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ABSTRACT 

An accidenf analysis at the 2Mw pool-type light-water-coolant-moderator Ford 
Nuclear Reactor at the University of Michigan has been carried out. A synopsis 
of the accidents analyzed follows: 

1 . Loss of Primary Coolant Accident 

The maximum fuel plate center temperature following a complete 
loss of primary coolant, leaving the reactor core uncovered, is 
estimated to be 928,13*F at 223.66 minutes after reactor shut­
down. The preshutdown operating conditions were 2 Mw power 
level for a 10 day period. A relation between loss of coolant 
maximum fuel plate center temperature and reactor power d e ­
monstrates that the maximum reactor power at which the reactor 
can operate safely before melting occurs under the prestated 
operating conditions is 2.58 Mw. 

2 . Reactivity Insertion Accidents 

2 .1 For a maximum reactivity insertion rate of 0.0277% ^ ' ^ / / < / j € c , 
corresponding to the maximum shim safety rod withdrawal rate, and the 
reactor initially at its shutdown state (shutdown reactivity 0.035 ^ ' ^ / / c . ) , 
the reactor period reached at the safety system power level trip setpoint 
of 2.4 Mw is estimated to be 440 msec and the energy release during the 
excursion is 0,1081 Mw-sec . 

2 .2 For a step reactivity insertion of 0.012 A l d / / c corresponding to the 
maximum experiment worth permitted by Technical Specifications and 
the reactor operating at a steady-state power level of 2 Mw, the reactor 
period at trip level is 23,4 msec and the energy release 0.5429 Mw-sec . 

Comparison of these results with the 3.2 msec period and 30,7 Mwsec 
energy released at the Spert-1 tests shows that no reactor fuel damage 
would result. 

3 . Primary Coolant System Failure 

No melting'is expected since the reactor is always covered with water. 

4 . Fuel Element Blockage Accident 

Coolant flow channel boiling caused by blockage of flow through an 
element would cause period fluctuations and subsequent scram of the 
reactor, thus preventing fuel damage. 



5 . Fuel Element Cladding Failure 

Fission product release had to be taken into consideration. Because of this, 
a maximum credible accident was postulated in which, due to manufacture 
defects, a rupture of 10% of the cladding material from one fuel element 
plate cause the release of 1.59 x ICf % of the total core inventory based 
upon a power history of 2 Mw for 1 year of operation. The fission products 
released, 100% of the iodines and noble gases Xenon and Krypton, were 
instantaneously released into the pool water. The residency of these 
fission products within the pool and containment was assumed to be a 
function of only their decay constants and experimentally determined leak 
rotes from the pool and containment. 

For the above reactor core fission product inventory and leak rotes, and 
some conservative assumptions given within this report, the accumulated 
external, thyroid, and total doses l ikely to be received by a population 
at different distances from the reactor site and for different exposure 
times following the accident ore in general wel l within the recommended 
maximum permissible doses recommended by the National Council on 
Radiation Protection (NCRP) . 
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From the analysis of these accidents, a maximum credible accident is postulated. 
Since in any maximum credible accident, special attention is given to the 
release of fission porducts and their leak rote from the reactor pool and the 
containment, experiments were performed to determine these parameters. 



CHAPTER 1 
I N T R O D U C T I O N 

The profound concern in nuclear reacfor safely is widely reflected in the 
number of experiments simulating nuclear accidents that have been performed 
since the development of nuclear energy. An analyt ical, accurate des­
cription of the consequences, of a nuclear reactor accident is essential for 
the continuous development of such faci l i t ies. Such descriptions ore thé 
basis for estimating the safety margin required in the design and construction 
of either a research or a power reactor. 

Preliminary and final safety analysis reports must be completed and approved 
in order for a nuclear power plant to be constructed and operate. PSAR and 
FSAR reports consider an accident which could take place under the most 

• pessimistic conditions and, according to itis radiological hazards, the size 
of the plant including the exclusion area and the characteristics of the re ­
actor containment, are established. In general, for safety analysis in power 
plants, this maximum credible accident is postulated as a loss of coolant 
accident ( L O C A ) . 

While the consequences of a L O C A type accident in nuclear power plants 
are studied, the purpose of this report is to analyze the consequences of 
different postulated accidents that could occur in the Ford Nuclear Reactor 
(FNR) . A considerable number of experimental tests have been performed in 
nuclear research reactors of the pool- type, using MTR fuel elements and 
operating at power levels of the order of the 2 Mw FNR power leve l . W h e n ­
ever possible, the information from those experiments wi l l be used either 
to elaborate the F N R analysis or for comparison purposes. 

The possible accidents that can occur in a pool-type reactor can be generally 
classified as follows: 

1 . Loss of Coolant Accident 

2 . Reactivity Insertion Accidents 

3 . Primary Coolant System Failure 

4 . Fuel Element Cladding Failure 

5 . Fuel Element Blockage 



A I 
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CHAPTER 2 
L O S S O F C O O L A N T A C C I D E N T 

A loss of coolanf in the F N R wil l produce an immediaf-e increase in the 
radiation levels within the building and abnormal heating of the fuel elements 
due to fission product energy. 

Since an increase in the temperature of the fuel elements could lead to melting 
of the fuel and clad materials with the subsequent release of fission products, 
it is worth analyzing the moximun temperature that the aluminum clad could 
reach due to a L O C A to determine if melting occurs. 

Loss of coolant from the reactor pool could be caused by: 

1 . Cracks in concrete pool walls 

2 . Beam port rupture 

3 . Pneumatic tube rupture 

4 . Rupture of a pipe or component in the : 

primary coolant system 

2,1 Fuel Element Mel tdown: 

It wi l l be assumed that the worst possible leak rate result from the rupture 
of an 8 inch diameter pipe at the bottom of the reactor pool with subsequent 
water drainage by gravity. Furthermore, for analysis, it wi l l be assumed 
that the reactor has been operating at a constant power level of 2 Mw 
for 10 continuous days . 

During reactor operation there is a build-up of fission products which, 
when the reactor is shutdown, release energy as they decay. This energy 
is the principal source of heat within the fue l . The heat transfer rate due 
to fission product energy in a single fuel element containing 140 grams of 
U-235 has been shown experimentally to be given by the expression ''''^ 

^ = IWP Lt - (ti^Tj J ( 2 j _ 2 ) 

wh ere 



f = heat trj i.fer rate, B T U / h r . 

P = reoctor power before shutdown, kw. 

t = time after shutdown,' seconds. 

= operating time before shutdown, seconds. 

In order to clarify; the analysis of the maximum temperature rise of the fuel 
element as a function of the heat produced by the fission products, itl is necessary 

•;! outline the assumptions mode 

First, it is assumed that the temperature of the fuel rises to a maximum value at 
a time t after shutdown in which the heat generation within the fuel approaches 
a steady-state condition. This can be stated by the expression 

^ r - M . ^ ' ' H o x (2.1-2) 

wh ere 

k, = thermal (conductivity of aluminum, 115 BTU/hr- f t -^F 
(assumed constant over the range 100 - 160*F). 

^ = cross sectional area of fuel assembly, 0.0275 ft . 



a , = length of conduction path to end box, 0.97 ft. 

^n^a.K = maximum temperature rise of fuel plate, " F 

Secondly, it is assumed that heat losses by radiation to surrounding components 
and convection are small as compared with the conduction loss. 

Final ly, it is assumed that if no heat were lost from the fuel plate during the 
decay period then its maximum temperature rise should equal the integrated 
heat after shutdown divided by the heat capacity of the fuel element. That is, 

A^Mox given by: 

A W : , _ L . f^dt (2.1-3) 

wh ere 
Cp = specific heat of aluminum, 0.22 BTU/ l b F at lOO^F. 

Wl = moss of fuel plates per assembly, 7 .5 lbs. 

Equate (2.1-1) and (2 i l -2 ) and solve for 



Substitute the value of a , k and A . 

ATJHox -- v . a / ' Z ' í " - (t*T)~ ' J (2.1-4) 

Substituting the value of given in (2.1-1) into (2.1-3) and performing the 
integration yields: 

.z.<is.só'P[i"'''-a*rf'%T'^'l V (2.1-5) 

Equation (2.1-5) must be corrected because in experiments it has been observed 
that 78% of al l the heat generated is conducted away to the surrounding mass of 
metal before the fuel reaches its maximum temperature. A second correction must 
be made since the experiments in reference I ' J were carried out with a 15 fuel 
element core as compared to the 35 element FNR core. Hence, the correction 
factor in equation (2.1-5) is O-ZZ*- 0^/is)-(lOlfi and the corrected equation 
becomes 

tr^ax ^ ^na^'o^Pit '(t^rJ *t I^^f (2.1-6) 

Before going further, the minimum time t after shut-down which wi l l be used in 
equations (2.1-4) and (2.1-6) wi l l be calculated. This can be accomplished by 
knowing that the pool level alarm would result in a shim safety rod insertion 
(automatic rundown) and the operator would initiate a manual scram of the reactor 
during the first 90 seconds . Then, the minimum value for the shutdown time is 
equal to the time required to drop the water level 23 ft through the 8" diameter 
hole at the bottom of the pool minus 90 seconds. The time tdr for the water level 
to be dropped 23 ft can be evaluated from the Tomicelli's e q u a t i o n t h a t is: 



tdr = seconds 

where 

= initial water head, 23 ft. 

= surface area of the pool, 200 ft ^ . 

/^^ = area of the 8" diameter hold, 0.35 ft 

^ = acceleration of gravity, 32.06 f t / sec . ' 

Substitution of these values yields tdr = 684.47 sec. 

Then, the minimum time t after shutdown to be used in equations (2.1-4) and 
(2.1-6) is 

t = 684.47-90 

= 594.47 min 

•== 600 sec 

Equating equations (2.1-4) and (2.1-6) yields 



Figure (2.1-1) 

LHS and RHS of Equation (2.1-7) vs TJme Affer Shutdown \ 
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V .3 P [ t " íur)'-'} = , . 7 S « « V [ t ' - ' - u J ^ T°'] 

or 

[i -U*TJ 7= 6.V7x/íY2f V ¿ / r J f r 7 (2.1-7) 

By plotting the left hand side (LHS) and the right hand side (RHS) of equation 
(2,1-7) as a function of the time after shutdown and using an operating time of 
10 days, the time at which the maximum temperature rise is approached wi l l be 
given by the intersecting point, that is, when LHS=RHS. Such a plot is given in 
F ig , (2.1-1) and it is observed that LHS=RHS=0.084666 when t = 223.66 min. 
Using this value of t in either equation (2.1-4) or (2.1-6) and a power level of 

10^ kw the maximum temperature rise is 728.13^ F . Assuming that the 
temperature at the bottom of the core is 200** F , then the maximum temperature 
at the center of the fuel plate is Tg. = Ar*,<^ tZoo'F - 9Z8. ij . 

A graphical representation of Tc vs Power Level is given in F i g . (2 .1 -2 ) . From 
this figure it is observed that the maximum safe operating power level before 
melting occurs (1200''F) following a L O C A is 2.58 Mw. 

2,2 Gamma Dose Rote from Uncovered Core; 

The lack of shielding water would produce a high-intensity radiation field over 
the uncovered core. The amount of gamma activity in the core can be calculated 
from the equation ^"^^ 

Av* =^ojP[t''^''^-Ct*T}''^''^] (2.2-1) 

where 

- gamma act iv i ty, curies. 

I. P. 



P = power l eve l , watts 

Í = 600 sec. 

The gamma activity after a shutdown time of 600 sec.^an operating time of 
10 days and for a power level of 2 Mw is Aj^ = 9 x lo^ Cc . A crude 
Idea of the value of the exposure rote for a person located just above the core, 
standing on the reactor bridge con be obtained. In doing so, it wil l be 
assumed that the reactor is a point source which emits radiation isotropicolly 
and that there is no attenuation between the uncovered core and the bridge. 

Firet, it is necessary to evaluate the gamma energy emission by means of the 

equation ^^r': . 

y^'£H6r^y eMisst'oyis 3.1»0*"».Z.'íí/ef'¿Yi ^ MÉV (2.2-2) 
Sec 

In order to apply equation (2.2-2) the energy of the gamma rays Eyhas to be 
known. In an experiment performed at the Livermore Pool Type Reactor (LPTR) 
for determining the radiation levels at different points within and outside of the 
reactor containment following drainage of the light-water-moderator coolant, 
it was determined by absorption techniques and pulse height analysis that the 
effective energy of the gamma radiation was about 150 kev^'^^. Hence, by 
using this value in equation (2 .2-2) , the gamma energy emission is 

y>- energy CMissioyt - I.QO'iS * 10 M<t/ 

The gamma-ray flux, , at a distance, 12-22 ft = 670.56 cm (at the bridge), 

away from the point source is 

V/7 * C^io. SGJ^ c»*i^S€c 

From Fig. 9 .2 in r e f e r e n c e t h e gamma-ray flux necessary to produce a 

exposure rote of 1 mr/hr for photons of energy 0.15 Mev is 6.5x/o* Ar«.i//c.»» ĵec, 

hence the exposure rate at 670.56 cm above the reactor core is 4380 IV'hr. 
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CHAPTER 3 
A C C I D E N T S DUE T O REACTIVITY INSERTIONS 

A reactivity accident takes place whenever reactivity is added to a reactor in an 
uncontrolled manner and at a rate sufficient to initiate a safety system power level 
trip. 

There are two possible ways in which changes of reactivity can occur in a reactor, 
those are 

1 . Insertion of reactivity at startup of operation. 

2 . Rapid insertion of reactivity (step) as a con-
;: sequence of experimental facility failure, mal­

function of some component, or misoperation 
of the reactor whi le at power. 

