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ABSTRACT 

This paper presents the development of a FORTRAN compiler 
and an associated supporting software library called ADGEN. 
ADGEN reads FORTRAN models as input and produces an enhanced 
version of the input model. The enhanced version reproduces the 
original model calculations but also has the capability to cal- 
culate derivatives of model results of interest with respect to 
any and all of the model data and input parameters. The method 
for calculating the derivatives and sensitivities is the adjoint 
method. 
computer calculus and saved as elements of an adjoint matrix on 
direct assess storage. The total derivatives are calculated by 
solving an appropriate adjoint equation. ADGEN is applied to 
a major computer model of interest to the Low-Level Waste Com- 
munity, the PRESTO-I1 model. PRESTO-I1 sample problem results 
reveal that ADGEN correctly calculates derivatives of a response 
of interest with respect to 3000 parameters. The execution time 
to create the adjoint matrix is a factor of 45 times the execu- 
tion time of the reference sample problem. Once this matrix is 
determined, the derivatives with respect to 3000 parameters are 
calculated in a factor of 6 . 8  that of the reference model for 
each response of interest. For a single response, the total 
factor of 51.8 compares to a factor of 3000 for determining 
these derivatives by parameter perturbations. 
of the implementation of the adjoint technique for calculating 
derivatives and sensitivities eliminates the costly and manpower- 
intensive task of direct hand-implementation by reprogramming and 
thus makes the powerful adjoint technique more amenable for use 
in sensitivity analysis of existing models. 

Partial derivatives are calculated analytically using 

The automation 

c 
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I. INTRODUCTION 

L . 

. 

Sensitivity and uncertainty analysis are important components of 
any system performance assessment. The role of sensitivity analysis 
is to provide a quantitative measure of the effect of system parameters 
upon key performance indices. Sensitivity analysis also helps limit 
the scope of the more complicated problem of quantifying uncertainties. 
Uncertainty analyses is performed to support reliability studies, to 
produce a cost-benefit analysis in conjunction with cost estimates, 
to insure compliance with regulatory criteria, and to help identify 
important research and development needs. 

Sensitivity analysis of computer-generated results consists of 
determining the effect of model data upon the calculated results of 
interest. Because computer model equations can be differentiated ana- 
lytically, sensitivities can be precisely defined and calculated in a 
deterministic fashion using both direct and adjoint methods.[l-8] The 
deterministic approach is particularly suited to large-scale problems for 
which direct perturbation of the model data as performed using statisti- 
cal analysis techniques becomes impractical from a cost standpoint. But 
despite this recognized advantage, these deterministic methods have been 
rarely employed because of the painstaking initial manpower investment 
need to add the computational capability for calculating the necessary 
derivatives into existing computer models. 

To circumvent this costly manpower investment and thus provide the 
means for model users to take advantage of the strengths of deterministic 
sensitivity analysis, a software system was developed to automate the 
implementation of these methods into existing FORTRAN computer models. 
This system, named GRESS (Gradient-Enhanced Software System), was ini- 
tially developed to solve the direct problem and has been thoroughly 
tested.[9-161 The purpose here is to report on the development and 
availability of the ADGEN (Adjoint Generator) system[l7,18] within GRESS 
that provides the capability of automated implementation of the adjoint 
method into existing FORTRAN models. 

Section I1 provides a review of the direct and adjoint sensitivity 
problem. Section I11 gives an overview of the ADGEN system. Section IV 
discusses the application of ADGEN to a full-scale sample problem. 
Section V summarizes the conclusions and recommendations as a result of 
this work. Sections VI and VI1 discuss the current ADGEN configuration 
and terminology respectively. 





11. DETERMINISTIC 

A brief description of general 
an aid to understanding the problem 

SENSITIVITY ANALYSIS 

sensitivity theory is given here as 
of applying this theory to computer 

models. The example to be discussed will be that of a general set of 
non-linear equations given by 

where y represents the dependent varlable being solved for, c represents 
the user-specified model data or parameter set, and F is a vector of the 
model equations. The particular form chosen in E q .  (1) is one that can 
be used generally to represent equations coded in the FORTRAN programming 
language. The left side of the equation can represent the stored value 
of the variable calculated from the functional formula on the right side. 

Since the number of components of the vector y calculated in any 
typical large-scale modeling problem is large, it is useful to define a 
generic result for such a calculation that is of particular interest to 
the model user. Typically many results will be needed for analysis but 
in most cases they form a much smaller set than the actual set of y 
component values. A typical result will be defined as 

where R is a single number that is a function of the solution to E q .  (1). 
For notational ease, the generic parameter ai will be used to denote any 
individual parameter. The total number of parameters in the problem will 
be assumed to be M so that the index on Qi will run from 1 to M. 

The basic problem in any sensitivity study is to find the rate of 
change in the result R arlsing from changes in any model parameters. For 
the generic parameter ai, then, the quantity of interest is the numerical 
value of dR/dai given analytically by 

Since the functional dependence of R on y through h(y) is defined 
analytically by the model user, only dy/dai needs to be generated in 
order to evaluate E q .  ( 3 ) .  The procedure needed to get dy/dai is to 
differentiate Eq. (1) as follows: 
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Rearranging Eq. (4) yields the following set of coupled equations to 
solve for dy/dai, 

or in more compact form, 

t 

where I is the identity matrix and A, yi, and si are given by 

and 

(5) 

If Eq. ( 6 )  were solved directly for y f ,  the result could be used 
in E q .  ( 3 )  to evaluate dR/dai. This method of sensitivity analysis is 
called the "direct" approach and is a classical methodology that has 
received a great deal of attention in the literature.[l,S] Since Eq. ( 6 )  
must be solved each time a new ai is defined, the direct approach is most 
suitable for problems with relatively few input parameters of interest, 
for problems in which the solution of Eq. ( 6 )  is very inexpensive 
compared to the solution of the model itself. GRESS was the system 
developed to automate the implementation of the direct method into 
existing FORTRAN models. 

For large-scale models with a Large data base in which the ultimate 
objective is still the evaluation of dR/dori for many ai, the intermediary 
step of solving for dy/dai and its inherent computational inefficiency 
can be avoided. For such problems the "adjoint" approach is far more 
applicable. In this methodology, use is made of the fact that Eq.  (6) 
is linear in yf, and appropriate adjoint equations can therefore be 
developed specifically to evaluate Eq. ( 3 ) .  

c 
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Defining the matrix adjoint of A as A* and using the usual defini- 
tion of this adjoint give the identity, 

tr tr 
p1 AV - v A*u , 

where u and v are arbitrary vectors and A* is defined as 

Here the tr superscript represents the transpose of the vector or matrix. 

If specific vectors for the problem at hand are chosen for u and v, 
the problem-specific adjoint equation can be set up as follows: 

A*y* - s* , 

where 

Choosing s* as 

s* = (dh/dy)tr , 

Eq. (3) can now be evaluated as follows: 

where y* is now the solution to 

The simplicity of the adjoint approach lies in the fact that 
E q .  (16) needs to be solved only once to get any and a l l  sensitivities 
in the problem. This is a result of E q .  (16) being independent of 
the definition of ai. 
in the evaluation of Eq. (IS), which involves simple vector products. 

The particular choice of ai is only reflected 
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In essence, the adjoint approach reduces the computational effort needed 
to evaluate &/hi from solving many coupled linear equations to the 
evaluation of several vector products. For large-scale systems with 
many thousands or even millions of parameters, this represents orders 
of magnitude in computational efficiency. 

It should be noted here that both the direct and adjoint equations 
(Eqs. (6) and (16)) are in any case far easier to solve than the original 
model (Eq. (1)). Both Eqs. (6) and (16) are linear while Eq. (1) is 
nonlinear. The direct and adjoint approaches, however, require the 
results of the original model equations to be available in order to 
set up Eqs. ( 6 )  and (16), since the A matrix and the vectors s, and 
s* depend on y.  

In order to carry out the adjoint sensitivity analysis, then, 
the model user must first generate the matrices dF/dy and aF/ac from 
the original nonlinear computer model. For large-scale problems this 
generally requires a great deal of painstaking human effort. First, 
the model equations must be extracted from the computer coding. They 
must then be differentiated with respect to all parameters of interest, 
and finally direct or adj0in.t sets of equations must be set up for com- 
putational solution. 
reduces the human effort involved, potentially by orders of magnitude. 
The advantage of automation of sensitivity model development is therefore 
great indeed. 
a calculus precompiler to add capability to existing FORTRAN computer 
models for solving the adjoint equations. 

Successful automation of this procedure greatly 

The next section discusses an automated system that uses 
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111. ADGEN 

An Automated System for Solving the Ad,Dint Sensitiv ty Prc lem . The basic adjoint equation that ADGEN solves is a somewhat modified 
version of Eq. (16). ADGEN does not initially distinguish the c vector 
as data, but instead treats all real data declarations (READ statements, 
DATA blocks, data set by equations, etc.) as elements of F in which the 
data variable is considered as an element of the y vector. Thus, E q .  (1) 
becomes 

and 

or 

. 

Defining Uj - ( 0 ,  0, 0 
the j th element of y, 
matrix, is carried out 

, . . . , 1, . . . , 0Itr where the unit element denotes 
the calculation of dy /dy, a row of the dy/dy 
by multiplying Eq. (19)  by uj to give 

ADGEN computes and stores the (I - llF'/d~)~~ matrix and solves for 
the desired dyj/dy. Note the similarity of Eq.  (20) and E q .  (16). The 
dyj/dy vector contains the derivatives of the model result of  interest, 
yj, with respect to the entire y vector, which includes the data. 
can be shown that the yk solution of E q .  (16 )  is a subset of dyj/dy 
solved from Eq. (20). Equation (2) is thus directly generalized to 
dR/dy - (dh/dy) (dy/dy) where dy/dy is the general solution given by 
solving E q .  (20) for the yj needed to define h(y). Alternately, the 
equations defining h(y) can be added to the model and the appropriate 
dyj/dy calculated using Eq. (20).  

It 

A key component in the ADGEN system is an interpretor routine 
(INTPXX) that actually solves the real equations during execution of the 
computer model. INTPXX is a math processor, specifically developed to 
calculate derivatives of the mathematical operations at the same time 
the mathematical operations are being performed. In order to use INTPXX, 
the application model is precompiled with EXAP.[19] EXAP works like 
a FORTRAN compiler, in that it identifies all real number replacement 



operations and creates the sequence of instructions (i.e., P-code) neees- 
sary to perform those operations with PNTPXX. Each equation is replaced 
by a call to INTPXX with the terms in the equation as arguments in the 
subroutine call. During program execution, when any mathematical opera- 
tion is performed (e.g., data initialization, intrinsic function, arith- 
metic, etc.), the derivatives of the left-hand-side variable with respect 
to the variables on the right-hand-side of that equation are immediately 
calculated, and become available as a secondary output from the TNTPXX. 
For adjoint matrix generation, the derivatives, dF/ay, are output f o r  
later processing by matrix solving routines (i.e-, YSOLVE and TMAT). 

ADGEN only calculates derivatives for real-variable replacement 
operations. That is, a variable being defined by some arithmetic or data 
initialization operation must be declared explicitly or implicitly to be 
of type real in the FORTRAN program. 
real variables are supported. 

Both single and double precision 

There is a distinction between a FORTRAN variable name and the 
mathematical variable name. The FORTRAN name i s  associated with a 
single location in the memory space of  the computer. 
name is associated with the row or equation number in the solution 
sequence. If a given FORTRAN variable is redefined, mathematically, it 
is not the same variable, Each time a variable (i.e*, memory location) 
is redefined, the left-hand side of  the equation becomes a new element 
in y. For x = x + 5.0, the x on the left and the x on the right repre- 
sent two different locations in the solution vector y. 

The mathematical 

ADGEN only recognizes real-variable store operations as valid equa- 
tions (i.e., the left side variable in a FORTRAN equation must be real), 
since continuous derivatives are to be calculated. A l s o ,  the left hand 
side o f  an equation i.s treated as a separate component of y each time it 
is executed (including each execution in a DO LOOP). 

The application of ADGEN to an existing FOK7'W model consists of 
a step in which the reference model is read as input to E M P .  This step 
consists primarily of  a rearrangement of the program data structure and 
a substitution of calls to the interpretive software. The two output 
files of this step are thus the enhanced model and the binary P-code 
file. These two files and a set of ADGEN software subroutines supporz.hg 
the enhanced model are compiled and run as a normal FORTRAN program to 
produce both the reference model results and the adjoint matrix. The 
adjoint equation, Eq. (20) is subscquently solved by the ADGEN solution 
module using the adjoint matrix and UJ as input. 

require a substantial amount o f  storage capability. The storage diffi- 
culties are counterbalanced by features of E¶. (20) that make the ADCEN 
calculation of y* both practical and cost e€ficient. Note that the 
matrix (I - dF/a~)~' is upper triangular. Thus Eq. (20) is easily solved 
by back substitution and the elements of y* can be successivel.y stored in 
the space allocated for the u . ADGEN circumvents the necessity to store 
the adjoint matrix in memory l!y using an efficient scheme for solving 
Eq. (20) based upon retrieval of  portions of (I - dF/i3~)~' from off-line 
storage and segmenting the calculatlon o f  derivatives. 

Although on1 the non- 
zero elements are saved, the storage o€ the matrix (I - aF/dy) ?r may 
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IV. APPLICATION OF ADGEN TO PFSSTO-11 

The first large-scale test of ADGEN was performed on the PRESTO-I1 
computer model.[20] PRESTO-I1 (Prediction of Radiation Effects from 
Shallow Trench Operations) is a computer code designed for the evaluation 
of possible health effects from shallow-land and waste-disposal trenches. 
The model is intended to serve as a non-site-specific screening model for 
assessing radionuclide transport, ensuing exposure, and health impacts 
to a static local population for a 1000-year period following the end of 
disposal operations. Human exposure scenarios considered include normal 
releases (including leaching and operational spillage), human intrusion, 
and limited site farming or reclamation. 
sit from the trench to an individual or population include groundwater 
transport, overland flow, erosion, surface water dilution, suspension, 
atmospheric transport, deposition, inhalation, external exposure, and 
ingestion of contaminated beef, milk, crops, and water. Both population 
doses and individual doses, as well as doses to the intruder and farmer, 
may be calculated. 
are calculated for the population over the 1000-year period using a life- 
table approach. Sample input data are available for three example sites: 
Barnwell, South Carolina; Beatty, Nevada; and West Valley, New York. 

Pathways and processes of tran- 

Cumulative health effects in terms of cancer deaths 

1V.A. Processing PRESTO-I1 with ADGEN 

There are phases in using ADGEN in application to an existing 
FORTRAN 77 program, such as PRESTO-11. 

1. Precompilation with EXAP. 

2. Creation of the adjoint matrix. 

3 .  Solving of the adjoint matrix for selected results. 

During the precompilation phase, any FORTRAN syntax that is not 
ANSI-X3.9/1978 FORTRAN 77,  or is not compatible with EXAP for any reason, 
must be identified and possibly re-coded into a more standard, EXAP 
compatible form. PRESTO-I1 was developed in FORTRAN IV, and therefore, 
was not fully compatible with EXAP. The modifications, however, only 
impacted CHARACTER variables, and did not affect the numerical calcula- 
tions. Far most codes developed on VAX/VMS systems, or IBM type personal 
computers, little or no modifications are required. 

Once PRESTO-I1 is successfully enhanced with EXAP, and then compiled 
and linked with the ADGEN library routines, it is now ready for execu- 
tion. During execution, the ADGEN interpretive software claculares the 
derivatives for each equation, and outputs these derivatives (the forward 
matrix) with addressing information necessary to create the adjoint 
matrix. The forward matrix is a temporary data set that may be deleted 
once it is finished being used to produce the adjoint matrix. The actual 
adjoint matrix is then created by running the TMAT utility program to 
replace the addresses with row numbers and create the direct access 
adjoint matrix data set necessary for the solution phase. 
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Parame ter identification occurs during the enhancement and execu- 
tion process. By default any real variable that is defined via a FORTRAN 
rend statemeiit is automatically added to the Parameter Dictionary. 
Parameter Dictionary contains the row number the parameter name the 
parameter value, and the parameter's virtual address. 
output during the execution of the enhanced code, and becomes input to 
the YSOLVE program. 

The 

Th is  data set is 

For P R E S 1 0 - T I ,  well over 100,000 reah variables were entered via 
read statements. To limit the actual number of declared parameters, the 
automatic parameter declaration option was "switched off '#  with an ADGEN 
utility siibroutine (i. e, ~ DECMRXX)  . FOP user selected read statements, 
D E C U K X X  was used t o  temporarily switch automatic declaration on, and 
cause selected input variables to be added to the Parameter Dictionary. 
This resulted in a parameter dictionary wlth approximarely 2900 terms. 

Sirnf-larly, results of interest are added to a Response Dictionary: 
however, there j s 110 automatic option for response identification. For 
each response of interest, the user inserts a call to subroutine P O T M ,  
wtth the response's FORTRAN name and a descriptive string as arguments. 
The descriptive string is usually the name of the variable. For example, 
if K Cs a result of  interest, then immediately after R i s  calculated, the 
following call t o  PO'PPXX would result in R being added to the Response 
Dictionary. 

CALL POTRXX(R, 'K') 

The Response Dictionary contains the r o w  number, virtual address, 
descriptive string, and the value for each response indi-cated by the 
execution of a ca l l  to FOTRXX. 

Finally, the adjoint matrix i s  solved using, the ADGEN utility, 
YSOLVE YSOLVE will calculate and report the derivatives far a single 
result o f  interest selected from the Rcsporise Dictionary with respect 
t u  a1.l the parameters in the Parameter Dictionary. YSOLVE can be re- 
executed to solve for additional results in the Response Dictionary, 
without the necessity of re-creating the adjoint maq,t.rix. However, if 
parameters or results not included in either dictionary are desired, then 
i t  wlll be necessary to insert the appropriate calls into the enhanced 
code and re-create both dictionaries. 

A complete description of how to enhance a code, eenerate an adjoint 
m a t ~ r i x ,  and solve the adjoint matrix i s  included in the "GKESS Version 
0.0 User's Manual." Also provided are descriptions of YSOLVE, TPZAT, and 
limitations of  the present version of FXAP. 

1 V . B .  Sample Problem Description 

The sample problem chosen for the demonstration and testing o f  
tlre application of ADGEN to PRESTO-I1 is the Barnwell sample problem 
described in R e f . ,  20. This problem calculates a time-dependent radiation 
dose I-a man from transport of 40 radiontic1ides. The variables considered 
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well known include TDEPTH (trendy depth), OVER (overburden), DWELL (dis- 
tance to nearest well), the atmospheric data, BDENS (soil bulk density), 
STFLOW (stream flow), PD (site boundary to nearest stream), S A R E A  (area 
of contaminated surface soil, and the radiological decay data. Less 
well known are WATL (fraction of irrigation water taken from the well, 
PORA, PORT, PORS (porosity of aquifer, trench, and surface region), P E W  
(permeability of the trench bottom), DENCON (density of the trench con- 
tents), RELFAC (annual release fraction for activity leading from the 
trench), GWV (ground water velocity), AQTHK (aquifer plume), ADEPTH 
(active depth of the soil), and RUNOFF (fraction of annual precipitation 
that runs off). 
known are TRAM (initial inventory of each radionuclide), KD (distribution 
coefficient), SOAM (initial amount of spillage onto the surface, SOL 
(solubility of the stored radionuclides), BR and BV (plant uptake factors 
for grain and fruits), FMC and FMG (forage-to-milk transfer factors for 
cows and goats), and FF (forage-to-beef transfer factors). 

The radionuclide specific parameters that are poorly 

The sample problem input is listed in Appendix A, and the sample 
problem output at 1000 years in listed in Appendix B. 
problem input and output are given in Ref. 2Q. 

The full sample 

1V.C. Vertfication of Derivatives and Sensitivities 

The capability of the ADGEN enhanced version of PRESTO-I1 to 
correctly calculate analytic first derivatives using the computer cal- 
culus was tested by comparison of ADGEN derivatives to those estimated 
by direct parameter perturbation and by derivatives calculated by the 
direct method option within GRESS. ADGEN calculates the derivatives 
based upon the adjoint method. 

First, derivatives of various responses after 5 years of burial 
to several parameters were verified by perturbing the parameters by one 
percent. The results are shown in Tables P and 2. The comparison shows 
the ADGEN derivatives are correctly calculated. The small differences 
were shown to be a result of higher order effects by further reduction 
of the difference between the perturbed and reference parameter values. 

Table 1. Perturbation analysis results 

Response Par ame t e r ADGEN Derivative Direct Derivative 
(1% Pert.) 

TTC BDENS 8.04 E-12 
TTQ BDENS 3.87 E-09 
TTM BDENS 8.08 E-14 
TTC PORS -1.68 E-12 
TTQ PORS -8.10 E-10 
TTM PORS -1.69 E-14 

7.98 E-12 
3.84 E-09 
8.03 E-14 

-1 .69  E-12 
-8.10 E-10 
-1.69 E-14 



12 

Table 2. Perturbation analysis for the response o f  TTC 

Parameter ADGEN Derivative Direct Derivative 
(1% Pert.) 

