. If several organs received a dose as 
a result of a release, then the product KliK2 for each organ receiving a 
dose must be summed to get the overall effect to the individual. 

By moving the first term in Equation (2-7) inside the summation sign 
the total risk then becomes: 

[KliK2AFRiAnjk(E/Q)njkNt/m] x [PRiPkPj/kPt/mPm] 

Equation (2-10) has been arranged so that the frequency of occurrence 

(2-10) R = 
i ,j ,k,£,m,n 

terms are separated from the consequence terms. 

In Equation (2-10) the frequencies of occurrence and the consequences 
of all accidents are summed to obtain a single annual risk number. This 
number can be thought of as the expected frequency of occurrence of a 
fatality attributable to radioactive material transportation. In addition 
to the total risk number, a risk spectrum must also be considered to dif­
ferentiate between an event which occurs once a year and results in one 
fatality and an event which occurs once in a thousand years but results 
in 1000 fatalities. In order to distinguish between these two events 
which have the same risk but different severities, curves are constructed 
which plot accident severity versus the expected frequency of accidents 
with that severity or greater. The two events described above have 
discrete contributions to this graph. Thus for the risk of two operations 
to be truly comparable, they must have both the same risk number and the 
same risk spectrum. 

Both the risk and the risk spectrum can be obtained from the terms in 
Equation (2-10). The number of fatalities from an accident release 
sequence is expressed by the term inside the first set of brackets. The 
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frequency of the consequence is obtained by calculating the terms within 
the second set of brackets. These two terms can be thought of as pairs of 
numbers. The risk spectrum curves can be obtained by choosing a value for 
N, the number of fatalities, and then scanning the paired sets of numbers 
for any first terms which exceed N. The summation of all second terms which 
have a first term greater than or equal to N is the expected frequency of 
occurrence of accidents which result in N or more fatalities. This is 
one point on the risk spectrum curve. The operation is continued until 
points on the risk spectrum curve are calculated for selected values of 
N down to one fatality. A plot of a sample risk spectrum curve is given 
in Figure 3. 

Events 
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FIGURE 3. Sample Risk Spectrum 
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3.0 INFORMATION TO THE USER 

3.1 GENERAL DESCRIPTION OF THE PROGRAM 

The TRECII output describes the risk of transporting radioactive 
material under specific conditions. To accomplish this, TRECII applies 
a main program and eight subroutines (see Appendix A for program listings). 
The interactions of these subroutines with each other and the main program 
are depicted in Figure 4. 

The main program is titled PROG. Within PROG, all default values are 
assigned (see Appendix B) variable types and common blocks are declared, 
input and output formatting is accomplished, and a small number of summary 
calculations are performed. PROG also implements the majority of the 
subroutine calls and coordinates the various model interactions. 

Atmospheric dispersion modeling of released radionuclides is done by 
the subroutine AREAl. Airborne concentrations are determined by applying 
a bivariate Gaussian dispersion model. Distances to various airborne 
concentrations are determined by subroutines FNDX and SIGZY. Isopleths, 
lines of constant concentration, are identified by AREAl, and land areas 
within these isopleths are estimated by Simpson's Rule for numerical inte­
gration. Average concentrations with each isopleth are calculated by 
numerical averaging techniques. 

Population exposures are calculated by combining average isopleth 
concentration and isopleth area data calculated in AREAl with population 
distribution data provided in PROG. All dose conversion factors are accounted 
for the DOSES subroutine. Data produced in DOSES describes all of the 
potential consequences of every release sequence under co~sideration. 

Probability information describing the likelihood of the above conse­
quences is accounted for by the subroutine RISK1. The probabilities of 
all of the possible weather conditions, population distributions, and 
release scenarios are combined with the consequence terms from DOSES. 
These new values comprise the risk terms and are summed to arrive at the 
total risk for the transportation system under consideration. In addition 

3-1 



to the risk terms and total risk outputs, TRECII estimates the maximum 
number of persons exposed to the release. This is done by sweeping the 
largest of the isopleth downwind distances over the length of the transporta­
tion path. This area is then multiplied by a probabilistically weighted 
population density to determine the largest number of persons likely to be 
exposed to the release. The code also calculates the estimated risk to an 
unspecified individual. 