3,1 Insertion of Reactivity at Startup; 

This incident has been defined as one in which a l l of the shim safety rods are 
withdrawn from the core at their maximum rate of travel. 

It wi l l be assumed that a l l of the control and safety instrumentation fails with ' 
the exception of the level safety trips. Under these circumstances and unless 
the reactor is self-shutdown by an intrinsic mechanism such as the temperature 
or void coefficient, the power level is increased in an exponential manner until 
the level safety trip produces a reactor scram. The FNR is scrammed when the 
level exceeds 120% of the maximum operating power level (2 Mw) and /o r 
for periods less than 5 seconds^^-^ . 

It wil l be also assumed that after the level of 2.4 Mw is reached the 
shim safety rods wi l l continue out during 50 M S E C and then fall into the 
core in 450 M S E C . These values are Technical Specification limits which 
are periodically verif ied. 

An approximate mathematical analysis of startup incidents has already been 
studied by Hurwitz ^ and Akcosu . The assumptions that were made 
originally by Hurwitz wi l l be outlined and the formulas obtained by Akcasu 
(in regions 1 and 2 below) wi l l be applied in order to better understand the 
subsequent analysis. 

First, it is assumed that the reactivity is far below critical at a value of 



shutdown reactivity of j j , A^*:and that on external source of So neutrons 
maintain the power level at the minimum value that could exist in the 
reactor, that is, at the shutdown power, Ps. With these init ial conditions 
the reactor is at steady-state prior to timet=o. At time t=o there is a linear 
reactivity insertion of the form 

j>(t) = 'J>a + r t (3.1-1) 

where 

yU) = reactivity at any t ime / ' t >o i , ^ V / C 

= shutdown reactivity, ^*/Ac 

K = rate of reactivity insertion ( ^f/dt)^ àtc/ie. 

t = time after insertion of reactivity, sec. 

The history of the transient power occuring for t>o has been divided in 
the following three intervals: 

1 . In the first interval o - * - , where id 
is the time at which delayed crit icality 
is approached, the reactivity increases 
from p= -po top=o and a build-up of the 
power level from the shutdown va lue, Ps, 
to delayed power, Pd, takes p lace. 

2 . In the interval t^é tit^r ^ where ^ is the time 



at which trip level receives the signal to 
shut the reactor down, the reactivity i n ­
creases above delayed crit ical at a uniform 
rote (equation (3.1-1)) while the power 
level increases from Pd to trip power, Pj-. 
Since this increase in power is rapid, the 
reactor period becomes short. Most of the 
power increase during the transient takes 
place in this interval, 

3 . In the third interval i > ^ 7 t h e safety channels 
have been tripped and the scram begins to 

reduce reactivity. Most of the energy 
generated takes place in this interval. Hence, 
to evaluate the total energy released it is 
necessary to know the way in which the re ­
activi ty reduction varies with t ime. In most 
applications, the safety system is designed so 
that the time required to return the reactor to 
a subcritical state is short compared to the 
period which has been attained at •¿7-. Under 
this condition the total energy generation wi l l 
not exceed in order of magnitude the product 
of the trip level and the time required for the 
reactivity to be reduced to delayed cr i t ica l . 
If the maximum reactivity is above prompt 
cr i t ica l , the total energy generation wi l l be 
more nearly equal to the product of the 
maximum power and the time required for the 
reactivity to be reduced to prompt cr i t ica l , 
since the decrease in power wi l l begin when 
the reactivity has fallen below prompt criticality 
because of the small concentration of delayed 
neutron emitters, 

3.1,1 Approximate Mathematical Models: 

The behavior of the transient power level In the first and second 
intervals as treated in reference (7) follows. 

3 .1 .1 .1 First Interval o^t^U: 

Because the reactivities ore far below prompt cr i t ical , the 
prompt-jump approximation and the one-delayed-neutron-
group model with the group parameters 



• :̂  -
TV ' 

and 

^ = /J= effective delayed neutron fraction, 0.00755, 
for U-235 

1 m^-
- O. OS 12,1 Sec . 1 

has been used (the values of At andfi^ ore given in table (3 .1 .1 .1-1) . 

Table (3.1.1.1-1) 

Delayed Neutron Fractions, y3/, and Decay Constants, At, for U-235 and Six-Delayed 
Neutron Groups 

Delayed Neutron Delayed Neutron Delayed Neutron 
Group Fraction 

(Ir % 
Decay Constant 

sec sec 

1 0.02567 0.1250 0.0205 

2 0:i6610 0.0315 0.0527 

3 0.21910 0.1537 0.0139 

4 0.24085 0.4560 0.0053 

5 0.08456 1.6120 0.000525 

6 0.02492 13.8629 0.000018 

C'l • 



A practical condition for the validity of the prompt-jump 
approximation is that 

wh lere 

-V 
JL = prompt neutron generation life-time, 1.04x10 sec. 

For the ramp reactivity insertion as given by equation (3.1-1) , 
the above condition becomes 

(3.1.1.1-1) 

It wi l l be shown later that this condition is in fact satisfied. 

The evaluation of the power level at delayed cr i t ical , Pd, 
can be obtained by solving the differential equation (7) 

dP ^pJtr^S^AfJrt 7 a J 5O (3.1.1.1-2) 

subject to the initial condition P(o) = Ps and Ps given by 

(3.1.1.1-3) 

The solution of (3.1.1.1-2) at delayed c r i t i ca l , td =5'o/r, is 
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-So , / di' £exf? (A i')J , 

, (Aa/r)-i 

r0jj l^j^ 

By defining fhe delayed neutron build-up factor, ^ , as 

{ = (3 .1 .1 .1 -5 ) 

and solving (3 .1 .1 .1-4) in terms of J after the change of 
variable K- Ai' the result is 

Since the shutdown reactivity Po for the FNR is 0.035 
and f o r ^= 0.00755, unity can be neglected as compared 
to the ratio fo/^ in the above equation. Further, for slow 



rates of reactivity addition such thatK^^A^(it wil l be shown 
later that it is the case in this problem) the second term of the 
above equation can be neglected and by replacing the upper 
limit of integration by infinity this equation reduces to 

It has been shown that for large values of /^/Vr this equation 
can be approximated as 

1 ^ - n - v ' / i . (3.1.1.1-7) 

By combining equations (3.1.1.1-3) and (3 .1 .1 .1 -5) and 
solving for Pd, the power level at delayed crit ical is 

3 . U 1 . 2 Second Interval UétéU 

(3.1.1.1-8) 

For slow insertions of reactivity the power level in this region 
can be obtained from the equation (7) 

where 

^PoFCp)expl^j^uioCf')d/l (3 .1.1.2-1) 

watts 

Wo Cp) = inverse reactor period, sec 
- 1 

m 
•m 

I 
* 

1 1 1 

mm M 



The integral in the exponent of equation (3.1.1.2-1) re ­
presents the integrated inverse reactor period from delayed 
crit ical up to a reactivity, JP, and it can be written as 

^0 (3.1.1.2-3) 

wh ere 

= instantaneous inverse reactor period, sec ] 

If the reactivity f is expressed explicit ly by the inhour equation 
(7) , namely 

then equation (3.1.1.2-3) becomes 

Htol - t o o , ¿ 

(3.1.1.2-4) 

(3.1.1.2-5) 

Substitution of Po, (3.1.1.2-2) and (3 .2 .2 .2-5) into 
(3 .1 .1 .2-1) yields 



-20-

X 

3^1,2 Power Levels and Reactor Period Calculat-ions; 

(3.1.1.2-6) 

Wi th the background given in the preceding section the power level 
for the first and second intentais and the reactor period at trip level 
can be evaluated. 

The F N R has 3-shim safety rods, 1 % Boron in stainless steel, with 
an act ive length of 24 inch (9). The total worth of the rods is 
0.075 AJc/(c and they travel with a normal speed of 24" /9 min. 
The average rate of reactivity insertion is 0.0139% AA./A:/jec. Assuming 
that the greatest worth is at 12" the maximum rate of reactivity 
insertion, r, due to the rods is 0.0277% ^f^/^/jêc . 

3 .1 .2 .1 Interval 04 t é id ; 

From equation (3.1.1.1-7) the value of J is 

• '" '3 i i 0.0Z11% J 

From equation (3.1.1.1-8) the power level at delayed 
crit ical is 

Z.Sixû.oiS*O.I _ waifs 
6.001 S S 

(Footnote) 

set j * (ld)=0 in equation (3.1.1) and solve for^td, the 
time at which delayed crit ical i ty is reached 

see 

Notice that the condition (3 .1 .1 .1 -1 ) , for the validity 

Footnote: The value of the shutdown power Ps = 0.8 watts was obtained in the "Control 
Rod Worth Calibration and shutdown Power at the F N R " experiment performed 
in the course NE-445 , Fal l 1976. 



- 2 1 -

of the prompt-jump approximation is in fact satisfied for 
any time in this interval, i . e . , for l^o it gives 3 . 5 8 » 
0.00025 and for t=td gives 0 . 0 0 7 5 » 0.00025. Also 
notice that the value of the rate of reactivity addition satisfies 

y^^^fo ' - e . , 0.0277%^-<i 0.29 

3 .1 .2 .2 Interval td.i:t^tT 
sec Jec 

The power level can be obtained from equation (3.1.1.2-1) 
with the values of F (p) and j [ tc^cy} dif' , equations 
(3 .1 .1 .2-1) and (3.1.1.2-5)' 'respectively, as a function 
of the reactivity given by different values of the instanta­
neous inverse period through the inhour equation (3.1.1,2-4) 
and using the data in table (3.1 . 1 . 1 - 1 ) . The values of 
i* (vf)/ F (p) and / W / ; are included in tables 
(3 .1 .2 .2-1) and"(3.1.2.2-3) and plotted in Rgures 
(3 .1 .2 .2-1) through (3.1.2.2-3) respectively. 

Table (3.1.2.2-1) 

Soliitiori of Inhour Equation for U-235 and 6'-t)elayed Neutron Groups. 

Inverse Period 

Wo, S£C'' 

Reactivity 

% ^/K 

c 

9 . 0 0 0 X 1 0 " ^ 9.000x 10"^ 

7 .020X 10"^ 7 ,010x10" ' * 

io - ' 0.282 2.810 x 10"^ 

1 0.579 5.690x 10"^ 

5 0.734 6 .820x lo"^ 

10 0.808 7.040 X 10"^ 

10 ' 1 . 800 7.580X 10""^ 

1 0 ^ 11 .100 7 .300X 10~^ 
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Table (3.1.2.2-2) 

Values of F ^ ) for U-235 and 6 - Delayed Neutron Groups 

Reactivity F ^ ) 

- 3 
9.000x 10 

0.0866 1.0358 

- 2 
7.020x 10 0.0545 1.3052 

0.282 0.0124 2.7297 

0.579 0.0010 9.1137 

0.734 8.26 X l O " ^ 22.3 

0.808 2 .39X l O " ^ 27.0 

1.8 1.1 X 10"^ 29.8 

11.1 1.13x 10"^ 29.9 
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Table (3 .1 .2 .2 -3 ) 

Values of J Wpf/'J J j> ' for U-235 and d-Deloyed Neutron Groups 

Reactivity 
- 1 

sec 
- 1 

sec 

J ^o(J>'Jdj>' 
o - 1 

sec 

9 .000X 10~^ 4 . 4 3 X 10"^ 5.2 X 10~^^ 4 .435X 10~" 

7 .020X l O " ^ 

0.282 

0.579 

0.734 

0.808 

1.8 

3 .2 X 10~*̂  

9.68 X 10"^ 
- 3 

1.18x 10 

3.67 X 10~^ 

5 . 2 2 X 10~^ 

1 .13x10"^ 

5 . 2 X l O " ^ 

5 . 2 X 10~^ 

5 . 2 x 10~^ 

1 . 3 x 1 0 " ^ 

5 . 2 X 10"^ 

5 . 2 X l O " ^ 

3.205 x 10"^ 

9 . 7 3 2 X l O ' ^ 

1 . 2 3 2 X l O " ^ 

4 .970x 10"^ 

1 . 0 4 2 X l O " ^ 

5 . 3 1 3 X 10"^ 

11.1 1.78 X l O " ^ 5 . 2 x 10 5 . 2 0 2 X 10 

The transient power level values, equation (3 .1 .1 ,2 -1 ) , 
using interpolated values of F (p) and j ***clf'J from 
their respective figures are included IrTtable (3 .1 .2 .2 -4) 
and plotted in F i g . (3 .1 .2 .2 -4 ) . 
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Figure (3.1.2.2-3) 
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Table (3.1.2.2-4) 

Values of Power Level as a Function of Excess ReacHvlly 

Reactivity F ( p ) 
" - 1 
sec 

P ( 0 
" - 1 
sec 

watts 

9.000 X 10"^ 1.0358 4 . 4 4 X lO"^ 9.73 

7 . 0 2 x 1 0 " ^ 1.3052 3.21 X lO"*̂  1.24x 10 

0.282 2.7297 9 . 7 9 X 10~^ 3 . 6 5 X 1 0 

0.579 9.1137 1.28X lO"^ 8 . 6 9 X 1 0 ^ 

0.650 15 2 . 5 X l O " ^ 1.17 X 10^ 

0.700 18 3 . 0 X 10~^ 8.54x10*^ 

0.720 21 3 . 5 X 1 0 " ^ 6.058 X lO'̂  

0.734 22.3 4 . 9 7 X 10~^ 1.297 X 10^° 

0.808 7 1.56 X lo"^ 7.286 X 10^*^ 

F i g . (3 .1.2.2-4) shows that when the trip level is 
approached the excess reactivity is about 9x ~ 0 .0067^ / fc 
Knowing the value of ^ , it is possible to evaluate the 
reactor period 5" at tj by taking the natural logarithm of 
equation (3 .1 .1 .2 -1 ) , that is 

(3 .1 .2 .2 -1) 

The reciprocal of (3.1.2-1) is the reactor period at ty, 

A comparison of the values of "t-^/ i and the Z . given in 
table (3 .1.2.2-3) for a trip reactivity of 0.0067 e^^/k. 
indicates that the later is about one order of magnitude greater 
than the former. Hence, equation (3 .1 .1 .2-5) can be 
approximated by writing 
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SubsHtuHGn of this value into equation (3.1.2.2-1) yields: 

S - t u ^ l ~ rU, Pt 

and solving for the instantaneous inverse reactor period UJj. 

