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ABSTRACT 

. ' 6 

Two mathematical mode1.s which.describe the retention and trans- 1 

location of inhaled plutonium were simulated on BNW's minicomputer .;, 
system MINERVA. Equation parameters are. obtained by matching the simu- 
la t ion t o  data gathered by several studies a t  BNW. Interactive graphics 

techniques are described which faci 1 i t a t e  the data f i tti ng process. 

This document i s  meant to  serve as a progress report on a continuing 
e f fo r t  towards development of mathematical models to  describe the dis- 
position of inhaled plutonium. The tabular and graphical resul ts  found 

in the appendices of th i s  report do not represent what we feel are  the 
best possible data f i t s  b u t  only samples of output available from the 
model. A t  th i s  time we feel that  addjtional model development will' 
probably be required to  best f i t  the data. 
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BIOLOGY MODEL 
DOCUMENTATION 

. .. . . INTRODUCTION - ' .  . : . . , . 

Two biology models have been implemented on the BNW MINERVA System. 

Both of these models simulate the flow of inhaled plutonium through the 

organs of the body. The f i r s t  model was developed by Dionne and Stuart  (1 

and or iginal ly  programmed on the B N W  hybrid computer. The second was 

derived from the block diagram of a model developed by the ICRP Task 

Group. ( 2 )  The simulation programs for  both models a re  quite similar 

and emphasize user-oriented control and display techniques. 

THE MINERVA SYSTEM 

The Battel l e  MINERVA System consists of a PDP-11/35 minicomputer 

with 24K of core and a Vector General graphics display terminal. Pro- 

gram and data storage i s  maintained on two removable disk packs which 

together have a storage capacity of 2 . 4  million bytes. The system has 

the capabili ty to  produce hard copy output of graphs and data appearing 

on the Vector General display. The output medium f o r  these displays 

i s  e i ther  an e lec t ros ta t ic  pr in ter /p lo t te r  or  a CalComp plot ter .  The 

major advantage of th is  system fo r  the two Biology models which a re  

being simulated is  f a s t  real -time man-machine interaction. 

THE MODEL 

Both models were developed using a ser ies  of f i r s t  order 1 inear 

different ial  equations. These equations simulate the flow of material 

between various organs of the body a f t e r  i n i t i a l l y  being inhaled into 

the lungs. The general form of these equations i s  



where 

(dN/dtIi i s  the time ra t e  of change of burden in the 

i th  organ, 

f k  i s  the fractional uptake parameter. (In the 

Dionne-Stuart model , k = i , j specifying the 

fractional uptake by the i th  organ from the j t h  

organ. In the ICRP model k specifies the frac- 

tional amount 1 eavi ng the jicompartm.ent . ) 
1 j i s  the biological el imination r a t e  of the j organ, and 

t h i s  the biological ellmlnatfon r a t e  of the i organ. 
- :  

DIONNE - STUART EQUATIONS (5)  (See Table 1 for  parameter Values) 

Pulmonary 

The equation describing the varying biological half-time of the 

deep lung i s  . 

PV IPV = -(h)(h ) .  

x i s  the term which af fec ts  the var iab i l i ty .  

The equations describing the varying portion of the deep lung 

burden i s  

where N p v  i s  a term describing the amount of material. This portion has 

an i n i t i a l  rapid half-time of 50 days and i t  continually lengthens with 

a half-time of one year ( A ) .  The material leaving the lung through th i s  

compartment enters the GI t r ac t .  One year a f t e r  deposition no fur ther  

material leaves th i s  compartment. 

The remaining material in the deep lung i s  described by the follow- 

i ng equation. 

-2- 



. . The material leaving the lung by th i s  pathway enters the lymph nodes, 

blood stream, and GI t r ac t .  The biological half-time for  th i s  pathway 
" 

i s  4 years. 

Lymph Nodes 

The uptake of material i n  the lymph nodes i s  complicated by the 

f a c t  tha t  only 30% of the material received by the lymph nodes leaves 

them. Let NTBl represent the amount of material leaving the trachea- 
. . bronchial lymph nodes and entering the bloodstream, while NTB2 repre- . 

sen t s ' t he  amount retained in the tracheabronchial lymph nodes. The r a t e  

of change of material i n  the f i r s t  compartment i s  

The r a t e  of change of material in the second tracheabronchial lymph 

node compartment i s  described by 

and the total  amount of material i n  the tracheabronchial lymph'nodes 

at any time i s  

Similarly, fo r  the abdominal lymph nodes, the r a t e  of change of material 

i n  the f i r s t  compartment i s  

The ra te  of change of material in the second abdominal lymph node 

compartment i s  described by 



- - -  

SUMMATION OF 

DIONNE - STUART MODEL BLOCK'DIAGRAM 
. . 



TABLE 1 .  Equation Parameters, Dionne-Stuart Model 

Compar'men t Value Compartment Value 

Pulmonary Blood 

A PV . 1  Year 

f ~ ~ . ~ ~ l  80% 

NPC (0 ) 94. 

PC 
A .  2 yrs 

Lymph Nodes 

NTBl ('1 0 

X 
TB1 1. yrs 

60% 
TB , NPC 

ATB2 5 years 

Bone 

Other 

NOT ( 0) 

X Of 

f ~ ~ , ~ ~  

.216 

100 years 

100 years 

5% 





and t h e  t o t a l  amount of  ma te r i a l  i n  t h e  abdominal lymph nodes a t  any 

time is  

- 
N~ - N ~ l  + N ~ 2  

Blood 

The amount of ma te r i a l  i n  blood a t  any time i s  t h e  sum of  t h e  

ma te r i a l  going t o  blood from any organ. Because blood has a f a s t  

b io log i ca l  half- t ime w i t h  r e s p e c t  t o  the rest o f  the organs i n  the long- 

termmodel .  i t  t r a n s f e r s  the mater ia l  i rmed ia t e ly ,  and i n  the. proper  
, . 

propor t ion ,  t o  the organs i t  feeds .  

Systemic Organs 

The equa t ions  d e s c r i b i n g  t h e  bui ldup and decay o f  ma te r i a l  i n  the 

systemic organs a r e  a l l  s i m i l a r .  They a r e  f e d  by blood and send t h e i r  

ma te r i a l  back t o  blood w i t h  long ha l f - t imes .  

Bone - 

Other - 

Liver  

Kidneys 



In i t i a l  material in the systemic compartments comes from the soluble 

portion of the material which i s  deposited in the nasopharynx-trachea- 

bronchial compartment of the ,  short-term model .: -... 

Excretion 

The equations which describe the amount of material excreted are  

designed to yield the total  excreted since the i n i t i a l  uptake. 

Urine - 

Feces - 

Whole Body 

The amount of material in the whole body a t  any time i s  simply the 

sum of amount of material i n  a l l  the compartments. - - 

EQUATIONS FOR ICRP MODEL (See Table 2 for  Parameter Values) 

Nasbpharynx 

Two di f fe rent ia l  equations describe the flow of material from th i s  

NNpA = - A  
NPA 

N~~~ 

N N p B  = -A 
NPB 

N~~~ 

where NNpA a d  N N p B  descrl be t h e  amount of materia I .  NNpA determines 

the portion passing into the blood while N N p B  describes the amount 

entering the gastrointestinal t r ac t .  The total  fo r  the nasopharynx 

a t  any time i s  



- 
N~~ - N~~~ + N~~~ 

Tracheabronchial 

This compartment a1 so has two equations describing the flow of 

material. NTBC for material entering the blood and NTBD for the 

gastroi ntestinal tract. These equations are given by 

NTBc = -A TBC N~~~ and 

TBD NTBD = -A N~~~ 

and the total for the tracheabronchial i s  

. . Pulmonary 

The pulmonary compartment contains four paths for material flow. 

Two of these 

describe the flow of material into the gastrointestinal tract, while 

describes that entering the blood and 

describes the flow into the lymph nodes. The total amount of material 

in the pulmonary compartment is given by 

- 
N~ - N~~ + N~~ + N~~ + N ~ ~ .  

Lung 

The material .dispersed from the lungs after initial inhalation is 

the sum of the material in the nasopharynx, tracheabronchial and pul- 

monary compartments and i s  given by 

-9- 



Gastrointestinal Tract 

'The GI t r a c t  i s  divided into four compartments: the stomach, the 

small in tes t ine ,  the upper large in tes t ine  and the lower large intest ine.  

The equations fo r  these compartments describe the buildup and removal 

of material. They are  given by 

Stomach 

NST = Fb A 
NPBN TBD PF + 

NPB + Fd a N~~~ + Ff A N~~ 

Small Intest ine 

Upper Large Intest ine 

Lower Large Intest ine 

Lymph Nodes 

The lymph nodes compartment i s  fed by the pulmonary compartment 

and drains into the blood. The equation i s  

Blood 

The equation which determines the amount of material i n  the blood 

NPA P E 
iBL = Fa A NNpA + Fc ATBCNTBC + F e l  N p E  



ICRP Model Block Diagram 



TABLE 2 .  Equation Parameters, ICRP Model 

Compartment ( 1 )  Class i f i ca t ion  

W 

Tracheabronchial 

A TBC 

Pulmonary 

Np (0) 



TABLE 2. Equation Parameters, ICRP Model (conti nued) 

, Compartment 

Pulmonary (cont. ) 

Lymph Nodes 

S tomach 

ST* 
X 

Small Intestine 

0. 

4. hrs 

3. 

4. hrs A 
SI* 4. hrs 

Upper Large Intestine 

N U L I  (O)* 

X 
ULI* 

2 

13. hrs 

: i - e 

13. hrs 13. hrs 

Lower Large Intestine 



TABLE 2.  Equation Parameters, ICRP Model (continued) 

D Compartment - W 

Lower Large Intestine (cont. ) 
ALLI 24. hrs 24. hrs 

Blood 

NBL (Q)* 

X BL* 

Sys temi .c 

24. hrs 

Urine 

-- --- 

* Addi tional parameters i nserted i nto origi nal ICRP model . 
(1 ) The classif icat ion of inhaled materials as D, W or Y refers  to  the j r  

retention in the Pulmonary compartment; i . e. , brief (days), moderate 
(weeks), or prolonged (years ) , respectively . (ICRP Task Group on 
Lung Dynamics Classification.) 

(2)  All removal hal'f-times are i n  days unless otherwise l i s ted .  



The blood compartment feeds the systemic and urine compartments w i t h  

equations 

Systemic 
BL 

N~~ = F ~ ~ ~ ~ A  N~~ and 

Urine - 

Whole Body 
. . .  

The amount of material i n  the whole body i s  given by the sum of a l l  

compartments except urine and i s .given by 

N~~ N~~ + N~~ + N~~ + N~~ + N~~~ + + N~~ + N~~ 

DATA (See Appendices A and B )  - 
Experimental data fo r  the Dionne-Stuart model was gathered by 

D. Craig.(3) This data i s  composed of r e y l t s  on 58 dogs, 23 of which 

were exposed by inhalation to  2 3 8 ~ u  crushed micropheres and the remain- 

der were exposed by inhalation to  238~u02 from calcined oxalate. The 

time span fo.r which th i s  data is available i s  from 7 to  2133 days w i t h  

the majori ty o f  the data points fa1 1 ing i n  the lower ha1 f of the range. 