Finally, TRECII sorts the risk terms according to the magnitudes of the 
consequence. This information is used to create a risk spectrum, such as 
shown in Figure 4. In this figure the units of the abscissa are normally 
fatalities and the units of the ordinate are events per year. If need be, 
the ordinate units can be changed to events per shipment, events per mile, 
or any other units the user finds convenient. The sorting and tabulation 
of these values is performed by subroutine TABLE while the presentation of 
the information is done by TABLEl and TABLE2. 
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* OPTIONAL CALL 

NOTE: Multiple entries into subroutine SIGZY are needed to establish 
dispersion limits and isopleth boundries. 

FIGURE 4. Subroutine Interactions 
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3.2 INPUT DESCRIPTION 

Information input into TRECII covers the following areas: 

• program control 
• weather 
• population distribution 
• radiation health effects 
• shipment characterization 
• failure mode description 

A portion of these are generic in nature and apply to essentially all risk 
assessments. (Default values are listed in Appendix B). Inclusion of these 
variables in the input deck is optional since default values would generally 
apply to all systems. TRECII also has several parameters which are required 
input. These values are normally specific to each transportation network 
under consideration. Default values also exist for these parameters but the 
values are specific to the quality assurance (QA) test case and do not 
generally apply to all transportation networks. Two input formats are 
used to supply this information to TRECII. 

3.2.1 Free Field Format 

For the analysis of large, complex transportation networks, TRECII is 
used in conjunction with the other risk assessment programs as shown earlier 
in Figure 2. For smaller simpler networks, the interaction with these 
programs can be eliminated, in which case additional inputs must be pro-
vided by the user. The tape control card, used to modify the input procedure 
to accommodate these two input options, uses free field formatting. With 
this format, the values of the variables to be read appear in the same order 
as in the READ statement. The values are separated from one another by 
commas or blanks. Only one variable uses this input format in TRECII. Data 
on this card consists of a single integer. A value of zero for this integer 
results in by-passing the interaction with the other risk assessment programs. 
Any other value will initiate data entry from tape unit 2. Discussion of 
external file assignment to this tape unit can be found in Section 4.1. This 
is the only free field input in TREeII. 
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3.2.2 Namelist Format 

The remaining user inputs all use the namelist format. Namelist 
formats differ from free field formats in that the variables do not have 
to appear in any particular order. Also, the variable names appea~ with 
the values, to identify which values apply to which variables (variable 
name followed by an equal sign precedes the value). Variables may appear 
more than once in the namelist group and the last value assigned will be 
used in the program. Array values may be entered sequentially with the 
left most array indices incrementing first. Array value assignment may 
begin anywhere within the array. All variables and sequential values are 
separated by blanks or commas. Several examples of these input options 
are given in Figure 5. Note that the namelist group starts with a "$VARIS" 
and ends with "$ENO". All namelist input cards must be between these two 
cards. Also, column one is always left blank in the namelist group. 
Table 4 presents a list and description of all namelist input variables. 

$VARIS 

IORG = 2,ISO = 4 

( ) _ (a) 
LEVEL 1 - 2,2,4,6,8,7 

CNV2 (4) = 4.0, 

ISO = 3 

PC (76) = 4,93E-7 

$END 

(a)For arrays starting with all 
indices equal to one, the bracketed 
indices may be omitted, i.e., 
LEVEL (1) = is the same as 
LEVEL =. 

FIGURE 5. Sample Namelist Group 
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Variable 
Name 

CNVl 

CrlV2 

DEP 

DMIN 

FRC 

HT 

ISO 

IORG 

KEY 

LEVEL 

LEVTAB 

LL 

PC 

PO 

PRT2 

PS 

PU 

QUTY 

SHIPS 

TIME 

U 

WD 

XMIN 

TABLE 4. Namelist Input Variables 

Variable 
Type 

real array (5,5) 

rea 1 array (5) 

real array (4,3) 

real scalar 

real array (5,250) 

real scalar 

integer scalar 

integer scalar 

integer scalar 

integer array (250) 

real array (8,5) 

integer scalar 

real array (250) 

real array (4,3) 

integer scalar 

real array (4,3) 

rea 1 array (5) 

real array (5) 

real scalar 

real scalar 

real array (5) 

real array (4) 

real scalar 

Parameter Description 

Factor converting g/m3 to rems/sec. 
Value is unique to each isotope and organ. 