= 2.27 sec"^ 

The reactor period at trip level is 

"^•z ~±- = 440 msec 

The time at v/hich the signal for initiating the scram is 
received can be obtained from equation (3.1-1) v/ith 
p ( / ^ = / r = 0.0067A^a: , -o.ois l^tc/k. and 
r = 0.02n%/^U/K, this value is 

• " p r ^ T L C A O E N U C L & A W S 3 
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Notice that during the elapsed time between delayed crit ical 
and tf^ 24.19 sec, the power increases by a factor of 10^ 
while in the first interval (126.35 sec) it increases a single 
order of magnitude. 

3 .1 .2 .3 Interval t > t r : 

If no reactivity compensation other than that due to the shim 
rods is added to the system and if it is assumed that after the 
trip level the power continues increasing at a constant period 
of 440 msec until the safety mechanism begins to actuate 
(50 msec), the maximum power approached during the excursion 
is (10) 

so/voo 
= 2.4 <2 

= 2.69 Mw 

The time response of the FNR scram system and the shim rods 
is 24" /450 msec. The negative rate of reactivity insertion, 
?s 

r ' - O.OlS£^U./lL _ o.iGCl i^ic/k. 
o.t/^s6c see 

The time required to reduce reactivity from J > =0.ooi,TJ ̂ *^/<: 
to delayed crit ical / * = 0 is, from (3 .1-1) , 

tf - 0. 00^1 c- O.OfOZ J€C . 
a. 

'Since t r ^ 2* then according to the arguments given in 
section 3.1 the energy generation, £ , tn the third interval 
is given as 
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= o.loSi M t o - J e c . 

The values for the period and energy release are 
significantly different from the typical ones that have 
been measured during the study of nuclear power excursions 
such as the ones performed in the Borax (11) and Spert-1 (12) 
destructive tests. Typical period values are of the order 
of a few milliseconds ( 4 10 msec) and are obtained by 
inserting reactivities of several orders of/3 instantaneously. 
In one of the tests at Spert-1 it was observed that periods 
as small as 4.6 msec released a total energy of 19 Mw-sec and 
the maximum fuel temperatures approached the limit of the 
aluminum melting point. The step insertion in this test was 
0.0204 f^^U . In the shortest period test (3.2 msec) the 
melting of the core was estimated to be about 8% in the fuel 
plates and a total of 35% of the core. The energy release 
was about 30 Mw-sec . Hence, the reactivity insertion dealt 
with in this analysis {o.Ozn% ^^U-Jsec) is rather safe and 
conservative because no feed-back effects to compensate 
reactivity have been considered. 

3 .2 Step Reactivity Insertion; 

The case in which a step reactivity insertion occurs is in general less realistic 
than the ramp insertion of reactivity because of the limitations inherent to the 
shim rod withdrawl mechanism. However, as on illustration, the consequences due 
to a rapid insertion of reactivity wi l l be considered. 

It wi l l be assumed that the reactor is operating at a steady-state power level 
of 2 Mw and that it is critical prior to time t=o. At t=-o a sudden insertion of 
reactivity of 0.012 Afe/it occurs. This value corresponds to the maximum 
experimental worth allowed by Technical Specifications. Further, it wi l l be 
assumed that when the reactor power reaches the trip level of 2 .4 M w , the 
safety mechanism is tripped and the shim rods remain out for 50 msec after 
which they fall down into the core at a speed of 24"/450 msec. 

The reactor period in the case of step reactivity insertions is customarily 
expressed as 



where all the symbols have already been defined and the reactivity is 
^=,o.O/z bik^lc • Then, the numerical value for ^ becomes 

O.oiZ-O.oolSS 

The power level up to trip level ^= 2,4 /vV'w can be written as 

tr/o.oZ2H 

and solving for ty 

z 

Since the energy released can be obtained as the product of 
the maximum power level times the time, ^ / J c , recjuired to reduce the 
reactivity to prompt cri t ical ^ P - /3 J , The maximum power leve l , in 
analogy to the cose of ramp insertion, is 

o.oS/a.o^3f 

The time ' ^ i s 

- r' Cic^i 

tp^. = o.azGi sec 
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and the energy release is 

= 20.33^^6.7 
= o. Muj-s&c . 

Comparison of these results with the SPERT-1 3.2 msec period test indicates 
that even with this step insertion, no fuel damage wi l l result. 



CHAPTER 4 

PRIMARY C O O L I N G SYSTEM FAILURE 

If a failure of the primary coolant pump occurs or if the primary flow rote is decreased 
for any reason, a reactor scram wil l be demanded by a loss of flow signal to the safety 
system. In this event the neutron density in the core wi l l decrease rapidly and even­
tually wi l l decay with a period of 80 seconds. 

Since in this accident the core wi l l always be covered with water the expected 
maximum fuel plate temperatures wi l l not approach the values obtained in Chapter 2 
considering the same operating conditions. 

The analysis of this accident wi l l be only concerned with the power history of the 
reactor after the scram function commences to actuate. It wi l l be assumed that 
the reactor is cri t ical and operating at a steady-state power level of 2Mw prior to 
t = o. A sudden insertion of negative reactivity takes place at t = o and the final 
reactivity is the shutdown reactivity, that is, -0.035 f^^/li. . Because of the 
short time behavior of the insertion of reactivity, the problem can be treated by 
using the prompt-drop approximation. 

This approximation states that the drop in power from an initial steady-state value 
of ^ to a final level of ^ following a negative insertion of reac t i v i t y ^ is given 
by (13) 

^ {^-B, (4.1) 

w here 

J5 = crit ical reactivity prior to t = o, zero. 

P> = 2 M w 

5*3_ = -0.035 

Solving for ^ it becomes 

=: ^ ]-2:2221L \ = 0.3549 M w . 



After this drop the power goes on a stable period corresponding to the first root 
of the inhour equation (3 .1 .1 .2 -4 ) , that is, it is the inverse of the decay constant 
of the longest l ived delayed neutron precursor ( X - o.oizs ^ec'' ) , Hence, 
the shortest stable (negative) reactor period possible after the drop in power is 
80 sec and the transient power behavior after the drop wi l l be expressed by 

Pit) ^ ?dr (i"^^^ (4.2) 

where 

Peir - ^ = power level after drop, 0.3549 Mw. 

If it is assumed that the reactor is shutdown when the power is reduced from 
Pjir = 3.549 X 10 watts to ^ = 0.8 watts, then the minimum shutdown time 

is from equation (4.2) and with ^(0= 

= = 938.88 sec = 15.65 min 
Par 

Because of the emission of gamma-rays from the fission products this time is in 
general prolonged. 



CHAPTER 5 

FUEL ELEMENT C L A D D I N G FAILURE 

Fuel element cladding failure might result from corrosion, erosion, mechanical 
defects, and local melting due to excessive temperatures. Since the first barrier 
to the release of fission products is the fuel element cladding, its failure would 
cause the leaching of the fission products from the fuel region due to the action of 
the primary coolant. 

In Chaper 2 it was shown that no melting of the fuel element cladding would occur 
following a L O C A type accident. Whatever the cause of rupture is, fission products 
would be released to the pool water, if the core were still covered with water, and 
then to the reactor containment. 

In this accident it wi l l be assumed that the cladding fails due to defects in manufacture. 
The conditions under which the accident takes place wi l l be treated in Chapter 7 while 
the public radiological consequences wi l l be the subiect of Chapter 9. 
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Fuel elemenf blockage incidents have occun-ed in many operating reactors as a 
consequence of accidental introduction of foreign materials into the reactor core, 
such as neoprene, plastics and soft materials in general, which block the flow 
of water through the cooling channels or which coat their surfaces thus inhibiting 
heat transfer. 

The amount of melted fuel due to such blockages has been found to be small, i . e . , 
12.4 g of U-235, contained in 134 g of alloy were lost at the Engineering Test 
Reactor (ETR) at Idaho Falls in a fuel element flow blockage accident (14). The 
release of activity in that accident was estimated to be about 6.4 curies to the 
atmosphere. 42 curies were released to the leaching pond as liquid waste. However, 
these results would be excessively conservative if applied to the FNR case since 
the ETR accident occurred while operating at a power level of 90 Mw. 

In the case of research reactors, the Oak Ridge Research Reactor (ORR) fuel melting 
incident (15) demonstrated that detectable fluctuations began at power levels of 
9 Mw and burnout at about 12 Mw. The fuel element involved in this incident was 
almost completely blocked at the top. Hence, if a similar blockage occurred at 
the FNR while operating at 2 Mw, it would not be likely to cause detectable 
fluctuations or melting. 

FNR operating experience has shown that small period fluctuations due to the 
insertion of experiments with reactivity worths of the order 0.001 A K / K and which 
are done slowly and carefully have produced the effect of fuel element blockage, 
i . e . decrease in neutron moderation as would happen if boiling occurred, and sub­
sequent period scrams. 

The FNR control rod is modelled as a hollow, aluminum void which occupies a 
volume of half an element. In fact the control rod is a water f i l led aluminum shell 
which occupies a much smaller volume. The reasoning that follows is therefore quite 
conservative. Control rod worth is 0.003 A K / K . It can be reasoned that since 
the control rod model is worth 0.003 A K ^ K and occupies 1/2 of a fuel element, a 
reactivity worth of -0.001 A K / K results from a void of 1/6 of on element. Thus, 
a rapidly produced void caused by fuel element blockage boiling that encompasses 
1/6 of a fuel element or 1/210 of a 35 element core would cause a reactor period 
less than 5 seconds and safely scram the reactor before core damage occurred. 

CHARTER 6 

FUEL ELEMENT BLOCKAGE 
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CHAPTER 7 

M A X I M U M CREDIBLE ACCIDENT W I T H PUBLIC R A D I O L O G I C A L C O N S E Q U E N C E S 

If has been shown that none of the accidents analyzed results in a public 
radiological hazard, except for the case of a fuel element cladding failure. 
Such o failure is o potential radiological hazard because of the radionuclides that 
could be released from the reactor pool and containment thus affecting the public 
outside the reactor building. The degree of the hazard wi l l obviously depend upon 
the size of the rupture and in the retention of radioactive isotopes by the pool-water 
and the reactor containment. Hence, it wi l l be postulated that the maximum 
credible accident that could occur at the FNR is a rupture of the cladding due to 
manufacturing defects. 

It wi l l be assumed that the reactor core inventory at the time of the accident is the 
equivalent of a 2 M w reactor that has been operating for a one year period and that 
the rupture takes place in a 35 element core, with 18 plates per element. As the 
worst situation, 10% of one plate ruptures. The total fraction of the core released 
in this incident is 1 .59 x 10 ' *%. After fission product released only I , and k.r 
are volati le and leak from the pool and containment. Once in the pool-water they 
wi l l be released to the reactor containment at a rate determined by the T-131 pool-leak 
rote and from the containment to the atmosphere at the containment-leak rate. The 
values of these leak rates hove been experimentally determined and the bases and 
results of the experiments ore the subject of Chapter 8. 

A computer program following American Nuclear Society (ANS) and U . S . Nuclear 
Regulatory Commission (NRC) guidelines has been developed (16). The program 
calculates the concentration of radioactive effluents emanating from a nuclear 
reactor and public doses as a consequence of a reactor core meltdown accident and 
as a function of the distance from the reactor si te, wind direction, wind velocity, 
and atmospheric conditions. The program calculates the cumulative internal and 
external body dose caused by exposure to any selected by-product isotopes that 
represent a potential radiological hazard. 

The results of the program and their analysis for the reactor core inventory given in 
table C^.l) wi l l be treated in Chapter 9 . 
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Table (7.1) 

FNR Core Inventory After 1 Year of Operation ai- 2 Mw (17) 
and for 100% of Iodines, Xenon and Kryton ^ 

and for a Total Fraction of the Core of 1.59 x 10 % 

Radioisotope 
sec 

Activi ty 
sec megaCi 

Kr 
85 

Stable o 
2 .14x 10 3 . 1 8 X 10"^ 

85 M 4 . 3 8 X 10"^ 2 .544X 10"^ 

87 1.48 X 10""* 4.77 X 10~^ 

88 6 . 8 8 x 1 0 " ^ 7 .314X 10"^ 

Xe 

133 M 
Stable , 

3.47 X 10 3 .18X lO"^ 
133 1.52x lO"^ 1.7172X lO"^ 

135 2.0892x 10"^ 1.0812x10"^ 

1 
131 

Stable , 
1.0026 X 10~ 7 . 9 5 X lO"^ 

132 
133 

8 .369X lO"? 
9.166X 10 

1.2084X lo"^ 
1.749X 10"^ 

134 
135 

2.22 X lO""̂  
2 .873X 10"^ 

2.0034 X lo"^ 
1.749 X 10"^ 
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CHAPTER 8 

EXPERIMENTAL DETERMINATION OF THE P O O L - L E A K RATE 
A N D THE C O N T A I N M E N T - L E A K RATE AT THE FNR 

8.1 Pool-Leak Rate; 

The experiments performed in determining the leak rate of gaseous fission 
products from the reactor pool were based on the following assumptions: 

1 . In the event of fuel element fission product release, 
the leak rate of radio-iodine, 1-131, frojn the pool 
w i l l represent the leak rate of al l fission products. 
This assumption is based on the fact that 1-131 is 
the fission product that represents the most serious 
radiological hazard when it is introduced by any 
means into the body. 