BDENS 
PORS 
CHIQ 
RE 3 
PPN 
ULEAFY 
QCW 
FI 
QFC 
UMEAT 

8.04 E-12 
-1.68 E-12 
1.30 E-02 
4.27 E-03 
-5.15 E-11 
9.41 E-14 
0.00 E+OO 
0.00 E+OO 
3.56 E-13 
5.25 E-14 

7.98 E-12 
-1.69 E-12 
1.30 E-02 
4.10 E - 0 3  
-5.09 E-11 
9.41 E-14 
0.00 E+OO 
0.00 E+OO 
3.56 E-13 
5.25 E-14 

Note however, that as the perturbation of a parameter value is 
decreased, the calculation of the first derivative may not be possible 
because of computational precision and thus the calculation of first 
derivatives by perturbation may not always be straightforward. 

After preliminary verification of derivatives for the 5 year case 
showed that selected derivatives were properly calculated, derivatives 
of several responses to various data of interest were computed using the 
direct and adjoint methods. Comparisons of derivatives from these two 
methods are shown in Tables 3 and 4 .  

Table 3. 
with the ADGEN and CHAIN options for result TBEQ 

Comparison of derivatives calculated 

Row Number Parameter Name CHAIN Option Adjoint Option 

47122 
47123 
47124 
47125 
47126 
47127 
47128 
47129 

PCTl 
PCT2 
WWATL 
WWATA 
WWATH 
SWATL 
SWATA 
SWATH 

O,OOQOOOE+OO 
0.000000E+00 
-7.6952773-05 
6.0190853-05 
1.6761953-05 
3,7065433-05 
5.1891553-07 
2.100382E-06 

0.000000E+00 
0.000000E-1-00 
.7.69528E-05 
6.01908E-05 
1.67619E-05 
3.706543-05 
5.189163-07 
2.100383-06 
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Table 4 .  Comparison of derivatives calculated 
optfolns for result TTC w i t h  the ADGEN and CHAI 

Row Number Parameter Name CHAIN Option Adjoint Option 

47122 
47123 
47124 
47125 
47126 
47127 
47128 
47129 

PGTl 0.00QOOOE+QO 
PCT2 0.00QOOOEc00 
WWATL -3.704423-02 
WWATA 2.89753E-02 
W A T H  8.06887E-03 
SWATL 1 .'J843QE-82 
SWATA 2.49803E-04 
S WATN l.OP180E-03 

O.Q00000E+OQ 
O.Q80000E+00 
-3.70442E-02 

2.897.533-02 
8.06887E-03 
1.78430E-02 
2.498Q3E-04 
1.0111QE-Q3 

c 

All the derivatives compare almost exactly to the number of  sig- 
nificant figures shown. The reason for comparing the ADGEN results to 
the direct results calculated by the CHAIN option within GRESS is that 
the calculation of derlvatives using the GRESS method has been thoroughly 
tested over the past several years.[kl-l6] Recall, however, that the 
derivatives of a response to all the parameters is determined in a single 
solution of the adjoint equation ( E q .  (20))  (single execucion of ADGEN) 
whereas the direct method used in GRESS requires the equivalent of solv- 
ing the direct equation ( E q .  ( 6 ) )  for each parameter for which deriva- 
tives are desired. 
to many paramters by comparison with the GRESS CHAIN option was performed 
for testing purposes only. 
within ADGEN is performed by identifying which elements of y are parame- 
ters and which elements are potential responses. The parameters are 
identified by their row number of the adjoint matrix, variable name, 
parameter value, and the virtual memory location in a parameter diction- 
ary. This information i s  used to assign the derivatives of a response 
with respect to the parameters in a format: usable to the analyst. 
Appendix A is an example of this derivative identification format and 
lists a selection o f  the parameters identified f o r  the PRESTO-11 sample 
problem. Appendix C gives the derivatives of the response TBEQ with 
respect to the listed parameters. A comparison of computational times 
for solving the adjoint and direct sensitivity problems for the PRESTO-I1 
sample problem is summarized In the next section. 

Thus verification of  ADGEN derivatives with respect 

The bookkeeping of parameters and responses 

1V.D. Comparison of ~~~~~ wfth the DPrect Method 

The adjoint matrix (I - i3F'/dy)tr in E q .  (20) is upper triangular by 
deflnition and the solution to Eq. ( 2 0 )  is obtained by back substitution. 
Although the solution i s  straightforward in principal, the fact that the 
adjoint matrix is upper triangular requires that the adjoint matrix is 
upper triangular requires that: the entire matrix be saved to calcul.ate 
derivative vector dy*/dy. This I s  in contrast to the solution of the 
direct method of appiykng the chaln ru le ,  E q .  (6), for which dy/dxi can 
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be computed by forward substitution ((I- aF/ay) is lower triangular) and 
the element of (I- aF/ay) need only be stored for each row as dy/dai is 
solved. The solution of the adjoint equation, then, is storage inten- 
sive, but capable of determining the derivative of a single response with 
respect to all parameters. 
storage of (I- aF/ay) and solves for the derivatives of all responses 
with respect to a single parameter. The particular choice of the desired 
derivatives then dictates whether the use of the ADGEN or CHAIN option 
within GRESS is most appropriate for the particular problem of interest. 

The direct chain method does not require the 

Both the ADGEN and CHAIN options were applied to the PRESTO-I1 
sample problem. The adjoint matrix for this problem is 8,054,068 rows 
in size. ADGEN stores only the non-zero elements of the adjoint matrix 
with each element identified by its row and comumn number. Figure 1 is 
a plot of the matrix for the PRESTO-I1 sample problem with each marker 
representing a submatrix 2 , 0 0 0  x 2,000 in size with at least one non- 
zero element. ( 2 0 )  
is performed by segmenting the solution of dy./dy to take advantage of 
the sparse nature of the adjoint matrix, and iringing into memory only 
a portion of  the adjoint matrix at a the. This segmentation makes 
possible the calculation of dyj/dy given system memory availability, 
although the cost of input and output of the adjoint matrix can become a 
sizable proportion of the overall solution cost as the available memory 
decreases. A comparison of computation times for the ADGEN and CHAIN 
options for the PRESTO-11 sample problem are summarized in Table 5 .  
The number of parameters (data) and responses for this problem both 
number in the thousands. Calculation of derivatives of all responses 
(thousands) with respect to two data values using the CHAIN option 
requires an increase in execution time from 44 seconds (Reference PRESTO- 
11) to 1,560 seconds (GRESS-enhanced PRESTO-11), a factor of  35.5. 
Conversely, calculation of derivatives of a single response with respect 
to all the data (thousands of parameters) requires 2 , 2 7 9  seconds (using 
ADGEN) for the first response. This time is that required to create 
the adjoint matrix ( 1 , 9 8 0  seconds) and to calculate derivatives ( 2 9 9  
seconds). For each additional response of interest, 2 9 9  seconds are 
required to calculate derivatives of the response to all the data. 
The 2 , 2 7 9  seconds and 2 9 9  seconds represent factors of 5 1 . 8  and 6 . 8 ,  
respectively, over the referrence model run time. These factors clearly 
indicate that the adjoint approach using ADGEN is very cost effective 
compared to estimating derivatives by parameter perturbations. 
evaluating the sensitivities of a large subset of the data base, ADGEN 
is orders of magnitude more cost effective than direct parameter 
perturbations. 

The back substitution computation of  dyj/dy in E¶. 

For 
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F i g .  1. Adjoint matrix structure for the PRESTO-I1 sample problem. 
Each cross denotes a 2,000 x 2,000 submatrix w i t h  at least one non-zero 
element. 



1 6  

Table 5 .  Comparison of execution times and storage requirements 
for dexivat~lve-entlan@eme~~ a% the PRESTO-I1 computer model by 

the GRESS direct apprsach and the ADGEN adjoint approach 
.... ...... ____.......- __._- .......... 

PRESTO-IT Reference Hodel PRESTO-PI, DerPvative Enhancement 

Compilation Time, s 4 8  
Link Time, s 3 
Run Time, s 44 

ADGEN 

Create Adjoint Hatrix (1 - af/dy)tr 
a 

Calculate Derivative o f  Response With 
Respect to 3000 Parairieters 

Precompilation Time, s 29 
Compilation Time, s 49 
Link T i m e ,  s 1, 

Run Time Ratio to Reference 
(SI 

1 , 9 8 0  4 5 . 0  

299  6 . 8  

CHAIN 

Calcul.ate Derivative of 8000 Responses 
With Respect to 2 parameters 1,560 3 5 , 5  

Calculate Derivative of  8000 Responses 
With Respect to 8 Parameeers 3,816 41.3 

aThis matrix is created only  once and can be used for calculating 
derivatives of  one or more responses with respect to all the data or 
any subset thereof using the adjoint approach. 

Note however, that the direct access storage requirements using the 
ADGEN system is quite ‘LaKgt?, eviclencod by the 1 4 3 . 5  megabyties needed to 
stare the adjoint matrix f o r  the PRESTO-IT si3nlple problem. 

The availability of  both the ADGEN and CHAIN options allow the 
analyst t o  compute model derivatives atid sensitivities €OK a w L d e  range 
of applications. The CHAIN o p t i o n  is inore suited f o r  calculation of 
derivatives of many responses w i t h  respect *Lo a li-nited number of input 
parameters. ADGEN i s  more suited for calculating derivatives of a few 
responses with respect to a large number of parameters. In either case, 
the first derivative and sensitivities are  analytically exact and can be 
printed and/or saved by simple user instructions in addition to normal 
model results. 

. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

c 

Automated implementation of the adjoint method for calculating 
model derivatives and sensitivities into existing FORTRAN models using 
ADGEN has been tested and verified on a major model of interest to the 
low-level waste community. The potential for significant computational 
and manpower savings using ADGEN for problems with a large data base 
has been quantitatively demonstrated from the PRESTO-11 sample problem 
results. 
response of interest with respect to 3000 parameters in 2,279 seconds, 
a factor of 51.8 that of the reference run. Thls factor is to be com- 
pared with a factor of 3000 if the derivatives are obtained by direct: 
perturbation. Moreover, once the adjoint matrix is created, the time 
required to calculate 3000 derivatives with respect to other responses 
of interest is 2 9 9  seconds, a factor of 6 . 8 .  

The use of ADGEN is shown to produce the derivatives of a 

Major improvements are planned for subsequent versions of PBGEN. 
In particular, the storage requirements for the adjoint matrix can be 
significantly reduced if the elements of dy/dy that are not needed for 
subsequent calculation of the derivatives of interest are eliminated. 
Secondly, the vectors dyj/dy for j - 1, M can be solved in a fraction of 
the time required to solve for a single vector dyj/dr N times by making 
maximum use of information each time segments of the adjoint matrix are 
brought into memory. Preliminary tescing of these ideas has produced 
encouraging results. 

, 
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The development of the ADGEN system involved three major efforts 
leading to the following products: (1) a new GRESS precompiler named 
Exdip, that includes the option to calculate derivatives using the 
original GRESS direct method or the op t ion  to calculate and s tore  rhe 
forward matrix,  (2) the TMAT and YSOLVE routines for solving the large, 
sparse linear system of equations defined by E ¶ .  ( 2 0 1 ,  and (3) an e f f i -  
cient ”dictionary“ for identification of the model data and results 
within the y vector and f o r  identification ~f the corresponding deriva-  
tives dyj/d-y. 
~ Q W  included wtthin the GWESS Code Package. 
EXAP precompiler have been extensively tested on approximately 10 rna.jor 
models over the past several years. 
undergone relatively nuch less testing and are not as user friendly 

Originally &eveloped as a stand-alone system, ADGEPJ is 
The GRESS system and ?be 

The ADGEN solution m o d t i l . ~ ~  have 

at this p o i n t ,  

Computer manual documentation of ADGEN is lncluded i n  the ““GRESS 
Version 0 . 0  User’s Wiinual.’~ 
from the Radiation Shielding Infsmatfon Center at Oak Ridge Nat lonaP 
Laboratory. A request. forni is included at the end of the r e p o r t ,  

The CRESS 0.0 code package is available 
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VII. TERMINOLOGY 

ADGEN. Anjoint GENerator. That part of GRESS that automates calculation 
of derivatives using the adjoint method. 

ADJOINT. 
matrix. 

Option flag in the EXAP precompiler for producing the adjoint 

Adjoint Matrix. 
derivatives identified by row and column number information. The data 
set is created by restructuring the forward matrix for reading sequen- 
tially from the last record to the first reconrd, and by replacing the 
virtual addresses with column and row number information. 

A direct access output data set containing partial 

CHAIN. 
by the direct sensitivity method using the chain rule. 

Option flag in the EXAP precompiler for calculating derivatives 

Dependent Variable. 
value is at least partially determined by one OK more independent 
variables. 

Any program calculated real number variable whose 

Enhanced Model. The reference model. enhanced for gradient calculation. 

EKAB. EXtended Arithmatic Processor. The FORTRAN precompiler in GRESS 
tha t  enhances a FORTRAN computer with (1) the capability to calculate 
derivatives by the direct method of chain rate application or (2) the 
capability to produce the adjoint matrix for subsequent calculation of 
derivatives by the adjoint method. 

Forward Matrix. 
containing partial derivatives identified by virtual address. 

An output data set from an adjoint application 

Forward Solution. 
prior to precompilation. 

The results that are obtained by running the code 

GRESS. GRadient Enhanced Software System. The overall software system 
consisting o f  the EXAP precompiler, run-time library routines, and the 
TMAT and YSQLVE routines required by ADGEN. 

Barameter. Any real number variable, input or calculated, that is 
explicitly declared to be a parameter. 

Precompilation. 
enhanced FORTRAN program. 

A line-by-line translation of a FORTRAN program into an 

Pseudo-code (P-codel. A sequence of Integers that specifies the 
mathematical relationship between the term on the LWS and the terms on 
the RtQS for each equation. 

Reference Model. The user's source code prior to enhancement with EXAP, 

Response. 
gradient calculation. 

Any program calculated real number selected by the user for 
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APPENDIX A 

PRESTO-I1 SAMPLE PROBLEM INPUT 



** INPUT DATA AS READ IN ** 

BARNWELL -- 40 NUCLIDES 
BARNWELL SC 
lOC0 40 

4 000 

.01 

1.130 

.56 

.61 

8.0 

23.7 

3.1 
18.5 

9150. 

43.3 

2.4 

1. 

.49 

1 2  
2 5 0 .  

.4 
914. 

.19 
0 

5 0 .  
.73 

199. 

A - 3  

H - 3  

H-3 

C-14 

C-14 

C-14 

FIN-54 

MN-54 

MN-54 

FE-55 

1 10G 

0 

.1 

1002.3 

.60 

.66 

9.3 

15.2 

3.3 

12.5 

6.7 

914. 

.01 
7. 7E-9 

.23 

1.6 

. 0 5  

.53 

2160. 

6. 

.015 

190. 

34499. 

0.01 

0.20 

9.5 

0.01 

0.20 

9737. 

159 
0.20 

65672. 

200 1 

1.0 

0 

.64 

.64 

12.9 
12.4 

5.8 

6.7 

1.5 

2.15 

.4 

1.OE-6 

0.27 
5300 

240. 

24. 

48. 

60. 

110. 

3.4E-4 

0.01 

0 . 2 5  
9.5E-8 

0.01 

0.25 

9.7E-5 

150 
0 . 2 5  

6.6E-4 

1 0 1 0 0 0  100 0 0 

1.0 1.0 0.0 

33.2 

.70 .68 .65 

.69 
18.0 22.3 25.9 

8.4 

10.3 15.5 19.2 

2.6 

0.4 2. 0 

25 0.3 0.4 

.01 8000. 300, 

-.15 1.OE-11 0.0 

.30 .30 1.0 

305.0 0.01 

.0021 

1440. 

96. 

8. 

0. 

0 

0.01 

4.8E-0 

0.01 

5.5E-0 

0 

1.50 

2.5E-1 

720. 

336. 

480. 

50. 

95. 

0 

0.01 

4. BE-0 

0.01 

5.5E-0 
0 

150 

5.OE-2 

1440. 

336. 

9.9 

370, 

5.64E-2 

1.3E-2 

1.21E-4 

1.2E-2 

8.09E-1 

2.5E-4 

2.571-1 

1 1 1000 

0.0 0.0 

.65 .65 

27.1 26.7 

21.2 21.2 

1.0 .09 

0.4 43.3 

.01 

0.0 

77 .94 

1. 

8000. 7033. 

I. 7E-1 1.2E-2 

1.0E-1 3.lE-2 

1.5E+2 

2.53-4 8.OE-4 

5; 
N 



FE-55 

FE-55 

NI-59 

NI-59 

NI-59 
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co-60 

co-60 

81-63 
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ZN-65 
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SB-125 
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0.20 
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150 

0.20 

432755. 

55. 

0.20 

11029. 

150. 

0.20 

7613. 

16. 
0.20 

1682. 

0. 
.20 

2617. 

27. 
.20 

2617. 

2 7 .  
r20 

0.0 
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0.20 
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0.0 

220. 
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16. 
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45. 
0.20 

5 5 .  

0.25 
55. 

4.OE-3 
5 5 .  

l.0E-3 I. 2E-3 
8.66E-6 
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GBLET=20,20,2O,hEND 

&RNUCLD NONCLD-40, 

NUCLID~'B-3','C-14','MN-54','FE-55','NI-59','CO-6O','NI~63', 
'~N-~5','KR-85','SR-90','Y-90','NB-Q4','TC~99','RU~106', 

'CD-10~','SB-bZ5','1-125','1-129','CS-134','CS-137','BA-137M', 
'CE-141','CE-144','PM-147','RE-187','PB-210','TU-226', 
'T~-232','~-233','U-234','U-235','U-236','U~236','PU~238', 

'PU-239','PU-241','AM-241','PU-242','AM-243','CM-243', 
PSIZE- 0 ,  0,1.0.1.0,1.0,1.0.1.0,1.0, 0 ,l.O,l.O,l.O,l.O ,l.O, 

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0~1.0, 

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0*1.0,1.0,1.0, 
RESP=' I , '  9 1 1 W ' , 1 W ' 1 1 W 8 , D Y 8 , * W a , D Y ~ , ~ * B ,  

'Y','Y','Y','W','Y', 
' ','W','D','D','D','D','D', 

,'W','W','W', Iyl,tyl,ty,,, I 

'Y','YJ,rY~,'Y','Y','Y','Y','Y', 
'Y','Y','Y','Y', 

GIABS= 

0.0, 9.5E-1,0.0,0.0, 

0.0, 9.5E-1,0.0,0.0, 
0.0, l.OE-1,0.0,0.0, 

0.0, l.OE-1,0.0,0.0, 

0.0, 5.OE-2,0.0,0.0, 
0.0, 5.OE-2.0.0,0.0, 

0.0, 5.OE-2,O.O.O.O. 