Factor converting million man-rems to 
fatalities. Value is unique to each organ. 

Population density for each of 4 zones 
and 3 population regions (persons/rn2). 

Minimum dose to an individual that will be 
considered (mrem/yr). 

Fraction of material released from shipment. 
Value is unique to each isotope,and cutset. 

Height at which material release occurs.(m) 
Normally zero for ground level release. 

Indicates number of isotopes to be considered. 
Maximum of 5. 

Indicates number of organs to be considered. 
Maximum of 5. 

Identifies cutset for which details of risk 
calculations will be provided. 

Assigns release conditions to each cntset 
and specifies the set of release fractions 
to be taken from LEVTAB. 

Presents appropriate release fractions for 
each of the release conditions 
(frac/sec) . 

Identifies the total number of cutsets. 

Cutset probability. 

Probability of a particular population region 
within the 4 population zones. 

Printout priority indicator. 

Probability of a particular atmosoneric 
s tabil ity class. 

Probability of a particular windspeed. 

Quantity of each isotope per package (grams). 

Number of shipments per year. 

Duration of the release (seconds). 

Windspeed (m/s). 

Distance in each population zone per 
shipment (km). 

Minimum distance to the pOint of release 
allowed for the exposure of general public (m). 
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3.3 OUTPUT OPTIONS 

The amount of output produced by the program is controlled by assigning 
particular values to the namelist variable PRT2. The printout options and 
their corresponding values of PRT2 are given in Table 5. A sample of the 
TRECII output for option 4 can be found in Appendix C. Options 5, 6, and 
7 create large amounts of output and are generally used for QA purposes 
only. An explanation of the terms in Table 5 can be found in Section 2.0. 

Printout 
Option 

2 

3 

4 

5 

6 

7 

PRT2 
Value 

Any value 

2 

3 

4 

5 

6 

7 

TABLE 5. Output Options 

Output Description 

Returns input data and accumulated total risk. 

Returns all the above plus the values describing 
the risk spectrum and an estimate of the total 
number of people exposed. 

All the above plus the risks for each cutset 
and isotope. Also plots the risk spectrum. 

All the above plus isopleth areas, boundary 
concentrations and average concentrations. 
Accumulated individual risk and estimated 
number of people exposed. 

All the above plus the values used to calculate 
the risk for a particular cutset. This cutset 
is identified by the namelist variable KEY. 
(If KEY equals zero, the risk data is provided 
for all cutsets). 

All the above plus values used to calculate KEY 
cutset consequences. 

All the above plus values used to calculate KEY 
cutset exposures. 
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3.4 SAMPLE CASE 

To demonstrate the order and number of cards required for a specific 
TRECII run, a sample case has been constructed. This case involves the 
shipment by truck of 180-day-cooled spent fuel. The required input deck is 
shown in Figure 6. The cards beginning with 8 in this figure are control 
cards and will differ from one ·system to another. 

8 RUN TITLE/65/0/0/0, BCA562/USER 10, PROJECT 10, 10, 200 
8 IDENT . USER NAME/USER ADDRESS 
8 PASSWD PASSWORD 
8 ASG, A FILE 1. 
1 OPTIONAL (SEE SECTION 3.2.1) 
8 USE 2.,FILE 1. 
8 ASG, A TREK*TREK 
~ XQT TREK. TRECII 