2 . The effective decay constant, A^^^, for 1-131 
is given by 

A e / / s A^Lp (8.1-1) 

where 

X - 1-131 decoy constant, 0.0863 d a y - \ 

' - P = 1-131 pool leak rate, day \ 

The evaluation of A d / / c o n be accomplished by taking periodical measurements 
of the counting rate /^c (cps) for a I-i3i sample and by plotting the counting 
rate R-l relative to the initial counting rate /2t>vs. time for each i^^ time. 
The curve obtained is an exponential decay curve with a decay constant Atff 
Knowing A t / / , the evaluation of the pool-leak rate, Lj>, becomes immediate 
from (8.1-1) as 

Lp = A e / / - A (8.1-2) 
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8.1.1 Experimental Procedure and Results 

Since the experiments were not performed directly in the FNR pool, 
i t was required to simulate as close as possible the experimental 
conditions to those of the F N R . A sketch of the experimental 
equipment installed in one of the facility exhaust hoods is shown 
in F ig . (8 .1.1-1) . 

Two aluminum cans containing one gallon of pool-water were used. 
They had a layer of plastic-paint (Pyroxcote) on their interior walls 
which simulated the protective layer of ceramic tile on the FNR 
tank walls. The cans were put on a hot plate which maintained the 
temperature of the pool-water between 102 - lOS^F during the time 
of the experiments (13 days without interruption). The cans were 
equipped with thermometers and above each of them a source of 
make-up pool-water was installed. A constant drip rate of water 
compensated for the decrease in water level due to evaporation. 
Should the water level increase above the one gallon limit a hole 
was drilled on each of the cans just above that limit and the exhaust 
of water was through a plastic tube ending in a glass bottle. The two 
cans were identical except that the surface of one was covered with. 
AOpytL of vegetable o i l . A reduction of the leak rate by absorption 
of 1-131 in the oil can was expected. 

Two 1 >nZ samples of 1-131 as sodium iodide in N a O H with initial 
specific activities of }82jiU/^l and 2)8/<it'A»l were added to the 
plain and oil cans respectively. The specific activities in each con 
were O.OASjt^ and 0.0576 JiSi respectively. 

Three l>̂ t samples from each can were taken and counted for times 
ranging between 400 and 500 seconds to have on overall statistical 
error of 2%. The counts were recorded by using the ND-4420 
multichannel analyzer at the F N R . The areas under the 364 kev 
photo-peak for 1-131 were recorded for each sample and corrected 
by the decay time between the instant in which they were taken out 
from the cans and the time at which they were counted. 

This procedure was followed during 13 days taking samples almost 
dai ly . The experimental counting rotes^'ore given in table (8 .1 .1 -1 ) . 
They do not include the statistical deviations since those were as small 
as 2 % . The values of ^t'are averages of the 3 samples for each of the 
conditions plain and o i l . In that table, the relative counting rates 

P-l/f^o and the relative theoretical values f o r A = 0.0863 day 
are also included. The values of as given in table (8,1.1-1) were 
fitted to an exponential curve using the method of least, squares. The 
fitted values of Ri and R; /9.^ are given in table (8 ,1 .1-2) . 



Figure ( 8 . 1 . 1 - 1 ) 
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Table (8.1.1-1) 

CounHng Rates and Relative Experimental and Theoretical 
Counting Rates 

Time Counting Rate Relative Counting Rate 

iih Ri^ cps 

d.<x.y Plain Oi l Plain O i l Theoretical 

0 7.46 7.71 1.00 1.00 1.00 

1 6.58 6.40 0.88 0.83 0.92 

2 5.51 5.40 0.74 0.70 0.84 

3 5.87 5.37 0.79 0.69 0.77 

4 5.16 4.76 0.69 0.62 0.71 

5 4.13 4.06 0.55 0.53 0.65 

7 3.80 3.41 0.51 0.44 0.55 

10 2.66 2.45 0.36 0.32 0.42 

12 1.81 1.84 0.24 0.24 0.36 

13 1.70 1.82 0.23 0.24 0.33 
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Toble (8.1.1-2) 

Exponential Fitted Values of Experimental Counfing Rates 
and Relative Counting Rates 

Time Counting Rate Relative Counting Rate 

<•"• 

clay 

Hi, cps 
<•"• 

clay Plain O i l Plain O i l 

<•"• 

clay 

• 

0 7.581 7.261 1.0 1.0 

1 6.781 6.505 0.895 0.896 

2 6.065 5.827 0.800 0.803 

3 5.425 5.221 0.716 0.719 

4 4.853 4.667 0.640 0.644 

5 4.341 4.191 0.573 0.577 

6 3.882 3.754 0.512 0.517 

7 3.473 3.364 0.458 0.463 

8 3.106 3.013 0.409 0.415 

9 2.778 2.699 0.366 0.372 

10 2.485 2.418 0.328 0.333 

11 2.223 2.167 0.293 0.298 

12 1.988 1.941 0.262 0.267 

13 1./78 1.740 0.235 0.239 



The relative counting rate values from table ( 8 . 1 . i -2) and the 
theoretical ones from table (8.1.1-1) ore plotted as a function 
of time in F ig . (8 .1 .1 -2 ) . These figures also include the ex­
perimental relative values. 

The exponential fitting curves for the plain and oil conditions 

ore given by the equations: 

p -o.itst 
/2 (i) ^ i.sif/ <L (8 .1 .1-1) 

and 

0£ nil) - l.ztco-id (8 .1 .1-2) 

where 

Ttlt) - counting rate for plain samples, cps. 

J^M = Ro= 7.581 cps 

Afi/y = effective decay constant for plain samples. 

0.1115 day 
- I 

Ji- (t)- counting rote for oil samples, cps. 

îf^lû) = tt^ = 7.2607 cps 

A6.ff ~ effective decay constant for oil samples, 
0.1099 d a y ' ' 

^ = time, days 

Equations (8.1.1-1) and (8.1.1-2) fit with the experimental data 

within 0.983 and 0.993 respectively. Using equation (8.1-2) and 

the values of Acff for each condition, the respective pool-leak 

rates a re : 

,P - 1 
plain samples: Lp =0.1115-0.086 = 0.0252 day 

and 
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-1 oil samples: =0.1099-0.0863 = 0.0236 day 

Once the experiments were concluded, samples of of oil 
from a remaining total of 25»ti were counted and it was found that ^ 
the retention of. 1-131 by the oil was only about 1.08%. which is = /6 ^ 
the Ta\\o i^p /l^f . The plastic layers in each can were also 
counted and a total of 10% 1-131 in each one was found. In 
order to have conservative results the above values for Lp and 

wi l l not be corrected by this 10%. 

8.2 Reactor Containment - Leak Rate; 

A sketch of the Ford Nuclear Reactor Building (FNR) and the Rnoenix 
Memorial Laboratory Building (PML) is shown in F ig . (8.2-1) . 

Initially the Building Supply Damper (BSD) , the Building Ventilation 
Exhaust Damper (BVED) and the Beam Port Floor Exhaust Damper (BPFED) 
were shut and the doors which communicate both buildings on each of the 
three floors were sealed with masking tape. Three Vacuum gauges ( G ) 
were installed inside the FNR (one per floor) with reference legs connected 
to the PML through the small holes located at the bottom of the doors as 
shown in the figure. In the room 3103, on the third floor of the F N R , an 
extraction hood was completely covered with an aluminum sheet. The 
sheet had a 6"x6" square cut at its center. A linear flow meter (LFM) of 
cross sectional area 6"x2" was put at the center of the square, producing 
an effect ive air flow opening of 4"x6" or 24 in . 

Initially the vacuum gauges read a slight vacuum. The 3103 hood damper 
was cracked open gradually. The exhaust drawn out through the 3103 
exhaust damper by PML stack 2 ( S i ) exhaust fan produced a measurable 
vacuum in the F N R . The air flow necessary to produce the measurable 
vacuum was considered the containment air leak rate, L c . The linear flow 
measured was 60f t /min. This flow was through the free area of 24 '\nz'/&fi, 
thus the volumetric air flow was l O f t V m i n . For on estimated value of the 
FNR volume of 6.2741 X lO' 'cm'= 2.2154 X 10^ft^, the resultant 
containment leak rate is 

Lc - to 

= 4.5138 X lO"^ min" ' 

= 0.065 day~' 
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CHAPTER 9 

PUBLIC R A D I O L O G I C A L C O N S E Q U E N C E S O F M A X I M U M 
CREDIBLE ACCIDENT 

The results of the computer program for the reactor core inventory in table (7.1) ore 
given in tables (9.1) through (9 .3) . These results are the accumulated external, 
internal (thyroid) and total dose a person would receive as a function of the distance 
from the reactor site and for the exposure times as indicated. F ig . (9.1) is a 
graphical representation of the total accumulated doses for the values in table (9.3). 
Besides the data in table (J. 1), the other data used in the program is given in 
Appendix II and a list of the program is in Appendix I. 

According to table (9.3) it is seen that the maximum value of total accumulated dose 
is the one corresponding to on exposure time of 30 days and at a distance of 250 ft 
from the FNR site. A realistic as possible analysis of the results requires the knowledge 
of the location of the different population centers around the FNR and the kind of 
activit ies performed in such places. 

9.1 FNR Site (5): 

The F N R is located on the North Campus (NC) of the University of Michigan, 
Ann Arbor, Michigan. It is 1.5 miles away from the center of Ann Arbor. 
The N C development plan incorporates the following resolutions: 

1 . Only laboratory and research buildings 
wi l l be constructed within 500 ft of the 
reactor. 

2 . N o housing or other building containing 
housing facilit ies wi l l be erected within 
1500 feet of the F N R . 

The location of some buildings on the N C 
and their distance to the FNR are given in 
table (9.1-1) . The major population center 
near Ann Arbor is the City of Ypsilanti 
which is 7 miles down river. 

9 .2 Analysis: 

Based on the data given In section 9.1 the analysis of the results wi l l be made 
by assuming that the exposure time wil l be constant within certain distances 
from the F N R , this dependence is given In table (9 .2-1) . 



Inspection of table (9 .2 -1 ) shows that in the lost two coses the values of 
the total dose delivered are below the MPD values within a minimum factor 
of one order of magnitude for the case of Ann Arbor downtown and an order 
of magnitude of 10 less than M P D for Ypsilanti . For distances within 500 
and 1500 ft of the F N R the values of total dose are greater than the values 
of MPD by a factor of approximately IQ Since this difference is not slgni-
ficontely high and because of the assumptions that have been made in the 
calculation of the doses, namely: 

1 . A l l the released fission products appear 
in the building instantly, 

2 . The building and its contents afford no 
shielding, 

3 . There Is no shielding of any kind between 
the receptor and the building, 

4 . N o retention of radioactive gases by 
filters occurs, 

5 . There is no deposition on the walls 
or structure of the containment, 

6 . The breathing rote is constant and the 
population does not move during the 
exposure time, 

7 . A l l the population center ore at the 
same alt i tude, 

8 . The release is at ground leve l ; it is 
considered that this maximum credible 
accident represents a gross upper limit -
and no serious public radiological con­
sequences are expected. 



FORD NUCLEAR REAtTÜR ACCIDENT A N A L Y S I S . 

ANS . 1Ü .7 
POTFNTIAL RADICLGGICAL CCNSEGUENCES CP A 

KEACTÜP CORE MELTDOlsN. 

POLLUTANT R E L F A S E D FROM THE ^ROUNO • L E V E L . 