T h i s  data consists of burden values for  the lungs,tracheabronchial lymph 

nodes, abdominal lymph nodes, skeleton (bone), 1 iver ,  kidneys, urine 

and feces. 

The ICRP model i s  being used to  simulate experimental data values 

collected by J .  8 a l l 0 u ( ~ )  on dogs and r a t s  exposed by inhalation to 2 3 g ~ u .  

This data i s  available between 1 and 100 days. Feces and urine data were 

gathered daily f o r  most of the time period while data points for  blood, 

-1 5 -  



lungs, l i ve r ,  tracheabronchial lymph nodes, skeleton and residual so f t  

t i s sue  are  available only a t  widely scattered points within the time 

period. 

THE COMPUTER PROGRAMS (See Appendix E for  Users' Manual) 

The computer programs which simulate both of these'models a re  highly 

user oriented. All control of the models i s  handled using simple commands 

thr0ugh.a keyboard attached to the Vector General graphics display CRT.  

These commands allow the user. to: s e t  the control mode, modify any of 

the equation parameters, and choose any two of the equations for  display. 

In the compute mode the computer solves the different ial  equations 

continuously while plott ing the two solutions which were selected for  

display. When the equations have been solved to  the end of the simula- 

t ion,  the i n i t i a l  conditions a re  reset  and the solving i s  restarted..  

During the compute mode the user i s  f ree  to choose new equations for  

display or modify the equation parameters. These changes will be imple- 

mented when the current simulation i s  completed and the i n i t i a l  conditions 

are  rese t .  This process of continuously monitoring the solutions of the 

different ial  equations while modifying equation parameters allows the 

user to  rapidly assess the implications of his modification on the r e s t  

of the model. 

The design o f  the computer simulation programs allows a high degree of 

interaction between the keyboard monitor which accepts and interprets  com- 

mands and the different ial  equation solver. This interaction i s  obtained by 

requiring that  the different ial  equation solver interrogate the keyboard 

monitor a f t e r  each i te ra t ion  on the time step. The r e su l t  of th i s  procedure 

i s  tha t  commands inputted from the VG keyboard are  responded to very 



rapidly,  thus giving the user the impression tha t  the two modules 

a re  operating simultaneous. 

SOLUTION METHOD 

Both biology models use the modified Euler method. The main 

consideration fo r  the choice of th i s  method was speed of solution. 

Also the Euler method i s  se l f - s ta r t ing  and due to  the character is t ics  

of the system of equations i s  s t i l l  within the required accuracy con- 

s t ra in ts .  

The modified Euler method i s  a predictor-corrector method. The 

predictor used i s :  . 

and the corrector s tep i s  

A variable integration step s i ze  was also incorporated into the method. 

The s tep s i ze  to  .be used i s  determined by an estimate of ,the truncation 

er ror  as follows: 
(PI  - Y (c)  

En+1 = max , "+I 'i, nil 
i 14 D, 

D~ = max (1 yi  ( c )  I ,  1.0) 
i , n+l 

where Yi  (P)  i s  the predicted value f o r  equation i a t  the n+l s tep and 
9 n+l 
i s  the corrected value fo r  equation i a t  the same time step. 'i, n+l 

There a re  two internal parameters which determine when to change 

the step s ize.  These are  the upper bound T and the lower bound E on - 
the truncation error.  The integration step will be halved, l e f t  as i t  

i s ,  o r  doubled according to the fol1 owing i nequal i t i es :  

-1 7- 



a )  If En+1 2 i? the interval i s  reduced t o  b t / 2  or t the mi n 
minimum a1 lowabl e value of the inte.gration step. 

b )  I f  s En+1. < the integration; step remains fixed. 

C )  If Encl < - E for four successive steps the step size i s  

increased to 2 ~ t  or h t  the maximum allowable value of the 
max 

step-size. 

METHOD 

Thrcc different sets o f  parameters can be modi Fied wll'il t! r-urlr~ i r ~ y  

these simulation model's. They are the initis.1 conditions on the dif- 

ferential equations, the fractional uptake parameters, 'and the biolog- 

ical elimination rates. The procedure followed in attempting t o  f i t  

the mode1 t o  the experimental data points involves adjusting the 

different sets,<of parameters until. the solution curves match the data 

~ o i n t ~ .  The process i s  started by f i r 5 t  p i c k i n g  some l ikely candidates 

for  the paramqters and then running ' the model and examining the f i t  

between the actua1,and predicted results.  As the simulation i s  run- 

n i n g  modifications can be made t o  any of the parameters and the effects 

can be monitored imnediately. Since the effect of changes made t o  

one compartment n o t  only a l t e r  the solution curve in that compartment 

b u t  also in a l l  the compartments chained to that compartment, the abi l i ty  

t o  rapidly examine any of the solution curves i s  essential for the 

practical use of these simulation models. This abi l i ty  t o  rapidly 

monitor the effects of parameter changes on the simulation was a prime 

consideration in the  design of the programs. Consequently the time 

required t o  f i t  the model to the data i s  minimized by this  (interactive) 

approach, over other methods of solution. 
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APPENDIX A 

Summarized Data From Dogs Exposed by 

Inha la t ion.  t o  238-~u.  Crushed M i  crospheres 

Mean Dog % I n i t i a l  Body Burden 

Days # Lunq TBLN ALN Fe , SK L V K I U r  Other WB 



Mean Dog 
Days # 

8 1032 

27 390 

27 921 

28 930 

28 931 

29 924 

30 403 
35 408 

54 942 

54 933 

56 929 

56 932 

56 395 

56 450 

57 923 

61 393 

70 460 

76 442 

77 399 

78 922 

78 935 

89 925 

90 926 

91 934 

94 449 

126 413 

186 400 

687 492 

1076 404 

1663 469 

1768 445 

Summarized Data from Dogs Exposed by I n h a l a t i o n  

t o  2 3 8 ~ u ~ 2  from Calc ined Oxal a t e  

% I n i t i a l  Body Burden 

Lung TBLN ALN F e SK LV K.1 Ur Other WB 

96.59 .34 .20 -- .16 1.7 .01 - - .65 99.65 

89.11 4.06 .1 -- 2.31 1.26 .03 -- .49 97.36 

92.05 .68 0 0 2.05 .45 0 0 3.64 100.00 

98.01 .63 .02 .38 .34 - 0 8  .02 0 .39 99.62 



Summarized Data from Dogs Exposed by I n h a l a t i o n  t o  238~u02 from Calcined Oxala te  ( c o n t . )  

Mean Dog % I n i t i a l  Body Burden 
Days # Lung TBLN- 'ALN Fe SK LV K I Ur Other W B 



APPENDIX 6 

Summarized Data From Dogs Exposed by 

I n h a l a t i o n  t o  2 3 9 ~ u ( ~ 0 3 ) 4  (Low Dose) 

% Body Burden a t  Death . . 
Residual ** 

- Days Lung TB Nodes Fe* S K LV B L U r *  . S o f t  Tissue Systemic*** 
. . 



Sumnarized Data From Dogs Exposed by I n h a l a t i o n  t o  23 % L J ( N O ~ ) ~  (Low Dose) (cont inued) 

% Body Burden a t  Death 
Residual ** 

Days Lung TB Nodes Fe* SK LV BL' Ur* S o f t  T i  ssue Sys temi c*** ...,, "-., -,-- . u... .,... ... 



Summarized Data From Dogs Exposed by I n h a l a t i o n  t o  23 %u ( ~ 0 ~ ) ~  (Low Dose) ( con t i  nued) 

%. Body Burden a t  Death 
Residual ** 

Days Lung TB Nodes Fe* . SK ' 'LV.. . .  .BL Ur* . S o f t  T issue  Systemic*** . . 

. . 

* Feces and u r i n e  i n  % body burden. 

** Includes on ly  muscle picked from ske l e ton  so  t o t a l  f o r  a11 organs d o e s n ' t  equal 100%. 

*** Systemic equa ls  sum of  l i v e r ,  ske l e ton  and r e s i d u a l  s o f t  t i s s u e .  



APPENDIX C 

Sampl e Tabu1 a r  

and Graphical Resu 1 t s  

Dionne-Stuart  Model 



--LUNGS 
UARYING HALF TIME -- 

THP = 1.0 YR(S1 
~ E E P  LUNG VARYING -- 

THPU = 1 . 8  YR(S1 
DEEP LUNG WNSTI~NT-- 

THPC = 2.0 YR(SI  
--LYMPH NODES (TBLN)  

FIRST COMPARTMENT -- 
THTB = 1.0 YR(S1 

FTBNPC = 60.0 i! 
SECOND COnPf+RTRENT-- 

FTBTB = 20.8 7 
--LYMPH NODES ( A L N )  

FIRST COMPARTflENT -- 
THAI = 1.0 YR(S1 

FfiNPC =100.0 3 
SECOND COHPARMENT-- 

FAA = 70.0 Z 
BLOOD - - 

FBLNPC = 48.0 2 
FBLTBl = 88.0 :: 

FBLAl  = 30.0 X 
FBLBO =108.0 X 
F B U U  =100.9 Z 
FBLKI  = 1.0 2 
FBLOT =100.0 Z 

--SKELETON 
THBO =I@@. 8 YR(S1 

FBOBL = 58.0 X 
--L I UER 

THLU = 48.0 YR( Sl 
FLUBL = 34.0 X 

--K I DNEY 
THKI = 40.0 YR( S 1 

F K I B L  = 0.3 X 
--OTHER 

THOT =100.0 YR( S 1 
FOTBL = 5.0 2 

--URINE ( E l  
FURKI = 33.0 7 
FURBL = 2.7 X 

--FECES ( E l  
FFELU = 8.0 i: 

FFENPU = 85.8 2 
FFENPC = 8 . 0  X 

--WHOLE BODY 

- . . . . - - 
C-T 

.. . . 



FRnCTIONAL UPTAKE CONSTANTS 

FTBNPC 
FANPC 
FBLNPC 
FBLA1 
FBLLV - 
FBLOT 
F ~ V G L  
FuTBL 
FURBL 
FFENPV 

BIOLOOICHL HALF-TINES 

THP 
THPC 
THAI 
THLV 
THOT 

TIME - 0. 0 YRtS)  
LPV = 5, 8006G 
NPV EI 6. 68080 
NTBl F 6. 80Q66 
NHi  = 8. 000e0 
N6LD = 6. 86860 
NLV 8. G@gB 
NUR = GI. uwlltlCi 
NTOT = la@. ~ 3 3 3 s  

TIME a 1. 0 YRCS) 
LFSS = 2. 56616 
NPV = 0. 16451 
NTBl = I$. 6z225 
NAI = 8. 83244 
NBLD - 15. 9 4 ~ 6 1  
NLV a 5. 93374_ 
I1IJR = 8. 4 2 8 7 ~  
NTOT = 95. 444u5 

NT6l  = 14. 63316 
HIM = 8. 28115 
NBLD = ?4. 7632e 
NL'! = 11. 8537b 
NUH - 8. 848t;O 
NTOT = 34.967b5. 