° $VARIS 
PRT2 = 4, XMIN = 100.0, SHIPS = 469.0, LL = 5, 
CNV1 = 1.8, 0.043, 0.16, 1400.0, 0.0 
49E-4, 0.0, 0.0, 0.0, 0.0, 
4.3,8.0,2.7,0.0,0.0, 
39.0, 207.0, 55.0, 0.0, 0.0, 
7.0E2, 1.5E4, 1.7E3, 0.0, 0.0, 
QUTY = 1.5E-2, 4.4E3, 3.0E5, 6.6E5, 6.1E4, 
PC = 2.3E-6, 7.7E-8, 4.4E-6, 4.4E-7, 6.3E-4 
LEVEL = 1.2,3,4,5, 
LEVT AB (1, 1) = O. 1, O. 1, O. 1, O. 1, O. 1 , 
LEVTAB (1,2) = 0.3, 0.3, 0.3, 0.3, 0.3, 
LEVTAB (1,3) = 3E-4, 4E-4, 3.2E-5, 3.0E-4.3, 3.0E-5, 
LEVTAB (1,4) = 1.2E-6, 1.5E-6, 2.0E-6, 1.0E-5, 1.0E-7, 
LEVTAB (1,5) = 1.2E-6, 1.0E-6, 2.0E-6, 1.0E-5, 1.0E-7, 
WD = 38.11, 104.17, 245.3, 42.68 

$END 
8 FIN 

8 8 
FIGURE 6. Sample Case Input Deck 
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This sample case makes use of the default values of several of the optional 
input variables. Default values are listed in Appendix B. The output 
produced by this sample case is given for output option 4 in Appendix C. 
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4.0 ADDITIONAL PROGRAMMING INFORMATION 

4. 1 EXTERNAL FILE 

TRECII uses one external file. This file, produced as output by 
MFAULT, (3) contains the resultant cutset information for a particular fault 

tree analysis. Information from this file which is pertinent to TRECII is 
LL, the number of cutsets, and PC, the probability of each cutset. To 
use this file it must first be produced by MFAULT and then assigned to 
the TRECII run. The assignment of this file requires the use of two 
control cards. 

~ ASG, A PROJECT 10 *FILE 

~ USE 2., FILE. 

These cards identify where the file is recorded and assigns the logical unit 
2 as its input unit to TRECII. 

4.2 SUBROUTINE DESCRIPTIONS 

As described earlier, TRECII uses eight subroutines in addition to the 
executive program to process risk assessments. A description of these 
nine program elements follows: 

PROG 

AREAl 

FNDX 

SIGZY 

DOSES 

Executive program which reads input, reprints input, 
controls subroutine sequences, and tabulates several 
output data (Figure 7). 

Determines atmospheric concentrations and isopleth geo­
metries (Figure 8). 

Locates the distance to a particular atmospheric 
concentration (Figure 9). 

Calculates proper dispersion parameters for various 
atmospheric conditions (Figure 10). 

Determines number of persons exposed, tabulates the 
extent of the exposure, and converts exposure to 
fatalities (Figure 11). 
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PROGRAM 
TRECII 

MODIFY 
DEFAULT >---. 
VALUES 

NO LAST CUTSET 
AND ISOTOPE 

NO 

PRINT 
EXPOSURE 
ESTIMATION 

AND TOTAL RISK 

FIGURE 7. Executive Program 
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RISKl Evaluates probability of particular situations and 
combines with consequence information to produce risk 

terms (Figure 12). 

TABLE Examines risk terms and accumulates risk terms into 
a risk spectrum format (Figure 13). 

TABLEl Presents risk spectrum in tabular form (Figure 14). 

TABLE2 Presents risk spectrum in graphic form (Figure 15). 

SELECT ATMOS PHER I C 
COND ITION 

DEF INE ISOPLETH 
BOUNDARY CONCENTRATIONS 

CALL FNDX: 
LOCATE D I STANCE TO 

BOUNDARY CONCENTRAT IONS 

PR I NT I SO PLETH 
CALCULATE ISOPLETH l--~aI DIFFERENTIAL 
DIFFERENTIAL AREAS AREAS AND BOUNDARY 

CONCENTRATIONS 

CALCULATE AVERAGE PRINT ISOPLETH 
I--~ AVERAGE 

ISOPLETH CONCENTRATION CONCENTRATION 

FIGURE 8. AREAl 
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CALCULATE 
MINIMUM 