ARRAY V A L U E S : EXTERNAL DOSE (REM) 

TIME AFTliR ACCIDENT 
• ) 

2.0HQURS e.OhOURS 15.0H0URS' 24,0HGURS. ^.S.UHOURS 

D I S T A N C E FROM 
REACTOR (FEET 

72 . CHOLRS ICDAYS 3CCAYS 

7. -

? '3 G . • . 24 64E -05 .1372E -04 , 10 9 6 E -03 
5P3 . , 739 IE - 0 6 .4115Ë - 0 5 . 3203E- 0 4 
75C. • . 35 2 3E -06 . 1960E -05 . 1 5 6 6 E - 04 

1003 . • . lü ' f 9E -06 . 10 2 90 - 0 5 - . 7 7 4 6 E - C5 
I ¿ ""̂  3 . . 126 7E -06 .70 55E -06 .5139C- 05 
1500 . . 92 39E -07 • . 514 4 E - 0 6 . 4 1 1 1 E - 0 5 
17 5Û . .7039E -07 • .59 20E -06 . 3 132E- 0 5 
2 000 . . 5 B 3 5E - 0 / . 32 4 9E -06 . 2 59 6 E - 05 
22^30 . .49 2 7^ -07 .27 4''.E -.06 . 2 I 9 2 E - C5 

. .36 96E -07 .205dE -06 . 1 6 4 4 E - 05 
2 7 5 0 . .3101E -07 . . 1 7 2 7E - 0 6 . 1 3 Ü 0 E - C5 
3 0 00 . .26-+0E -0 7 . 1470E -0 6 . L 2 Ü 0 E - 0 5 
^fOCC. . 17 32G -07 .9646E -07 .B3 8 0 E -06 
50 0 0 . . 1232E -07 . 63 5 9E - C 7 . 63C4I:- 06 
60 00. . 92 3 9E - 0 3 .5144E -07 ,'+7 2 Ü E - 06 
7000 . • .7199E - 0 3 . 40C9E -07 . 36C4E- C6 
HOOÛ . . 55 4 3 e - O J .308 7E -0 7 . 2 B 3 7 E - 06 
9000 . . A7 3 8E - 0 3 . 26 3 8E -07 . 2 4 2 5 E - 06 

10000 . .3960E -08 . .2205E - 0 7- . 2 0 2 6 E - 0 6 
15000. . 22''+QE -oa . .1247E -07 . 1 1 7 7 E - 06 
20000 . . H 5 9 E - 0 3 .8123E -08 . 777.3E- C7 
2 5000. .1109E - o y . 6 1 7 3 E -oa . 6 5 2 0 E - 07 
30000 . . 8399Ë - 0 9 .46 77E -00 . 4 8 1 6 E - C7 
35O0O. , : . 6 B a 6 E -0 9 .3S34E -08 . 4 2 1 4 E - Û7 
40000 . . 56 5 6E - 09 .3150E -08 .3 6 5 1 E - C7 

Table 

. 1473E-03 

.•44 19E-04 

. 2 1 Ü 4 E - 0 4 

. 1C57E-04 

. 7û7yE-05 

. 5 5 2 4 E - 0 5 

.•42G9É-Ü5 
. 3 4 B 9 E - 0 5 
. 2 9 4 6 : - C 5 
. 2210e-05 
. 1Ü54E-C5 
. 1 6 C 4 E - G 5 
. 11Ü3E-Ü5 
, Ü 1 0 9 E - 0 6 
.614 2 E - 0 6 
.4 7ÜÓE-0 6 
. 3605^-06 
. 3 1 5 Ü E - 0 6 
. 2 Í .32E-06 
. 1 5 2 0 E - 0 6 
. ICC l E - O á 
.821 7G-0 7 
. 6 1 G 1E -.0 7 
.•5268E-07" 
.4516í : -0 7 

(9-1). 

. 1846E-03 
. 5 5 3 Ü E - 0 4 
. 26 36E-C4 
. 1339E-04 

•. 0909E-C5 
.6921 E-05 
. 5 2 7 5 E - 0 5 
.4307E-Û5 
. 3 6 8 6 E - 0 5 
. 2 768E-C5 
. 2324E-05 
. 2 0 0 6 E - C 5 
. 1365E-05 
. 1G06E-C5 
. 7524E-C6 
.5779E-G6 
. 4515E-G6 
. 3 8 6 1 E - 0 6 
. 32.30E-G6 
. 1851E-06 
. 1216E-Û6 
. 9843E-C7 
. 7321E-07 
.62 56E-G7 
. 5 3 2 8 E - 0 7 

. 2 2 3 i E - 0 3 . 4 2 4 E E - C3 . á í C Í E - G3 
. 6676E -04 . 1 2 7 0 E - 03 . 2 0 6 5 E - 03 
.3184E -C4 , 6 0 4 5 E - C4 . s e c á E - C4 
.162BE -04 . 3 1 5 7 E - C4 . 5 1 7 2 E - 04 
. iC96fc - C ^ . 2125E- C4 . 3 4 7 8 E - 04 • 
.8 362E -05 . 1587E- C4 . ¿ 5 7 3 E - C4 
. 63 75E - 0 5 . 12 0 7E- G4 . 1954 E-04 cln 
.52 73E - 0 5 .996 f iE - C5 . i e i 3 E - C4 T 
. 4 4 4 9 E -05 . 8 3 6 8 E - C5 . 1 3 5 0 E - 04 
. 3 34 5H - C 5 . 6 3 3 9 E - C5 . 1 C 2 7 Ê - 04 
.230BE -05 . 5 3 3 0 E - C5 . 6 6 4 3 E - C5 . 
. 2 4 2 1E - C 5 . ^ 5 7 9 E - C5 . 7 4 1 3 E - 05 
. 1 6 3 5 E -C5 . 3 C 2 7 E - C5 . 4 8 5 2 E - OS 
. I19aE -05 o2185E- C5 . 3 4 7 8 E - 05 
.8950E -06 . 1622E- C5 . 2 5 7 2 E - 05 
.6B86E -06 . 1 2 4 8 E - C5 . L978 E -05 
. 53 7 CE -C6 . 9 7 1 2 c - C6 . 1 5 3 e E - 05 
.4595E -06 . 8 2 9 3 E - C6 .131 l E - 05 
.3 847É -06 . 6966E-Ü6 , 1 1 G 4 E - 05 
.2193E -06 . 39G2E- C6 - 6 1 2 2 E - 06 
. 1 4 3 8 E -06 . 2 5 4 1 E - C6 . 3 9 7 3 E - 06 
.1152E - C 6 . 198CE- C6 . 3 C 5 4 E - C6 
.B579E -07 . . 14 7 6 E -Co . 2 2 7 6 E - C6 
.72 75E -C7 . 1225E- ce . 1 8 6 S E - 06 • 
.6 164E -07 , 1024E- C6 . 1 5 4 S E - 06 

Ext-ernal Dose Delivered as a Funcl-ion of Distance from the Reactor and for Different 

Exposure Times Foliwing Maximum Credible Accidenf 



FORD NUCLEAR REALTOR ACCIDENT A N A L Y S I S . 
ANS VJ.l 

POTENTIAL RADICLGGICAL CCNSECUENCES CF A 
REACTOR•CORE MELTDOWN. 

DOLLUTAMT RELEASED FROM THE GROUND L E V E L . 

ARRAY V A L U E S : TUYROIO COSE (REM) 

T1^'E AFTER ACCIDENT . 

6 .0H0URS 15.0HUUR5 Z-'t.OHOURS 43.0HGURS 72.0HOURS 

DISTANCE FROM 
l̂ E ACTOR ( F E F T ) 

? . OH OUR 5 ICCAYS 3CCAYS 

250. . .60 8aE - 0 3 . 5059»! - 0 2 • 0 5383E- 01 ,9054E -0 1 . 1432 C + 00 .2 135E •^00 .6922E+CC . 1 4 4 2 E + C 1 
^ 5 00 . . . IS 27 E -0 i .1518E - 0 2 , 1615E- 01 .,27lfcC - 0 1 . 4 2 B 3 E - Gl .6376E - 0 1 . 2068E + 00 .4312E+0C 

7 50 . . 66 93E - O f .7228E - 0 3 , 7 6 9 0 E - •02 . 1293E - 0 1 . 2 0 4 3 E - 01 .3045E - 0 1 . 9 8 3 3 E - Cl .2C4cE+CC 
10 0 0 . • .4566E -04 .3795E - 0 3 . 3337t:- 02 . 6 59 00 - 0 2 . l C 5 5 t -•c r . 1 585E - 0 1 .52 14E- CI .109 lE+OG 
1 2 5 D . .313 I E -04 .26 02E -0 3 . 2 5 5 9 E - 0 2 . 4 4 4 6 E - 0 2 .714 1 E - 02 . 1C74E - C I . 3 5 i 6 E - C 1 . 733 Eb-C I 
1500. • . 22 83E -C'+ .1397E - 0 3 " . 2 G 1 9 E - C2 .3395E - 0 2 . 5 3 6 5 E - 02 .79y7E -02 . 2 5 6 0 E - C I .536 6E-G 1 

. 4 C 7 2 E - 0 1 1 7 5 0 . . W 4 0 E -0 4 .1446E - 0 3 . 15 33E- C2 .2587E - 0 2 . 4 G 9 1 E - 02 .61CCE - C 2 . 1961E- C I 

.536 6E-G 1 
. 4 C 7 2 E - 0 1 

2000 . . 14 42E -04 . i l 9 B E - 0 3 . 12 75E- 02 .214 4P - 0 2 . 3 3 8 3 E - 02 .5037E -02 . 1 6 1 8 E - 01 . 3 3 5 E E - C 1 
2250 . .1218E -04 . n 12£ -0 3 . 10 7 7E- C2 . 1811E - 0 2.. . 2 a 5 4 E - C2 .4248E -02 . 1354E- CI .2804 E-0 1 
2 5 0 G. .9133E -05 • . 7539E -04 . d0 7 5 E -03 . 1 3 5 8 E - 0 2 . 2 1 4 6 E - 02 .3199E - 0 2 ' . 1030E- C 1 .214 l E - C 1 
27 5 0 . . 76 645 - 0 5 .6368E -04 . 6 7 7 6 E -C3 . l i 4 C E - 0 2 . 1302 E -02 .2637E -02 . 8 6 7 0 E - 02 . 1803 E-0 1 
3 000 . .6523E -05 • .542 I E ^04 .58 74E- 0 3 .98076 - 0 3 . 1548E- 02 .23C6E - G 2 . 7 4 2 7 E - C2 . 1543E-0 1 
4000. .423 I E - 0 5 .3557E - C 4 . 4 0 6 9 E - 03 .6650E - 0 3 . 1 0 3 4 E - C2 .1528F -02 . 4 B 3 0 E - C2 . 9 9 8 4 E - C 2 
5 000 . .304VE -05 .25 30E -04 . 3039E- 0 3 . 4874C - 0 3 . 7 5 C 5 E - 03 • .11C2E - 0 2 . 3444E- C2 . 7C96E-02 
6000. . 22 83E - 0 5 .1897E - 0 4 • .22 7 9 E -•0 3 .3655E -03 . 5 6 0 5 E - 03 .8210E - 0 3 ' . 2 5 4 5 E - C2 . 5 2 2 S F - 0 2 
700 3 . . 17 79E -03 ' . 1478E -04 . 174 2 E - C3 . 2 6 1 5E - 0 3 . 4 3 2 8 E - 03 .6351E -03 . 1 9 6 2 E - 02 . 4 0 2 3 E - 0 2 
3000. . 13 /CE -05 .1133E -04 . 1367E-03 . 219 3E - 0 3 . 3363E- 03 .49«26E - 0 3 . 1 5 2 2 E - 02 . 3 124E-02 
9000 . .1171H - 0 5 . o n c E - 0 5 . 1169E- 03 . 1 875E - 0 3 . 2 B 7 8 E - 03 .4219E -03 - 1 2 9 8 E - C2 ,266CE-Q2 

1000 0 . .9785E -06 . 8 13 1 E -0 5' .9 76 7 E - 04 . 1567E - 0 3 .24 l O E - C3 . 3 5 3eE - C 3 . 1 0 9 3 E - C2 . 2242E-02 
r.3000 . . 55 3 5E -06 .4599E - 0 5 . 5 6 5 5 E - 04 .89V2E -0 4 . 1367E-03 .1992E - 0 3 . 6 0 4 C E - C3 . 1231E-02 
20000 . .3605E -06 .2996E - 0 5 . 3 7 2 8 E - 04 . 590 IE - 0 4 , 8 9 3 7 E - 04 . 1299E - 0 3 . . 3 9 1 2 E - 03 . 7958E-03 
2 5000. .2740E -06 .2277E - 0 5 .309.1E- 04 .4743E -0 4 . 7 0 3 6 E - 04 . l O l O E - 0 3 . 2 9 7 2 E - C3 . 6 C C 7 E - C 3 
30000 . . 20 76E -Oa . 172 5E - C 5 . 229GE- 04 . 354 1E" -04 . 5 2 6 2 E - 04 .7560E -04 , 2 2 2 0 E - G3 . 4 4 7 9 E - a 3 
3 50C0 . . 17 0ZE -06 , .1414E -05 . 1 9 B 9 E - 04 .3015E -04 • .44C8 t - 04 .627CE -C4 . l a c e E - C3 . 3c24E-03 
40000 . . 13 93E--06 . 1162E - G 5 . 1714r- C4 . 2 55 7E -04 . 3 7 0 1 E - 04 .5229F -04 . 148 7 E - C3 . 2972E-C3 

• Table (9-2) 

Thyroid Dose Delivered as a Function of Dist-ance from the Reactor and for Different 

Exposure Times Following Maximum Credible Accident 



FQRD NUCLEAR REACTOR ACCIDENT A N A L Y S I S . 
ANS 15.7 

POTENTIAL RADIOLOGICAL CCNSECUENCES CF A 
REACTOR CORE MELTDOWN. 

POLLUTANT RELEASED FRO?^ THE GROUND L E V E L . 

ARRAY V A L U - S : TOTAL DOSE (REM) , ' • . 

TIME AFTER ACCIDENT 

2.0HOURS 6.0HOURS 15.GHDURS 2 4 . 0 H 0 U R S . 48 .0HCUPS 72 .0H0URS 

DISTANCE F^OM 
P F \ C T r R ( ^ E E T 

lODAYS 3CCAYS 

2 5C . 
50G . 
7 50 . 

• 1000. 
125 0 . 
1500 . 
17 5 0 . 
20 0 0 . 
22 5 0 . 
2 5 0 3. 
2 7 50 , 
3000. 
4 000 . 

• 5000 . 
6 0 0 0 . 
7000 . 
0000. 
9000 . 

10000 . 
15000. 
20000 . 
25000 . 
30000 . 
35000. 
40000 . 