0.0, 5.0E-1,0.0,0.0, 
0.0, 0.0 ,o.o,o.o. 
0.0, l.OE-2,0.0,0.0, 

0.0, l.OE-2,0.0,0.0, 
0.0, l.OE-2,0.0,0.0, 

0.0, 8.OE-l,O.O,O.O, 

0.0, 5.OE-2,0.0,0.0, 
0.0, 0.0 , o .o ,o .o ,  
0.0, 2.OE-l,O.O,O.O, 

0.0, 9.5E-1,0.0,0.0, 
0.0, 9.5E-1,0.0,0.0, 

0.0, 9.5E-1,0.0,0.0, 

0.0, 9.5E-1,0.0,0.0, 



0.0 ,  
0.0, 

0.9, 

0 . 0 ,  

0 . 0 ,  

0 .0 ,  

O.G, 

0 . 0 ,  

0 . 0 ,  

9.5E-1,O. 0,O. 0, 
3.OE-4,0.O,G.O, 
3.OE-4,0.0,0.0, 
3.OE-4,0.0,0.0, 
0.0 . o . o , o . o ,  

2.OE-1,0.0,0.0, 
I.OE-l,O.G,O.O, 
2.OE-1,0.0,0.0, 
2.OE-1.0.0.0.0, 

0.0, 2.OE-3,0.0,0.0, 
0.0, 2.OE-3,0.0,0.0, 
0.0, 2.OE-3,0.0,0.0, 
0.0, 2.OE-3,0.0,0.5, 
0.0, 2.5E-3,0.0,0.0, 
0.0, 1.OE-3,O.C,0.0, 
0.0, l.OE-4,0.0,0.0, 
0.0, l.OE-3,0.0,0.0, 
0.0, l.OE-3,0.0,0.0, 
0.0, 1.OE-3,0.0,0.5, 
0.0, 1.0E-3,0.0,0.0, 

&END 
&LOCTBL NTLOC=O,RNLOC='SUM 

OGLOC-'SUM 
PTLOC=7,FALOC=l,HLLOCI1,LTABLE=3,hEND 
&OBGANF NORGB=18,0RGB='R MAR ','ENDOST ','*PUL* I ,  

'MUSCLE ','LIVER ',IS WALL ','PANCREAS','LLI WALL', 
'KIDNEYS ','BL WALL ','ULI WALL','SI WALL ','OVARIES I ,  

'TESTES ','SPLEEN ','';TERilS ','THYMUS ','TBYROID ' ,  
ITATH=5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5, 

ORGDAT=.1559,.0147,.2908,.1908,.0746,.0415,.0581,.0332,.0166,.0166, 

.0166,.0083,.0083,.0083,.0083,.0083,.0083,.0405,&END 

DECLARING VARIABLE 32462 AS PARAMETER 1 

DECLARING VARIABLE 32463 AS PARAMETEX 2 

DECLABING VARIABLE 32477 AS PARAMETER 3 
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PRESTO-11: A MODEL FOR PREDICTING THE MIGRATION OF RADIOACTIVE WASTES 
FROM SHALLOW TRENCH BURIAL SITES 

RSIC PACKAGE CCC-504, 1987 RELEASE 

BARNWELL -- 40 NUCLIDES 

*** CONTROL INFORMATION *** 

THE BURIAL SITE IS LOCATED AT BARNWELL SC 
THE SIMULATION WILL RUN FOR 1000 YEARS AND WILL INCLUDE 40 NUCLIDES 
LEACHING OPTION NUMBER 1 WILL BE USED 
IN YEAR 100 ,0.01 OF THE CAP WILL BE ASSUMED TO FAIL 

THIS WILL CONTINUE UNTIL 0.10 HAS FAILED IN YEAR 200 
CAP MAY ALSO FAIL BY SURFACE EROSION 
VERTICAL WATER VELOCITY WILL BE CALCULATED USING INFILTRATION AND POROSITY 
LENGTH OF VERTICAL SATURATED ZONE WILL BE CALCULATED USING INFILTRATION AND POROSITY 
POPULATION INDICATOR IS 1 

GENERAL POPULATION EXPOSURE WILL BE USED TO CALCULATE HEALTH EFFECTS 
1.000 OF IRRIGATION WATER WILL BE GOTTEN FROM WELL 
1.000 OF DRINKING WATER FOR ANIMALS WILL BE GOTTEN FROM WELL 
1.000 OF DRINKING WATER FOR HUMANS WILL BE GOTTEN FROM WELL 
0.000 OF IRRIGATION HATER WILL BE GOTTEN FROM STREAM 
0 . 0 0 0  OF DRINKING WATER FOR ANIMALS WILL BE GOTTEN FROM STREAM 
0.000 OF DRINKING WATER FOR HUMANS WILL BE GOTTEN FROM STREAM 

TRENCH CAP INFILTRATION WILL BE CALCULATED FROM HOURLY PRECIPITATION 

**e CLIMATIC INFOREATION *** 

THE AVERAGE ANNUAL PRECIPITATION IS 1.130 METERS 
THE AVERAGE ATMOSPHERIC PRESSURE IS 1002.30 MBAR 
THE LATITUDE OF THE SITE IS 33.20 
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*** AIR-POODCBAIN INFORMATION *** 

I R 

AGRICULTURAL PRODUCTIVITY FOR GRASS 0.13 KGfM**2 
AGRICULTURAL PRODUCTIVITY FOR VEGETATION 0.53 KG/M**2 
SURFACE DENSITY FOR SOIL 2 4 0 . 0 0  KG/M**2 
WEATEER DECAY CONSTANT 0.00 l/HOURS 
PERIOD PASTURE GRASS EXPOSURE GROWING SEASON 720.00 EOURS 
PERIOD CROP/VEGETATION EXPOSURE GROWING SEASON 1440.00 EOURS 
PERIOD BETWEEN HARVEST PASTURE GRASS AND INGESTION BY ANIMAL 0.00 BOURS 
PERIOD BETWEEN STORED FEED AND INGESTION BY ANIMAL 2160.00 HOURS 
PERIOD BETWEEN HARVEST LEAFY VEGETABLES AND INGESTION BY MAN(M.1.E.) 2 4 . 0 0  HOURS 
PERIOD BETWEEN EARVEST PRODUCE AND INGESTION BY MAN(M.I.E.1 1440.00 HOURS 
PERIOD BETWEEN EARVEST LEAFY VEG AND INGESTION BY MAN(G.P.E.1 336.00 HOURS 
PERIOD BETWEEN EARVEST PRODUCE AND INGESTION BY MAN(G.P.E.1 336.00 EOURS 
FRACTION OF YEAR ANIMALS GRAZE ON PASTURE 0 . 7 7  
FRACTION OF DAILY FEED THAT IS FRESE GRASS 0.34 

AMOUNT OF FEED CONSUMED BY CATTLE 50.00 KG 
AMOUNT OF FEED CONSUMED BY GOATS 6.00 KG 
TRANSPORT TIME FEED-MILL-RECEPTOR FOR M.I.E. 48.00 EOURS 
TRANSPORT TIME FEED-MILL-RECEPTOR FOR G.P.E. 96.00 BOURS 
TIME FROM SLAUGHTER OF MEAT TO CONSUMPTION 480.00 HOURS 
ABSOLUTE HUMIDITY OF TRE ATMOSPHERE Q.gO G/M**3 

FRACTIONAL EQUILIBRIUM RATIO FOR C-14 1.90 



*** WATER-FOODCHAIN INFORMATION *** 

FRACTION OF YEAR CROPS ARE IRRIGATED 0.73 
IRRIGATION RATE 0.01 L/(M**2-H) 
AMOUNT OF WATER CONSUMED BY COWS 60.00 L/D 
AMOUNT OF WATER CONSUMED BY GOATS 

AMOUNT OF WATER CONSUMED BY BEEF CATTLE 50.00 LID 

8.00 LID 

*** HUMAN INGESTION AND INHALATION RATZ INFORMATION *** 

ANNUAL INTAKE OF LEAFY VEG 190.00 KILOGRAMS PER YEAR 
ANNUAL INTAKE OF PRODUCE 190.00 KILOGRAMS PER YEAR 
ANNUAL INTAKE OF COW'S MILK 110.00 LITERS PER YEAR 
ANNUAL INTAKE OF GOAT'S MILK 0.00 LITERS PER YEAR 
ANNUAL INTAKE OF MEAT 95.00 KILOGRAMS PER YEAR 
ANNUAL INTAKE OF DRINKING WATER 370.00 LITERS PER YEAR 
ANNUAL INHALATION RATE OF AIR 8000.00 CUBIC METERS PER YEAR 
A POPULATION OF 7033. WILL BE CONSIDERED 

1 



*** NUCLIDE I N F O ~ T I O N  *** 

Y 

NUCLIDE 

8-3 

C-14 

MN-54 

FE-55 

HI-59 

CO-60 

NI-63 

ZN-65 

KR-85 
SR-90 

Y-90 

NB-94 
TC-99 

RU-106 

CD-109 

SB-125 

1-125 

1-129 

CS-134 

CS-137 

BA-137M 

CE-141 

CE-144 

PM-147 

RE-187 

PB-210 

RA-226 

T8-232 

U-233 

U-234 

U-235 

U-236 

U-238 

AUT IN TRENCB 

GI 

3.44993+04 

9.5000E+00 

9.73702+03 

6.56723+04 

O.OOOOE+OO 

4.3276E+05 

l.l029E+04 

7.6130E+03 

1.68203+03 

2.61701+03 

2.6170E+03 

0.0000E+OO 

6.1OOOE+O1 

0.0000E+OO 

1.6000€+01 

2.7000E+00 
0.0000E+OO 

0.0000E+OO 

3.7069E+04 

2.8940E+05 

2.8940E+05 

5.47001+02 

2.160OE+03 

1.7900E+02 

1.5000E+00 

2.2000E+01 

6.0000E-01 

1.31100E+00 

0.0000E+OO 

3.0000E+00 

3.5000E+00 
5.0000E-01 

3.06303+03 

SPILLAGE 

CI 

3.4000E-04 

9.50003-08 

9.70003-05 
6.60003-04 

0.0000E+OO 

4.30003-03 

1.1000E-04 
7.6000E-05 

1.7000E-05 

2.60003-05 

2.6000E-05 
0.0000E+OO 

6.1000E-07 

0.0000E+OO 
1.6000E-07 

2.7000E-08 

0.0000E+OO 

0.0000E+00 

3.7000E-04 

2.90OOE-03 

2.9000E-03 

5.5000E-06 

2.2OOOE-05 

1.8000E-06 

1.5000E-OB 

2.2000E-07 

6.0000E-09 

1.3U00E-05 

0.0000E+OO 

3.0000E-08 

3.5000E-08 

5.0000E-09 

3.lOOOE-05 

STREAM AMT 
GI 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+00 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 
0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 
0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+00 

0.0000E+OO 

O.OGOOE+OG 

0.0000E+OO 

0.0000E+00 

O.OOOOE+OO 

INFORMATION ON INDIVIDUAL NUCLIDES 

AMT IN AIR 
CI 

0.0000E+OO 

O.OOOOE+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 
0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+00 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+00 

0.0000E+OO 

0.0000Et00 

0.0000E+00 

0.0000E+OO 

0.00003+00 

0.00003+00 

DECAY CONST 

1IY 
5.6400E-02 

1.2100E-04 

8.0900E-01 

2.5700E-01 

8.66003-06 

1.3200E-01 
6.2900E-03 

1.0400E+00 

6.47003-02 

2.4200E-02 

2.42006-02 

3.4700E-05 

3.2500E-06 

6.89003-01 

5.45001-01 

2.5000E-01 
4.22OOE+OO 

4.0800E-08 

3.36001-01 

2.31003-02 

2.31OOE-02 

7.7800E+00 

8.9000F+00 
2.6400E-01 

1.4700E-11 

3.1100E-02 

4.34003-04 

4.9300E-11 

4.28OOE-06 

2.8300E-06 

9.8500E-10 
2.9600E-08 

1.5500E-10 

SOLUBILITY CONST 

G/ML 
0.0000E+OO 

O.OOOOE+OO 

1.5000E+02 

O.OOOOE+OO 

0.0000E+OO 

I.OOOOE+02 

0.0000E+00 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 
0.0000E+OO 

0.0000E+OO 

0.0000E+OO 
O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 
0.0000E+OO 

3.0000E+02 

3.0000E+02 

3.0000E+02 

0.0000E+OO 

1.DOOOE+B9 

O.OOOOE+OO 
O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+00 

0.0000E+00 

O.OOOUE+OO 

O.OOGOE+OO 
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c 

RE-187 

PB-210 

RA-226 

TH-232 

L'-233 

U-234 

U-235 

U-236 

U-238 

PU-238 

PU-239 

PU-241 

AM-241 
PU-242 

AM-243 

CM-243 

NUCLIDE 

H-3 

C-14 
MN-54 

FE-55 

NI-59 
CO-60 

NI-63 

ZN-65 

KR- 8 5 

SR- 90 
Y- 90 
NB-94 

TC-99 

8.U-106 
CD-109 

SB-3.25 

1-125 

7.5UE+OO 

5.40E+02 

2 .ZOE+O% 
6.00E+04 

4.50E+01 

4.50E+01 

4.50E+01 

4.50E+01 

4.50E+01 

1.8OE+03 

1.8OE+03 

1.80E+03 
8.10E+02 

1. BOE+03 

8.10E+O2 

3.30E+03 

RETENTION 

IN AIR 

2.00E-01 

2.00E-01 

2.OOE-GI 

2. OOE- 01 
2.00E-01 

2.00E-01 

2.OOE-01 

2.00E-01 

2.00E-01 

Z.OFE-0: 

2.OOE-01 

2.OOE-01 

2.00E-01 

2.0OE-91 

2.0OE-01 

2.30E-01 

2.OCE-01 

RETENTION 

IN WATER 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2. SOE-01 

2.5OE-01 

2.50E-01 

2.5OE-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.5GE-01 

2.5OB-01 
2.50E-01 

2.5GE-01 

TRANS COEFF 
SOIL-V CROP 

D/KG 

4.80E+00 
5.50E+00 

2.50E-01 

4.00E-03 

6.00E-02 

9.40E-03 

5.00E-02 

1.50E+00 

O.OOE+OO 
2.50E+0@ 

2.50E+00 

2.OOE-02 

B.50E+OO 

7. SOE-02 

5.50E-01 

2.00E-01 

1.00E+00 

TRANS COEFF 

SOIL-R CROP 

D/KG 

4.80Et00 

5.50E+00 

5.OOE-02 

1.00E-03 

6.00E-02 

9.40E-03 

6.00E-02 

9.OOE-01 

O.OOE+OO 

2.50E-01 

2.5OE-01 

5.00E-03 

1.50E+00 

2.OOE-02 

1.50E-01 
3.00E-02 

1. OOE+OG 

TRANS COEFF 

VEG-COW MILK 
D/KG 

1.00E-02 

1 . 2 0 E - 0 2  

2.50E-04 

1.20E-03 

6.70E-03 

1.00E-03 

6. TOE-03 

3.90E-02 

2.OUE-02 

8.00E-04 

8.00E-04 

2.50E-03 

2.50E-02 

I. OOE-06 
1.30E-04 

I. 50E-03 
6.00E-03 

TRANS COEFF TRABS COEFF 

VEG-GOAT MILK VEG-MEAT 

DIKG D/KG 

1.20E-02 1.70E-01 

3.10E-02 1.00E-01 

2.50E-04 8.60E-04 

1.30E-1.94 4.00E-02 

6.702-03 5.30E-02 

1.00E-03 1.30E-02 

5.303-02 6.70E-03 

3. QOE-02 3.00E-02 

2.00E-02 2.OOE-02 

1.40E-02 6.00E-04 

1.402-02 6.00E-04 
2.50E-03 2.5OE-03 

4.002-01 2.50E-02 

1.00E-05 1.OOE-05 

1.30E-04 5.30E-04 

4.OOE-03 1.5OE-03 

6.OOE-02 6.00E-02 



1-128 

CS-134 

CS-137 
BA- 13 7M 

CE-141 

CE-144 

PM-147 

RE-187 

PB-210 

RA-226 

TH-232 

U-233 
U-234 

U-235 

U-236 

U-238 

PU-238 

PU-239 
PU-241 

AM-241 

PU-242 
AM-243 

CM-243 

2.00E-01 

2.00E-01 

2 .  DOE-01 
2.00E-01 

2.00E-01 

2.00E-01 
2.00E-01 

2.OOE-01 

2.00E-01 

2.00E-01 

2.00E-01 

2.00E-01 

2.00E-01 

2.00E-01 

2.00E-01 
2.00E-01 

2.00E-01 
2.00E-01 

2.00E-01 

2.00E-01 
2.00E-01 

2.00E-01 

2.00E-01 

2.50E-01 

2.50E-01 
2.50E-01 

2.5OE-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 
2.50E-01 

2.50E-01 

2.50E-01 
2.50E-01 

2.50E-01 
2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

2.50E-01 

1.00E+00 

1.00E-02 

1.00E-02 

1.00E-02 

1.00E-02 
1.00E-02 

1.OOE-02 

1,50E+00 

1.OOE-05 

1.50E-02 

1.OOE-05 

1.OOE-05 

1.00E-05 

1.00E-05 

1.OOE-05 

1.00E-05 

4.50E-04 
4.50E-04 

4.50E-04 

5.5OE-03 
4.50E-04 

5.50E-03 
8.50E-04 

1. DOE+OO 

1.00E-02 

1.00E-02 

1.00E-02 

4.00E-03 
4.00E-03 

4.00E-03 

3.50E-01 

1.00E-05 

1.50E-03 

1.00E-05 

1.00E-05 

1. DOE-05 

1.00E-05 
1.OOE-05 

1.00E-05 

4.50E-05 
4.50E-05 

4.50E-05 

2.50E-04 
4.50E-05 

2.50E-04 

1.50E-05 

6.00E-03 

1.20E-02 

1.20E-02 

1.20E-02 
1.00E-04 

1.00E-04 

5.00E-06 

2.50E-02 

1.00E-05 

1.50E-02 

1.OOE-05 

1.00E-05 

1.00E-05 

1.OOE-05 

1. DOE-05 

1.00E-05 

1.50E-06 
1.50E-06 

1.50E-06 
O.OOE+OO 

1.50E-06 

O.OOE+OO 
O.OOE+OO 

6.00E-02 

3.00E-01 

3.00E-01 

3.00E-01 
1.00E-04 

1.00E-04 

5.00E-06 

2.50E-02 

1.00E-05 

1.50E-02 

1.OOE-05 
1.00E-05 

1.OOE-05 
1.OOE-05 

1.00E-05 

1.00E-05 

1.50E-06 

1.50E-06 

1. 5OE-06 

O.OOE+OO 

1.50E-06 

O.OOE+OO 
O.OOE+OO 

6.00E-02 

4.00E-03 

4.00E-03 
4.00E-03 

1.20E-03 

1.20E-03 

4.80E-03 

8.00E-03 

1.OOE-05 
3.40E-02 

1.00E-05 

1.OOE-05 

1,OOE-05 
1.00E-05 

1.OOE-05 
1.OOE-05 

8.00E-03 

8.OOE-03 

8.00E-03 

0.00E+00 

8.00E-03 

O.OOE+OO 
O.OOE+OO 
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NUCLIDE 

8- 3 
C-14 

MN-54 

FE-55 

NI-59 

CO-60 

NI-63 

ZN-65 

KR-85 
SR-90 

Y-90 

NB-94 

TC-99 
RU-106 

CD-109 

SB-125 
1-125 

1-129 

CS-134 

CS-137 

BA-137M 

CE-141 

CE-144 

PM-147 

RE-187 

PB-210 

RA-226 

TH-232 

'3-233 
u-234 

11-235 
U-236 

U-238 

PU-238 

VERTICAL 

RETARDATION 

1.0400E+00 

1.0400E+00 

6.0100E+02 

2,2100E+02 

6.0100E+02 

2.21003+02 

6.0100E+02 
6.5000E+01 

1.0000E+00 

1.0900E+02 

1.0900E+02 

1.4010E+03 

1.1320E+00 

8.81003+02 

2.78QOE+Ql 

1.8100E+02 

1.0400E+00 

1.0400E+00 

4.4010E+03 

4.40103+03 

4.40103+03 

4.4010E+03 

4.40103+03 
2 . 4  500E+02 

3.1000E+01 

2.1610E+03 

8.81001+02 

2.40003+05 

1.8100E+02 

1.8100E+02 

1.8100E+02 

1.8100E+02 

1.8100E+02 

7.20101+03 

VERTICAL 

TIME Y 
1.4009E+00 

1.4009E+00 

8.09591+02 

2.97703+02 

8.09593+02 

2.9770E+02 

8.0959E+02 

8.7559E+01 

1.3471E+OO 

1.4683E+02 

1.4683E+02 

1.8872E+03 

1.5249E+00 

1.18683+03 

3.74486+01 
2.43823+02 

1.4009E+OO 

1.4009E+00 
5.9284E+03 

5.92843+03 

5.9284E+03 
5.9284E+03 

5.92843+03 

3.3003E+02 

4.17593+01 

2.9110E+03 

1.1868E+03 

3.2330E+05 

2.43823+02 

2.43823+02 

2.43823+02 

2.4382E+02 

2.4382E+02 

3.70023+03 

INITIAL CALCULATIONS 

HORIZONTAL 

TIME r 
4.4212E+02 

4.42126+02 

2.55493+05 

9.3951E+04 

2.5549E+05 

9.39513+04 

2.55493+05 

2.76333+04 

4.2512E+02 
4.6338E+04 

4.63383+04 

5.95593+05 

4.8123E+02 

3.7453E+05 

1.1818E+04 

7.6946E+04 

4.4212E+02 

4.42123+02 

1.8709E+06 

1.87093+06 

1.8709E+06 

1.8709E+06 

1.8709E+06 

1.04153+05 

1.3179E+04 

9.1868E+05 

3.7453E+05 

1.0203E+08 

7. F;946E+OI, 

7.69463+04 

7.6946E+04 

7.6946E+04 

7.6946E+04 

3.06138+06 

BREAK TRRU 

TIME Y 
4.43523+02 

4.4352E+02 
2.5630E+05 

9.4248E+04 

2.5630E+05 

9.4248E+04 

2.56303+05 

2.7720E+04 

4.26462+02 

4.6485E+04 

4.6485E+04 

5.97483+05 

4,82763+02 

3.75716+05 
1.1856E+04 

7.71903+04 

4.4352E+02 

4.4352E+02 

1.87693+06 

1.8769E+06 

1.8768E+06 

1.8769E+06 

1.87691+06 

1.04483+05 

1.3220E+04 

9.2159E+05 

3.75713+05 

1.0235E+08 

7.7190E+04 

7.7190Ef04 

7.71903+04 

7.71901+04 
7.71903+04 

3.0710E+06 



PU-239 7.2010E+03 9.70021+03 7.2010E+03 3.0613%+06 3.0710E+06 
PU-241 7.20103+03 9.7002E+93 7.20103+03 3.0613E+06 3.0710E+O6 

AM-241 3.24106+03 4.36583+03 3.24103+03 1.37783+06 1.3822E+06 

PU-242 7.20iOE+03 9.7002E+03 7.2910E+03 3.OS13E+06 3.07103+06 

AM-243 3.24103+03 4.3658E.tO3 3.2410E+03 1.3778E+06 1.3822E+06 

CM-243 1.3201E+64 1.7783E+O4 1.3201E+04 5.61203+06 5.6297E+06 

ANNUAL SOIL LOSS IS 3.13153-01 KILOGRAMS PER SQUARE METER 

OR 1.9572E-04 METERS IS REMOVED FROM THE SURFACE 

ANNUAL INFILTRATION INTO TRENCX IS 0.7127 METERS 

VERTICAL WATER VELOCITY IS 1.7816 METERS PER YEAR 

NORMALIZED DOWN WIND ATMOSPHERIC EXPOSURE PER UNIT SOURCE RELEASE IS 0.7700E-08 CI/H**3 PER CIlSEC 

WATER OUTFLOW FROM TREPdCX BOTTOM IS APPROACEING DILUTION VOLUME IN AQUIFER FOR YEAR 1 



APPENDIX B 

PRESTO-I1 SAMPLE PROBLEM OUTPUT 

. 