RESULTS. FROM PLUTOHI Ub1 I E4HALHTI Ot4 HODEL 

FTBTt3 
FtM 
FBLTBL 
FELBO 
FELE I 
FEil tL 
FKIEL 
FCliFKI 
FFELV 
FFENPL' 

~ ~ E C J  = a. 216s~~ 
NKI = @. g m g  
NFE = u. utlutlu 

1 = 6. 10S84 
NFE = 5. 87673 



TINE = 3. 8 YRtS) 
LPV = 0. 62538 
NPV = 0. 81114 
NTBl = 12. 88315 
NHI  = 8. 43753 
NBLD = . I 2  3Bz71 
NLV = 15. 42865 - - . . - - - - 
NUR = I. 21656 
NTOT = 94. 52598 

TIRE = 4. 0 YRCS) 
LPV = 0. 31128 
NPV = c?. 8871~1 
NTBl = lr3. 57846 
Nf i l  = 8. 27681 
NELD = 9. 82684 - -- - . - - - - - 
NLV = 18. 88721 
NUR = 1. 51772 
NTOT = 94. 22138 

TINE = 5. 8 YR*:S) 
LPV = 0. 127iq 
NPV = 8. 0u56b 
NTBi = 8. 20441 
.t l f i l  = 0: 87874 
NBLD = 7. 6t3356 - -- 
NLV = 21: 5618b 
rcua = 1. 72644 
NTOT = 93. 9 8 1 ~ 7  

TIME = 6. 0 YR<'-;) 
LPV = 0. 07S18 
HPV = 0. 88586 
NTEI = tr. 16826 
Nfi l  = 1. 68556 
NELD = 5. 958g6 
NLV = 23. 41927 
NUR = 1. 94534 
NTOT = 93. 74395 

TIHE = 7. 0 YRCS) 
LPV = 8. 83968 
NPI! 0 a. 0@!78 
t lT6l = 4. 541344 
NA1 = 1. 07493 
NbLD = 4. 644aZ 
NL'! = 24. 73557 
NUR 2. 88371 
tJTUT = 33. 64735 

TINE = 8. 0 YR<S) 
LPV = 8. 01988 
NPV = 8. 86465 
E4TP1 = 3. ,38808 

I ElF l l  a 1. q9432 

i 
NBLD = 3. a5862 
NL'! = 25. 76234 

I tIUR 2. 28532 

I NTOT = 93. 53162 
I 

NPC = 33. 24833 
N'rf32 = ' 3. 97353 

= 6. 21243 
NBU = 25.37124 
NKI = a. 19125 
NFE = 5. 8 ~ ~ 5 3  

NPC = 23. 58783 
NTb2 = 4. 37867 

.=  0,. 48368 
Nu13 = 3g. 17822 
E I K  I = . a. 17757 
NFE = 5. 83337 

NPC = 

riPc: = 11. ~ 6 3 4 3  
NTBZ = 5. :4$?9 
ElA? = 1. S$YUZ 
Ei6u = 48. 66373 
NKI = 8. ?&713 
tlFE = 5. LIy57u 

HPC 5. 8ti71.1 
flTE2 = 5. 45423 
E(AZ = 2, 35432 
ElEu = 45. 52227 
NKI = 8. g372l 
ElFE = 5. urou5 

NP = 23. 51415 
NTB = 15. 54853 
k4A = 1. 15969 
NOT = 2. 75587 

NP = 11. 76846 
NIl3 = 11. 41563 
titi = 2. 32264 
NOS = 3. 48763 



TII IE = 9. 0 YRC5) 
LPV = 
t4rv 
N T 6 l  
tthl = 
HELD = 
NLV = 
NUR = 
NTOT = 

TIME = 10. 0 YRCS;) 
LPV = 
NP'! = 
NTBI = 
Eih1 
NeLD = 
NLV = 
NWH a 

NTOT - 
TIME a 11. B YR<S) r' 

LPV - 
NPV = 
NTBI = 
NAI = 
NBLD = 
NLS! = 
NClR = 
NTOT = 

TIHE 12. 0 YR(S? 
LP\' - 
NPV = 
NTBI = 
NF1.1 a 

NBLD = 
NL'! = 

. . FJUR = 
l.ITC)T - 

TIME w .  13. 0 VR<Sl 
LP'! = 
NPV = 
N l f r l  = 
N A I  = 
NEl-D = 
N1.V = 
I1IUR = 
IJTOT = 

TIME = 14. 0 YR<S) 
LPV = 10. 66032 
l4PY = ii3. 86452 
NTBI = a. 43918 
HA1 = 16. 728i46 
NBLD = .I. 35462 
NLY = 27. 7-8575 
BUR = 2. 58231 
NTOT = 33. 15453 

tlPC = 4. i6477 
ti782 = 5. l l l f i 3  
NAZ = 2. 88191 
ME0 = 42. 18272 
EiKI = u. 2 4 3 1 ~  
NFE = 5. 63611 

NEO = 43. 24456 
1 = 0, 243.16 
NFE = 5. 64615 

l.lFl2 = 1. 47451 
N l e Z  = 3. 36725 - -- - f(P.2 = 4, 3',3',7 
NEO = 49.37574 
I = 8. 25~4~3 
Nf3E = 5. 09616 

.NP = 4.1@35 
NTB = 7. 4ragy 
NA = 1 955rs 
NOT = 4. 84318 

NP = 2. 95885 
NTB = 6. 4229;2 
4 = 4. 4 i B 5 ~  
ElOT = 4. 14740 

NP = . I. 47384 
NTB = 4. 75772 
NA = 5. 2@9 
NOT = 4. 2yi.21 

FIP = 1. Q 3 3 4  
NTB = 4. usug 
NA = 5. 54Baz 
NUT = 4. 54175 



: ; 
TIME - .15. 6 't'R<S) 

LPV = 0. 08816 
! NPV 50 a. 0 ~ 4 5 2  

HTBl a B. 31143 
tIfi1 - 0. 6 5 g 8  
HELD = 1. 2 4 ~ 8 7  
NLV = 27. 35194 
FJUR = 2. 62160 

1 NTOT = 93.11523 , 

NPC = g. 52264 
NTBZ = 2. 73883 
FIB2 - 5. 44687 
tie0 = 5%. 434.15 
NKI. = w. 2 5 ~ x 7  
NFE . 5. 89616 

TIME YRCS) 
LPV 
EiPV 
NTBl 
NAI 
NBLD 
NLV 
NUR 
NTOT 

tip = c. 37383 
NTB = r .  63134 
NA = 6. 321315 
NOT = 4. 44blt5 

TIME = 17.13 YH<S) 
LPV = a. 0 ~ 8 8 4  
NPV = a. 08452 
NTBl = 0.15630 
NH1 = 8. 51530 

NP = B. 26578 
NTB = 2. 27858 
fJA = 6. 52889 
NOT = 4. 47161 

NPC 
NTE2 
Nii2 
NEO 
Elk I 
MFE 

NLV = 27. 19527 
NUR = 2. b92nl 
EJTOT = 53. a4461 

1 TIME = 18. 0 YRCS) 
LPV 50 0.00082 
NPV = 0. 80452 
N T 6 l  = 8. 11885 

EIP = a. 1.8362 
NTB = 1. ~7585 
NA = 6. €5682 
EIOT = 4. 45391 

NTEZ = 
NA2 = 
ME0 = 
EJKI = 
NFE = 

N1S1 = 0. 45531 
NBLD = 1. 04341 
NLV = 27. 88794 
NUR = 2. ?25@9 
NTOT = 93. ~ 1 8 ~ 4  

TIME = 
LPV 
NPV 
NTBl 
NFIl 
NBLD 
HLV 
NUR 
NTOT 

FJPI~ = 8. 15115 
NTBZ a =  1. 63574 
ti132 = 6. 44814 
WBO = 52. 55123 
NKI = 8. 2453e 
FIFE = 5. 89r.16 

NP = 0. 15566 
NTB = f .  71433 
.MA = 6. 8433c 
NOT = 4. 5133a 

LPV = 
NPV = 
EITEI = 
EJfi1 = 
NBLD = 
NLV = 
t.uF. = 
NTOT = 

fIPC = 8, 69292 
MTE2 = 1. 43268 
EIA2 = 6. 63868 
NEO = 52, 7.-.-, 1 o;.t35 
Ntc'I = 8. 2451u 
NFE = 5. 03616 

4 = 8. 83144 
b4TB = . 1. 4st;-s7 
Ha = 6.35332 
NOT = 4. 53224 



NPV = 
NTbl  = 
NA1 = 
NBLD = 
NLY = 
NUR = 
NTOT = 

TIME 22.8 YRtS>. 
LPV = 0. 00080 
NV! a 0. 68452 
NTbl  = b. 62797 
NAl  = 8. 27110 
MELD = B. 93828 
IILY = 26. Sb.fI+ 
NUR = 2. 8 4 8 ~  
NTClT = 92. 68754 

NHLD = a. 32578 
NLV = Ed, 4g233 
NUR = 2. EC817 
NTOT = 52. 85866 

NBLD = 0: 91.ji6 
EJL'! s. 27781 
NL;R = 2. Xi767 
NTOT = 9.. 82976 

t4t:i.i = 0. 18118 
HELD. .8. 3EZz2 
bJLrl = 2.5. l j r u z  
l4UR .P. 975t;e 
NTOT = 92. 3Bllt3 