. 61 13E-03 

. I 3 3 V E - 0 3 

.87 33E-04 

.45 85E-04 

. 31 44E-0'+ 

. 22 92E-04 

. 1 7 47E-04 

. 14 48E-04 

. 12 21E-04 

. 91 70E-05 

. 7 6 9 5 E - 0 5 
. 65 5 0 E - 0 5 
. 42 93E-05 
. 3 0 5 7 E - 0 5 
. 22 92E-05 
, 1786E-05 
. 13 75E-05 
. 11 7oE-05 
. 9 8 2 5 E - 0 6 
. 5 5 5 7 E - 0 6 
. 3620E-06 
. 27 5 i E - 0 6 
. 2084E-06 
. 1709E-06 
. 1 + 04E-06 

. 5 0 7 3 E - C 2 . 5 3 9 4 E - G 1 . 9 C 6 9 E - 0 1 

. I 5 2 2 E - 0 2 . 1 6 I 8 E - 0 1 . 2 7 2 1 E - 0 1 

. 7 2 4 7 E - C 3 . 7 7 0 6 E - 0 2 . 1 2 9 6 E - 0 1 

. 3 0 0 5 E - 0 3 . 3 8 4 5 E - 0 2 . 6 6 0 1 E - 0 2 

. 2609E-D3 . 2 5 6 4 E - 0 2 . 4 4 5 4 E - 0 2 
. 1 9 0 2 F - 0 3 •. 2023E-C2 . 3 4 C 1 E - 0 2 
. 1 4 4 9 E - 0 3 . 1 5 4 1 E - 0 2 . 2 5 9 1 E - 0 2 
. 1 2 C 2 E - 0 3 . 1 2 7 8 E - C 2 . 2 1 4 8 E - 0 2 
. 1 0 1 5 E - 0 3 . 1 0 7 ) E - C 2 . 1 8 1 4 E - C 2 
, 7610E-04 - , 8 0 9 1 E - 0 3 . 1 3 6 0 E - 0 2 
. 6 3 8 6 E - C 4 . 6 7 9 G E - C 3 . 1 1 4 2 E - 0 2 
, 5 4 3 5 E - 0 4 . 5 o 8 6 E - 0 3 . 9 0 2 3 E - 0 3 
. 3 5 6 7 E - 0 4 . 4 0 7 7 E - C 3 . 6 6 6 1 F - 0 3 
. 2 5 3 7 E - 0 4 , . 3 0 4 5 E - 0 3 . 4 8 8 2 E - 0 3 
. 1 9 0 2 F - 0 4 . 2 2 8 4 E - C 3 . 3 6 6 2 E - 0 3 
. 1482E-'34 •. 1 746E-0 3 , 2 819 t -C3 
. 1 1 4 1 E - 0 4 . . 1 3 7 0 E - 0 3 . 2 1 9 7 E - 0 3 
. 9 7 5 6 E - 0 5 . 1 1 7 1 E - G 3 . 1 8 7 a £ - 0 3 
. 3153E-05 .97875-04 . 1 5 6 9 E - 0 3 
. 4 6 1 2 E - 0 5 . 5 6 6 7 E - C 4 • . 9 C 0 7 E - 0 4 
. 3 0 0 4 E - 0 5 . 3736E-C4 . 5 9 1 1 E - 0 4 
. 2 2 B 3 E - C 5 . 3098E-04 . 4 7 5 1 E - 0 4 
. 1 7 2 9 E - 0 5 . 2 2 9 5 E - 0 4 .3547G-04 
. 1 4 1 B E - 0 5 . 1 9 9 4 E - 0 4 . 3021E-04 
. 1 1 6 5 E - 0 5 . 1 7 1 7 E - C 4 . 2 5 6 1 E - 0 4 

Table (9-3) 

..1434 E + 00 

. 4 2 8 8 E - 0 1 

. 2 0 4 6 E - 0 i 
.. 1O57E-0L 
. 7 i 5 0 E - 0 2 

'. '53.72 E-02 
. 4 0 9 6 E - C 2 

I . 3387 E-02 
. 2 8 5 8 E - 0 2 
. 2 1 4 9 E - 0 2 
. 18G4E-G2 
. 1 5 5 0 E - G 2 
. 1036E-02 
. 7515E-G3 

• . 5 6 1 2 E - 0 3 
.43340-03 
. 3 3 6 7 E - 0 3 
. 2 8 8 2 E - 0 3 
. 2 4 1 3 E - G 3 
. 1369E-03 

. . 8 9 4 9 E - C 4 
. 7046E-04 
. 5 2 6 9 E - G 4 
.4415G-04 
. 3 7 0 6 E - C 4 , 

.2137E-»00 

. 6 3 0 3 E - C 1 
. 3 C 4 8 E - C 1 
. 1 5 8 7 E - 0 1 
. .1075E-01 
. 8 0 0 5 E - 0 2 
. 6 1 C 7 E - C 2 
. 5 0 4 2 E - 0 2 
. 4 2 5 2 E - C 2 
. 3 2 0 2 E - C 2 
. 2 6 8 9 E - C 2 
. 2 3 C 9 E - C 2 
. 1 5 2 9 E - 0 2 
. 1 1C3E-C2 
. 0 2 1 9 E - C 3 
. 6 3 5 8 E - C 3 
. 4 9 3 1 E - 0 3 
. 4 2 2 3 E - G 3 
.3 54CE-C3 
.19946-03 
. 13C1G-C3 
. 101 l E - 0 3 
. 7 5 6 9 E - 0 4 
.6277E-C4 
. 5 2 3 6 E - 0 4 

.6926E+CC 
« 207CF+CC 
. 9 8 3 9 E - C i 
.52 1 8 t - C l 
. 3 5 i e E - C l 
.2582 E - C l 
. 1962E-C1 
. 1 6 1 9 E - C 1 
. 13 5 5 E - C 1 
. 1 0 3 1 E - C i 
. 8 6 7 5 E - C 2 
. 7 4 3 1 E - C 2 
- 4 8 3 3 E - C 2 
. 3446E-C2 
. 2 5 4 6 E - 0 2 
. 1963E-02 
. 1523E-C2 
. 1299E-G2-
. 10.94E-C2 
. 6 0 4 3 E - C 3 
. 3 9 I 5 E - C 3 
. 2974E-C3 
.222 l E - 0 3 
. 18C7E-C3 
. 1488E-C3 

.1442E+C 

.4314E+0 

. 2 C 4 "/ E -f C 

.1091E+0' 

. 7 34 l E - C 
.5369E-0 
.4 C74E-0 
. 3 3 6 C E - 0 
. 2 8 0 5 E - C 
.214 2E-C 
. 1804 E-0 
, 1544E-C 
. 9989E-0 
. 7 i C C E - C 
. 5232E-C 
.4C2 5 t - 0 
.3 12 5E-C 
.2061E-0 
. 2 2 4 4 E - 0 
. 1232E-C 
. 7962E-0 
.6C1CE-C 
. 4402E-0 
. 3 e 2 6 E - C 
.2974E-0 

Total Dose Delivered as a FuncHon of Dist-ance from the Reactor and for Different 

Exposure Times Following Maximum Credible Accident 
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Figure (9-1) 

Total Accumulated Dose vs. Distance from Reactor for Different Exposure Times 
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Table (9.1-1) 

North Campus Buildings and Their Distance to the FNR 

Building Distance to FNR 
ft 

Mortimer E. Cooley Bidg. 400 South East 

Automotive Engineering Lab. 300 North East 

Library Storage Bidg. and 
bindery 

600 South East 

Printing Shop Bidg. 700 South East 

Aeronautical Research Lobs. 1200 to 1500 North East 

Fluids Engineering Lab. 650 North 

Cyclotron Bidg. 1500 North East 

Institute of Science and 
Technology Bidg. 

520 South 

Northv/ood Apartments 1500 North 

Veterans Administration 
Hospital 

1500 South 

a 



Table (9.2-1) 

Assumed Exposure Times for Different Average Distances 
from F N R , with Expected Total Doses from Program and" 

MPD» 

Type of Population Average Exposure Total MPD 
Center Distance 

ft 
Time Dose 

Rem Rem 

Research and 
Laboratory Bldgs. 

500 6 hr 1.524 X lO"^ 1.1806 X lO""̂  

Housing and 
Hospital 

1500 15 hr 2 .025X lO"^ 2.9514 X lO""* 

Ann Arbor Center 8000 
(1.512 
miles) 

24 hr 2 .2x10""^ 4 . 7 2 X 10~^ 

Ypsilanti 40000 
(7.. 56 
miles) 

30 days 2.97 X lo"* 1.42X 10"2 

+ Those values are not averages. 

The value of the Maximum Permissible Dose selected from N C R P (table 6, 
Report 39) was 0.170 Rem average per year for a population as a whole. 



A P P E N D I X I 

LIST O F THE COMPUTER P R O G R A M 

Some of the features under which the program was run are the following: 

. 1 , - The release of radioactive effluents 
was assumed to occur at ground level , 

2 . - N o particular wind direction was 
taken into account. 

3 . - The pollutant release was assumed to 
be continous, 

4 . - The 100% of the reactor core in ­
ventory in table (7,1) was available 
for releasing. 
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V A R I A B L E S : 

A PROGRA^' TO CALCULATE CUMULATIVE I N T E R N A L , EXTERNAL AND TOTAL 
DOSES AT D I F F E R E N T D I S T A N C E S , D I R E C T I O N S AND T I M E S DUE TO RADI 
- A C T I V I T Y R E L E A S E S FRCM THE FORD NUCLEAR REACTOR UNDER THE FOL 
-LOWING ACCIDENT S I T U A T I G N S : 

"A P O T E N T I A L L Y HAZARDOUS ACCIDENT CGNDIT ICN E X I S T S AT THE 
REACTCR AND R A D I O L O G I C A L CGNSEQUENCES OF THE ACCIDENT WOULD 
B E S I G N I F I C A N T 

BASED UPCN REGULATORY G U I D E S 1.3 AND 1 , 4 , ASSUMPTIONS USED I N 
EVALUATING THE P O T E N T I A L R A D I C L G G I C A L CCNSEOUENtES OF A . L O S S 
DF COOLANT A C C I D E N T , AND ANS 1 5 . 7 , GUIDE FOR R E S E A R C H REACTOR 
S I T E E V A L U A T I O N . , 

ACCDNT 

CHI 
DELDOS 
DINDOS 
D I S T 
DOSETP 

E F F L N T 
EXPOTM 
HEADER 
HGT 
KRAP 

L E V E L 

N 

NDIR 

NDIST 

I N T E G E R VALUED PARAMETER TO D E S C R I B E THE T Y P E OF CORE 
MELTDOWN: 

1 ONE PERCENT CORE MELTDOWN. 
10 TEN PERCENT CORE MELTDOWN. 
100 (UNDECLARED) ONE HUNDRED PERCENT CORE MELTDOWN. 

R A D I O A C T I V E POLLUTANT C C N C E N T R A T I C N , C I / C U B I C M E T E R , 
INCREMENTAL RAD ICACT I V E . P O L L U T A N T D O S E . 
INCREMENTAL R A D I C A C T I V E INTERNAL DOSE ( THYROID ) . • 
D I S T A N C E FROM REACTCR TO DOSE MEASUREMENT. P O I N T , M E T E R S . 
I N T E G E R VALUED PARAMETER TO D E C I D E TYPE OF D O S E : 

1 INTERNAL D O S E . 
OTHER V A L U E S : EXTERNAL DOSE WITH THE FOLLOWING 
MODIF I C A T I C N S : 

THE O R I G I N A L PROGRAM WAS SET UP TO CALCULATE THE E X T E R 
-NAL AND THYROID DOSES AT D I F F E R E N T D I S T A N C E S AND D I R E 
- C T I O N S FOR F I X E D E X P O S U R E T I M E S , THE E F F E C T OF VARIOU 
- S E X P O S U R E T I M E S WAS NOT C O N S I D E R E D , THE P R I G R A M WAS 
THEN M O D I F I E D SC AS TO CALCULATE THE E X T E R N A L , T H Y R O I D 
AND TOTAL DOSES AT D I F F E R E N T D I S T A N C E S FDR V A R I O U S 
E X P O S U R E T I M E S ( P R E S E N T L Y E IGHT D I F F E R E N T E X P O S U R E 
T I M E S 2 HOURS TO 30 D A Y S . ) . T H I S WAS A C H I E V E D BY INTRO 
- D U C I N G ANOTHER I K T E G E R VALUE OF 3 FOR I N T E G E R V A R I 
- A B L E ' D O S E T P ' . AS B E F O R E D O S E T P = I G I V E S THYROID DOSE 
-AT D I F F E R E N T D I R E C T I O N S AND D O S E T P - 2 G I V E S E X T E R N A L 
DOSE FOR F I X E D E X P O S U R E T I M E S ( 2 HOURS - 30 D A Y S ) . 
THE N A M E L I S T OF THE INPUT V A R I A B L E S . 
T IME AFTER A C C I D E N T , H R S . E I G H T V A L U E S ' 2 H R S . TO 30 D A Y S . 
A S U B R O U T I N E TO W R I T E P R O P E R OUT PUT, HEAD I N G . 
REACTOR STACK hE I G h T , M E T E R S . 
I N T E G E R VALUED PARAMETER USED I N T E R N A L L Y FOR S E L E C T I N G 
P R O P E R OUTPUT H E A D I N G . 
I N T E G E R VALUED PARAMETER TO D E S C R I B E R A D I O A C T I V E R E L E A S E 
L E V E L : 

0 GROUND L E V E L R E L E A S E . 
1 STACK R E L E A S E . 

NON D I M E N S I O N A L S T A B I L I T Y PARAMETER FOR WIND C O N D I T I O N . 
NUMBER DF WIND D I R E C T I O N S . ALSO USED FOR NUMBER OF EXPOSUR 
T I M E S D E S I R E D . 
NUMBER CF D I S T A N C E S FROM THE REACTOR B U I L D I N G . 