ANNUAL SUMMARY FOR E A R  1000 OF TEE SIMULATION 

EJUCLIDE 

H-3 

c-14 

MN- 54 

?E-55 

NI-59 

CO-60 

HI-63 

ZN-65 

KR-85 

SR-90 

Y-30 

NB-94 

TC-99 

XU-106 

CD-109 

SB-125 

1-125 

1-129 

cs-134 

cs-137 

TPTE TRENCZ CAP BAS HAD iO.00 PER CENT FAILURE 
THE MAXIMUM CALCULATED WATER DEPTH IN TRENCH DURING THE YEAR IS 0.00 METERS 

6.0440E+03 CUBIC METERS OF WATER LEFT BOTTOM OF TRENCH 
0.0000E+OO CUBIC METERS OF WATER OVERFLOWED TRENC3 

NUOLIDE TRANSPORT INPORMATLON 

AMOUNT IN 
TRENCH 

CI 
O.OOOOE+OO 

7.30673-36 

0.0000E+00 

0.0000E+00 

O.O000E+00 

O.00002+00 

1.4693E+O: 

0.0000E+00 

0.0000E+00 

1.2788E-08 

1.2788E-08 

0.0000E+00 

1.2467E-35 

0.000OE+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

3.0000E+00 

0.3000E+00 

2.55812-05 

TRENCH 

OVERFLOW 

CI 
0.0000E+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

O.O000E+OO 

0.0000E+00 

0.0000E+00 

0.0000E+00 

0 . 0 0 0 0 € + 0 0  

O.OOOOE+OO 

0.0000E+OO 

0.00002t00 

0.0000E+00 

O.DOOOE+OO 

0.0000E+00 

0.0000E+00 

O.O000E+00 

0.0300E+00 

O.OOOOE+OO 

0.0000E+00 

TRENCH 

DRA I XAGE 
CI 

O.OOOOE+OO 

0.0000E+00 

O.OOOOE+00 

0.0000E+OO 

0.0000E+00 

o.ooooz+oo 
4.5215E-03 

0.0000E+00 

0.0000E+OO 

2.3343B-11 

2.3343E-11 

0.0000E+00 

0.0000E+00 

0.0000E+OO 

0.0000E+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

0.3000E+00 

1.15083-03 

AMOUNT AT 

WELL 

CI 
O.O000E+OO 

0.0000E400 

0.0000E+00 

O.0000E+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

O.OOOOE+OO 
0.0000E+00 

O.OOOOE+OO 

0.0000E+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

O.OOOOE+OO 

PJ.OOOOE+OO 

0.0000E+00 

0.0000E+OG 

O.OOOOE+00 

O.OOOOE+OO 

W 
I 

r..Y 
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NUCLIDE ATMOSPHERE DOWNWIND 

8- 3 

C-14 

MN-54 

FE-55 

NI-59 

CO-60 

NI-63 

EN-65 

m-85 
SR-90 

Y-90 
NB-94 

TC-99 
RU-106 

CD-109 

SB-125 

1-125 

1-129 
CS-134 

CS-137 

BA-137M 

CE-141 

CE-144 

PM-147 

RE-187 

PB-210 

RA-226 

TH-232 

U-233 

AVERAGE 

CIIM**3 
3.31993-29 

9.8134E-33 

7.3018E-27 

8.0465E-26 

0.0000E+OO 

6.1648E-25 

2.3424E-26 

2.33271-27 

O.OOOOE+OO 

3.2720E-27 

3.2728E-27 

O.OOOOE+OO 
2.07763-31 

0.0000E+00 

4.7630E-30 

3.1248E-30 

0.0000E+OO 

0.0000€+00 

5.54831-26 

6.3042E-25 

6.9042E-25 
3.6902E-31 

4.81583-31 

2.2372E-28 

8.7700E-31 

5.0436E-29 

1.35392-30 

3.8087E-30 
0.0000E+00 

MAXIMUM 

CI/M**3 

3.3193E-26 

9.8115E-30 

6.36343-24 

6.4594E-23 

0.0000E+OO 

4.7687E-22 

1.6104E-23 

2.20373-24 

0.0000E+OO 

2.6082E-24 

2.6092E-24 

0.0000E+OO 

2.07621-28 

0.0000E+00 

4.5072E-27 

2.53563-27 

0.0000E+00 

0.0000E+00 

4.2435E-23 

4.5479E-22 

4.5479E-22 

3.6898E-28 

4.6156E-26 

1.7685E-25 

7.8786E-28 

3.3733E-26 

9.llOBE-26 

2.11571-27 

0.0000E+00 

AVERAGE CONCENTRATIONS OVER THE YEARS 1 TO 1000 OF THE SIMULATION 
MAXIMUM ANNUAL CONCENTRATIONS 

YEAR 

1 

1 

1 

1 
0 

1 

1 

1 
0 

1 

1 
0 

1 

0 

1 

1 

0 

0 

1 

1 

1 
1 
1 

1 

1 

1 

1 

1 

0 

AVERAGE 

CI/M**3 

1.44943-16 

2.8685E-09 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+00 

5.3814E-19 

O.OOOOE+OO 

0.0000E+00 

O.OOOOE+OO 
1.9406E-08 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 
O.OOOOE+OO 

0.0000E+OO 

0.0000E+00 

0.0000E+60 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+00 

0.0000€+00 

0.0000E+00 

O.OOOOE+OO 
O.OOOOE+OO 

IN WELL 

MAXIMUM f 

CI/M**3 

1.23268-13 

2.41468-06 

0.0000E+00 

0.0000E+00 

O.OOOOE+OO 
O.OOOOE+OO 
0.0000E+OO 

0.0000E+OO 

5.3814E-16 

0.0000E+OO 

0.0000E+00 
0.0000E+00 

1.19753-05 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

0.0000E+OO 

0.0000€+00 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

0 . 0 0 0 0 E + 0 0  

0.00OOE+00 

O.OOOOE+OO 

!EAR 

444 

444 

0 

0 

0 

0 

0 

0 

427 

0 

0 

0 
4 83 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

AVERAGE 

CI/M**3 

1.3594E-11 

4.0183E-15 

2.9065E-13 

1.2041E-11 

0.0000E+00 

1.1120E- 10 

4.35583-12 

6.8570E-13 

6.74lOE-13 

1.03023-12 

1.03023-12 

O.OOOOE+OO 
2.5805E- 14 

0.0000E+00 

3.32871-15 

5.44533-16 

Q.OOOOE+OO 

O.OOOOE+OO 
5.3372E-13 

4.6106E-11 

4.6106E-11 

1.3735E-18 

1.7920E-18 

3.07BBE-16 

6.3424E-16 

4.3927E-15 

2.5170E-16 

1.26673-16 

0.0000E+00 

IN STREAM 

MAXIMUM 

CI/M**3 

1.3586E-08 

4.0158E-12 

1.73633-10 

4.8068E-09 

0.0000E+OO 

3.5487E-08 

4.39403-10 

5.6371E-10 

6.74103-10 

3.95533-10 

3.95533-10 

O.OOOOE+OO 
2.5751E-11 

0.0000E+00 

2.7534E-12 

2.3062E-13 

O.OOOOE+OO 
0.0000E+OO 

1.5769E-10 

1.6922E-09 

1.69228-09 

1.3729%- 15  
1.79181- 15 

1.2000E-11 

4.2965E-13 

2.5568E-13 

1.6950E-14 

1.44323-16 

O.OOOOE+OO 

YEAR 

1 
1 

1 

1 
0 

1 

1 

1 

1 

1 
1 
0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

0 

w 
I 
in 



U-234 

U-235 

U-236 

U-238 

PU-233 
PU-239 

PU-241 

AH-241 

PU-242 
AM-243 

CH-243 

4.8161E-30 
5.61883-30 

8.02893-31 

4.97673-27 
4.94653-31 

2.52353-31 

0.OOOOE+00 

O.OOOOE+OO 
O.OOOOE+OO 

0.0000E+00 

E ) . O O O O E + O O  

3.61753-27 

4.22043-27 

6.02923-28 

3.7381E-24 

3.20213-28 

1.61371-28 

O.OOOOE+OO 
0.000OE+OO 

0.0000E+00 

O.OODOE+OO 

O.O006B+OO 

1 

1 

1 

1 

1 

a 
0 
0 

0 

0 

0 

O.OOOOE+00 
O.OOOOE+OO 

0.0000E+OD 

O.OOOOE+OO 
O.OOOOE+UO 
O.OOOOE+OO 
0.0000E+00 

O.OOOOE+OO 
O.OOOOE+00 

O.OOOOE+OO 
0.00003+00 

O.OOOOE+OO 
0.0000E+00 

O.OOOOE+UO 

0.00003+00 

0.0000E+00 

O.OOOOE+OO 

O.OOOOE+OO 
0.000OE+00 
0.0000E400 

O.OOOUE+OO 
O.OOOOE+OO 

0 
0 

0 
0 

D 
0 

0 
0 

0 

0 
0 

1.26743-15 

1.47863-15 

2.1123E-96 

1.3096E-12 

4.4104E-17 

4.20683-17 

O.OOOOE+OO 

0.00003+00 

0.0000E+00 

0.00003+00 

O.O0DOJ+OO 

3.29023- 13 
3.3336E-13 

5.4837E-14 

3.399QE-10 

7.28113-15 

3.66932-16 
I).OOOOE+00 

0.0000E+00 

0.0000E+50 

O.UOUOE+OO 
0.0000E+OO 

1 

a 
1 

a 
i 
1 
0 

0 

0 
0 

0 

. I 

bl 
I 
a 



RADIONUCLIDE CONCENTRATION IN FOODS DUE TO ATMOSPHERIC DEPOSITION 
PIC0 CURIES PER KILOGRAM 

NUCLIDE 

H-3 

C-14 

MN-54 

FE-55 

NI-59 

03-60 

NI-63 
ZN-65 

KR-85 

SR-90 

Y-90 

NB-94 

TC-99 

RU-106 

CD-109 

SB-125 

1-125 
1-129 

CS- 134 

CS-137 

BA-137M 

CE- 14 1 

CE-144 

PM-f47 

RE-187 

PB-210 

RA-226 

TH-232 

u-233 

U-234 

u-235 

U-236 
u-238 

LEAFY YEG 

M.I.E. 

1.25762-15 

6.7467~-ia 

4.37033-11 
4.8944E-10 

O.OOOOE+OO 

3.7828E-09 

1.98753-10 

1.4266E-11 

0.0000E+OO 

9.362OE-11 

9.3620E-11 

O.OOOOE+OO 

1.5890E-15 

O.OOOOE+OO 
2.9619E-14 

1.9700E-14 

0.0000E+00 

0.0000Et00 

3.36411-10 

4.34033-09 

4.3403E-09 

1.6201E-15 

2.0259E-15 

1.36171-12 

1.567BE-14 

3.0995E-13 

1.13333-14 

2.2221E-14 

0.0000E+OO 

2.96433-14 

3.4 584E- 14 

4.94063-15 

3.06323-11 

PRODUCE 

M.I.E. 

1.2576E-15 

6.74673-18 

3.8010E-11 

4.69273-10 

0.0000E+OO 

3.7030E-09 

1.9854E-10 

1.1853E-11 

0.0000E+00 

2.73623-11 

2.7362E-11 

0.0000E+OO 

1.3277E-15 

0.0000E+00 

2.64113-14 

1.8348E-14 

0.0000E+OO 

0.0000E+O0 

3.1863E-10 

4.32411-09 

4.32413-09 

4.60653-16 

4.8066E-16 

1.3035E-12 

7.79593-15 

3.0839E-13 

8.63203-15 

2.2221E-14 

0.0000E+OO 

2.9643E-14 

3.4584E-14 

4.94063-15 
3.0632E-11 

LEAFY YEG 

G.P.E. 
1.2576E-15 

6.74671-18 

4.2462E-11 

4.8498E-10 

0.0000E+00 

3.765l.E-09 

1.98701-10 

1.37481-11 

0.00OOE+00 

9,35393-11 

9.35393-11 

0.0000E+00 

1.5890E-15 

0.0000E+00 

2.9050E-14 

1.9525E-14 

0.0000E+00 

0.0000E+00 
3.32413-10 

4.3367E-09 

4.33671-09 

1.2280E-15 

1.4756E-15 

1.349OE-12 

1.5676E-14 

3.0960E-13 

1.13333-14 

2.22213-14 

0.0000E+OO 

2.9643E-14 

3.45843-14 

4.9406E-15 
3.06323-11 

PRODUCE 

G.P.E. 
1.25763-15 

6.7467E-18 

4.20903-11 

4.8472.E-10 

0.OOOOEtOO 

3.7651E-09 

1.9870E-10 

1.3523E-11 

O.DOOOE+00 
2.74451-11 

2.7445E-11 

0.0OOOE+00 

1.3277E-15 

O.OOOOE+OO 

2.8289E-14 

1.893%-14 
0.0000E+00 

0.0000E+00 

3.324 1E- 10 

4.3367E-09 

4.3367E-09 

1.2280E-15 

1.47 56E-15 

1.3476E-12 

7.7959E-15 

3.0960E-13 

8.6324E-15 

2.22213-14 

O.OOOOE+OO 

2.9643E-14 

3.45842-14 

4.94063-15 

3.0632E-11 

COW'S MILK 

M.I.E. 

6.2878E-16 

4.0480E-18 

1.1SOlE-12 
6.6158E-11 

O.OOOOE+OO 
4.2833E-10 

1.2860E-10 
5.8a72~-ii 

0.0000E+00 

4.77191-12 

4.7719E-12 

O.OOOOE+OO 

4.0430E-15 

O.OOOOE+OO 

4.3879E-16 

3.26431-15 
O.OOOOE+OO 

O.OOOOE+OO 
4.5268E-10 

5.8705E-09 

5.8705E-09 

1.5146E-17 

1. BBl2E-17 

7.6621E-16 

2.8269E-14 

3.5359E-16 

1,6533E-14 

2.5387E-17 

O.OOOOEt00 

3.3875E-17 

3.9521E-17 
5.64581-18 

3.5004E-14 

COW'S MILK 

G.P.E. 

6.2878E-16 

4.0480E-18 

l.1848E-12 

6.6065E-11 

0.0000E+00 

4,2802E-10 

1,28603-10 
5.8537E-11 

0.0000E+00 

4.77123-12 

4.7712E-12 

O.OOOOE+OO 
4.0410E-15 

0.0000E+OO 

4.1754E-16 

3.2599E-15 

O.OOOOE+OO 
O.OOOOE+OO 

4.5184E-10 

5.8697E-OB 

5.8697E-09 

1.4513E-17 

1.79171-17 

7.651OE-16 

z.a269~-14 

3.5353E-16 

1.6533E-14 

~ . x i a 7 ~ - 1 7  

0.0000E+00 

3.38752-17 

3.9521E-17 

5.6458E-18 
3.5004E-14 

GOAT'S MILK GOAT'S MILK BEEF MEAT 

M.r .E. 
1.28273-15 

4.0480E-18 

1.428lE-13 

8.60053-13 

O.OOOOE+OO 

5.1400E-11 

1.54323-11 

7.06463-12 

0.0000Et00 

1.0021E-11 

1.0021E-11 

0.0000E+00 

4.84923-18 

0.0000E+OO 

5.0254E-17 

3,91723-16 

O.OOOOE+OO 
O.OOOOE+OO 

1.3580E-09 

1.76113-08 

1.76llE-08 

1.8175E-18 

2.2575E-18 

9.19451-17 

3.39233-15 

4.2430E-17 

1.9840E-15 

3.0464E-18 

0.0000E+00 

4.0650E-18 

4.7425E-15 

6.77503-19 

4.200SE-15 

G.P.E. 

1.28273-15 

4.0480E-18 

1.4218E-13 

a.5884~-13 

O.OOOOE+OO 
5.1362E-11 

1.54313-11 

7.0245E-12 
O.OOOOE+OO 
1.0020E-11 

1.0020E-11 

0.0000E+00 

4.8492E-16 

0.0000E+00 
5,0105E-17 

3.91182-16 

0.0000E+OO 

0.0000E+OO 

1.35551-09 

1.76093-08 

1.7609E-08 

1.7416E-18 

2.15003-18 

9.1812E-17 

3.3923E-15 

4.24233-17 

1. B84OE- 15 

3.0464E-18 

0.0000E+00 

4.06503-18 

4.7425E-18 

6.7750E-19 

4.20053-15 

7.54 53E- 16 

1.04573-17 

3.6593B-12 

2.1775E-OS 
0.0000E+00 

5.5322E-09 

1.0170E-09 

4.30223-11 
O.OOOOE+OO 

3.5746E-12 

3.5746E-12 
O.OOOOE+OO 

6.4656E-14 

O.OOOOE+OO 

1.6621E-15 

8.59823-15 

0,0000E+OO 

0.0000E+00 

1.4841E-10 

1.95463-09 

1.9546E-09 

1.23a3~-16 

1.4555E-16 

7.2605E-13 

9.0461E-15 

3.5304E-16 

3.74756-14 

Z.5381E-17 

0.0000E+00 

3.38753-17 

3.95213-17 
5.6458E-18 
3.5004E-14 



PU-236 3 .G522E-15  3 . 0 4 0 2 E - 1 5  3 . 0 5 1 3 3 - 1 5  1 . C 4 3 2 E - 1 5  5 . 2 2 1 0 E - 1 3  5 . 2 2 0 8 1 - 1 9  6 . 2 6 5 2 E - 2 0  6 .264BZ-20  2 . 7 8 3 4 E - 1 5  

PD-239 1 . 5 8 5 5 E - 1 5  1 . 5 5 5 2 E - 1 5  1 . 5 8 5 5 E - 1 5  1 .5552E-? .5  2 . 5 3 5 4 E - 1 9  2 . 6 8 5 4 % - 1 9  3 . 2 2 2 4 3 - 2 0  3 . 2 2 2 4 3 - 2 0  1 . 4 3 2 2 3 - 1 5  

PU-241 0 . 0 0 0 3 E + 0 0  O.UOOOE+@0 0.0000E+00 0 .00Oi )E+00  0.303@E+UO 0.0000E+00 3.3030E+OO O.3000E+OO 0.0000E+00 
AM-241 0.0000E+00 0.00OOE+D@ 0.000OE+00 U.OUOOE+00 0.0030E+00 0.0000E+OU O.O00OE+OO 3:0@00E+00 0 . 0 0 0 3 2 4 0 0  

P'i-242 0.0000E+00 0.00DOE+30 O.OOOOE+OO 0.000OE+00 0.000OE+00 0 . 0 0 0 0 E + 0 0  0.03OOE+Ob O . ' J C ) O S F + @ G  C.OOOGE+OO 

Ag-243 G.OOOOE+OO O.DUOOE+OO 0.0000E+00 0.000@E+30 0.0000E+00 O.O0OOE+30 0.0000E+SC 0.0005ESljC C . O O O G E + O O  

CH-243 0.0000E+00 0 .0000E+00  0.00@0E+CO @.0000E+00 0.6000E+J3 0 .0000E+@O 0.0000E+30 0 . 0 0 9 0 2 ~ 0 0  O.OOOGE+CO 

RADIONUCLIDE COMCENTRATION IN FOODS DUE TO IRRIGATION 

PIC0 CURIES PER KILOGRAM 

LEAFY VEG 

H.I.E. 
1 . 4 4 g 4 E - 0 7  

6 . 7 1 2 4 2 + 0 0  

4 , 7 8 5 3 5 - 1 3  

3.5156E-l5 

3 ,  C O O C J E + O ' S  

, .2882E- ' , . '  

5.452262-11 

6 . 0 7 3 3 E - 1 3  

?. , 2 5 5 3 5 - 0 9  

7 . 3  5 0 IE - 1 1 

7 . 3  50 1 E -  11 

3.11000E+i10 

4.5409E.i.ST 

0 . 0 0 @ 0 2 + 0 O  

1. n 6 6 5 s - 1 5  

6.9992?-:;6 

0.0000E-*00 

0 . 0 0 0 0 E + O G  

4 . 5 5 5 2 E - 1 3  

9 . 5  112 93 - I 3 

9 . 5 8 2  9E- :I 

4 . 9 6 1 1 E - 2 2  

PRODUCE 

M . I . E .  

1 . 4 4 8 4 F - 0 3  

6.7123E+Cl3 

8.3968E-PC 

8 .  L31:?E-14 

2 . 9 0 0 0 E + 0 0  

'. . 2610E-L3. 

5 .  457.5?.-1>. 

3 .  ! I B 3 2 E - i 3  

1%. 2422E-59  

7 . 3 2 6 4 E - 1 2  

7 .  I:2:4E- 12  

9. 'J:i!30E+O@ 

4 ,  SIhC9E+O1 

0. 330SEr.20 

2 . 6 6 3 5 E - 1 5  

L . 0 0 8 3 E - 15 
o . e o o o ~ + o u  
5.0000E+00 

4.3444E-3.3 

9 . 5 4 7 2 3 - 1 1  

9 . 5 4 7 2 E - 1 1  

5 . 6 4 2 5 E - 2 3  

LEAFY VEG 

G . P . E .  