CONCENTRATION 

YES 

YES 

CALL S IGZY: DETERMI NE 
DIS PERS ION PARAMETERS 

DETERMINE CONCENTRATION 
AT TEST LOCATION 

TEST CONCENTRATION 
MATCH TARGET 

CONCENTRAT ION 

FIGURE 9. FNDX 

FIGURE 10. SIGZY 
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CALCULATE POPULATION 
EXPOSURES 

YES PR INT 

CALCULATE POPULATION 
FATALITIES 

YES 

CALCULATE RATIO OF 
FATALITIES TO POSSIBLE 

EXPOSURES 

POPULATION 
EXPOSURE DATA 

PRINT 
POPULATION 

FATALITY DATA 

FIGURE 11. DOSES 
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DETERM I NE CONSEQUENCE 
PROBAB I LlTY 

CALCULATE RISK 
TERMS 

YES PR INT 

ACCUMULATE RISK 
TERMS INTO CUTSET 

RISKS 

RISK TERM DATA 

FIGURE 12. RISK1 
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SORT RISK TERMS 
ACCORD ING TO CONSEQUENCE 

MAGNITUDES 

TABULATE EXPECTED 
FREQUENCY OF EVENTS 

FOR CONSEQUENCE 
MAGNITUDE GROUPS 

ACCUMULATE RISK 
SPECTRUM VALUES 

IDENTIFY BOUNDARIES 
OF RISK SPECTRUM 

DATA 

FIGURE 13. TABLE 
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DETERMINE 

PRINT 
HEADING 

PR INTI NG INTERVAL 

PRINT 
CONSEQUENCE INTERVAL 

AND RISK SPECTRUM 
VALUES 

FIGURE 14. TABLE1 

SET PLOTTING 
INTERVAL 

PRINT 
HEADING 

PRINT 
ORDINATE HEADING, 

RISK SPECTRUM 
VALUES, AND ABSCISSA 

HEAD ING 

FIGURE 15. TABLE2 
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APPENDIX B 

DEFAULT VALUES 



Variable Definitions Given in Section 3.0 

CNV 1: 

CNV2: 

DEP (i ,j): 

DMIN: 
FRC: 
HT: 
IORG: 

ISO: 
KEY: 
LEVEL: 

i 

1 

2 

3 

4 

LEVTAB: 
LL: 
pc: 

PO (i,j): 

PRT2: 

i 

1 

2 

3 

4 

Default values do not apply 
Default values do not apply 
Units are peop1e/m2 

------------------- j ---------------------

1 2 3 

3.586E-3 
1.340E-3 
1.536E-3 
1.693E-3 

100 mrem/yr 

3.170E-4 
3.260E-4 
8.700E-5 
5.000E-5 

Default values do not apply 
0.0 meters 
Default values do not apply 

Default values do not apply 
0.0 
Default values do not apply 
0.0 
Default values do not apply 
Default values do not apply 

2.36E-4 
9.20E-5 
7.00E-6 
1.00E-5 

------------------- j ----------------------

1 2 3 

0.038 0.669 0.293 
O. 115 0.355 0.530 
0.008 O. 173 0.819 
0.005 O. 150 0.845 

3 
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PS (;, j ) : 

----------------------- j ------------------------

; 

1 

2 

3 

4 

5 

1 

o. 136 
0.243 
0.190 
0.240 
0.276 

2 

0.202 
0.274 
0.290 
0.312 
0.348 

PU (i): ; 

QUTY: 

SHIPS: 

TIME: 

V (i): 

0.255 
2 0.508 
3 0.161 
4 0.052 
5 0.024 

Default values do not apply 

Default values do not apply. 

hour 

; 

1.0 meters/sec 
2 3.5 meters/sec 
3 7.0 meters/sec 
4 10.0 meters/sec 
5 18.0 meter meters/sec 

WD: Default values do not apply. 

XMIN: 100 meters 

B-2 

3 4 

0.299 0.363 
0.272 0.211 
0.339 0.181 
0.358 0.090 
0.356 0.020 
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