C POLTAN I N T E G E R VALUED INPUT PARAMETER TO D E S C R I B E THE T Y P E OF 
C POLLUTANT B E I N G R E L E A S E D FROM THE REACTOR: 
C 1 I O D I N E , 
C 2 NOBLE G A S . 
C 3 F I S 5 I C N PRODUCT S O L I D S . 
C C R A D I O A C T I V E POLLUTANT R E L E A S E R A T E , C I / S E C , 
C OCHI C H I/0, S E C / C U B I C M E T E R . 
C OCHITR I N T E G E R VALUED INPUT PARAMETER: . " 
C 1 W R I T E S G /CHI VALUES OF THE LAST ISOTOPE 
C . • P R O C E S S E D . 
C 0 S K I P S THE WRIT ING S T E P . 
C CNOT TOTAL R A D I O A C T I V E POLLUTANT R E L E A S E D INTO THE REACTOR 
C CONTAINMENT AS A RESULT OF AN ACCIDENT AT T-0» C U R I E S . 
C S 1 G ( X , Y , Z ) ARE STANDARD D E V I A T I O N S OF THE PLUME OBTAINED FROM 
C F I G S . 3.10 AND 3,11, METEROLOGY AND ATOMIC E N E R G Y , 
C C H A P . 3,1968. 
C S I G Z ( 1 , 3 , 4 , 5 , 6 , 7 ) A R E THE VERT ICAL D I F F U S I O N PARAMETERS CORRESPOND 
C : - I N G TO THE P A S Q U I L L ' S CONDIT ICNS F , C , F , C , D , F R E S P E C 
C - T I V E L Y . < U S E D I N SUBROUTINE P E A N T S ONLY) 
C T T I M E A F T E R A C C I D E N T , S E C . 
C T IMDEP I N T E G E R VALUED INPUT' PARAMETER I D E S C R I B E S WHETHER THE 
C POLLUTANT R E L E A S E FROM THE CCNTAINMENT I S T I M E DEPENDENT 
C OR CONTINUOUS: 
C 1 . T I M E DEPENDENT. 
C 0 T IME INDEPENDENT. 
C . T IM INT I N T E G E R VALUED INPUT P A R A M E T E R : TAKES E IGHT V A L U E S (1-8} 
C CORRESPONDING TC EXPOSURE T I M E S ( 2 , HOURS- 30 D A Y S ) . 
C MUST BE USED WITH WINDIR=0 . 
C THYDOS T O T A L ' T H Y R O I D . DOSE FROM ALL D I F F E R E N T IODINE I S O T O P E S USE 
C TRACE . I N T E G E R VALUED INPUT PARAMETER U S E D FOR W R I T I N G THE INPUT 
C - PARAMETERS OF EACH ISOTOPE AS I T I S P R O C E S S E D . 
C WINDIR I N T E G E R VALUED INPUT PARAMETER, HAS E IGHT VALUES (1-8) " 
C CORRESPONDING TC THE- FOLLOWING I N T E G E R VALUE A S S I G N M E N T S : 
G 1 NORTH 
C 2 N O R T H - E A S T . 
C • 3 E A S T . 
C 4 S O U T H - E A S T . 
C 5 S O U T H . 
c 6 S O U T H - W E S T . 
c 7 W E S T . 
c 8 N O R T H - W E S T , 
C WINVEL REAL VALUED WIND V E L O C I T Y , M E T E R S / S E C . 
C W N V E L ( 1 , 3 , 4 , 5 , 6 , 7 ) ARE THE WIND V E L O C I T I E S CORRESPONDING TO 
C P A S Q U I L L * S CONDIT ICNS F , D , F C , D , F R E S P E C T I V E L Y . 
G ( U S E D I N S U B R O U T I N E PEANTS ONLY) 
C WINDY A S U B R O U T I N E WHICH MAY BE CALLED TO CHECK THAT PROPER VAl 
C OF W I N D I R WAS CHOSEN FOR WIND D I R E C T I C N . A C H I E V E D 
C BY TRACE=1 I N P U T . 

INTEGER P O L T A N , W I N D I R , T I M D E P , D O S E T P , T R A C E , A C C D N T , D U O L K , T I M I N T 
REAL Q E X L P l , 0 E X L P 2 , 0 E X L C i , G E X L C 2 , Q , N , L A M D A , L E A K , 

. 1LEAKPtLAMDAE 
CCMMON 0 ,EXPOT.v, TIM I N T , A , CHI , DELDOS , D O S E , D INDO S , THYDOS, TOTDOSy 

I N D I S T , E B ETA,EGAMA v L A M D A E , B R , Z S I , L E V E L , H G T , T R A C E , O C H I , 
1 S I G Y , S I G Z l , S I G Z 3 T S I G Z 4 , S I G Z 5 , S I G Z 6 , S I G Z 7 , 0 N 0 T , L A M D A , 
1 WNVELl , W N V E L 3 , W N V E L 4 , W N V E L 5 , W N V E L 6 , W N V E L 7 , L E A K , L E A K P , D U O L K 

D I M E N S I O N C H I ( 2 5 , l C ) , A { 2 5 , l ) , B ( 2 5 , l ) , D O S E ( 2 5 , 1 0 ) , D E L D O S ( 2 5 , 1 0 ) , 
I D I S T ( 2 5 , 1 0 ) ,DMT Í 2 5 , 1 0 ) , S I G C ( 2 5 , I 0 ) , E X P 0 1 ( 2 5 , 1 0 ) , 0 E N 0 M 2 { 2 5 , 1 0 ) , 
2DNUM(2 5 , 1 0 ) , DE.NCM 3 ( 2 5 , 1 0 ) , E X P 0 2 Í 25 ,10 ) , DENCM { 2 5 ,10 ) , 
3 D I N D 0 S t 2 5 , 1 0 ) , T H Y D O S ( 2 5 , 1 0 ) , S I G X { 2 5 ) , S I G Y Í 2 5 ) . S I G Z i 2 5 ) , 
4 H G T { 2 5 ) , D E N G M i ( 2 5 ) . O C H I { 2 5 , 1 0 ) , T 0 T D 0 S ( 2 5 , 1 0 ) , T ( 2 5 ) , 



1 SIGIH 25 ) ,SIGZ3 {25) *S\Ql^,{ 25) ySlG ¿5 1 •¿>) tbH^Lbl ¿:)i ,i>lhL I i¿:)) 
: N A M E L I S T / E F F L N T / L E V E L , W I N D I R , W I N V E L , H G T , E X P O T M , T I M I N T , N , 

I S I G X . S I G Y , S I G Z , O N O T , P O L T A N , T , T I M D E P , N D I R , N D I S T , E B E T A , E G A M A , 
1 L A M D A , L E A K , D E L T , D O S E T P , Z S I , T R A C E , A C C D N T , O C H I T R , B R , L E A K P , D U O L K 

N A M E L I S T / P E N T S 1 / S I G Z 1 , S I G Z 3 , S I G Z 4 , S I G Z 5 , S I G Z 6 , S I G Z 7 , 
1 W N V E L l , W N V E L 3 , W N V E L 4 , W N V E L 5 , W N V E L 6 , W N V E L 7 

r C * I N I T I A L I Z I N G THE INPUT P A R A M E T E R S . 
I DO 340 1^1 ,25 

DO 345 J = I , 1 0 
DELDOS( r , J ) = 0 
D I N D O S { T . J ) = 0 
T H Y D O S { I , J ) = 0 . 
T O T D O S ( I , J ) = 0 
C C H I ( I , J ) = 0 
C H K I , J ) =0 , 

345 D D S E ( I , J } = 0 
340 CCNTINUE 

C * 
C * C A L C U L A T E THE D ISTANCE F P C N THE REACTOR 
C * -

DO 360 1 ^ 1 , 2 5 
I F U . G T . 12) GO TO 183 
B ( I , 1 ) = 2 5 0 . * I 
GO TO 36C 

183 L = ! - l 
I F d . G T . 19) GO TC 184 
B I I , 1 ) = B t L , 1 ) + 1 C 0 0 . . • 
GO TO 36C 

184 L = I - 1 
B ( I , i ) = B C L , l ) + 5 0 0 0 . 

360 A I I , 1 ) = . 3 0 4 8 * B l 1 , 1 ) 
K = l 
R E A D ( 5 , P E N T S 1 ) 
W R I T E ( 6 , P E N T S 1 ) ' 

10 R E A D ( 5 , E F F L N T , END=500) 
C - « * * * * * * « * * : { : « * * * * : * ! & * * * * « * * * * * * * * : , > * ; J c * # « > ! : # * * « * * * * * * * « « * * « * * * * : J ^ * * * * 

C * 
. C * C A L C U L A T E THE R A D I O A C T I V E PCLLUTANT R E L E A S E RATE FROM THE REACTOR; 

C *•• B U I L D I N G L E A K RATE I S ASSUMED TO BE 0^065 P E R DAY. 
C * CNOT V A L U E S . ARE TAKEN FRCN THE A R T I C L E « F I S S I O N PRODUCT 
C * R E L E A S E " BY PARKER ET AL I N THE TECHNOLOGY OF NUCLEAR REACTOR 
C * S A F E T Y , VOL 2 , P P 5 2 5 - 6 1 8 , N . I . T . P R E S S . 
C * 
Q A^ j j t * * * * * * * * * * * * * * * * ^ X " * * * * * * * * « * * ' ' « * » l = « * * * * * * 

I F ( T R A C E . E O . 0 ) GO TO 75 
W R I T E ( 6 , E F F L N T ) 

75 I F ( T I M D E F . E O . 0) GO TO 79 
0 = L E A K * O N O T * E X P ( - ( L A M D A + L E A K ) * D E L T ) 
GO TO 80 

79 • I F ( D U O L K . E O . 0 ) GO TO 76 • 
O L C P T = L E A K P * L E A K * O N O T / ( 3 6 C C . * E X P 0 T M « ( L E A K - L E A K P ) ) 
0 E X L P 1 = { l . - E X P ( - ( L A M D A - « - L E A K P ) * 3 6 0 0 . « E X P O T M ) ) 
C E X L P 2 = 1 . / ( L E A K P + LAMDA) • 
0 E X L C 1 = ( l . - E X P ( - ( L A M D A + L E A K ) * 3 6 0 0 . * E X P C T M ) ) 
C E X L C 2 = 1 . / ( L E A K + L A M C A ) 
0 = O L C P T * ( O E X L P l * 0 E X L P 2 - 0 E X L C l * C E X L C 2 ) 
GO TO 80 

76 OC = ONOT'"^LEAK/(3600. *EXPOT.^ ' * ( LEAK+LAMDA) ) 



0 = OC*l l . - E X f ' ( - ( LE/1K + L A M D A ) * 3 6 C C . * E X P 0 T M ) ) 
IF (ACCDNT . E O . 10) 0 = 0 / 1 0 . 

i IF (ACCDNT . E O . 1) 0 = 0 / l C 0 . 
80 LAMDAE=LAMCA+5.81E-8 

C « . 
C * CALCULATE DOSES AS A FUNCTIC.N CF T IME AFTER THE ACCIDENT AND D I S , 

' C « - T A N C E FROM THE R E A C T O R . 
C * 

1 I F ( W I N D I R , E 0 . 0) GO TC 36 
2 J=Vt INDIR . 
3 GO TO 37 • 
4 36 J = T I M I N T 
5 37 I F ( T R A C E . E Q . 0 ) GO TO 106 
6 . I F ( P D L T A N . E O . 1) GO TO 88 

17 I F C P O L T A N . E O . 2 ) GO TO 89 
?8 W R I T E ( 6 , 9 5 ) 
>9 95 F O R M A T C I T H E POLLUTANT I S F I S S I G N PRODUCT S O L I D S . * ) . . 
;)0 GO TO 105 
i)I 89 W R I T E ( 6 , 9 9 ) 
1)2 99 FORMAT ( ' I T H E PCLLUTANT I S NOBLE G A S . ' ) 
)3 105 W R I T E { 6 , 1 0 0 ) 0 , E X P O T M 
)4 100 F O R M A T I ' 0 = » , E 8 . 3 , ' T » , 3 X . ' E X P O S U R E T IME G A P = • , F 4 . 0 , 2 X , 
)5 1 ' H G U R S . • ) 
36 GO TO 10 6 
)7 . 88 k R I T E { 6 , 1 0 1 ) 
)8 101 F O R M A T C T H E POLLUTANT I S I O D I N E * ) . ,. 
)9 GO TO 105 .• • 
.0 106 I F ( L E V E L . E O . 0 . A N D . T I M D E P . E G . 0 ) GO TO 111 
. ) I F I L E V E L . E O . 0 . A N D . T IMDEP . E O . 1) GO TO 112 

I F t L E V E L . E O . 1 . A N D . T I M D E P . E O . 0) GO TO 113 
I F ( L E V E L , E 0 . 1 . A N D , T IMDEP . E O . 1) GO TO 114 
WRITE ( 6 , 7 3 ) . -

73 F 0 R M A T ( * 2 Y 0 U GOOFED I N DATA E N T R Y * ) 
GO TO 50 5 j 

111 I F ( E X P C T M . G T . 2 . ) GO TO 116 
C X ' * * * * 4 * * * * * * * * * * « * * * * * * * * = ^ * * * * * * * * * * * * * 
C * 
C * CALCULATES DOSES FCR GROUND L E V E L , T I M E INDEPENDENT R E L E A S E 
C * EXPOSURE T IME L E S S THAN 2 . HOURS. 
C * • 
Q •ifif^if:¡f^•^l.•i^i^if•Jf^^•hi^i|^i>ii!i^^•i:^•i^•^^ili•^^•^^^^•if•^ 