1 . 4 4 9 4 E - 0 7  

E . .  7:24E+00 

4 . 6 4 9 1 E - 1 3  

5 . 4  536E- 13  

3.9>?IOF+OO 

:.. 2 9 2 2 2 - ' l i  

5,115'1L, E-  11 

5 .  0515E-:L:l 

1 . 2 5 2 4 E - O S  

7 , 1 4 3 E ^ E - i 2  

7 . 3  4 3 52 - I1  

0, SiiSOSi(10 

1 , . 5 4 3 9 E - , > 1  

0 .03002- t . 00  

1.01160E-15 

6 . 9 3 7 2 E - 1 6  

O.C)@OOE+00 

0 . 0 0 0 0 E + 0 0  

4 .501OE-13  

9 . 5 7 5 0 3 - 1 1  

9.5750E-1:  

3 . 7 6 0 4 E - 2 2  

P R O D U 6 I  

G . P . E .  

1 . 4 4 9 4 E - 9 7  

6.7124E.tO0 

9 . 2 9 8 2 E - 2 4  

0 . 7 0 b 9 E - 1 . t  

0 .  O O C t F + @ i l  

1 . 2  f. 2 2E - : 1 

5.45 14E- I:! 

3.5LS3E-13 

I . 2 5 2 4 E - 0 9  

7 . 3 4 3 8 - . : 2  

7 .345&E-? .2  

O.OSD;IE+CIO 

4.5438E401 

O.OOOOE+OO 
2.6529E-Z.6 
:.c406x-:6 

0.0000E- iOO 

0.0353EiGO 

4.5010E-13 

9 . 5 7 5 0 3 - 1 1  

9 . 5 7 5 0 E - 1 1  

1 . 5 0 4 2 E - 2 2  

cow's MILK caw's M I L K  

M . I . E .  

i . 5 9 4 4 2 - 0 7  

1. ::273E+Ol 

5 . 6 6 3 3 E - i 5  

2 . 0 7 2 1 E - 1 4  

3.00@3E+O:I 

6 . Z 5 i E E - 1 3  

1. 828:16-22 

:.. 1082E-12 

3 , 5 0 4 3 1 - 5 9  

2.9250E-12 

2 . 3 3 5 0 6 - 1 2  

0 .  O O r i O C c O O  

1. SIIKLEi-02 

0.0000C*OO 

t i . B 8 ; B E - 1 3  

5 .155 tZE- l i  

0.30GOE+O0 

0.00GOE+00 

2 . 6 7 0 7 E - 3 3  

5 . 7 4 0 4 E - 1 1  

5 . 3 4 0 4 2 - 1 1  

1 . 3 5 6 0 E - 2 4  

SOAT'S K I E K  GOAT'S MILK BEEP M U 2  

M I.E. 
3 . 4 4 3 7 B - 0 7  

1 .1530E- r3P  

6 9039E-16  

2.6f3.3E-15 

O . 0 c 0 0 ~ + 0 3  

7 5 5 8 2 3 - 1 4  

2 135OE-'.2 

1. 328RE- .3 

4 2512E-IC1 

8.~635E-12 

5.  :6355-12  

0 OOj3ZCOO 

, .9LZ9E"O1 

O . O i I O O E + ~ I 0  

4.0:&2?-18 

d.l3k@I-18 

0 . 0 0 0 0 ~ : C O O  

3 . 3 0 0 0 3 ~ 0 0  

B.0120E-13  

1 . 7 2 2 1 E - 1 0  

1 , 7 2 2 I E - 1 0  

2 . 2 2 7 2 2 - 2 5  

G . P . E .  

3 . 4 4 9 7 E - 0 7  

1 .1533E-01  

6.7738Z-ib 

2.6F0'3E-15 

0.0003E+93 

7 .4527E-:\1 

2 . 1 9 4 9 2 - 1 2  

1 . 3 2 2 3 2 - 1 8  

4 . 2 8 9 7 E - 1 3  

6 . 1 6 2 7 % - 1 2  

5 .  :;627E-12 

9 .3 .300E+00 

?..9L,fQE+O!, 

0.3030E-311 

7 . 9 9 4 3 E - 1 8  

5,1..3262-18 

3.350CE-tC0 

O.OOPCE+EO 

7 . 9 9 7 2 E - 1 %  

3 .7219E-10  

1 . 7 2 1 9 E - I t  

2 . 1 3 4 3 E - 2 5  



CE-144 

PM-147 

RE-187 

PB-210 

RA-226 

TE-232 

U-233 

u-234 

U-235 

U-236 

U-238 

PU-238 

PU-239 

PU-241 

At-!-241 

PU-242 

AM-243 

CM-243 

2.10543-22 

2.37 7 2E- 15 
1.02793-14 

5.14523-18 

3.0003E-15 

1.1306E-17 

0.0000E+05 

2.23233-18 

2.6054E-16 

3.72202-19 

2.3076E-15 

9.0131E-18 
3.3615E-17 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+00 

0.0000E+OO 
O.OOOOE+OO 

1.99803-23 

9.1114E-16 

2.3984E-15 

5.1194E-18 

3.0001E-16 

1.13063-17 

O.OOOOE+OO 
2.2323E-18 

2.6054E-16 

3.7220E-19 

2.3076E-15 

9.0016E-19 

3.3S15E-18 

0.0000E+OO 

O.OOOOE+OO 

O.OUOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

1.5334E-22 

2.35493-15 

1.0279E-14 

5.13951-18 

3.0003E-15 

1.13063-17 

0.0000E+QO 

2.23233-18 

2.6054E-18 

3.7220E-19 

2.3076E-15 

9.0106E-18 

3.36151-17 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+00 

O.OOOOE+OO 
O.OOOOE+OO 

NOTE: G.P.E. - GEAERAL POPULATION EXPOSURE 
M.I.E. - MAXIMUM INDIVIDUAL EXPOSURE 

S.1337E-23 

9.41863-16 

2.39848-15 

5.1395E-18 

3.00033-16 

1.1306E-17 

0 .OOOOE+OO 
2.23231-18 

2.6054E-18 

3.7220E-19 

2.30761-15 

9.0106E-19 

3.3615E-18 

0.0000E+00 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

7.75191-25 

5.8352E-19 

1.28483-14 

2.56701-21 

2.25023-15 

5.6529X-21 

O.OOOUE+OO 

1.1161E-21 

1.3027E-21 

1.8610E-22 

1.1538E-18 

6.75613-22 

2.5211E-21 

0.0000E+00 

O.OOOOE+QO 
0.0000E+05 

0.0000E+OO 

O.OOOOE+OO 

7.38293-25 

5.82683-19 

1.2848E-14 

2.56653-21 

2.25023-15 

5.6529E-21 

0.0000E+00 

1.1161E-21 

1.3027E-21 

1.86lOE-22 

1.1538E-18 

6.75563-22 

2.5211E-21 
O.OOOUE+OO 

O.OOOOE+OO 

O.OOOOE+OO 
0.0000E+OO 

0.0000E+OO 

9.30233-25 

7.0023E-20 

1.5418E-15 
3.58048-22 

2,70023-16 

6.7835E-22 

0.0800E+00 
1.3394E-22 

1.5632E-22 

2.23322-23 

1.38463-18 

8.10738-23 

3.0254B-22 

O.OOOOE+OO 
O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

O.OOOOE+OO 

8.85953-26 

6.9921E-25 

1.54183-15 

3.0798s-22 

2.70023-16 

6.78353-22 

O.OOOOE+OO 

1. 3394E-22 

1.5632E-22 

2.23323-23 

1.3846E-19 

8.1069E-23 

3.0254E-22 

0.000OE+OO 

0.0000E+OO 

0.0500E+00 

0.0000E+OO 

0.0000E+00 

5.99763-24 

5.52933-16 

4.1115E-15 

2.56301-21 

5.10033-15 

5.6529E-21 

O.OOOOE+OO 

1.1281E-21 

1.30271-21 

1.8610E-22 

1.1538E-18 

3.6018E- 18 

1.34463-17 

0.0000E+00 

0.5000E+00 

O.OOOOE+OO 

0.0000E+00 

0.0000E+OO 
w 

1 
\o 

G.P.E. WILL BE USED TO CALCULATE HEALTE EFFECTS 



NUCLIDE 

E- 3 
C-14 

MN-54 

FE-55 

HI-59 
CO-60 

NI-63 

Z N - 6 5  

'KR-b5 

SR-90 

Y-90 

NB-94 

TC-99 

RU-106 

CD-139 

SE-125 

1-125 

1-129 

CS-134 

CS-137 

BA-137M 

CE- 14 1 

CE-144 

PM-147 

BE-187 
PB-210 

IUI-226 

TH-232 

U-233 
U-234 

U-235 

U-236 

u-238 

PU-238 

ANNUAL INTAKE 

BY INGESTION 
PCIlY 

1,4442E-34 

7.5332E+03 

4.6113E-08 

3.9644E-07 

O.OOOOE+00 

2.0007E-06 

2 .22 7 4 E - 0 7 
1.56392-08 

1.383a~-06 

3.9739E-38 

3.97391-08 

0.000GE+00 

2.7593E4-05 

0.0000E+00 

1.1106E-11 

a.5757~-x 

0.0000E+0O 

0 .00002+00  
1.8a56~-07 

2.52213-06 

2.5221E-06 

4.08773-13 

4.92153-13 

5.76133-10 

1.26412-11 

1.17561-10 

1.0531E-11 

8.4536E-12 

0.0000EiOO 

1.12721-11 

1.315lE-11 

1,8787E-12 

1.164bE-08 

1.4243E-12 

ANNUAL INTAKE 

BY INHnLATIaM 
P C l i ' i  

2.65602-13 

7.85085-17 

5.8415E-11 

6.43721-10 

0.000UE+i10 

4.93lSE-09 

1.8739E-10 

3.8661E-11 

O.OOCGE+OO 
2.6182E-11 

2.6182E-11 

0.0000E+OO 

1.6620E-15 

0.0300E+Ot 

3.8104E-14 

2.19S8E-14 

0.0000E+00 

0.0000E+00 

4.43856-10 

5.5233E-09 

5.5235E-09 

2.9522E-15 

3.85262-15 

1.7897E-12 

7.016OE-15 

4.03493-13 

1.0831E-14 

2.8870E-14 

O.COOOE+00 

3.8529E-14 

4.4951E-14 

6.4215E-15 

3.9813E-3.1 

3.35721-15 

a 
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MAXIMUM ANNUAL EXPOSURE 

NUCLIDE 

8-3 

C-14 

MN-54 

FE-55 
NI-59 

CO-60 

NI-63 

ZN-65 

KR-85 
SR-90 

Y-90 
NB-94 

TC-99 

RU-106 

CD-109 

SB-125 

1-125 

1-129 

CS-134 

CS-137 

BA-137M 

CE-141 

CE-144 

PH-147 

RE-187 

PB-210 

RA-226 

TH-232 

U-233 

U-234 
U-235 

U-236 

AIR 

CONCENTRATION 

CIIM""3 

3.31931-28 

9.8115E-30 
6.3634E-24 

6.45943-23 

O.OOOOE+OO 
4.7687E-22 

1.61043-23 

2.2037E-24 

0.0000E+OO 

2.60921-24 

2.6092E-24 
0.0000E+OO 

2.0762E-28 
0.0000E+00 

4.50723-27 

2.5356s-27 

O.OOOOE+OO 

0.0000E+OO 

4.24351-23 

4.5479E-22 

4.54793-22 

3.6898E-28 

4.81563-28 

1.7085E-25 

7.8768E-20 

3.37333-25 

9.1108E-28 
2.11573-27 

0.0000E+OO 

3.6175E-27 

4.2204E-27 

6.02923-28 

YEAR 

1 

1 

1 

I 

0 

1 

1 

1 

0 

1 
1 

0 

1 

0 

1 

1 
0 

0 
1 
1 

1 

1. 

3 

1 

1 

1 

1 

1 

0 

1 
1 

1 

SURFACE 

CONCENTRATION 

CI/M**2 

O.OOOOE+OO 

6.7856E-08 

8.9i72E-19 

I.5663E-19 
0.00002+00 

1.41383-16 

7.0092E-18 

2.4086E-19 

i.34903-17 

9.1972E-19 
9.1972E-19 

0.0000E+00 
3.71882-07 

0.0000E+OO 

7.87193-22 

6.18373-22 

0.0000E+00 

0.0000E+OO 

9.5606E-18 

1.92603-16 

1.9260E-16 

4.8626E-26 

2.0707E-26 

4.3091s-20 

2.52203-22 

1.3726E-20 

4.19283-22 

1.13231-21 

O.OOOOE+OO 
1.46323-21 

1.7071E-21 

2.4387E-22 

YEAR 

0 

444 

1 

1 

0 

2 
5 

1 

427 
3 

3 

0 

483 

0 

1 

1 

0 

0 

1 

4 
4 

1 

1 

1 

2 
4 

8 

1000 

0 

4 

4 

4 

INGESTION 
RATE 

PERSON. PCI/Y 

8.63783+02 

4.6219E+10 

9.7793E-02 
2.2367E+00 

O.OOOOE+OO 

1.08261+01 
7.25493-01 

1.0230E-31 
9.711OE+00 

4.7792E-02 

4.77923-02 

0.0000E+OO 

1.2562E+12 

0.0000E+00 
7.12642-05 

4.72132-05 
0.0000E+OO 

0.0000E+OO 

1.0124E+00 

1.12773+01 

1.12772+09 

2.87453-06 

3.4611E-06 

3.23261-03 

2.77062-05 

5.5296E-04 

3.69911-05 

3.48213-05 

0.0000E+OO 

5.95393-05 

6.9462E-05 

9.9231E-06 

YEAR 

444 

444 

1 

I 

0 

1 

1 

1 

427 

I 

I 
0 

483 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

INHALATION 

RATE 

PERSON.PCI/Y 

1.8676E-06 
5.5204E-10 

3.5803E-04 

3.63431-04 

O.OOOOE+OO 
2,68313-02 

9.0605E-04 
1.23993-04 

0.0000E+OO 

1.4681E-04 

1.4681E-04 

0.0000E+00 

1.1682E-08 
O.OOOOE+OO 

2.53603-07 
1.42663-07 

0.00003+00 

O.OOOOE+OO 
2.3876E-03 
2.55063-02 

2.55083-02 
2.07603-08 

2.7094E-08 

1.0063E-05 

4.4318E-08 

1.89793-06 

5.1261E-08 

1.19043-07 

0.0000E+OO 

2.03543-07 
2,3746E-07 

3.39233-08 

YEAR 

1 

1 

1 

1 
0 

1 

1 
1 

0 

1 

1 

0 

1 

0 

1 
1 

8 
0 
1 

1 

1 

1 
1 

1 

1 

1 
1 

1 
0 

1 

1 

1 

, 



h 

U-238 

PU-238 
PU-239 

PU-241 

AM-241 
PU-242 

AM-243 
CM-243 

3.73813-24 
3.20211-28 

1.61373-28 

O.OOOOE+OO 
0.0000E+00 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

1.51203-18 

1.4639E-22 

7.8359E-23 

O.OOOOE+OO 

0.0000E+OO 

0.0000E+OO 

O.OOOOE+OO 

0.0000E+OO 

BARNWELL SIMULATION, WELL AT 914 M, XG=8000 M, SOAM=E-8 
ORGAN DOSEfEXPOSURE SUMMARY 

*** SELECTED INDIVIDUAL *** 

4 
6 

15 

0 
0 
0 

0 

0 

6.15233-02 

6.46433-06 

3.26llE-06 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

0.0000E+OO 

O.OOOOE+OO 

2.1032E-04 

1.8016E-08 

9.079413-09 
0.0000E+OO 

0.0000E+OO 

0.000OE+00 

0.0000E+OO 

0.0000E+OO 

DOSE RATES: 

ORGANS: R MAR ENDOST *PUL* MUSCLE LIVER S WALL PANCREAS LLI WALL KIDNEYS BL WALL 

ULI WALL SI HALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID WT.SUM 

LOW LET (MRADIY) 0.114 0.133 6.7353-03 0.102 0.183 0.109 9.6253-02 0.894 0.134 5.066E-02 
0.304 5.7281-02 9.358E-02 9.348E-02 9.515E-02 9.5203-02 9.54OE-02 3.90 0 . 2 6 5  

HIGH LET (MRAD/Y) 8.443E-15 1.265E-13 1.649E-12 8.401E-16 1.3843-14 2.123E-15 8.401E-16 9.287E-14 4.296E-14 4.3553-16 

3.0903-14 5.2483-15 8.7901-36 8.8043-16 8.490E-16 8.401E-16 8.401E-16 8.401E-16 4.885E-13 
DOSE EQUIVALENT (MREMfY) 0.114 0.133 6.7353-03 0.102 0.183 0.109 9.6251-02 0.894 0.134 5.066E-02 

0.304 5.728E-02 9.358E-02 9.34EE-02 9.515E-02 9.520E-02 9.540E-02 3.90 0.265 

GONADAL DOSES: 

GONADS: TESTES OVARIES AVERAGE 

LOW LET ( M R A D )  2.80 2.81 2.81 

DOSE EQUIVALENT (MREM) 2.80 2.81 2.81 
HIGH LET (MRAD) 1 . 6 7 ~ 1 4  i.835~-14 1.8773-14 

*** MEAN INDIVIDUAL *** 

td 
I 

L-) 

ul 

DOSE RATE: 

ORGANS: R MAR ENDOST *PUL* MUSCLE LIVER S WALL PANCREAS LLI WALL KIDNEYS BL WALL 
ULI WALL SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID WT.SUM 

LOW LET (MRAD/Y) 0.114 0.133 6.735E-03 0.102 0.183 0.109 9.625E-02 0.894 0.134 5.0663-02 

0.304 5.728~-02 9.358~-02 9.348~-02 9.515~-02 ~ . ~ Z O E - O Z  9.540~-02 3.90 0.265 



HIGH LET (MRAD/Y) 8.4431-15 i.265~-13 i.649~-12 a.401~-16 1.3841-14 2.123~-15 8.401~-16 9 . 2 ~ 7 ~ - 1 4  4.296~-14 4.3551-16 

3.090E-14 5.248E-15 8.7903-16 8.804E-16 8.490E-16 8.401E-16 8.401E-16 8.401E-16 4.885E-13 

DOSE EQUIVALENT (MREM/Y) 0.114 0.133 6.735E-05 0.102 0.183 0.109 9.525E-02 0.894 3.134 5.066E-02 

0.304 5.728E-02 9.3582-02 9.348E-02 9.5153-02 9.520E-02 3.5403-02 3.90 0.265 

GONADAL DOSES : 
GONADS: TESTES OVARIES AVERAGE 

LOW LET (MRAD) 2.80 2.51 2.81 

HIGH LET (MRAD) 1.578E-14 1.8751-14 1.8772-14 

DOSE EQUIVALENT (MXEM) 2.80 2.81 2.81 

*** COLLECTIVE POPULATION *** 

DOSE RATE: 

ORGANS : 

LOW LET (PERSON RAD/Y) 0. 

HIGH LET (PERSON R A D I Y )  5. 

DOSE EQ. (PERSON REM/Y) 0. 

R MAR 
ULI WALL 

804 0. 
2.14 

938E-14 8. 
2.173E-13 

804 0. 