TIME = 26. 0 YR(5 )  
L.pV = 13. 6888ij 
tip(! = 0. 88ct52 
tJTEI = 8. 86765 
NAI = 6': i s m  
NBLD = IE. 89376 
NL?r = 25. 38565 
tiUR = 2. 96396 
NIOT = 52. 77287 

tlPC = 8. 84664 
kiT52 = 1. 89553 
tJA2 = 6. 53153 
tiB0 = 53. 138je 
t i  = 8. 2 4 2 3 ~  
WFE = , 5. 89616 

tIPC -; 6. 822.1% 
HTeZ = a, 33523 

, 1 = 7. $6223 
titi12 = 52. 32467 
tit<I = c?. 2535Y 
NFE = . 5. 89616 

= 8. 63553 = 7.--"  szc443 
t e a  = ~3.774131 
t K I  = 8. 2zi75 
t = 5. 8~t81b 

b1P = 13. 87835 
NTB = I. 25282 Ida = 7. 16y4u 
NOT = 4. 5 4 ~ 1 4  

NP = 8. 85116 
ElTB = = 

1. 7. 12358 26262 
NOT = 4. 5t491 

biP = @. 93756 
NTB = a. ~ 7 6 g 7  
t i  = ?. 29&trz 
NOT = 4 . 5 7 ~ 7 7  

NP = 8. a2795 
EJTB = 0, $4327 
EIA = 7. 56965 
HOT = 4. 5358b 



E = 27. 5 jJR(S) 
LPV = 0. 80ti68 
NPi! = 8. ae.)3? 
ElTBi = 0. 0 ~ 5 ~ 0  

f INE = 28. 0 YR<SI 
i 

LPS:' = 8. 0@068 
EIPV = 8. 68452 

! N T E ~  = 8. 68354 
NA1 = 6. 120s4 
NBLD = 0. 87385 
NLqC = 25. 63287 
EILIR = 3. 01938 
N T M  = 92. 71694 

TIME = 29. 8 YRCS; 
LRV = 
NPV = 
~ l T h L  = 
HA1 = 
NELD = 
NLV' = 
NUR = 
NTOT = 

TIME = 38. 0 Y H ( S )  
LP?' = 
FIPV = 
NTBt = 
HA1 = 
NBLD = 
NL?, = 
NUR = 
NTOT = 

TIME = 31. O YR<S) 
LP\l = 
.NPV = 
NTBi = 
ElAP = 
ElELB = 
ElL\' = 
ElUR a 

NTCtT = 

TCME = 32.0 t 'R(5)  
L ~ \ I  = 
EJPS! = 
t i l B l  = 
NA1 - 
ElEL.D = 
NL?r = 
MUR = 
NTOT = 

IlpC = 8, 688'33 
N ' i t2  = 6. 55469 
EIA? = . 7. 4iti13 
ElBu = 52. 317gLf 
NKI = U. 2,lcssz 
ElFE = ,S. 89616 

- - -- 

HEO = 54. 1gz.13 
Nt<I = 8, :.52!5lj 
fdFE = 5. 89616 

NPC = +, f i~23t;  
NTfi2 = ki. 36670 
N A ~  = 7. 57476 
1lEi1 = 59. 31877 
t l t<I  = U. 2 3 1 1 ~  
NFE = 5. 69616 

NFC = '8 ,  a\jl49 
NTB2 = .a. 27828 
t.ifi? = 7. 65232 
E~EIIJ = 54. 5r57gg 
NKI = u. 2 2 s ~  
ElFE = 5. 89616 

- . - - . . - Erie = 8. 3684e 
Elfi = 7. 6662b 
NOT = 4. 68753 

NP = 0. 88660 
NTB = 8. 273$;5 
Nh = 7. 7 2 1 ~ ~  
NOT = 4. 68515 



1 TIME - 33. 8 YR(S) 
i LP'! = 13. 60808 

tW'! = 8. 86452 
1 , NTBl = 9. 86862 
j HA1 = a. 86653 

NBLD = 13. 85747 - -- 
F(L',d = 24, 97323 
tlUR = 3. 15681 
NTOT = 91. 58882 

1 
T[ME = 34. B Y R C S )  

LPV = 
ElP'? = 
NTBl = 
tlA1 = 
NBLD = 
NL'! = 
kIUR = 
tITOT = 

TlPlE = 35. 0 Y R C S )  
LP'! = 

l.lTB1 = 
t lA l  = 
NBLD = 
EIL'! = 
NIJR = 
NTOT = 

TIME a 36. r3 Y R C S )  
LPY = 
rwc! = 

TIME = 3'7. 0 Y R c S )  
LP'! = 
IJP'! = 
NTBl = 
t iH i  = 
HELD - 
EILV = 
NUR = 
EJTOT = 

NK = 8. 86613 
NIB2 = 6. 1?:14Q . . 
klKZ = 7. 7 m ? 6  
NEO = 55. 24678 
N k I  = 8. 22833 
F4FE = . 5. 85616 

NF- ' = e. 8@55? 
14 l b = M. L ' 4 . C M 1  
tlti = 7. 74432 
NOT = 4. 65361 

FI.(p = 3. 664$9 
NTki = u. 16832 
HA = 7. 795W 
NOT = 4. 72948 

NP = e. 88478 
NTE = u. 1.3957 
HA = 7, 8@352 
IlOT = 4. 73581 

1.1F = 6. 864713 
NTE = Q. g A S &  
A = 7. SXUUY 
k1OT = 4. 74835 ' 



LP'I = 
NPV = 
NTBl = 
NH1 = 
t4BI-D = 
HLI! = 
IJIJR = 
NTOT = 

T I  PlE = 48. 0 YR<S) 
I-W = 
kdP'! = 
t4TBl = 
NH1 = 
NeLC = 
EILV = 
NUR = 
NTilT = 

TlPlE 41. 8 t'R(S> 
LPV = 
NPV = 
NTBl = 
N i i i  = 
NBLE = 
fIl-'! = 
NllR = 
NTOTF 

TIPIE = 42. 15 YR(5 )  
I-I"! = 
HP'! = 
NPBd = 
N f t l  = 
NBLO = 
EIL'! = 
NU13 = 
E4TOT = 

i 
TIHE 43. 0 YHi:S) , s  

LP'! = 
NPV = 
NTBl = 
baa1 = 
NBLD = 
NLV = 
tIUR = 
t4TOT = 

TIME = 44. 8 YRCS) 
LPV = 
NP?r = 
t4TBl 
I = 
EIELD = 
NLV = 
hIUR - 
NTOT = 

NFC = 3. BeBI.3 
t.ITEi2 = w. 1 ~ 5 7 1  
t.JA3 = 7. t38343 

= 55: 35178 
NtrI .a. 21~85 
NFE = 5. 83a1.b 

NPC = 13. geC1Q3 
NTEZ = ti, yr2u.i 
Nfi2 = 7. ~ 1 5 4 5  
,HE0 = 55. 4547'3 
~.(KI = 8. 21779 
hdFE = 5. ti5616 

rrc = e. seep? tn.Rz = e. O t r l ' Y  
= 7.83434 

Elm = 55.65477 
NKI = 8. 2453tj 
NFE = 5. B y b i b  

t(pC = 8. 8fjaQ 
N-rtiz = 0. ~5190 
HA? = 7. 8 4 ~ 7 1  
NEIJ = 55. 84747 
N K I  = u. 21287 
NFE = 5. 63616 

k1P = 8. 66465 
kJTE = 8. 16573 

= 7. 82491 
NOT = 4. 75758 



TIHE = 45. 6 YRCS) 
LPO = B. 8QQ60 
NPV = 3. @452 
NTB1 = -3. ww8wl 
tit31 = 3. 61151 

'NBLD = 3. 82B71 
NL'! = 22. 38267 
NIJR = 3. 47457 
ElTOT = 9'2. 26227 

TIME - 46. 13 YR<S>  
LPV = Q. 88688 
NP?r = 8. 88452 
N T t l  = 8. 68881 
NA1 = . el. 81883 
NBLD = e:. 82637 
NLI) = 23. 268,31. 
NlJR = 3. 58W.f 
NTOT = 92. ~ 3 b i i ~  

TIPIE = 47. B YRCS) 
LPV = 0. 86608 
NPV = d. 88452 
NTBI = 13. 88081 
NA1 = 13. 88873 
NBLD = 6 82528 
NL\r = 23. 13888 
HUR = 3. 52645 
iNTOT = 92 21833 

TIHE = 48. 0 'r'RiS) 
LPV = B @Ow88 
NPV = a 08452 
blTB1 = 1-3. BE4888 
f l f i l  = 6. 887tj8 
HELD = a 52364 . .- -- 
p i ~ ~  a 23. 81957 
NUR = 3. 55225 
NTOT = 92. 18455 

TIHE = 49. a Y R < 5 >  
LPV = 0. 86068 
NI'V = @I. 80452 
NTBl = a. 88060 
NW1 = 8~ ,50662 . .. .- - - - - .. - 
NBLD = 01 82265 
NLV = 22. 98117 
NUR = 3 57867 
NTOT = 52 15877 

TIFlE = 58. 0 YR!S) 
SLP'! = 0, 08688 
NPV = 8 86452 
NTBI = 5986e 
t.1~1 = w. wu57a 
NBLD = 8 82649 
NLV = 22 78456 
NlJR 3 66372 
kiTOT = 42. 1338b 

HE0 = 56. 2l.255 
I = 8. 26321 
NFE = 5. 89GI6 

tIPC = 5. 8013i38 . 
NTBP = u. 02647 
,IrA? = 7. gT284 
.HE0 = 5$. ay3yu 
NI:I = u. 2878e 
NFE = 5. 83616 

NPC = e. Q384c 
HTBL = w. u z a s  
k1W2 = 7. e7584 
NE0 = 56. 585;Ze 
fllr;I = 8. 205yb 
NFE = 5. 89616 

NP = 8. 88453 
NTB = 8. 94811 
NA = 7. 87893 
NOT = 4. 81692 

I = 6. g545.Z 
MIB = , 0, ~ 3 4 ~ 2  
I413 = 7. e7418 
NOT = 4. 8 2 4 ~ 1  

IIP = 8. 813452 
NTB = 8. 83848 
i t  = 7. 8z78B 
NOT = 4. 8 2 5 6  

NP = 8. 88452 
Ni.6 = 8. 83547 
t.lA = 7. 87346 
NUT = 4. 84818 

ElP = 9. 68452 
NT6 = 0. 62385 
E l n  = ?. g8168 
NOT = 4. 847b7 



TOTAL LUNGS 

5.0 

YEARS 

100.0 WHOLE G O O Y  
n n 
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- * .& 
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n fl 
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YEARS 
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YEARS 



C I 

FECES ( E l  
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5 . 0  
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* The curve displayed a t  the top of  the previous page, and t h e  

corresponding t a b u l a r  da ta  f o r  the blood equation,  show the 

time r a t e  of change of 238~u  i n  the blood. Since the blood 
has a very rapid  b io logica l  half- t ime w i t h  respect t o  the 
remainder of  the modeled organs i t  a c t s  mainly a s  a t r a n s p o r t  
mechanism, t r a n s f e r r i n g  mater ia l  immediately t o  the organs i t  

feeds. For this reason the curve and t a b u l a r  da ta  do no t  
correspond t o  t h e  amount of mater ia l  i n  the blood but  only the 
time r a t e  of change of 2 3 8 ~ ~  passing through the blood. The 

amount o f  mater ia l  in  the blood a t  any in ' s tant  i n  time i s  
negl i g i b l e  because of  t h e  instantaneous t r a n s f e r  assumption. 



APPENDIX D 

Sample Tabu1 ar .' 

and Graphical Resul ts 

ICRP Model 



--I 1 I \! -- - 
L J I i 1351 

NhSgPHfiP"'.i" , I I f.9 

DNP=38.89 7 
THNPA= 9 . B 1  DAY(S I  
THNPE= 8 .  $8 DAY(  S 

FA= 8 . 8 4  
FB= '0.96 

TRHCHEABRONCH I A L  -- 
OTB= 0 . 0 0  Z .. . 