2.14 

ENDOST *PUL* MUSCLE LIVER § WALL PANCREAS LLI WALL KIDNEYS BL WALL 

SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID WT.SUM W 
938 4.737E-02 0.721 1.29 0.765 0.677 6.29 0.945 0.356 +- 
0.403 0 . 6 5 8  0.657 0.669 0.670 0.671 27.4 1.86 
8993-13 1.160E-11 5.905E-15 9.7361-14 1.4931-14 5.908E-15 6.5321-13 3.0213-13 3.0633-15 

3.6913-14 6.182E-15 6.192E-15 5.971E-15 5.9083-15 5.909E-15 5.908E-15 3.435E-12 

938 4.737E-02 0.721 1.29 0.765 0.677 6.29 0.945 0.356 

0.403 0.658 0.657 0.669 0.670 0.671 27.4 1.86 

I 

cn 

GONADAL DOSES: 

GONADS: TESTES OVARIES AVERAGE 

LOW LET (PERSON R A D )  19.7 19.7 19.7 
EIGH LET (PERSON RAD) 1.321E-13 1.319E-13 1.3202-13 

DOSE EQ. (PERSON REM) 19.7 19.7 19.7 



i) h 1 * 

BARNWELL SIMULATION, WELL AT 914 M. XG=8000 M, SOAM=E-8 

PATHWAY DOSEIEXPOSURE SUMMARY 

*** SELECTED INDIVIDUAL *** 

DOSE RATES: 

WEIGHTED SUMS OF ORGAN DOSE RATES 
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 

LOW LET (MRADIY) 0.265 4.4883-12 1.093E-14 4.374E-10 0.265 4.3743-10 0.265 

HIGH LET (MRAD/Y) 8.28OE-15 4.8021-13 0.000E+00 0.000E+00 4.885E-13 0.000E+00 4.885E-13 

DOSE EQUIVALENT (MREM/Y) 0.265 1.409E-11 1.0933-14 4.374E-10 0.265 4.3741-10 0.265 

AVERAGE GONADAL DOSES: 
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 

LOW LET (MRAD) 2.81 8.812E-12 2.738E-13 1.069E-08 2.81 1.069E-08 2.81 
HIGH LET (MRAD) 1.788E-14 8.848E-16 0.000E+00 0.000E+00 1.877E-14 O.OOOE+OO 1.8773-14 

DOSE EQUIVALENT (MREM) 2.81 8.829E-12 2.7383-13 1.069E-08 2.81 1.069E-08 2.81 

*** MEAN INDIVIDUAL *** 

DOSE RATES: 

WEIGHTED SUMS OF ORGAN DOSE RATES 
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL 

INMERSION SURFACE 

4.3748-10 0.265 LOW LET (MRAD/Y) 0.265 4.4883-12 1.0931-14 4.374E-10 0.265 

HIGE LET (MRAD/Y) 6.2801-15 4.802E-13 0.000E+00 0.000E+00 4.885E-13 0.000E+00 4.885E-13 

DOSE EQUIVALENT (MREM/Y) 0.265 1.409E-11 1.093E-14 4.3743-10 0.265 4.3743-10 0.265 

AVERAGE GONADAL DOSES: 

PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL 

IMMERSION SURFACE 

LOW LET (MRAD) 2.81 8.812E-12 2.7383-13 1.069E-08 2.81 1.069E-08 2.81 

HIGH LET (MRAD) 1.788E-14 8.848E-16 0.000E+00 O.OOOE+OO 1.877E-14 0.000E+00 1.877E-14 

DOSE EQUIVALENT (MREM) 2.81 8.829E-12 2.738E-13 1.069E-08 2.81 1.069E-08 2.81 
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BARNWELL SIMULATION, WELL AT 914 M ,  XG=8000 M, SOAM=E-8 

NUCLIDE DOSEJEXPOSURE SUMMARY 

*** SELECTED INDIVIDUAL *** 

DOSE RATES: 

WEIGHTED SUMS OF ORGAN DOSE RATES 
NUCLIDES: H-3 C-14 MN-54 FE-55 NI-59 CO-60 81-63 ZN-65 KR-85 5r-90 

Y-90 NB-94 TC-99 RU-106 CD-109 SB-125 1-125 1-129 CS-134 CS-137 

BA-137M CE-141 CE-144 PM-147 RE-187 PB-210 RA-226 TH-232 U-233 U-234 

U-235 U-236 U-238 PU-238 PU-239 PU-241 AM-241 PU-242 AM-243 CM-243 

LOW LET (MRADi'I) 

TOTAL 

1.244E-11 1.193E-02 1.022E-13 1.835E-13 0.000E+00 1. 
4.841E-16 0.000E+00 0.253 O.OOOE+OO 0.000E+00 9 

2.773E-10 6.408E-19 l.07OE-17 4.7293-20 O.OOOE+OO 1. 

2.265E-15 8.804E-19 7.341E-13 4.461E-19 6.631E-19 0. 

0.265 

23E-10 7.142E-14 1.655E-13 2. 
257E-17 O.OOOE+OO O.OOOE+OO 1 

8233-15 7.4673-17 1.520E-17 0. 

000E+00 0.000E+00 0.000E+00 0. 

59E-15 4. 

564E-11 1 

OOOEtOO 6. 

000E+00 0. 

073-13 

106E-10 

855E-18 

0 0 OE+O 0 

HIGH LET (MRAD/Y) 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 X 

O.OOOE+OO 0.000E+00 0.000Et00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO + 
O.O@OE+OO 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 2.179E-15 1.561E-17 4.1673-16 0.000E+00 5.3353-16 
5.595E-16 8.3873-17 4.8443-13 9.5646-17 2.186E-16 O.OOOE+OO O.COOE+OO O.OOOE+OO 0.000E+00 0.000E+00 

4.885E- 13 

1 

Lo 

DOSE EQUIVALENT (MRLM/Y) 1.244E-11 1.193E-02 1.022E-13 1.8353-13 0.000Et00 1.723E-10 7.142E-14 1.855E-13 2.1593-15 4.407E-13 
4.841E-16 0.000E+00 0.253 0.000E+00 0.000E+00 9.257E-17 0.000E+00 O.OOOE+OO 1.5641-11 1.106E-10 

2.773E-10 6.408E-19 1.070E-17 4.7293-20 0.000E+00 4.539E-14 3.869E-16 8.349E-15 O.OOOE+OO 1.068E-14 

1.345E-14 1.678E-15 1.042E-11 1.913E-15 4.372E-15 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 

0.265 

AVERAGE GONADAL DOSES: 

NUCLIDES: PI-3 C-14 HH-54 FE-55 NI-59 co-so NI-63 ZN-65 KR- 85 5r-90 

v-90 NB-94 TC-99 RU-106 CD-109 SB-125 1-125 1-129 CS-134 CS-137 

BA-137M CE-141 CE-144 PM-147 RE-187 PB-210 RA-226 TH-232 U-233 U-234 
U-235 U-236 U-238 PU-238 PU-239 PU-241 AM-241 PU-242 AM-243 CM-243 

TOTAL 

3.595E-19 0.165 2.842E-12 6.976E-12 0.000E+00 4.4501-09 8.722E-13 6.805E-12 5.1712-14 3.140E-13 
2.018E-17 0.000E+00 2.64 0.000E+03 O.OOOE+O@ 2.292E-15 O.OOOE+OO 0.000E+00 5.0663-10 4.471E-09 

6.631E-09 2.632E-18 2.528%-E8 1.120%-18 0.000E+00 4.990E-15 2.119E-15 4.9623-16 O.COOE+OO 1.07l.E-16 

6.190E-14 1.367E-17 7.773E-14 Q.OZ2E-18 1.744E-17 O.OtOE+OO O.OOOE+OO O.OOOE+@O O.OOOE+OO 0.000E+00 

LOW LET (MRAD) 



HIGH LET (KRAD) 

2.81 
O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 

O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+OO O.OOOE+OO 0.000E+00 

O.OOOE+OQ 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 9.2313-15 9.279E-18 9.3543-17 O.OOOE+OO 1.035E-17 
000E+00 O.OOOE+OO 0.000E+00 0.000E+00 1.038E-17 1.627E-18 8.988E-15 6.387E-17 3.586E-16 0.000E+00 0. 

1.877E-14 

DOSE EQUIVALENT (MREM) 3.5953-10 0.165 2.842E-12 6.976E-12 0.000E+00 4.4503-09 8. 

2.018E-17 0.000E+00 2.64 O.OOOE+OO 0.000E+00 2.2922-15 0 

6.631E-09 2.632E-18 2.5282-18 1.120E-18 0.000E+00 1.896E-13 2 

6.2113-14 4.621E-17 2.5753-13 1.286E-15 7.1903-15 0.000E+00 0 

2.81 

*** MEAN INDIVIDUAL *** 

222-13 6.805E-12 5.1713-14 3.4403-13 

000E+00 0.000E+00 5.066E-10 4.471E-09 

3043-15 2.367E-15 0.000E+00 3.140E-16 

000E+00 O.OOOE+OO 0.000E+00 0.000E+00 

LOW LET IMRAB/Y) 

BIG3 LET (MRAD/V) 

DOSE RATES: 

WEIGHTED SUMS OF ORGAN DOSE RATES 
NUCLIDES: H-3 C-14 MN-54 FE-55 NI-59 CO-60 NI-63 ZN-65 KR-BS 5r-90 

Y-90 NB-94 TC-99 RU-106 CD-109 SB-125 1-125 1-129 CS-134 CS-137 

BA-137M CE-141 CE-144 PM-147 RE-187 PB-210 RA-226 TK-232 U-233 U-234 

U-235 U-236 W-238 PU-238 PU-239 PU-241 AM-241 PU-242 AM-243 CM-243 

TOTAL 
1.244E-11 1.193E-02 1.0223-13 1.835E-13 0.000E+O0 1.723E-10 7.1423-14 1.855E-13 2.1593-15 4.4073-13 

4.8413-16 O.OOOE+OO 0.253 O.OOOE+OO 0.000E+00 9.2572-17 0.000E+QO 0.000E+00 1.564E-11 1.106E-10 

2.7733-10 6.408E-19 1.070E-17 4.7292-20 0.000E+00 1.823E-15 7.457E-17 1.520E-17 0.000E+00 6.855E-18 

2.265E-15 9.8043-19 7.3411-13 4.4819-1S 5.631E-19 0.000Ei00 O.OUOE+OO 0.003E+00 O.OOOE+OO 0.000E+OO 

0.265 
O.OOOE+30 0.030E+00 O.OCOE+OO 0.000E+00 O.OOOE+00 0.000E+00 i ) . 0 0 0 E t C O  O.OO3EiSO O . O J i r E + G O  0.000E+00 

O . O O O E + O O  0.000E+00 O.OOOEi.08 O.OOOE+OO 0.030E+00 0.000E+00 0.000EI-00 0.030E+U9 0.003E+00 0.000E+00 

O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 2.1793-15 1.5611-17 S.157E-16 O.OOOE+OO 5.3352-16 

5.5952-16 B.387E-17 4.8443-13 9.5641-17 2.386E-16 0.000E+00 O.OOOE+30 0.000E+00 0.000E+00 0.000E+OO 

4.885E-13 

DOSE EQUIVALENT :M2EM/Y) 1.244E-11 1.1933-02 1.022E-13 1.835E-13 0.000E+U0 1.7233-10 7.1423-14 9.655E-13 2.t59E-15 4.4073-13 
4.541E-16 0.000E+00 0.253 0.000E+00 O.OOOE+OO 9.2573-17 0.000E+00 0.000E+00 1.5643-11 1.106E-10 

2.773E-10 6.4081-19 1.070E-17 4.7293-20 0.000E+00 4.53%-14 3.869E-16 8.349E-15 O.OOOE+OO 1.058E-14 

1.345E-14 1.678E-15 1.042E-11 1.913E-15 4.3723-15 0.000E+O0 O.OOOE+OO 0.00OE+00 O.OOOE+OO 0.000E+00 

0.265 
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HIGH LET (PERSON RAD/Y) O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

O.OOOE+OO 0.000E+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000Ei.00 0.030E+00 O.OOOE+OO 

O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 1.532E-14 1.098E-16 2.931E-15 0.000E+00 3.752E-15 
3.9353-15 5.8992-16 3.406E-12 6.726E-16 1.537E-15 0.000E+OO O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 

3.435E-12 

DOSE EQ. (PERSON REM/YS 8.749E-19 6.389E-02 7.190E-13 1.29lE-12 0.000E+00 1.212E-09 5.023E-13 9.3043-12 1.518E-14 3.089E-12 

3.4041-15 O.COOE+00 1.78 O.OOOE+OO 0.000E+00 6.511E-16 0.000E+00 0.000E+00 1.100E-10 7.775E-10 

1.950E-09 4.5072-98 7.5283-17 3.3253-19 O.OOOE+OO 3.1931-13 2.7213-15 5.872E-14 0.OOOE+00 7.508E-14 

9.462E-14 l.180E-14 7.3291-11 1.346E-14 3.0753-14 0.000E+00 O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 

1.86 

AVERAGE GONADAL DOSES: 

NUCLIDES: H-3 C- 14 MY-54 FE-55 NI-59 CO-60 NI-63 ZN-65 KR-85 SR-90 
Y-90 NB-94 TC-99 RU-106 CD-109 SB-125 1-125 1-129 CS-134 CS-137 
BA-137M CE-141 CE-144 PM-147 RE-187 PB-210 RA-226 TH-232 U-233 U-234 
11-235 U-236 U-235 PU-238 PU-239 PU-241 AM-241 115-242 AM-243 CH-243 

LOW LET (PERSON RAD) 

HIGH LET (PERSON RAD) 

DOSE EQ. (PERSON REM) 

TOTAL 

2.5283-09 i.16 1.999E-11 4.906E-11 O.OBOE+OO 3.1302-08 6. 

1.L193-16 C.OOOE+OO 18.6 0.000EtOO O.OOOE+OO 1.61ZE-14 0 

4.6642-08 1.6513-17 1.775E-17 7.879E-18 0.000E+00 3.509E-14 1 

4.354E-13 9.613E-17 5.4663-13 5.3453-17 9.2263-16 0.000E+00 0 

19.7 

34E-12 4.786B-ll 3.636E-13 2,4193-12 

OOOE+OO O.DOOE+GC 3.5632-G9 3.1443-09 

4903-14 3.o90E-15 O.O3OE+OG 7.533E-16 

000E+00 0.000E+00 0.000E+90 0.000E+00 

O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0003+00 0.000E+00 O.OOOE+OO 
0.000E+OO 0.000E+00 O . O C ) O E + O O  O.OOOE+OO O.OOGE+OO 0.003E+OO 0.003E+00 O.OOOE+OO 0.000E+00 0.000E+00 

O.OOOE+OO 0.000E+30 0.030E+00 O.OOOE+03 O.OOOE+OO 6.492E-14 6.526E-17 6.578E-16 0.000E+OO 7.278E-17 

7.2971-17 1.144E-17 6.321E-14 4.4823-16 2.522E-15 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+OO 

1.320E-13 

2.525E-03 1.16 1.999E-11 4.9063-11 0.000E+00 3.1303-05 6.134E-12 4.786E-11 3.636E-13 2.419E-12 

1.419E-16 0.000E+00 18.6 0.000E+00 O.OOOE+OO 1.6121-14 O.OOOE+OO O.OOOE+00 3.563E-OY 3.1443-08 

4.6643-08 1.851E-17 1.775E-17 7.879E-18 0.000E+00 1.334E-12 1.621E-14 i.665E-14 0.000E+00 2.2093-15 

4.358E-13 3.2502-16 1.811E-12 9.3472-15 5.057E-14 3.000E+00 0.000E+00 0.300E+00 0.000E+00 0.000E+03 

19.7 

. 



8 . 

BARRWELL SIMULATION, WELL AT 914 M. XG=8000 M, SOAM=E-a 
RISK/RISK EQUIVALENT SUMMARY 

*** SELECTED INDIVIDUAL *** 

LIFETIME FATAL CARCER RISK: 

LOW LET 

SIGH LET 

TOTAL 

CANCERS: R MAILBOW EtlDOST PULMNARY BREAST ST WALL PANCREAS LLI WALL KIDNEYS BL WALL ULI WALL 
SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS TRYROID LIVER TQTAL 

3.7261-07 4.104%-08 4 . 0 9 8 3 - 0 8  4.0821-07 9.429E-05 1.170E-07 6.203E-07 4 . 5 6 5 3 - 0 8  1.761E-08 1.050E-07 

9.95SE-OS 1.625s-08 1.6232-08 l.652E-OB 1.653E-08 1.657E-08 3.317E-36 2.852E-07 5.55tiE-06 

3.92%-19 2.637E-18 9.481E-14 2.651E-21 1.841E-2G 8.075E-21 6.4453-19 1.311E-19 1.206E-21 1.072E-19 

9.104E-21 i.155E-21 1.157E-21 1.179E-21 f.153E-21 1.153E-21 5.974E-22 1.495E-13 9.664E-17 

3.7261-07 4.104E-08 4.098E-05 4.552E-07 9.429E-08 1.170E-07 6.203E-07 4.665E-08 1.751E-08 1.050E-07 

9.9566-09 1.625E-08 1.823E-58 1.652E-08 1.653E-08 1.6973-08 3.3171-06 2.8521-07 5.5583-06 

AVERAGE LIFE LOSS PER PREMATURE DEATH: 
CANCERS: R HARROW ENDOST 

SI WALL OVAPdES 

LOW LET (YR) 31.5 2 9 . 3  
21.0 2 1 . 3  

BIGB LET IYRl 2 6 . 5  24.2 

21.5 20.0 

COMBINED (YB3 31.5 29.5 

21.0 21.3 

FATAL CANCER RISK EQUIV.4LENT: 

CANCERS: B W O W  ENDOST 

SI WALL OVhRIES 

PULMNARY 

TESTES 

23,O 

2: .3  

2 2 . 5  

20.0 

23.0 

21.3 

BREAST 

SPLEEN 

21.6 

21.3 

2 0 . 2  

20.1 

21.6 

21.3 

ST WALL 
UTERUS 

21.5 

24.3 

21.5 

20.0 

21.5 

21.3 

PWLMNARARY BREAST ST WALL 
TESTES SPLEEN UTERUS 

I" MREM / YR 1 0.114 0.133 6.742E-03 0.102 5.109 

PANCREAS 

TEIYMiiS 

21.4 

21.3 

20.2 

20.0 

21.4 

2i.3 

LLI WALL 

THYRO I D 
21'5 

28.2  
21.5 

2 5 .  I 
2i.5 

2 8 . 2  

KIDNEYS 

LIVER 
21.4 

21.4 

20.7 

1 9 . 7  

21.4 

21.4 

PANCREAS LEI WALL K I D N E Y S  

THYMUS THYROID LIVER 

0 . 1 3 4  9.652E-02 0 . 8 9 4  

5.728E-02 9.3291-82 9.3196-02 9.486E-02 9.490E-02 9.510E-02 3.90 5.153 

WHOLE BODY FATAL CANCER RISK EQ(MREMIYR) 0 . 2 6 6  

GRADIENTS FOR VARIABLE 25949 

BL HALL ilLI WALL 

TOTAL 

21.4 21.5 

26.2 

20.0 21.5 
22.5 

21.4 21.5 

2 6 . 2  

BL WALL ULI HALL 

TOTAL 
5.066E-02 0 . 3 0 4  

0.266 

0.00000E+OO 0.00000E+00 -3.70442E-02 2.89753E-02 6.06887E-03 1.78430E-02 2.498033-04 1.01110E-03 

SENSITIVITIES FOR VARIABLE 25949 
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1 L R 

BARNWELL SIMULATION, WELL AT 914 M, XG=8000 M, SOAM=E-8 

RISK/RISK EQUIVALENT SUMMARY 

*** MEAN INDIVIDUAL *** 

LIFETIME FATAL CANCER RISK: 

CANCERS: R MARROW ENDOST PULMNARY BREAST ST WALL PANCREAS LLI WALL KIDNEYS BL WALL ULI WALL 

SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID LIVER TOTAL 

LOW LET 3.7263-07 4.1043-08 4.098E-08 4.0621-07 9.429E-08 1.170E-07 6.203E-07 4.6651-08 1.76113-08 1.050E-07 

9.9563-09 1.625E-08 1.623E-08 1.652E-08 1.653E-08 1.657E-08 3.317E-06 2.852E-07 5.558E-06 

HIGH LET 3.929E-19 2.637E-19 9.4913-17 2.651E-21 1.841E-20 6.070E-21 6.445E-19 1.31fE-19 1.206E-21 1.072E-19 

9.104E-21 1.155E-21 1.157E-21 1.179E-21 1.1531-21 1.153E-21 5.9743-22 1.495E-19 9.664E-17 

TOTAL 3.7263-07 4.1043-08 4.098E-08 4.0823-07 9.429E-08 1.170E-07 6.203E-07 4.665E-08 1.761E-08 1.050E-07 

9.9563-09 1.625E-06 1.6233-08 1.6523-08 1.6533-08 1.657E-08 3.317E-06 2.852E-07 5.556E-06 
W 
I 
N 
VI AVERAGE LIFE LOSS PER PREMATURE DEATH: 

CANCERS: R MARROW ENDOST PULMNARY BREAST ST WALL PANCREAS LLI HALL KIDNEYS BL WALL ULI WALL 
SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID LIVER TOTAL 

LOW LET (YR) 31.5 29.3 23.0 21.6 21.5 21.4 21.5 21.4 21.4 21.5 
21.0 21.3 21.3 21.3 21.3 21.3 23.2 21.4 26.2 

HIGH LET (YR) 26.5 2 4 . 2  2 2 . 5  2 0 . 2  21.5 20.2 21.5 20.7 20.0 21.5 
21.5 20.0 20.0 20.1 20.0 20.0 26.1 19.7 22.5 

COMBINED (YR) 31.5 29.3 23.0 21.6 21.5 21.4 21.5 21.4 21.4 21.5 

21.0 21.3 21.3 21.3 21.3 21.3 28 .2  21.4 26.2 

FATAL CANCER RISK EQUIVALENT: 

CANCERS: R MARROW ENDOST PULMNARY BREAST ST WALL PANCREAS LLI WALL KIDNEYS BL WALL ULI WALL 
SI WALL OVARIES TESTES SPLEEN UTERUS THYMUS THYROID LIVER TOTAL 

(MREM/ YR ) 0.114 0.133 6.742E-03 0.102 0.109 9.652E-02 0.894 0.134 5.066E-02 0.304 

5.726E-02 9.3293-02 9.3191-02 9.486E-02 9.4903-02 9.5103-02 3.90 0.183 0.266 

WHOLE BODY FATAL CANCER RISK EQ(MREMJYR1 0,266 
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APPENDIX G 

DERIVATIVES OF RESPONSE TBEQ WITH RESPECT TO THE PAMMETERS LISTED 



Adjoint Matrix 
Row Number 

47122 
47123 
47124 
47125 
47126 
47127 
47128 
47129 
47130 
47131 
47132 
47133 
47134 
47135 
47136 
47137 
47138 
47139 
47140 
47141 
47142 
47143 
47144 
47145 
47146 
47 147 
47148 
47149 
47150 
47151 
47152 
47153 
47154 
47155 
47156 
47157 
47158 
47159 
47160 
47161 
47162 
47163 
47164 
47165 
47166 
47167 
47168 
47169 
47170 
47171 
47172 

c- 2 

Variable Derivative 
Name 

PCTZ 
PCT2 

WWATL 
WWATA 
WWATW 
SWATL 
SWATA 
SWATH 

PPN 
P 

XIRR 
PHID 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

TD 
TD 
TD 
TD 
TD 
TD 
TD 
TD 
TD 
TD 
TD 
TD 

TAREA 
TDEPTH 

OVER 

Value 

0.000000E+OO 
0.000OOOEt-00 

-7.695277E-05 
6.019085E-05 
1.676195E-05 
3.706543E-05 
5.189165E-07 
2.100382E-06 
3.5405123-12 
6.662348E-15 
4.630923E-12 
6.670062E-14 

-2.771945E-13 
-2.810301E-13 
-3.678286E-13 
-6.466465E-13 
-7.554134E-13 
-7.5252303-13 
-7.419394E-13 
-6.551549E-13 
-4.901107E-13 
-3.720032E-13 
-2.884595E-13 
-2.43367%-13 

2.947578E-14 
2.619100E-14 
3.069102E-14 
4.281383E-14 
4.932199E-14 
5,120686E-14 
5.5706483-14 
5.636830E-14 
5.319615E-14 
3.709291E-14 
3.075907E-14 
2.798103E-14 

-2.776721E-14 
-2.416091E-14 
-2.688286E-14 
-4.452828E-14 
-5.8300173-14 
-6.5695913-14 
-7.508982E-14 
-7.577286E-14 
-6.6754333-14 
-2.9372553-14 
-2.729522E-14 
-2.631709E-14 

5.4210113-20 
-2.426589E-10 
0.000000E+00 



c- 3 

47173 
47174 
47175 
47176 
47177 
47178 
47179 
47180 
47181 
47182 
47183 
47184 
47185 
47186 
47187 
47188 
47189 
47190 
47191 
47192 
47193 
47194 
47195 
47196 
47197 
47198 
47199 
47200 
47201 
47202 
47203 
47204 
47205 
47206 
47207 
47208 
47209 
47210 
47211 
47212 
47213 
47214 
47215 
47216 
47217 
47218 
47219 
47220 
47221 
47222 
47223 
47224 
47225 
47226 

PORT 
DENCON 
RELF'AC 

m 
XINFL 
PERMC 
D m Q  
DWELL 

GWV 
AQTHK 

AQDISP 
PORA 
PORV 

P E W  
H 

VG 
U 

VD 
XG 

HLID 
ROUGH 

FTWIND 
CHIQ 

RE1 
RE2 
RE3 

RR 
FTMECH 
RAINF 
ERODF 

STPLNG 
COVER 

CONTRL 
SEDELR 

PORS 
BDENS 

STFLOW 
EXTENT 
ADEPTH 

PD 
RUNOFF 

Y1 
Y2 
PP 

XAMBWE 
TE1 
TE2 
TH1 
TH2 
TH3 
TH4 
TH5 
TH6 

FP 

0.000000E+00 

0.000000E+00 
0.000000E+OO 
0.000000E+OO 
0.000000E+OO 
0.000000E+OO 
O.OOOOOOE+OO 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
3.0268793-12 
1.189346E-10 
0.000OOOE+00 
0.000000E+00 
0.000000E+00 

-8.129074E-10 

2.4639553-12 
1.567971E-04 
1.204041E-06 
2.7390043-11 
2.710933'3-04 
0.000000E+00 
0.000000E+00 
0.000000E+00 
O.OOOOOOE+OO 
0.000000E+00 
0.000000E+00 
0.000000E+00 
O.OOOOOOE+OO 

-2.2695133-13 
9.5205313-14 
0.000000E+00 

-1.9782873-15 
6.1546883-12 

-6.601485E-16 
-2.4643283-11 
-2.184820E-03 
-7.8083213-05 
-3.650531E-17 
-1.2980553-01 
2.465481E-07 
4.4400173-09 

-2.1615413-13 
-8.248250E-14 
-6.4056883-14 
-6.4055723-14 
0.000000E+00 
0.000000E+00 
6.0912973-10 



47227 
47228 
47229 
47230 
4 7 2 3 1  
4 7 2 3 2  
4 7 2 3 3  
4 7 2 3 4  
47235 
47236 
47237 
47238 
47239 
47240 
4 7 2 4 1  
47 242 
4 7 2 4 3  
47244 
47245 
47246 
47247 
4 7 2 5 0  
4 7 2 5 1  
47252 
4 7 2 5 3  
4 7 2 5 4  
4 7 2 5 5  
47256 
4r7257 
47258 
47259 
4 7 2 6 0  
4 7 2 6 1  
47262 
4 7 2 6 3  
4 7 2 6 4  
47265 
47266 
48090 HP(MO,IDA,IH 
4 8 0 9 1  HP(MO,IDA,IH 
48092 HP(MO,IDA,IH 
48093 HP(MO,IDA,IH 
4 8 0 9 4  HP(MO,IDA,IH 
48095 HP(MO,IDA,IH 
48096 HP(MO,IDA,IH 
48097 HP(MO,IDA,IH 
48098 HP(MQ,IDA,IH 
48099 H P ( M 0 ,  IDA,  IM 
48100 HP(MO,IDA,IW 
4 8 1 0 1  HP(MQ,IDA,IH 
4 8 1 0 2  HP(MO,IDA,IH 
4 8 1 0 3  HP(MO,IDA,IH 
4 8 1 0 4  HP(MQ,IDA,IH 
48105 HP(MQ,IBA,IH 

4 . 9 8 9 6 7 9 3 - 1 0  
8 .302318E-06 
O.OOOOOOE+OO 

0.000000E+00 
- 6 . 8 7 1 3 1 3 3 - 1 4  

- 2 . 8 7 8 6 0 1 E - 1 3  
- 1 . 1 1 8 9 6 6 E - 2 3  

1 , 3 1 6 3 2 6 E - 2 3  
-I.,  054148E-04 
- 5 . 1 3 0 1 8 7 3 - 0 3  

1 .144962E-07 
0.000000E+00 
1.4378363-06  
1 .089057E-07 
1 .089053E-07 
3 .4079683-07  
7 . 5 0 0 9 9 4 E - 0 8  
4 .804103E-06 
4 . 5 3 0 2 5 7 3 - 0 8  
2 .246143E-18 

- 7 . 1 0 5 4 2 7 3 - 1 5  
7 . 4 9 5 3 0 6 E -  19 
9 . 0 1 2 5 3 0 E - 1 9  
0.000000E+OO 
1 . 2 5 8 9 4 8 E - 0 5  

- 1 . 1 4 8 5 5 3 E - 1 1  
0.000000E+00 
1 . 1 0 7 2 0 6 E - 2 0  

- 2 . 6 3 9 0 8 4 E - 1 4  
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 

0.000000E+00 
2.711930E-13 
0.000000E+00 
0.000000E+00 
0.00000OE+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 

3.140129E-  1 3  

0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 



c-5 

48106 HP(MO,IDA,IH 
48107 HP(MO,IDA,IH 
48108 HP(MO,IDA,IH 
48109 HP(MO,IDA,IH 
48110 HP(MO,IDA,IH 
48111 HP(MO,IDA,IH 
48112 HP(MO,IDA,IH 
48113 HP(MO,IDA,IH 
48114 HP(MO,IDA,IH 
48115 HP(MO,IDA,IH 
48116 HP(M0, IDA, IH 
48117 HP(MO,IDA,IH 
48118 HP(MO,IDA,IH 
48119 HP(MO,IDA,IH 
48120 HP(MO,IDA,IH 
48121 HP(MO,IDA,IH 
48122 HP(MO,IDA,IH 
48123 HP(MO,IDA,IH 
48124 HP(MO,IDA,IH 
48125 HP(MO,IDA,IH 
48126 HP(MO,IDA,IH 
48127 HP(MO,IDA,IH 
48128 HP(MO,IDA,IH 
48129 HP(MO,IDA,IH 
48130 HP(MO,IDA,IH 
48131 HP(MO,IDA,IH 
48132 HP(MO,IDA,IH 
48133 HP(MO,IDA,IH 
48134 HP(MO,IDA,IH 
48135 HP(MO,IDA,IH 
48136 HP(MO,IDA,IH 
48137 HP(MO,IDA,IH 
48138 HP(MO,IDA,IH 
48139 HP(MO,IDA,IH 
48140 HP(MO,IDA,IH 
48141 HP(MO,IDA,IH 
48142 HP(MO,IDA,IH 
48143 HP(MO,IDA,IH 
48144 HP(MO,IDA,IH 
48145 HP(MO,IDA,IH 
48146 HP(MO,IDA,IH 
48147 HP(MO,IDA,IH 
48148 HP(MO,IDA,IH 
48149 HP(MO,IDA,IH 
48150 HP(MO,IDA,IH 
48151 HP(MO,IDA,IH 
48152 HP(MO,IDA,IH 
48153 HP(MO,IDA,IH 
48154 HP(MO,IDA,IH 
48155 HP(MO,IDA,IH 
48156 HP(MO,IDA,IH 
48157 HP(MO,IDA,IH 
48158 HP(HO,IDA,IH 
48159 HP(MO,IDA,IH 





c-7 

48160 H P ( ~ O ~ I ~ A , ~ ~  
48161 HP(MO,IDA,IH 
48162 HP(PI0, IDA,IH 
48163 HP(MO,IDA,IM 
48164 HP(M0, IDA, IN 
48165 HP(MO,IDA,IH 
48166 HP(MO,IDA,IM 
48167 HB(EIO,IDA,IH 
48168 H P ( ~ ~ , I D ~ ~ I ~  
48169 MP(MB,IDA,IH 
48170 WP(MO,IDA,TH 
48171 HP(MO,IDA,IH 
48172 NP(MO,IDA,IH 
48173 HP(MO,IDA,IH 
48174 HP(M0, I D A ,  IH 
48175 HP(MO, IDA, IH 
48176 HP(MO,ZDA,IM 
48177 HP(MO,IDA,IM 
48178 WP(M0, IDAPTXI 
481791 HB(M0, I D A ,  1H 
48180 HP(MO,IDA,JM 

48182 HP(MQ,KDA,IH 
48183 HP(MO,IDA,LH 
48184 WP(MO,IDA,IM 
48185 MP(MO,IDA,IM 
48186 HP(MO,IDA,TH 
45187 HP(N0, IDA, IM 
48 E88 HP (lLi0, IDA, IH 
48189 HP(MQ,IDA,IH 
48190 HP (MI, TDA , ZW 
48191 HP(MO,PDA,IK 
48192 H P ( ~ ~ ~ ~ ~ ~ , ~ ~  
48183 H P ( t / l Q , I D A , I H  
48194 MP(MO,LDA,TH 
48195 HP(EUIQ,IDA,IH 
48196 WP(PIO,IDA,IH 
48197 HP(MO,IDA,IW 
48198 NP(M0,6DA,IN 
48199 HP(MO,IDA,IH 
48200 HP(MO,PDA,lM 
48201 HP(MO,IDA,IH 
48202 HP(MO,PDA,IM 
48203 HP(M0, IDA, LH 
48204 HP(MO,IDA,PM 
48205 HP(MO,EDA,IH 
48206 WP(M0 , IDA I 113 
48207 ~ ~ ~ ~ ~ , ~ ~ A ~ ~ ~  
48208 HP(NO,PDA,TN 
48209 WF(MO,IDA,IN 
48210 ~ ~ ( ~ O , ~ ~ ~ , ~ ~  
48211 WP(MQ,TDA,IB 
48212 HP(MO,IDA,IW 
48213 HPQMQ, IDA, I H  



c-8 

48268 HP(MO,IDA,IH 
48269 HP(MO,IDA,IH 
48270 HP(MO,IDA,IH 
48271 HP(MO,IDA,IH 
48272 HP(MO,IDA,IH 
48273 HP(MO,IDA,IH 
48274 HP(MO,IDA,IH 
48275 HP(MO,IDA,IH 
48276 HP(MO,IDA,IH 
48277 HP(MO,IDA,IH 
48278 HP(MO,IDA,IH 
48279 HP(MO,JDA,IH 
48280 HP(MO,IDA,IH 
48281 HP(MO,IDA,IH 
48282 HP(MO,IDA,IH 
48283 HP(MO,IDA,IH 
48284 HP(MO,IDA,IH 
48285 HP(MO,IDA,IH 
48286 HP(MO,IDA,IH 
48287 HP(MO,IDA,IH 
48288 HP(MO,IDA,IH 
48289 HP(NO,IDA,IH 
48290 HP(MO,IDA,IH 
48291 HP(MO,IDA,IH 
48292 HP(MO,IDA,IH 
48293 HP(MO,IDA,IH 
48294 HP(MO,IDA,IH 
48295 HP(MO,IDA,IH 
48296 HP(MO,IDA,IH 
48297 HP(MO,IDA,IH 
48298 HP(MO,IDA,IH 
48299 HP(MO,IDA,IH 
48300 HP(MO,IDA,IH 
48301 HP(MO,IDA,IH 
48302 HP(MO,IDA,IH 
48303 HP(MO,IDA,IH 
48304 HP(MO,IDA,IH 
48305 HP(MO,IDA,IH 
48306 HP(MO,IDA,IH 
48307 HP(MO,IDA,IH 
48308 HP(MO,IDA,IH 
48309 HP(MO,IDA,IH 
48310 HP(MO,IDA,IH 
48311 HP(MO,IDA,IH 
48312 WP(MO,IDA,IH 
48313 HP(MO,IDA,IH 
48314 HP(MO,XDA,IH 
48315 HP(MO,IDA,IH 
48316 HP(MO,IDA,IH 
48317 HP(MO,IDA,IH 
48318 HP(MO,IDA,IH 
48319 HP(MO,IDA,IH 
48320 HP(MO,IDA,IH 
48321 HP(MO,IDA,IH 



c-9 

48322 HP(MO,IDA,IH 
48323 HP(MO,IDA,IH 
48324 HP(MO,IDA,IH 
48325 HP(MO,IDA,IH 
48326 HP(MO,IDA,IH 
48327 HP(MQ,IDA,IH 
48328 HP(MO,IDA,IH 
48329 HP(MO,IDA,IH 
48330 HP(MO,IDA,IH 
48331  HP(MO,IDA,IH 
48332 HP(MO,IDA,IH 
48333 HP(MO,IDA,IH 
48334 HP(MO,IDA,IH 
48335 HP(MO,IDA,IH 
48336 HP(MO,IDA,IH 
48337 HP(MO,IDA,IH 
48338 HP(MO,IDA,IH 
48339 HP(MO,IDA,IH 
48340 HP(MO,IDA,IH 
48341  HP(MO,IDA,IH 
48342 HP(MO,IDA,IH 
48343 HP(MO,IDA,IH 
48344 HP(MO,IDA,IH 
48345 HP(FIO,IDA,IH 
48346 HP(MO,IDA,IH 
48347 HP(MO,IDA,IH 
48348 HP(MO,IDA,IH 
48349 HP(MO,IDA,IH 
48350 HP(MO,IDA,IH 
48351  HP(MO,IDA,IH 
48352 HP(MO,IDA,IH 
48353 HP(MO,IDA,IH 
48354 HP(MO,IDA,IH 
48355 HP(MQ,IDA,IH 
48356 HP(MO,IDA,IH 
48357 HP(MO,Il?A,IH 
48358 HP(MO,IDA,IH 
48359 HP(MO,IDA,IH 
48360 HP(MO,IDA,IH 
48361 HP(MO,IDA,IH 
48362 HP(MO,IDA,IH 
48363 HP(MO,IDA,IH 
48364 HP(MQ,IDA,IH 
48365 HP(HO,IDA,IH 
48366 HP(MO,IDA,IH 
48367 HP(MO,IDA,IH 
48368 HP(MO,IDA,IH 
48369 HP(MO,IDA,IH 
48370 MP(MO,IDA,IH 
48371 HP(MQ,IDA,IH 
48372 HP(MO,IDA,IH 
48373 HP(MO,IDA,IH 
48374 HP(MO,IDA,IH 
48375 HP(MQ,PDA,IH 



c--lo 

c48’376 HP(f.IO, IDA, ZH 
48377  HP(W0, %UA,IXl 
4 8 3 1 8  IIP(MO,I19.4,111 
4 8 3 7 9  H P ( t . f Q , I D A , T H  
4 8 3 8 0  MP(M0, I D A ,  Iti 
4 3 3 8 1  IQP(M0, I D A ,  I H  
4 8 3 8 2  MP(M0, I D A ,  IH 
4 8 3 8 3  HP(M3, IOA, IH 
4 8 3 8 4  HI’(MQ, I D A ,  LH 
6 8 3 8 5  HFCMO, I D A ,  I11 
48386  I W ( H 0 ,  IDA,  I H  
48387  N P ( M O , I I M ,  IW 
4 8 3 8 8  HP(M0, IDA,  III 
4 8 3 8 9  HP(MO, IDA ~ TH 
4,9390 HP(NU,IDA,CH 
4 8 3 9 1  H P ( M 0 ,  IDA, Ill 
I d 3 9 7  WP(MO, I D A .  I I I  
G8393 HP(MO, I D A :  I H  
48394  HP(X0, iDA, I H  
4 8 3 9 5  HP(M0, I D A ,  IH 
48346  HP(M0 ~ I D A .  IPI  
4 8 3 9 1  IrP(M0, I I M ,  I H  
4 8 3 3 8  MP(MO,IDA,II-I 
4 8 3 9 9  WP(M0, I D A ,  I H  
4 8 4 0 0  HY(MO,IDA,IH 
48401  HP(M0 I 1138, I I i  

4 8 4 0 3  MP (MO , I D A ,  I H  

4 8 4 0 5  I W ( M 0 , I I ) A  I I H  
48406  H P ( M 8 ,  I D A ,  IH 
48407  HP(M0, I D A ,  111 
4 84 0 8  HP (no, I D A  I I H  
48409 HP (PI0 , IDA, 111 

4 8 4 1 1  H P  (MO I IDA I I l l  

4 8 4 1 3  NP (MO ~ I D A ,  118 
4 8 4 1 4  HPfMO, IDA ~ I H  
4 8 4 1 5  WY(MO,IDA,JU 
48416  HP(MO,IDA,IH 
4 8 4 1  7 MP(M0, I D A ,  IM 
4 8 4 1 8  HP(M0, I D A ,  Ill 

4 8 4 2 0  WY (MO ~ I D A  ~ TH 
4 8 4 2 1  HY(MO,IDA,JH 

h8f423 HP(MO,IDA,IH 
4 8 4 2 4  MP(MO, IDA, 111 
4 8 4 2 5  HP(HC,HDA,IH 
48426  HT(M0, IDA ~ I H  
48b27 MP(FIO, I D A ,  Pli  

4 8 4 2 9  FJP(M0, ID&,, 151 

4 8 4 0 2  IIP(M0, ma IH 

~ W C O ~  HP (m ~ IDA,  IPI 

4 8 4 1 0  I-IP(M0, I D A  Igi 

4 8 4 1 2  HP(M0, I D A 9  I H  

le8419 HP (MO mtx, IH 

45477  HP(MO,XDA,IIl 

4 8 4 2 8  HP(Pn0, II)A> IH 

4 460330E bo8 

1.462400E+Oh 
2.78770OEkO6 

4.880000K+03 

6.075001E+00 

2.020250E+Q8 
1 . 2 3 0 8 3 3 E - 8 4  
0.0006)00EtQQ 
0.000000R+0@ 
0 .  000000Et-011 
0.000000E~00 
0 000000E+00 
0.000000Ea00 
0.000000EtQC 
O.OOOOOO~+Q0 
0.000000E+00 
0.000000E+OO 
0.000000E+QC! 
0.000000E+0@ 
O.OnOOOOE+QC! 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000Et-00 
0.000000E+00 
0.000000E+00 
0 .  OOOOOOE tQQ 

0 .000000~ t00  
0.000000E+00 
0.000000Et00 
0.000000E+00 
0.000000EtQ0 
0.000000E+0@ 
0 .  0OOOOOE t-00 
0.OOOOOOE+00 
0.000000E-t-80 
0.000000E+08 
O.O00000E+OQ 
0.000000Ee00 
0.000000E+00 
0.000000EtQO 
0.000000Ec00 
0.00000QE+00 
0.000000E+QO 
0 .  OOOOOOEcOO 
0.000000E+80 
0.000000E+00 
0.000000Ec00 
0 .  0QQ000E so0 
0 .  OOOOOOEi 00 
0.000000E+00 

5 . 5 8 9 0 0 1 E - 8 3  
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. 