THTBC= O . B l D A Y I S 1  
THTBO= 0  .ZB DAY( S I 

FC= 9 .70  
FO= 9 . 3 0  

PULflONARY 
D P = 7 0 . 0 8  3 

THPE=10 .B8 DAY( S I 
THPF= 1 . 89 DAY( S :I 

THp!:= 1 Dfi'i'( S  j 

THPH=18 .a8 0nYi 'S :I 
. . FE= 0 . 3 2  

FF= 8.139 
FG= 0 . 0 9  
FH= 8 .98 

--LYMPH NOOES 
THL= 6 . 0 8  6AYL S 1 

F I =  1 . 8 0  

GASTRO I N T E S T I  N A L  TRhCT 
STOMACH -- 

TST= 1 .BB HOURI S I  
SMALL INTESTINE.  -- 

T S I =  4 .80HOURi  S i  
UPPER LARGE INTESTINE -- 

TULI=13.08HOUR[ SI -- LOWER LARGE INTESTINE ~ F E C E S )  
T L L I = Z 4 . 9 B H O U R i S I  

--BLOOD 
THBL= 8 .a0 HOURL S )  

FSYBL= 9 .55  - 
FURPL= 0 .+5  

--SYSTEMIC 
L I V E R  
SKELETON 

SOFT RESIDUAL TISSUE 

--UR I NE 
--WHOLE BODY 



28-OCT-75 RESULTS FROM ICRP MODEL 1 8 : 1 4 : 1 7  

I t i I T I A L  DEPOSITIONS 
DFtP = 30. 60 % DT3 = 8. 8 8  % DP = 78. a % 

FRACTION UPTAKE PAIWMETERS % 

BIOLOOICAL HHLF-TINES 

. - 
,!3) 

NNPA 
ElTBC 
FlPE i i ~ a  
NLU 
tJST 

THtIPA = 8. 61 
THTBC = 0. G I  
THPE = 18. a0 
THPO = 1. 88 
THL = 6. 8 8  
TST = &. gg 
TULI = 15. uu 
TtBL = 8. se 

is)  
DAY CS) 
Day (51 
Df i ' f iS j  
DBY:S> 
HECSj 

TIP IE=  1 . 8 D A Y ( S I  
UFIPB = Q 00060 
HTBC = a aoam 
W E  = 64. 7432.6 
MPG = . UBUua 
b4LU = 715. 06712 
WST = 0. 425413 
NlJLI = 3. 445334 
ULY = a 05057 
tlSY = 1. 4183B 
NTOT = 92: 85963 

-. - - - - - 

iiiU = 76. 71628 
NST = 8. 88669 
l.llJLI = 4. 46575 

THtlPEl = g. 48 OW<S) 
THTBD = u. 28 O W t  5 )  
THPF = 1. 8e DFW(S! 
THPH = 16. CIU o m t b )  

TSI = 4 . 0 0  HR(S) 
TLLI  = 24. 88 tiR(5) 

EINP = 5. eq412 
NT6 . = 8. uuuuw 

NP = 78. 37253 

Nb4P = 4. &fjczg 
NTB = tl. uuuuu 

HP = 75. 55555 



3. 8 DAY ( 5 )  
NNPH = 
NTBC = 
ElPE = 
NPrj = 
NLU = 
NST = 
NlJLI = 
NLY = 
NSY = 
NTljT = 

EINP = g. 23443 
NTB = u. 80008 

'NP = 88. 33373 

NSI = @. 03951 
NLL I  = 8. g2388 
NBI- = 2. 14557 
NUH = I .  85551 

4. 0 DfiYCS) 
NNPfi = 
NTBC = 
i.4FE = 
NrjO = 
ElLU = 
NST = 
r t t lL I  = 
ElLY = 
FlSY = 
NTOT = 

5. O GfiY(S:l 
EIElPH = 
NTEC = 
tdPE = 
ElPU = 
NLIJ = 
NfT = 
tllJI.1 = 
EILY = 
El5Y = 
tlTOT = 

6. 0 VAY(SZ 
EdNPti = 
EITBC = 
IdPE = 
ElPO = 
NLlJ = 
HST = 
NU1.I = 
NI..Y = 
Ny,' , z2 

EITOT = 

NI.IPB = 8. B4593 
NTBD = a. sasss 
l(PF = 6. ekjskja 

TIME - 
FdElPB = e. 
NTED = u. uuuuu 
ElPF = 8. 68088 
ElPH = 6. 43118 

NElP = g. BE1319 
EITB = u. 8808Q 

NP = 81. 13974 

NSI = 8. 68386 
ElLLI = 1. 84.093 
NBL = ., -. 77~43 d l  

NljR = 1. 86r.10 

TIME = 
nw = e. a g g g  
NTB = u. Bt31;)uu 

(3. 88880 
e. asses 

70. 13485 
8. OBB0O 

7,5, 23385 
0. 88802 
i-1. 00363 
8. 20211 

21. 87435 
55. 5x840 



TI l lE  = 6. 8 DAY(5) 
flNPFl = 
NTEC = 
NPE = 

NrIPB = ' ' 0. ~8B06 
NTEQ =; 0. ~ 0 8 8 8  
EIPF = 8. 88806 
NPH = '  5.86369 

NNP = @.8+@GC 

j IJTB = 6. 61wukib3 

i , NP = 73. 29617 NPQ = 
NLU = 
flST = 
NULI = 

TIME = 9. 6 DAV<S) 
NNPR = 
NTBC = 

NNPB = 8. 86861 
NTED = a. sesao 
NPF = 8. G188OQ 
ElPH = 5. 62536 

NNP = 8. 8QaC11 
EITB = 8. 06860 

NPE = 
NPO = 
NLU = 
IIST = 
t.IUL I = 
tlLY = 
t,JSY = 
NTOT = 

E(sI = 8. 013882 
I,ILLI = 9. g4747 
ElEL = . z. ~6486 
NUR = 0. 51291'3 

NGI = 0. @738 

10. 0 DAY !S) 
NNEA = 
NTBC = 
tIPE = 

NbIFB = 0. QBB08 
IITBC\ = c. 60080 
NPF = U. B8888 
NPH = 5. 38814 

NNP = ' 0. ElOQBO 
NTB = 6. 66880 

NP = €7. 35184 . .. 
E~LU = 
NST = 
WULI = 
tILY = 
tJSY = 
NTUT = 

Ntlf'B = 8. 88068 ' 

EJTE[> = 0. 60068 
NPF = 0. 00006 
NPH = 5. 15408 

EINP = 6. 80868 
NTB = 8. 08006 

NP = €4. 42669 

NULI = 
f4L.Y = t.JSl,l :: 

t.tTClT = 

T I H E ' =  12.0 DH'f(5:) 
NNPA = 
FITEC = 
LIFE = 
E4PO = 
ElLU = 
NST = 
I IULI = 
FILY = 
I f  = 
ElTOT = 



TIHE = 13.0 DAYCS) 
NNPa = 0. 00880 
F4TE;l: = 0. 08080 
FIPE = 54. 06879 
NFG = 0. BQOB13 
FILU = 58. 76.172 
NST = 8. 88008 
PJULI = 0. 138000 
1ILY - Q. 25453 . - - 
NS$' = 3 ~ .  25335 
NTOT = 48. 35258 

NNPB = 8. 68688 
NTBO = 8. 88000 
EIPF = 0. 988Q0 
l.IFH = 4. ,0031 

NFIP = 
NTE = 

r.lP = 

NSI = 8. 86088 
NLL I = 0. 00:1.:16 
tIBL = 4. 7292? 
EIUR = U. 7781b 

TIME = 14. 8 DAY<S) 
NNP = 
I.iTf3 = 

NP = 



TIME = 18. 8 VAY(S> 
NNPH = 
ElTEiC = 
W E  = 
NFQ = 
r4Lu = 
N5T = 
NULI = 
NLY = 
NSY = 
EJTOT = 

rlE4PB = 6. 6008Q 
NTBD = 6. cj?e@ 
NPF = . 
EIPH = 5. 66811 

NS1 = 0. 006QB 
H L L I  = 0.130881 -=- - 
NEL = 1. ~42x5 
EllJR = w. 60851  

TIVIE = 19. 0 DAYCS) 
NNPH = 
NTEC = 
NPE = 
NPn = 

NNPE = 6. 8BNiB 
FJTED = 0. 8880B 
EIPF = 0. @808B 
NFt4 = 3. 48171 

El51 = . 0. g?@O 
ElLLI = 0. UMLlU& 
EIEL = 1. 2 8 4 ~ ~  
NUR = 8. 57788 

NLY = 
l4SY = 
NTI~T = 

TIHE = 20.8 DHY(S1 
a' EIEIFA = 
I :  EdTBC = 
a; NPE = 

NPG = 

NNP = 0. 88880 
NTB = u. 08886 

NP = 41. 25716 

NST = 
HULI = 
fILY = 
1isy = 
NTOT = 

TIME = 21. 0 DAY(';:> 
l.!l.iPH = 
l.(TEC = 
NPE = 
NPQ = 

NL-Y = 
NSY = 
N'irJT = 

TIHE = 22. 8 DAY(5) ; 

IlHPA = 
1TE;C = 
tJFE = 
t.4pfi = 
E4LU = 
N S i  = 
1u-1 = 
NLY = 
IJSY = 
NTljT = 

NFIPB = 8. 888a0 
fJTEQ = 6. 66080 
NF'F = 0. 80800 
EJPH = 2. 95959 

NSI = a. sooao 
NLLI  = 6. 613@3e 
r4EL = .1, 89273 
NUR = 8. 49175 



QQgQQ 'Q = 15N 
TG6.20 'EE = il1f.l 

6E9+9 '1 = H.Jt.4 
CiQiTICILJ 'Ci = 4dN 



TINE - 26. 6 DAY<:S) 
NNPFl = 
NTBC = 
N p E  = 
ElPO = 
ElLU = 
NST = 
EllJL I = 
NLY = 
NSY = 
ElTrJT = 

TIME = 29.0 DHYCS) 
NNPA = 
NTRC = 
NFE = 
NPO = 
tlLU = 
NST = 
ElULI = 
NLY = 
tl5Y = 
NTOT = 

Li. 00880 

NST = 
EIULI = 
EILY = 
NSY = 
NTUT = 

N j j  = 
NST = 

TIPlE = 3 2 . 0  DA'r'(S> 
ElNPH = 
NTBC = 
EdPE = 
HPQ = 
bdl-U = 

+J:=;T = 
r4uL1 = 
riLy = 
rrsy = 
ElTI-IT = 

NNPE = . 8. 886Uii 
NTBD = g. gag45 
ElPF = . u. U ~ W U U  
NT-H = 2. Q37& 

kt51 = g. gggl!$ 
NLLI  = . U. wuuw 
tlf3L = 8. 77566 
ElUR = 0. 34365 

NElPE = g. B@kiBQ 
FlTBD = v. 88888 
ElPF = u. 0888t3 
ElPH = 1. 33595 

El51 = B. 8888c3 
HLL I  = 8. 88808 
I4EL = . 0. 730331 
Ell.JR = 0. ,72887 

EINPB = 0. Gggleg 
NTBD = v. gmvv 

- ElPF = U. UUUUW 
NPH = 1. 75838 

US1 = 0. 6O@Ba 
Ell-LI = 8. 806BB 
ElEL = 3. 6 j 7 9 2  
NUR = u. 2~157 

ElElPe = 8. 08668 
f i r m  = g. glggge 
ElFF = a. utluaB 
ElPH = 1. 64661  

t i51 = 8. 80809 
NLL I  = 8. a88131 
t.lEl- = $. 60942 
bILIR = u. 27424 

.NO1 = ii. 88888 

NNP = 6. 
tJTB = u. UWLJUU 

NP = 24. 69818 

E ~ I  = a. ssoos 

M Q I  = 8. 6888i i  

NEP = $. 9 3 4 3  
NTB = u. U U W ~ W  

rip = 28, 5-4 t X 6 7  



TIPIE = 33.0 @HY(S) 
HNPA = 0. 00080 
NTBC = 0. 00880 
MPE = 17. E(39S5 
NPO = 0. 660c70 
NLU = 
NST = 
NULI = 
HLY = 
tlSY = 
NTOT = 

34. (3 DIIY(S) 
NNPA = '  
NTBC = 
tlPE = 
NPQ = 
NLU = 
NST = 
NULI = 
NL-Y = 
tSY  = 
NTOT = 

35. 0 DAY (5) 
tlFIPH = 

. NTBC = 
t1PE = 
tlP0 = 
NLIJ = 
NST = 
NlJLI = 
1.4L.Y = 
t1SY = 
NTOT = 

36. 0 DAY(Sj 
NNPH = 
1.JTBC = 
NPE = 
NPU = 
NL-IJ = 
bIST = 
tllJL I = 
F1LY = 
N5Y = 
NTOT = 

NSI = c. @gff 
N L L I  = a. aauuq 
NEL = 0. 5733a 
tlUH = 8. 25738 

1.451 = 8. 08088 
NLL I  = 0. 88888 
NtiL = -8.53855 
NUF: = 0. 24235 

t w e  = a. saeoa 
FI-fED = . 8. 
NPF = 8. 88888 
NPH = 1, 28383 

FlNP = c. 88808 
NTB = u. 80008 

NP = 13. 35853 

NNP = fi. 80888 
NTB = 8. 80060 

PIP = 18. 18163 

NNP = 8. agegc 
NTB = 8. 8uuuu 

MP = 17. 88623 



TIPIE = 35.0 DfiY<S) 
NNPB = 
NTBC = 
NPE = 
NPG = 
NLU = 
NST = 
I IULI = 
IILY = 
I1SY = 
IITPT = 

\ 

TI1.IE = 39.0 DHYCS) 
N I ~ P ~  = 
HTEC = 
NPt  = 
IIPG = 
NL.IJ = 
FIST = 
tJULI = 
IdLY = 
I1SY = 
NTOT = 

t.ItJPB = 6. 08888 
N-ED = 8. BBOBq 
NBF = 0. 8 8 8 8 ~  
NPH = 1. 13881 

NNP = c .  gWgc 
NTE: = u. UULIUU 

TIPIE = 41. 8 DAYCS) 
IIIIPA = 
bdTEi: = 
NPE = 

Ni.IF' = c. p3cge 
NTE = u. UULIULI 

6. 88088 
d. 88888 

Id. ?BY61 . 

NNPf3 = Q..QgQ?w 
Il-ED = y. uwuuw 
FIPF = u. 888QB 
kIPH = 6. 931'18 

N51. = g. 88880 
t.(LLI = . u. 86888 
NEL = 0. 54515 
I!UR = u. 15532 

- - 

e. sesee 
li. 65988 
8. 86888 . 

TIPlE = 42. 0 DHYCS) 
NNPR = 
Il'rFrc = 
NPE = 
NPO = 
NLU = 
NST = . 
I IULI = 
NLY = 
NSY a 

NTOT = 

6. 08086 
0. sij?glg 
16. EI~Y&! 

U: @6088 
I Y .  ~1265 

NSI  = 0. 80880 
NLLI  = 8. 66888 



TIME = DFtY(5) 
NElPR = 
EITBC = 
ElPE = 
NPO = 

NHPB = 8. 88888 
NTBO = 8. 88868 
EIPF = 8. 00880 
EIPH = 8. 81745 

EJNP = g. cQ@g 
NTB = u. Mukluu 

NP = l a .  a1812 . .. - 
NLlJ = 
NST = 
NlJL I = 
NLY = 
t4SY = 
NTOT = 

TIME = 41. 0 DAYCS) 
NElPH = 
NTBC = 
NPE = 
NPO = 
ElLIJ = 
NST =. 
I lUL I  = 
NLY = 
NS4r' = 
N'TOT = 

45. 8 DHY(SZ 
ElNPH = 
EITBC = 
ElPE = 
)1PO = 
ElLU = 
EdST = 
NULI = 
ElLY = 
NSY = 
ElTOT = 

46. 0 DAY<S> 
NElPA = 
EITEC = 
IiPE = 
14~13 = 
ElLU = 
NST = 
FlULI = 
NL.? = 
E1S'I' = 
ElTOT = 

47. 8 DAY(S> 
NtlPA = 
NTBC = 
EIPE = 
NPG = 
NLU = 
tdST = 
t4lJL I = 
NLY = 
t4SY = 
tITOT = 

tlElPB = c. @@g 
NTECI = v. U U U ~ W  
ElPF = 1.1. 88806 
HPH = 8. 76589 

N5I = 8. 8868ii 
NLL I  = 8. 86608 
NEL =. 8. 23393 
EIUR = 8. 12780 

NNPB = e. gkjkjg! 
NTELI = u. uu~1uu 
ElPF = 0. 1301386 
NPH = 8. 71699 

NSI = 8. 88888 
NLL I  = . 8. 08855 
NEI- = 6, 2 6 5 ~ ~  
t.11IR = 8. 11955 

NNPB = 8. 66088 
wreD = 8. ~ g 1 ~ 3 5  
NF'F = 8. uuuuu 
t.lPH = 6. 67124 

NrrP = g. g ~ * g c  
NTB = u. u:~k~uu 

t.dP = 8, 35232 

TIME = 
Nb(P = . 9. 86888 
MTB = u. 88088 



TIME = 4 8 . 8  DAY(5) 
NFIPi7 = Q. BQQBb - - 6; a~f ia3  
ElPE = 6. 75931 
EIPQ = a aaaao 
NLU = 7: 34787 
NST = Q 00606 
HULI = a OBBEI~ 
NLY = a seal . - .  

NS'i = 92 372GC 
NTuT = 34. 2 3 ~ 1 5  

TIME = 

49. 8 DAY(S> 
NElPA = 
NTEC = 
IIPE = 
NPO = 
NLU = 
NST = 
EdULI = 
NLY = 
NSY = 
NTOT = 

50. 8 DAY(SZ 
NNPH = 
NTBC = 
NPE = 
t4PO = 
14LU = 
NST = 
EJULI = 
NLY = 
EISY = 
NTOT = 

TIHE = 51. O DAY<S) 
NFIPA = 8. 00880 
NTBC = 8.1300EIB 
NPE 
t.JPl3 
NLU 
NST 

TIIalE = 5 2 . 8  DAYCS) 
NNPA = B. 00686 
NTBC = 6. ,j,ja,jf 
EIPE = 5. 17365 
MPO = B 08608 
NLU = 5 62354 
NST = C1 80088 
NlJLI = 0. 80880 
NLY = U 04988 

HNPb = 8. 88808 
EITEL) = .0. 08888 
NPF = c. 88086 
kIPH = U. 58777 

Fl51 = 6. e@3+e 
NLLI  = 6. uuauu 
ElBL = (i. 21885 
EIUR a 8. 89812 

NNPB = a. g g g ~ e  
MTBD = C3. uuuuu 
SJPF = 6. 88880 
SIPH = 0. 55618 

NNPB = 6. 8068B 
NTBD = 8. 80068 
NPF a a. eesoe 
NPH = 8. 51430 

El51 = 8. 88880 
: NLL I  = 3. 68Cj80 NEL = t3. 1 7 8 9 ~  

NUW = - 0. 88836 

ElNPB = g. @j@g 
NTBD = U. tlb:i~uu 
HPF = 8. 06888 
NPH = 6. 44988 

rr51 = . e. g9gge 
~ILLI = a. ~UUULI 
NBL = 0. 12634 
NlJR = 8. 87513 

NEIP = a. 08888 
NTB = 0. C30880 

NP = 7. 34787 

NNP = 8. 88886 
NTB = 0. 08881i 

NP = 6. 87729 

NNP = 8. 68888 
EITB = 8. 88800 

NP = 6. 42830 



tIi.lP = 8. 6U868 
NTB = 0. 88088 

tdPQ = 
NLU = 
NST = NSI = a. BBUQti 
NULl = 
NLY = 
NSY = 
HTOT = 

54. 0 DfiY(S> 
FdtIPH = 
tIl-BC = 
NPE = 
MPO = 
NLIJ = 
t45T = 
NULr = 
tlLY = 
NSY = 
IJTOT = 

55. O DHY(S) 
NtIPA = 
NTBC = 
EIPE = 
NPG = 
NLU = 
N5T = 
NULI = 
NLY = 
FISY = 
HTOT = 

56. B DfiY(SI 
NFIPA = 
NTBC = 
E4PE = 
b4PU = 
NLU = 
I t ' T  = 
NULI = 
EILY = 
NSY = 
NTI-IT = 

- . - - - - - 
NLLI = a. assso 
NBL = 8. 15614_ 
EIUR = 8. 87826 

FINPB = g. gggeg 
NTBD = w. uuk10u 
NPF . = 6. 8b3800 
EIPH = 0. 39378 

NNP = 9. gg@kj 
NIB = U. UUUUU 

NP = 4. 31629 

I t51 = 5. eQC34 
Ell-LI = u. ~t:iuuk~ 
tlSL = 3. *.fsgz 
NUR = u. Ub56Y 

NbdPE = 3. @?@ 
EITED = u. uwuuu 
E(PF = 8. 06680 
t.iPH = 0. 36768 

NtiP = B. 68868 
NTB = 8. 88800 

NP = 4. 53497 

bitrpe = e. 4age3 
IITED = 8. u8uuu 
NPF = e. 
NFM = U. 943663 

TIPIE = 57.8 DfiY(S> 
IINPA = 8. 6880(i 
NTBC = 0. 8 6 0 W  
tdPE = 3. 69159 

EdtIPB =' .8. 6680,S 
EITEi? = . e. e@eQ 
NPF = u. uuuuu 
tJPH = 8. 32161  

NNP = 8. 88868 
NTB = 8. 88888 



TIME = 56. 8 LSAY(S> 
NNPn = 13.00080 
PlTErC = 13. QQOBB 

NNPB = 0. asam 
NTBD = 8. 80888 
ElPF = ' g. 3g980 
NPH = u. 3 ~ ~ 1 4  

NSI - $. @3@g 
NLLI 2 . u. u8wuu 
tlEL = C. 11142 
HUR = u. 0 5 ~ 1 4  

N P E  = 3. 45153 
NPO = 0. 80800 
NLLI = 3. 75173 

NSY 96. 116332 
NTOT = 33. 54944 

TINE = 59.0 DAY(S) 
ElNPE = @. g g q l  
NTBD = u. 0uuu0 
ElPF = 8. 80888 
ElPH = 8. 28827 

NElP = g. ggwg 
NTE = .kI. 