4 9 9 9 8  H P ( M O , I D A , I H  
49999 H P ( M O , I D A , I H  
5 0 0 0 0  H P ( M O , I D A , I H  
50001 H P ( M O , I D A , I H  
5 0 0 0 2  H P ( M O , I D A , I H  
50003 H P ( M O , I D A , I H  
50004 H P ( M O , I D A , I H  
5 0 0 0 5  H P ( M O , I D A , I H  
50006 H P ( M O , I D A , I H  
5 0 0 0 7  H P ( M O , I D A , I H  
5 0 0 0 8  H P ( M O , I D A , I H  
5 0 0 0 9  H P ( M O , I D A , I H  
50010 H P ( M O , I D A , I H  
5 0 0 1 1  H P ( M O , I D A , I H  
50012 H P ( M O , I D A , I H  
50013 H P ( M O , I D A , I H  
50014 H P ( M O , I D A , I H  

50016 H P ( M O , I D A , I H  
50017 H P ( M O , I D A , I H  
50018 H P ( M O , I D A , I H  
5 0 0 1 9  H P ( M O , I D A , I M  
50028 H P ( M O , I D A , I W  
50021 H P ( M O , I D A , I W  
50022 H P ( M 0 ,  IDA, 111 
50023 HP(M0, I D A ,  INI 
50024 HP(MO, I D A .  IM 
5 0 0 2 5  H P ( M O , I D A , I H  
50026  ID^^^^ 
50027 W P ( M B , I D A , I H  
50028 ~ ~ ~ ~ 0 , ~ D A , I ~  
'90029 H P ( M Q , I D A , I W  
50030 H P ( M O , I D A , I H  
50031 H P ( M O , I D A , I H  
58032 H P ( M O , I D A , I H  
5 0 0 3 3  H P ( M O , I D A , I H  
50034 H P ( M O , I D A , I H  
5 0 0 3 5  M P ( M O , I D A , I H  
50036 H P ( M O , I D A , I H  
5 0 0 3 7  H P ( M O , I D A , I H  
5 0 0 3 8  H P ( M O , I D A , I H  
5 0 0 3 9  H P ( H O , I D A , I H  
50040 H P ( M O , I D A , I H  
50041 H P ( M O , I D A , I H  
5 0 0 4 2  H P ( M O , I D A , I H  
5 0 0 4 3  H P ( M O , I D A , I H  
5 0 0 4 4  H P ( M O , I D A , I H  
5 0 0 4 5  H P ( M O , I D A , I H  
5 0 0 4 6  HP (MO , I D A ,  IH 
5 0 0 4 7  H P ( M O , I D A , I H  
51)048 H P ( M O , Z D A , I M  
5 8 0 4 9  H P ( M O , I D A , I H  
50050 HP(M0, I D A ,  I H  

50015 MP(MQ,IDA,IH 
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P 

5 0 2 1 4  H P ( M O , I D A , I H  
5 0 2 1 5  H P ( M O , I D A , I H  
5 0 2 1 6  H P ( M O , I D A , I H  
5 0 2 1 7  H P ( M O , I D A , I H  
5 0 2 1 8  H P ( M O , I D A , I H  
5 0 2 1 9  H P ( M O , I D A , I H  
5 0 2 2 0  H P ( M O , I D A , I H  
5 0 2 2 1  H P ( M O , I D A , I H  
5 0 2 2 2  H P ( M O , I D A , I H  
5 0 2 2 3  H P ( M O , I D A , I H  
5 0 2 2 4  H P ( M O , I D A , I H  
5 0 2 2 5  H P ( M O , I D A , I H  
5 0 2 2 6  H P ( M O , I D A , I H  
5 0 2 2 7  H P ( M O , I D A , I H  
5 0 2 2 8  H P ( M O , I D A , I H  
5 0 2 2 9  H P ( M O , I D A , I M  
5 0 2 3 0  H P ( M O , I D A , I H  
5 0 2 3 1  H P ( M O , I D A , I H  
5 0 2 3 2  H P ( M O , I D A , I H  
5 0 2 3 3  H P ( M O , I D A , I H  
5 0 2 3 4  H P ( M O , I D A , I H  
5 0 2 3 5  H P ( M O , I D A , I H  
5 0 2 3 6  H P ( M O , I D A , I H  
5 0 2 3 7  H P ( M O , I D A , I H  
5 0 2 3 8  H P ( M O , I D A , I H  
5 0 2 3 9  H P ( M O , I D A , I H  
5 0 2 4 0  H P ( M O , I D A , I M  
50241 H P ( M O , I D A , I H  
5 0 2 4 2  H P ( M O , I D A , I H  
5 0 2 4 3  H P ( M O , I D A , I H  
5 0 2 4 4  H P ( M O , I D A , I H  
5 0 2 4 5  H P ( M O , I D A , I H  
5 0 2 4 6  H P ( M O , I D A , I H  
5 0 2 4 7  H P ( M O , I D A , I H  
5 0 2 4 8  H P ( M O , I D A , I H  
5 0 2 4 9  H P ( M O , I D A , I H  
5 0 2 5 0  H P ( M O , I D A , I H  
5 0 2 5 1  H P ( M O , I D A , I H  
5 0 2 5 2  H P ( M O , I D A , I H  
5 0 2 5 3  H P ( M O , I D A , I H  
5 0 2 5 4  H P ( M O , I D A , I H  
5 0 2 5 5  H P ( M O , I D A , I H  
5 0 2 5 6  H P ( M O , I D A , I H  
5 0 2 5 7  H P ( M O , I D A , I H  
5 0 2 5 8  H P ( M O , I D A , I H  
5 0 2 5 9  H P ( M O , I D A , I H  
5 0 2 6 0  H P ( M O , I D A , I H  
5 0 2 6 1  H P ( M 0 ,  I D A ,  I H  
50262 H P ( M O , I D A , I H  
5 0 2 6 3  H P ( M O , I D A , I H  
5 0 2 6 4  H P ( M O , I D A , I H  
5 0 2 6 5  H P ( M O , I D A , I H  
5 0 2 6 6  H P ( M O , I D A , I H  
5 0 2 6 7  H P ( M O , l D A , I H  
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5 0 3 2 2  H P ( M O , I D A , I H  
5 0 3 2 3  H P ( M O , I D A , I H  
5 0 3 2 4  H P ( M O , I D A , I H  
5 0 3 2 5  H P ( M B , I D A , I H  
5 0 3 2 6  H P ( M O , I D A , I H  
5 0 3 2 7  H P ( M O , I D A , I H  
5 0 3 2 8  H P ( M O , I Q A , I H  
5 0 3 2 9  H P ( M O , I D A , I H  
5 0 3 3 0  H P ( M O , I D A , I H  
5 0 3 3 1  H P ( M O , I D A , I H  
5 0 3 3 2  H P ( M O , I D A , I W  
5 0 3 3 3  H P ( M Q , I D A , I H  
5 0 3 3 4  H P ( M O , I D A , I H  
5 0 3 3 5  H P ( M O , I D A , I W  
5 0 3 3 6  H P ( M O , I D A , I W  
50337 H P ( M O , I D A , I H  
5 0 3 3 8  H P ( M O , I D A , I H  
5 0 3 3 9  H P ( M O , I D A , I H  
5 0 3 4 0  H P ( M O , I D A , I H  
5 0 3 4 1  H P ( M O , I D A , I H  
5 0 3 4 2  H P ( M O , I D A , I H  
5 0 3 4 3  H P ( M O , I D A , I H  
5 0 3 4 4  H P ( M O , I D A , I H  
5 0 3 4 5  H P ( M O , I D A , I M  
5 0 3 4 6  W P ( M O , I D A , I H  
5 0 3 4 7  H P ( M O , I D A , T H  
5 0 3 4 8  H P ( M O , I D A , I H  
5 0 3 4 9  H P ( M O , I D A , I H  
5 0 3 5 0  H P ( M O , I D A , I H  
5 0 3 5 1  H P ( M O , I D A , I H  
5 0 3 5 2  H P ( M O , I D A , I M  
5 0 3 5 3  M P ( M O , I D A , I H  
5 0 3 5 4  H P ( M O , I D A , I H  
5 0 3 5 5  H P ( M O , I D A , I H  
5 0 3 5 6  H P ( M O , I D A , I H  
5 0 3 5 7  H P ( M O , I D A , I H  
5 0 3 5 8  H P ( M O , I D A , I H  
5 0 3 5 9  HP(MO,IDA,IH 
5 0 3 6 0  HP(MO,IDA,IW 
5 0 3 6 1  M P ( M Q , I D A , I H  
5 0 3 6 2  H P ( M O , I C A , I H  
5 0 3 6 3  H P ( M O , I D A , I H  
5 0 3 6 4  H P ( M O , I D A , I H  
5 0 3 6 5  H P ( M O , I D A , I H  
5 0 3 6 6  H P ( M O , I D A , I H  
5 0 3 6 7  H P ( M O , I D A , I H  
5 0 3 6 8  M P ( M O , I D A , I H  
5 0 3 6 9  H P ( M O , I D A , I  
5 0 3 7 0  H P ( M O , I D A , I H  
5 0 3 7 1  HP(MB,IDA,IH 
5 0 3 7 2  HP(MQ,IDA,IH 
5 0 3 7 3  H P ( M B , I D A , I H  
5 0 3 7 4  MP(MO,IDA,IH 
5 0 3 7 5  H P ( M O , P D A , I H  
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50430 HP(MO,IDA,IH 
50431 HP(MO,IDA,IH 
50432 HP(MO,IDA,IH 
50433 HP(MO,IDA,IH 
50434 HP(MO,IDA,IH 
50435 HP(MO,IDA,IH 
50436 HP(MO,IDA,IH 
50437 HP(MO,IDA,IH 
50438 HP(MO,IDA,IH 
50439 HP(MO,IDA,IH 
50440 HP(MO,IDA,IH 
50441 HP(MO,IDA,IH 

7515994 
7515995 
7515996 
7515997 
7515998 
7515999 
7516000 
7516001 
7516002 
7516003 
7516004 
7516005 
7516006 
7516007 
7516008 
7516009 
7516010 
7516011 
7516012 
7516013 
7516014 
7516015 
7516016 
7516017 
7516018 
7516019 
7516020 
7516021 
7 5 1602 2 
7516023 
7516024 
7516025 
7516026 
7516027 
7516028 
7516029 
7516030 
7516031 
7516032 
7516033 
7516034 
7516035 

AGEX 
PLOC 

GSCFAC 
TIME (IJQH 
TIME (I JQH 
TIME (IJQH 
TIME( IJQH 
TIME ( IJQH 
TIME ( IJQH 
TIME( IJQH 
TIME( IJQH 
TIME( IJQH 
TIME( IJQH 
TIME ( I JQH 
TIME ( I JQH 
TIME ( I JQH 
TIME( IJQH 
TIME( IJQH 
TIME ( I JQH 
TIME( IJQH 
TIME( IJQH 
TIME ( I JQH 
TIME(1JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 
HLET (IJQH 
LLET ( I JQH 
HLET ( I JQH 
LLET ( I JQH 

0.000000E+00 
0.000000E+00 
0.000000E+OO 
0.000000E+00 
0.000000E+00 
0.000000E+OO 
0.000000E+OO 
0.000000E+00 
0.000000E+OO 
0.000000E+OO 

0.000000E+00 
0.000000E+00 

-7.808209E-06 
0.000000E+OO 
1.8190373-12 
0.000000E+00 
0.000000E+OO 
0.000000E+OO 
0.000000E+00 
0.000000E+00 
0.000000E+O0 
0.000000E+O0 
0.000000E+OO 
0.000000E+00 
0.000000E+OO 

0.000000E+OO 
0.000000E+OO 
0.000000E+00 
0.000000E+00 
0.000000E+OO 

0.000000E+OO 

0.000000E+00 
0.000000E+QO 
0.000000E+OO 
0.000000E+OO 

0.000000E+OO 
0.000000E+00 

0.000000E+OO 
0.000000E+00 
0.000000E+QO 
0.000000E+00 

0.000000E+00 
0.000000E+OO 

0.000000E+O0 

0.000000E+O0 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
O.OOOOOOE+0O 
0 . OOOOOOE+OO 

0.000000E+00 
0.000000E+00 

0.000000E+00 
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7516036 
7516037 
7516038 
7516039 
7516040 
7516041 
7516042 
7516043 
7516044 
7516045 
7516046 
7516047 
7516048 
7516049 
7516050 
7516051 
7516052 
7516053 
7516054 
7516055 
7516056 
7516057 
7516058 
7516059 
7516060 
7516061 
7516062 
7515063 
7516064 
7 51606 5 
7516066 
7 51606 7 
7516068 
7516069 
7516070 
7516071 
7516072 
7516073 
7516074 
7516075 
7516076 
7516077 
7516078 
7516079 
7516080 
7516081 
7515082 
7516083 
7516084 
7516085 
7516088 
7516089 
7516090 

HLET ( IJQH 

HLE'I' ( I JQH 
LIXT ( I JQH 
HLET ( I JQH 
LL.ET ( 1 JQH 
HLET ( I JQH 
LLET ( I JQH 
HIXT ( I JQH 
L1,ET ( I JQH 
HLET ( I JQH 
LLET ( LJQH 
HLET (IJQH 
LLET(IJQW 
HLET ( I JQH 
LLET(1JQl-l 
HLET (IJQH 
LTXT ( 1 JQH 
HLET ( I JQM 
LLET(IJQH 
HLET ( I JQH 
RELABS(1JQ 
REUBS(IJQ 
RELABS ( I JQ 
RELABS(IJQ 
REIABS ( 1 JQ 
RELABS ( IJQ 
RELABS (IJQ 
RELABS ( I JQ 
RELABS ( I JQ 
RELABS ( IJQ 
RELABS(1JQ 
RELABS ( I JQ 
RELABS(1JQ 
REUBS(IJQ 
REMBS ( 1 JQ 
RELABS (TJQ 
RELABS(1JQ 
RELABS ( I JQ 
RELABS ( X JQ 
RELABS (IJQ 
GLLET(IJQH 
GHLET ( I JQH 
GLLET (IJQII 
GHLET ( IJQH 
GLLET(1JQM 
GHLET ( IJQM 

LLrr ( I JQH 

GRF.46 ( 1) 
GRFAC ( 2 ) 

GIABS (JJQH , 
GIBBS(JJQH, 
GIABS (JJQH , 

REPPER 

7516091 GIABS(JJQH, 
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7516092 
7516093 
7 516094 
7516095 
7516096 
7516097 
7516098 
7516099 
7516100 
7516101 
7516102 
7516103 
7516104 
7516105 
7516106 
7516107 
7516108 
7516109 
7516110 
7516111 
7516112 
7516113 
7516114 
7516115 
7516116 
7516117 
7516118 
7516119 
7516120 
7516121 
7516122 
7516123 
75 16  124  
7516125 
7516126 
7516127 
7516128 
7516129 
7516130 
7516131 
7516132 
7516133 
7516134 
7516135 
7516136 
7516137 
7516138 
7516139 
7516140 
7516141 
7516142 
7516143 
75 16  144 
7516145 

PSIZE(1JQH 
GIABS (JJQH 
GTABS (J JQN , 
GIABS (JJQH , 
GIABS(JJQH, 
PSIZE(1JQH 

GIABS (JJQH 
GIABS (JJQN , 
GIAIBS(JJQH, 
GIABS (JJQH , 
PSIZE(1JQH 

GIABS(JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
GIABS (JJQH , 
PSIZE( IJQH 

GIABS(JJQH, 
GIABS (JJQN , 
GIABS(JJQW, 
GIABS(JJQH, 
PSIXE( IJQH 
GIABS (J JQH I 

GIMS(JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
PSIZE( I J Q H  
GIABS(JJQH, 
GIABS(JJQH, 
GIABS (J JQS I 
GI M S  (J JQH ~ 

P § I ZE ( I JQH 
GIABS(SJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 

GIABS(JJQH, 

GIABS(JJQH, 
GIABS(JJQH, 
PSIZE (1JQM 
GIABS(JJQH, 
GIABS (JJQH 
GIABS(JJQH, 
GIABS(JJQH, 
PSIZE(IJQH 
GIABS (JJQH, 
GIMS(JJQM, 
GIABS (JJQH I 

GIABS (JJQH 
P§IZE(IJQH 

GIABS(JJQH, 
GIABS (JJQH 
GIABSCJJQN, 

PSIZE(1JQH 

GIABS (JJQH 
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7 516146 
7 5 1 6  147  
7 5 1 6  148 
7516149 
.7 5 1 6  1 5  0 
7516151 
7 5 1 6  1.5 2 
7516153 
7 5 1 6  154 
7516155 
7516156 
7 5 16 15.1 
7516158 
7 5 1 6  1.5 9 
7516160 
7516161 
7516162 
7516163 
1 5 1.6 164  
7516165 
7516166 
7516167 
7516168 
7516169 

7 51.5 1 7  1 
7516172 
7516173 
7 5 16174 
7 5 1 6  1 7  5 
7516176 
7 5 1.6 17 7 
7516178 
7516179 
7 516 180 
7516181 
7516182 
7 5 I 5  1.8 3 
7 5 1 6  184 
7516185 
7516186 
7515187 
7 5 1 6  1.8 8 
7516189 
7516190 
7 5 1.6 191 
7516192 
7516193 
7516194 
7516195 
7 s 1.6 1 9  6 
7 5 1 6  1.9 7 
75IhlL98 
7516199 

1516170 

GIABS (JJQH , 
PSIZE(1JQH 
GIABS(JJQH, 
GIABS (J.JQH, 
GIABS (JJQH, 
GIABS (JJQH , 
PSIZE ( IJQH 
GIABS(JJQH, 
GIABS (JJQH , 
GIABS ( J  JQH , 
GIABS (J JQH 
PSIZE(1JQH 

GIABS(JJQH, 
GIABS (J JQW a 

GIABS(JJQH, 
GIABS (JJQH , 
PSIZE(1JQH 
GIABS (J JQH , 
GIABS (JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
PSIZE( LJQI-I 

GIABS(JJQH, 
GIABS (3 JQH , 
GIABS (JJQH , 
GIABS (JJQH , 
PSIZE(1JQM 

GIABS (JJQH, 
GIABS (JJQH, 
GIABS (JJQH, 
GIABS (JJQH, 
PSIZE( IJQH 
GIABS(JJQH, 
GIABS (..J.JQH, 
GIABS(JJQH, 
GI ABS ( J JQH , 
PSIZE( IJQH 
GIABS (JJQH, 
GIARS(JJQH, 
GIABS (JJQH 
GIABS(JJQH, 
PSI Z E ( I JQH 

GIABS (JJQH , 
GIABS(JJQH, 
GIABS (JJQH , 
GIABS (JJQH , 
PSIZE(1JQH 

GIABS (JJQH, 
GIABS (J JQH , 
GIABS(JJQH, 
GIABS (JJQH, 
PSIZE(1JQH 

GIABS (JJQH, 
G I ABS ( .J J QH , 
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. 

7516200 
7516201 
7516202 
7516203 
7 5 1 6  204 
7516205 
7516206 
7516207 
7516208 
7516209 
7 5 16210 
7516211 
7516212 
7516213 
7516214 
7516215 
7516216 
7516217 
7516218 
7516219 
7516220 
7516221 
7516222 
7516223 
7516224 
7516225 
7516226 
7516227 
7516228 
7516229 
7516230 
7516231 
7516232 
7516233 
7516234 
7516235 
7516236 
7516237 
7516238 
7516239 
7516240 
7516241 
7516242 
7516243 
7516244 
7 5 16245 
7516246 
75 16247 
7516248 
7516249 
7516250 
7516251 
7516252 
7516253 

GIABS(JJQH, 
GIABS (JJQH 
PSIZE(IJQH 
GIABS(JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
GIABS (JJQH, 
PSIZE(1JQH 

GIABS (J JQH , 
GIABS (JJQH, 
GIABS (JJQH 
GIABS (JJQH, 
PSIZE(1JQH 
GIABS(JJQH, 
G IABS (J JQA , 
GIABS(JJQH, 
GIABS (JJQH, 
PS I ZE ( I JQH 
GIABS (JJQH, 
GIABS(JJQH, 
GIABS (J JQH , 
GIABS (JJQH , 
PSIZE(1JQH 

GIABS (JJQH , 
GIABS (JJQH, 
GIABS(JJQH, 
GIABS(JJQH, 
PSIZE(1JQH 

GIABS (J JQH , 
GIABS(JJQH, 
GIABS(JJQH, 
GIABS (JJQH, 
PSIZE (IJQH 
GIABS(JJQH, 
GIABS (JJQH, 
GIABS(JJQH, 
GIABS (JJQH, 
PSIZE( IJQH 

GIABS (JJQH , 
GIABS(JJQH, 
GIABS (JJQH , 
GIABS (JJQH , 
PSIZE(1JQH 

GIABS (JJQH, 
GIABS(JJQH, 
GIABS (JJQH, 
GIABS(JJQH, 
PS I ZE ( IJQH 
GIABS (JJQH , 
GIABS (J JQH , 
GIABS(JJQH, 
GIABS (JJQH , 
PSIZE(1JQH 

GIABS(JJQH, 
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7 5 1 6 2 54 
7516255 
7516256 
751625 P 
7516258 
7516259 
7516260 
7516261 
7516262 
7516263 
7 5 1 6  2 64  
7516165 
7516266 
7516267 
7516768 
7516269 
7516270 
7516271 
75162/2  
7515273 
7516174 
75162 7 5 
7516276 
7516277 
75162 78 
7516279 
7516280 
7516281 
7516282 
7516283 
7 5 1 6  2 ai+ 
7 5 1.6 2 8 5 
7516286 
7516287 
7729€42 
7729643 
7 729644 
7 729645 
7729646 
7729647 
7729648 
7729649 
7729650 
7729651 
7729652 
7729653 
7729654 
7729655 
7729656 

7729658 
7729659 
7729660 
7729661 
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