NP = 3. 58343 N ~ G  . ' 0. 06663 
NLIJ = 3. 50343 
NST = 6. 88068 ' ti51 = 6. 88888 

NLLI = 9. 8g8gQ 
E4EL = u. 1 ~ 4 ~ 5  
IdUR = 8. 84685 

NlJLr = 8.866c3G 
ElLY = 0. 03142 
NSY = 96. 3611c 
NTOT = 33 502et 

NIP = 8. @WC3 
NTB = 8. uuuuu 

E ~ P  = 3. 27432 

~rli5f1 = a. ooooo E~NPB = a. susss 
NTED = 9. 9geg1 
E4PF = u. uuuuu 
kIPH = 8. 26196 . -. - - - - - 

E L  = 3. 27452 
ElST = 0. 00080 
NIJLI = 0. O8888 

-. - - - - - 

~ILLI = a. oeaw 
rleL = a. as726 
NUR = 0. 04377 

~ - - - - -  

NLY = 8:.0294tS 
1.15'~' = 96. 59875 
NTOT = 53.46867 

TI~IE = . 61. 0 DfiY(S) 
Nt4Pt7 = 8. 816880 
NTEC = 0. OBBBB . NNP = 6. 88880 

NTB = 6. 88886 

= 2. 6j826 

- - - - -  

NPE = 2. 81360 
NPQ = 0. 08860 
HLLl = 3. 05826 
NST = B B B ~ &  PlSI = 8. Oil086 

NLLI = g. ?@?O r m  = u. U Y U S ~  
EIIJR = 8. a4888 

- . - - - - - 
NUir = 8. 06880 
EILY = e. 82768 
NSY = 3t. 82358 
NTOT = 33. 41972 

EdIlPH = 0. 00008 
tlTBC = 8. 88888 
ElPE = 2. 62838 
rlPG = 0. 08080 
NLIJ = 2 85694 
NST = Q B@O08 

t i r m  = 8. ~ ~ o ~ i i a a  
NTED = 9. 8@89 
NPF =. u. 8uu8k1 
t4PH = 8. 22856 

t451 = 8. 883@3 
NLLI = 8. 80uu@ 
tlBL = 0. Li84EC- 
NUR = a. s 3 a i ~ .  

- - - - -  
NLY = 6- 02586 
t4SY = 97. 03234 - - NTOT = 31 38224 



TIHE = 63.13 DAY<S) 
NElPH = 
NTBC = ' 
tiPE = 
t4PG = 
NLU = 
NST = 
IIIJLI = 
E4L.Y = 
NSY = 
NTOT = 

TIME = 64. 0 DHY<S) 
NElPA = 
NTEC = 
tlPE = 
NPO = 
NLU = 
ElST = 
HULI = 
NLY = 
ElSY = 
NTIST = 

TIHE = 6'5.0 DAYCS) 
a! 
I I 

NNPA = 
4' MTEC = 
mi NPE = 

I FJPG = 
NLU = 
FIST = 
NULI = 
NLY = 
FlSY = 
NTUT = 

TIHE = 66. El DHY<S) 
NFIPH = 
MTBC = 
HPE = 
NPG = 
NLU = 
NST = 
NlJLI = 
tlLY = 
FlSY = 
NTUT = 

TIHE = 67.8 DfiYCsZ 
EItlPt3 = 
NTBC = 
F4l-E = 
FlPQ = 
FII..!J = 
NST = 
NIJL.1 = 
NLY = 
MSY = 
NTOT = 

.FIElf='fj = e. Cj06rj0 
tJTE[? = u. t3133813 
NPF = 0.'8068@ 
FIPH = 0. 21358 

NUR = . 8. 03331 

NIIFB = g. 133c04 
EJTED = u. wt~u0u 
NPF = 8. 68688 
NPIi = 0. 18627 

NSI = 6. 80008 
NLt-I = 8. 68888 
rrsl- . = e. e s ~ i g  
ElUR = u. u ~ l I - 5  

t.INPI3 = 8. 08868 
NTBO = C. 84363 tlPF = ' u. uutlukl 
NPH = @. 17382 

NNP = 0. ek33g1 . 
NTEi = 0. uuuuu 

NP = 2. 49179 

NNP . = 8. 88080 
NTEi = 8. 60008 

rrfrp = I .  ggl3gg 
NTE = u. uuuuu 

tIP = -. 3 ,17277 



66. 0 DAY<S> 
,N:JPH = 
NBEC = 
N?E = 
El"0 = 

blb1PB = 8. 88808 
NTE;D = e. g@3?@ 
NPF = . v. UULIU~ 
IIPH = M. 1 5 1 5 ~  

MNP = c. @g@g 
k4TB = u .  uuu~u 

NP = 1. 89433 

rlNW = a. 08088 
N T K l  = 0. 88tfii-1 
r4PF = g. 0 8 ~ 8 0  
HPH = u. 14159 

FISI = 8. 888813 
biLLI = 6. 68086 
NBL = 8. 85259 
t.IUR = 8. 82367 

t45I = c. gglglgl 
NI-LI = u. IJU~UU 
NBL = 8. 84315 
!(UR = 8, 8'>3.l1 -.. 

TIME = 71. 0 DAtt(S:: 
tiPIPt3 = 6. BOQBB - . - - .. - - 
HTBC = 6. 08000 
HPE = i. 4if93e 
NPU = O. O U u w  

M I  = , 8. 08888 
Ell-LI = 0. 38880 
NBL = 8. ~ 4 5 8 7  
NLlR = 8. 02864 

72. 0 DAY (5:~ 
uwa = 
WTEC = 
W E .  = 
II(PG' = 
HL.1-I = 
)ilST = 
t!lJl- 1 = 
tdL-Y = 
t1SY = 
tITOT = 



I = 73.8 DAY(ST 
Edt4PA = 0. 00880 
NTBC = 0. 00888 
EIPE - I .  23784 
NPQ = 0. 88868 
bJLU = I. 41065 
NST = 8. BBCIOO 

NI.(~E = 8. 80ij8@ 
rlTeD = 6. 08888 
ElPF = 8. 88rI-188 
EIPH = 8. 112% 

rrsr = G. $@gg 
!ILL1 = u. UUUclU 
NBL = 8. -84168 

- - - - - -  

NULI = 8. 86868 
FdLY = 0. 01385 
1.157 = 9@. 53425 
t1TOT = 3s. 11SbS 

NUR = 8. 81878 

TIME 
NIIPG = 8. 80888 
EITED = 8. BE1880 
NPF = 8. 88688 
NPH = 8. 18348 

NtlP = 8. @glt3@ 
NTB = 6. uuuuu 

NP = I. 16747 

NiEC 
NPE 
NPU 
HLU 
NST EISI = 0. 888138 
EIUL I 
NLY 
E15Y 
b1TO.r 

- . - - - - - 
t . i i l ~  = a. sas8s 
NBL = 6. 84828 
HUE = 0. 81883 

TItlE = 7 5 . 8  DflY(S) 
NNPA = . 8. 80080 
NTBC = 8. 08860 

NNP = g. 6Gb88 
NTB = u. 88808 

. .. .. - - . - .- - - - 
IlTBD = . 8. 88088 
NPF = 8. 88886 
EIPH = 8. 18534 

EISI = 5. gglgeg 
ElLLI = u. uuauu 
EIBL = e. 03872 
FIUR = a. 81743 

NLY = 
NSY = 
NTOT = 

TIME = 76.B DAY<ST 
NNPA = 0. 08880 
NTBC = 0. 08080 
E4PE = 1. 17855 
t4P13 = 0. 88866 
NLU = 1. '1'81.83 
bdST = B 013888 

ElEIPB = g. 3@?Ge 
1.lTBD = v. uukjuk~ 
NPF = ; u. 88888 
NPH = 8. 10248 

NNP = 8. @c18 
NTB = 0. uuuu8 

NP = I. 28103 

NSI = 6. 80068 
NLLI = 6. 80888 
NBL = 8. 63724 
HUE = 8. 81676 

- . - - - - - 
tilJi I = 0. 
NLY = 0. 81186 
kISY = 93. €6987 
NTOT = 33. 09248 

EIEIPB = 8. 80888 
NTBD = 9. 
flPF = . u. ~ u u u k ~  
NPH = a. 855E12 

NElP = g. 08880 
NTB = u. 88888 

NP = 1. 23781 
tILIJ 
NST 
NlJL I 
NLY 
tJSY 
tJTOT 

NSI = 0. 88888 
NLLI = 8. O6886 
NEL = 8. 83577 
ElUR = 8. 8iGl0 



NNPE; = 8. 88I388 
NTED = g. 'gggfgi 
EIPF = u. UU~~UU 

NNP = 3. 881368 
EITB = u. 86808 

NP = 1. 15459 

NlJLI = 6. 88000 
EILY = B. 61106 
115'f = 3c. 76886 
NTOT = 52: 87380 

NNPE = 8. 88888 
NTE@ = 8. QBBB0 
EIPF = a. @880 
IIPH = u. a9211 

. . . . . . . 
NTBC 
NPE 
NPG 
NLU 
1.4 5 T 
ElIJL.1 

EII.IP = 8. 8OBBB 
NTB = B. 68888 

NP = 1. 18815 
blLU = 2 18815 
NST = Q 06000 
NIJLI = Ct Sit3888 
tdLY = C I  01.026 
NSY = 9 8  85026 
NTOT = 3 1  06153 

MSI = 9. 96g3P 
NLLI = U. UUMUU 
ElEL = 0, 83133 
NUR = 13. a1418 

TIME = 81.8 DHYCS) 
HIIPH = 8. 86868 
NTEC = a. same 
NPE = 18. 97973 
t4PQ = B. k3QB613 

, NNPE = .8. 8QO6a 
' NTBD .= 8. OQBOO 

ElPF = 0. 800BB 
EIPH = a. 8~519 

NEIP = 8. 80Q08 
NTB = 8. 80886 

NP = 1,86433 - - - - -  

NLU = i. 86433 
NST = el. @0860 
tlULI = 13. 88080 

NIIPB = 8. ggg98 
NTBO = O. uuuuo 
EIPF = 8. 08888 
NPH = 8. 68174 

NULI = 2, 00686 
NLY = 3. &347 
NSY = 93. 34845 
fdTOT = 33. 04686 

. .- - - . - - - - - 
NU1 = 9. 88680 
ElH- = u. 82637 
NUR = ' O. 61277 



T IIIE = 83. 6 CftY cSZ 
IiFiPA = 8. e0f758 
NTEC = 0. u m ~ a  
EiFE = 0. 90020 
NPG = 8. 08888 
NLU = 8. 97t34e 
FIST = 8. Oiiutlu 
FdULI = 0. 00688 
EILV = 8. 08387 
ElSY = 98. 98555 
NTOT = 33. 63832 

EItdPB = 0. 88f306 
FITED = g. 68@ 
EJPF = u. QOwu 
NPH = a. s;.sar 
ti51 = 0. 686r3B 
!ILL1 = 8. 80880 
NfjL = a, 02698 
NUR = .  0. 812f 8 

E!PE = 8. ti6844 
NPG = 6. 88880 
NLU = 8. 935G 
NST = cl B!_lauCi - . - - - - - 
NULI = 8. 68B68 
NLY = .8. ,88867 
NSY = 23. 82eE.S 
tm ' r  = 31. am59 

-: 
a! TIllE = 8 5 . O  DHY(S> 

! EINFH = 
NTEC = 
NPE = 
NPE = 

t,INPB = 8. a6856 
NTBD = 8. 88888 
NPF = 6. 88888 

NLU = 
NST = 

TIPIE = 86.8 DHYCS) 
EINP3 = 
NTE = 
EiPE = 
FIPO = 
FILU = 
NST = 
NUL[ = 
t4LY = 
NSY = 
NTuT = 

TIME = 87.0 DAY(S>.. 
tiNPA = 
NTEC = 
NPE = 
EIPO = 
HLU = 

N S T  = 
NIJLI = 
IILY .= 
NSY = 
NTOT = 

NNPB = 6. Gc0ggl 
NTBD = . 0. uuBuu 
t.iPF = 0. 80858 
rltw = 8. 8 ~ 4 4 s  

t.INP = 0. ,4434l 
NTB = 8. uuuuu 

HP = @. 80566 

Ed51 = 6. 06@88 
EILLI = 8. 88880 
MEL = 9. 82898 
NUR = u. 08344 



EQ. 0 DAYCS) 
HFIPA 
NTBC 
NPE 
fIPO 
IILU 
NST 
ElUL I 
NLY 
E4SY 
NTOT 

t ~ !  = a. ssaas 
tIL.LI = g. g0463 
t lE t  = cl. u i r5u 
HIJC = 0. 88878 

0 DAYCS) 
rrtlvfi 
HTBC 
EIPE 
NPG 
NLU 
tlST 1,451 = 0. 08,308 

EII-LI = 8. 88,300 
IIEL = 8. 01803 
IIUR = 8. 80811 

MJL I 
fdLY . 
NSY 
IITOT 

O DHYCS) 
NNT-A t.lt.IP = 3. eQG9Q 

NTE = u. clkiuuu HTBC 
EIPE 
NPO 

NST 
HlJL I 
NLY 
EISY 
tlTOT 

O liHY(S> 
NEIPA 
NTBC 

. ElPE 
NPO 
NLIJ, 
tJST 

NNP = g. 88888 
NTB =, w. 813308 

Np = 8. 6x272 

NUL I 
tlLY 
ElSY 
FlTOT 

T I IIE 0 DAY(SI 
NEIPA 
NTBC 
NPE 
HPO 
NLU 
NST 
EIUL I 

NSI = 9, g38cc 
NLL I  = u. ucluhgu 
NBL = 0. 81359 
ElUR = 6. 80612 



93.0 [>FtY<S) 
NNPA 
NTBC 
NPE 
NPO 
tlLU 
NST 
NUL I 

tINPB = 0. 80066 
.. NTBD = a. ooma 

NPF = 8. 08888 
NPH = 8. 84378 

NSI = 0. QQBQEI . .- - -. - - - - - 
NLLI. = g:g8ti88 
FlEL = . U. ~ i 2 1 1  
'NUR = 8. 8~545  

NLY 
NSY 
NTOtT 

TIME = 94.0 DHY(S> 
NHFW = 0. 00080 
NTW = 0. 08080 
NPE = 0. 46281 
NPG = 6. BO88O 

NNPB = 8. C~ZIC@ 
NTED = 8. uuouu 
IFF = 8. 88688 
NPH = a. - . - - - - - 

Eiiu = 0. seseg 
NST = 8. 0u88u 
FtUU = 0. 88880 

NSI = 8. 80888 
NLLI = Cj. e83C.9 
ElBL = u. Ui l l i i4 
NUR = 0. 80479 

NQI = 6. 88888 

TIME . 95. 0 DRY(5) 
NIIPA = 0. 08B60 

R); NTBC = 0. 86080 
, --! NPE = 0. 42305 

PdNPB = 8. 88888 
HTED = e. @@e 
NPF = u. UUUUW 
NPH = 6. BS67Ft 

NNP = 6. 88880 
NTB = 8. 68B@B 

NP = 6. 45383 flP0 = 0. a8880 
HLLl = 0. 45383 
NST = 0. 88888 NSI = 9. 8@85 

NLLI = u. BUU~U 
NBL = 8. 68315 
tlUR = 0. 88412 

tiui r = ti: 6BE71r-lti 
NLY = 0. 88423 
NSY = 99. ?2672 
NTO7 = 32. 34549 

NQI = 8. 88888 

96. 0 DHYCS) 
. NElPH = 

NTBC = 
NPE = 
NPO = 
NLU = 
NST = 
IIULE = 
NLY = 
tlSY = 
NTOT = 

NNP = a. 
NTB = a. uuk~uu 

NIIPB = g. gee30 
NTBD = u. uuuu8 
NPF = e. g@gg 
NPH = u. u3s53 

rlSI = 8. seagg 
.NLLI a 8. 8 8 8 ~ ~  
NBL = g. gg/68 
EIClR = u. ~ ~ 3 4 5  

TIPIE = 97. O DHYCS) 
NNPfl = 0. 60660 
NTBC = 0. 68680 
HPE = B 34352 

NHP = 8. 08880 
NTB = a. aaoeo 
HP = 8. 57339 

- . - . - - - 
iik6 = 0. 08680 
NLU = 8: 3733z 
NST = 0. 8 8 8 8 ~  
NULE = 0. aam0 

NSI = B. 88688 
NLLI = 8. 88888 
NErL = 8. 88628 
NUR = 8. 88273 

NLY = 0. 80350 
NSY = 59. 6 i t ~ 1  
NTOT = 32. 93882 



TIHE - 98.0  DAY(Sj 
NNPA = 0. 00060 
NTBC = 0.08800 
ElPE = 8. 30376 
ElPG = 6.106080 
NLU = 8. 33617 
NST = 6. 00086 
NULI = 0.08880 
NLY = 0. 88318 
ElSY = 99. 66201 
EITOT = 32. 92228 

TIME = 99.0 DAY(Sj 
NNPA = 0. 68866 
EITEC = 0: 08888 
ElPE = 0: 26159 

EULI = a soass 
ELY = a ~16278 
HSY = 99. 7 ~ 7 1 1  
NTOT = 3 2  41454 

, T 11.1~ = 180. a ofiv<s> 
ElNPA = 

I NTBC = 
NPE = 

i EdPO = 
NLlJ = 
NST = 
NULI = 
NLY = 
H5Y = 
ElTOT = 

TIPIE = lB1.0 GfiY(S> 
NNPR = @ 60888 
HTBC = 8. 860aO 
EIPE = G 18447 

MULI = Q. BQ6CiB -. - - - - - 
tILY = 0. @a190 
NSY = 99. 39731 
EITOT = 32 69987 

J.JNEB = 8. 88$@ 
f4TED = 8. 68t?u~ 
NPF = 8. Bat388 

. NPE = ' 0, 62296 

NNP = 0. 68888 
NTB = 8. 88888 

ElNP = g. g @ g  
NTB = . u. auuuu 
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APPENDIX E 

B i  01 ogy Model s 

User Documentati on 



B o t h  biology ~ o d e l s  run on the RT-11 version 2 system. 'The 

-a save f i l e s  fo r  both models reside on the Bionetrics disl. pack. 

1 ) The Dionne-Stuart model, using D. Craig's data, i s  named 

BIO1. To evoka the model type: 

The model will then request t h 2  defaul t  paramzters by typing: 

ENTER PARAYETER FILE: 

Ths  user should then enter the name of a d f s k  f i l e  chich 

: contains the m~del  parameters he wishes to use. The model 

will then read the parameter 1 i s t  and ~ a i  t ill the HOLD mode 

f o r  instructions from the V G  keyboard. 

2 )  The ICRP model, using J .  Bal lou' s d a t a ,  i s  naged DOG1. To evoke 

t 

the model type: 

The model will then request the defaul t  parameters by typing: 

ENTER PARANETER FILE: 

The user should then enter the name of a disk f i l e  which con- 

ta ins  the model parameters he wishes t o  usa. The rod21 will 

then read the parameter l i s t  and wait in the HOLD   ole for  

instructions from the VG keyboard. 

VECTOR SE+!ERAL KEYBOARD INSTRUCTIOKS 

1 ) The s irnul~t ion  ode i s  control led by a number of VG keys: 

H - hal ts  the simulation 

I - i n i t i a l  izes the d i f fe rent ia l  equations ( i  . e . ,  s e t s  

i n i t i a l  ccnditions, and r2sets  s t a r t  t i r e  aiid time 

s tep) .  
e.9 1 



R - resets the default parameters and in i t i a l i zes  the 

sys tem . 
C - sets  computer in the compute mode to begin the sim- 

ul ation. 

W - writes the simulation results  a f t e r  one r u n  has been 

completed. 

c t r l  C '  - return to RT-11 monitor. 

c t r l  P - output hardcopy. of da.G dnd graphs currently displayed 

on VG screen 

2 )  One POP-1 1/35 console switch i s  used by both these models: 

0 - switch 0 extends the simulated run time for both the 

models. For BIOl the run time i s  extended from 10 years 

t o  5 years for  DOG1' i t .  i s  extended from 14 days t o  100 

days. 

Notes: - 
1 ) When a e t r l  C i s  entered from the VG keyboard both models wi 1 i 

write the current differential  equation parameters to a disk f i l e  

before exiting to the RT-11 monitor. In th is  way, parameter 

~ ~ ~ o d i f i c a t i o r + i s  which were made while trying t o  f i t  the da ta  can be 

used as the s tar t ing point for  the next session. Both models 

retain the two previous parameter se ts .  These dr-e stored on the 

BIOMETRICS disk pack under the names *DAT.NEW and *DAT.OLD 

where the * indicates PLT for  BIOl and ICR for DOG1.  

2 )  When a c t r l  P i s  entered from the VG keyboard, both models will 

continue solving the differential  equations until  the end of the 

simulation. Foll owing th i s ,  hard-copy output wi 11 be produced 

e- 2 



on the Gould e l ec t ros t a t i c  pr inter .  Once the hardcopy has been 

outputted, control will be returned t o  the model. 'The model will  

then wait in the hold mode for  fur ther  instructions.  
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