DO 2 1 = 1 . N D I S T 
C H I ( I , J ) = 0 / ( 3 . 1 4 * W I N V E L * S I G Y ( I ) * S I G Z ( I ) ) 
O C H I ( I , J ) = C H I ( I , J ) / O 
DELDOS{ I , J ) = ( . 2 2 8 * E B E T A + . 2 5 3 * E G A M A ) * C H I ( I , J ) * 3 6 0 0 . * E X P O T M 
D O S E d , J )=DELOOS( I , J ) + D C S E ( I , J ) 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A* * * * * * * * * * * * * * * * * * * * j ( : * * * * * * * * ] ( 
c * . 
C * CALCULATES INTERNAL THYROID CCSE FRCM I O D I N E . FORMULA FDR DINDQ,' 
C * ARE O B T A I N E D FROM INTRODUCTICN TO NUCLEAR E N G I N E E R I N G , 
C * LAMARSH, PAGE 5 2 1 . 
C * 
C ,:;*^:<:^ * ^ * « * * * * * * * * * * ^ * * * * * * « * A * * * * * * j ; : * J l : * X - . * * * * * * * * * * * * * * * * * * * * * * * * * * 

D I N D O S ( I , J ) = 1 3 6 . 1 6 * B R * Z S I * C H I ( I , J ) / { 2 0 . * L A M D A E ) 
1 * 3 6 0 0 . * E X P O T M 

THYDOS( I , J ) = T H Y D O S { I , J ) + D I N D C S ( I , J ) 
TOTDOS( I , J ) = T O T D O S ( I , J ) + D I N D O S ( I , J ) + D E L D O S ( I , J ) 

2 CONTINUE 

f 



I I F I T R A C E . E ü . 0 ) GO TO 3C1 

? CALL W i M C Y i W I N D I R , W I N V E L , L E V f L , H G T , 0 ) 

3 GO TO 301 
; Q i ; c « * * * * * * * ) > * i;i y,< X-* * * * * * * * * * * « * « i * * « « * * « V * « * # * * * ^ 
5 C * 
;- C * CALCULATES D O S E S FCR GRCUND L E V E L , T I M E INDEPENDENT R E L E A S E 
y C * EXPOSURE T I M E GREATER THAN 2 , H O U R S . 

C * • 

, 0 * * * * * * * * * * + * * * : > - : * ^ * ± : t r ! : * * ) f * 5 ; i : i . > ) * * : i V * * * « « * * * * * * * * * * * * 

) l i ó I F Í E X P O T M . G T , 8 . ) GO TC 302 
DO 3 I - l , N D I S T - • 

: C H I Í I , J ) = 0 * 2 . 0 3 2 / ( S T G Z { I ) * W I N V E L * A ( I , 1 ) ) 
) . O C H I ( I , J ) = C H I ( I , J ) / Q 

DELDOS ( I , J ) = ( , 2 28*EBETA-^ .25 3*EGAMA) * C H I ( I , J ) * 3 60 0 . * E X P O T M 
¡ D G S E ( I , J ) = D G S E ( I , J ) + D E L O G S Í I , J ) 

D I N D O S t 1 , J ) - 1 3 6 . 1 6 * B R « Z S I * C H I { I , J ) / { 2 0 , * L A M D A E ) 
1 * 3 6 0 0 . ^ E X P O T M 

; THYDOSÍ I , J ) = T H Y D O S l I , J ) + D I N D C S ( I , J ) 
TOTDOS ( I , J ) ^ T D T D O S i I , J ) + D I N D O S ( I , J ) - i - D E L D G S I I . J ) 

3 • CCNTINUE • . • 
GO TO 303 

302 CALL PEANTS " 
303 I F { T R A C E . E O . O J GO TO 301 

CALL W I N D Y l W I N D I R , W I N V E L , L E V E L , H G T , 0 ) • 
GO TO 3 0 1 

Q * * * * * « * * * * * « : í i * ^ , * * i * * * * * * * * * * * * ^ * * * * 3 ; t * * * í : 
c * . * 
C * CALCULATES DOSES FCR GROUND L E V E L , T I M E DEPENDENT R E L E A S E FROM * 
C * THE CONTAINMENT, . .' * 
C * • / * 
Q * * * * * * * * * * - , í * : í , t * * * * * ^ * ^ : : } , * * * * * * j ^ 4 4 . * * * : i t * * * * * * * * * * * * * * * 
. 112 DO 4 1 = 1 , N Ü I S T - . • 

D M T l I , J ) - ( A ( I , 1 ) -W I N V E L * T { I ) ) 
SIGDC I , J ) - 2 . = ^ S I G X ( I ) * * 2 * ( ; ^ I N V E L * T ( I ) ) * * (2-N)=!=A ( I , l J * * l N - 2 I 
E X P O K I , J ) = E X P ( - ( DMT( I , J ) / S I G D ( I t J ) ) ) 
DENOMK I ) = ( 3 . 1 4 * . * 1 . 5 * 1 . 4 1 7 * S I G X { I ) * S I GY { 1) « S I GZ ( I ) J 
DENÜM2( I , J ) = ( W I N V E L * T ( I ) ) * * ( 1 . , 5 * ( 2 - N ) ) *A { I , 1) * * ( 1 . 5 * Í N-2 ) > 
D E N D M i I , J ) = D E N 0 M 1 ( I ) * D E N C M 2 1 I , J ) 
C H K I , J ) = 0 * E X P 0 1 ( I , J ) / D E N C M ( I , J ) 
CCHI { I , J ) = C H H I , J ) / Ü 
D E L D O S Í I , J ) = ( . 2 2 8 * E B E T A + . 2 5 3 * E G A M A ) * C H I { Í , J } * 3 6 0 0 , * E X P O T M 
D O S E ( I . J ) = D E L D O S { I , J ) + D O S E I I T J ) 
DINDOS ( I , J ) = 1 3 6 . 1 6 * D P * Z S I * C H I ( I , J ) / ( 2 0 , ' i < L A M D A E ) 

1 * 3 6 0 0 . * E X P 0 T M 
T H Y D O S l I , J ) = T H Y D 0 S i I , J ) + D I N D 0 5 { I , J ) 
TOTDOSÍ I , J ) = T O T D D S ( I , J ) + D I N D O S I I , J ) + D E L D C S ( I , J ) 

4 CONTINUE 
I F Í T R A C E . E O . 0 ) GO TO 3 0 1 
CALL W I N D Y Í W Í N D I R , W I N V E L , L E V E L , H G T , 0 ) 
GO TO 3 0 1 

113 I F { E X P O T M . G T . 2 . ) GO TC 117. 
* * * * * * * * * * * * * * : ; : * « * * * * * * * * * * 4 4 ^ : * « * * * * * * : ; . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * * 
C * CALCULATES DOSES FOR T I N E INDEPENDENT R E L E A S E FROM THE S T A C K , * 
C * EXPOSURE T I M E L E S S THAN TWO H C U R S . * 
C * . - « 
Q * * * * * * * * * * * * * * * * * * * * * * * ; < , * * * ^ , } * ; i * j i : * * * * * * * * * * * * * J > * * * * * * * * * * * * * * * * * * * * * * 

DC 5 1 = 1 , N D I S T 
C H K I , J ) =0':^EXP( - { (HGT ( I ) / S I G Z { I J ) * * 2 / 2 ) ) / { 3 . 1 4 * W I N V E L * S I G Y ( I ) « S I G Z ( 
O C H I ( I , J ) = C H I ( I , J ) / C 



DELDOS{ I , J ) - ( « 2 2 8 * E B E T A + . 2 5 3 * E G A M A ) * C H I ( I , J ) * 3 6 0 0 « * E X P O T M 
D C S E ( I . J ) = D C S E ( I , J ) + D E L C C S i I . J ) 
DIKDOSt I , J ) = 1 3 6 . 1 6 * D R * Z S I * C H I ( I , J ) / { 2 Ü . « L A M D A E ) 

1 * 3 6 0 0 , * E XPOTM 
THYDOS( I , J ) = T H Y C C S ( I , J ) + D I N D C S ( I , J ) 
TOTDOSl I , J ) - T O T D O S ( I , J ) + Q I N D C S l I , J ) + D E L D C S ( I . J l 

5 CCNTINUE 
I F t T R A C E . E O . 0 ) G O T O 3 0 1 
CALL W I N D Y Í W I N D I R T W I N V E L , L E V E L , H G T , 0 ) 

- G O TO 3 0 1 
Q * * V : * « * * * « * * * * i : * * * * * * * * * * * * * * * 

C * . « 
C * CALCULATES DOSES F O R T I M E INDEPENDENT R E L E A S E FROM THE STACK, * 
C * EXPOSURE T I M E GREATER THAN TWO HOURS. * 
C * * 
Q * * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ : i , * * * * * * * * * * * * * * * * * * * * * * * 

117 I F { E X P O T M , G T . 8 . ) G O T O 217 
DO 6 1=1 ,NDIST 
C H K I , J ) = 0 * 2 . 0 3 2 * E X P i ( - ( H G T ( I } / S I G Z ( I > ) * * 2 / 2 ) ) / I W I N V E L * S I G Z ( I Í *A ( I , 
O C H I { I , J ) = C H I ( I , J J / 0 
DELDOSl I » J ) = { . 2 2 8 - E B E T A + , 2 5 3 * E G A M A ) * C H I Í I , J ) * 3 6 0 ú e * E X P 0 T M 
DOSE{ I , J ) = D05E( I , J ) + D E L D C S ( I t ' J ) 
D I N D O S ( I , J ) = 1 3 6 . 1 6 * B R + Z S I * C H I l I , J ) / ( 2 0 . * L A M D A E I 

1 * 3 6 0 0 . * E X P O T M 
T H Y D O S l I , J J = T H Y D O S i I , J ) + D I N D C S ( I t J ) 
T O T D O S Í I , J ) = T O T D Q S i I , J J + D I N D O S ( I , J ) + D E L D O S i I , J ) 

6 CCNTINUE 
G O TO 318 

317 CALL PEANTS • ' • " 
- 318 IFCTRACE . E O . 0 ) G O TO 3 0 1 

CALL i V I M D Y i W I N D I R , W I N V E L , L E V E L , H G T , 0 ) 
G O TO 301 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , ; , * * * * * * * * * * * * * * * * * * * * * * * * 
C ^' CALCULATES DOSES FOR T I M E DEPENDENT R E L E A S E FRCM THE S T A C K . ^ 
C * . * 
C * . * 
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * : } * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

114 DO 7 1=1 ,NDIST . 
D N U M i I , J ) = ( (A ( I , 1 ) - W l N V E L * T Í 1 1 ) / S I G X ( I ) ) * * 2 + ( H G T { I ) / S I G Z I I ) J * * 2 
DEN0M3{I , J ) = { W I N V E L * T ( I } ) * * ( 1 . 5 « { 2 - N ) ) * ( A ( 1 , 1 ) * * Í 1 . 5 * ( N - 2 ) ) ) 
E X P 0 2 ( I , J ) = E X P Í - D N U M Í I , J ) / I 2 . * D E N 0 M 3 i I , J ) ) ) 
C H I { I , J ) = 0 / l 3 . 1 4 * ' P l . 5 * 1 . 4 7 * S I G X ( I J * S I G Y i n * S I G Z { I ) *DEN0M3 I I , J ) ) 

1 * E X P 0 2 ( I , J ) 
QCHK I , J ) = C H I { I , J ) / 0 
DELD05{ I , J ) = 1 . 2 2 8 * . E B E T A + . 2 5 3*EGAMA) 

. D E L D O S l I , J ) - D E L D O S { I , J ) * C H I ( I , J ) * 3 6 0 0 . * E X F C T M 
D O S E I I , J ) = D E L D O S ( I , J ) + D G S E ( I , J ) 
D I N D O S d , J ) = 1 3 6 . 1 6 * B R « Z S I * C H 1 { I , J ) / { 2 0 . * L A M D A E ) 

1 * 3 6 0 0 . * E X P O T M . . 
THYDOS{ I , J ) = T H Y D G S { I , J ) + D I N C C S ( I , J ) 
TOTDDS( I , J ) = T 0 T D G S ( 1 , J ) + D E L D C S ( I , J ) + D I N D C S ( I , J ) 

7 CCNTINUE 
I F Í T R A C E . E O . 0 ) G O T O 3 0 1 
CALL W I N D Y Í W Í N D I R , W I N V E L , L E V E L , H G T , 0 ) 
G O T O 301 

3 0 1 K=K+1 
G O TO 10 

500 I F i O C H I T R , E 0 . 1) G O T C 171 
GO T O 51 1 

171 W R I T E Í 6 , 1 7 5 ) -



175 FORMATl ' GDI STANCE • ,40X C M / C V A L U E S ' ) 
DC 172 1=1 ,NDIST 

172 W R I T E { 6 , 1 7 3 ) b { I , 1) , ( O C H I t I , J ) . J = 1 , N D I R ) 
173 F O R M A T ( 3 X , F 6 . 0 , 4 X , R ( E 9 . 4 , 2 X ) ) 
509 W R I T E ( 6 , 5 1 0 ) 
510 FORMAT! M M • . ' 

V^RITE(6 , 234 ) 
234 F O R M A T [ ' O D I S T A N C E ' , 4 0 X , ' G H I V A L U E S ' ) 

DO 235 1=1 ,NDIST 
235 W R I T E ( 6 , 1 7 3 ) B ( 1 , 1 ) , (GH I { I , J ) , J = 1 , N D I R ) 

V'.'RITEl 6 . 5 1 0 ) . . 
511 KRAP=0 

I F C D O S E T P . E O . 1) -GO TO 56 - . 
I F ( D O S E T P . E O . 3 ) GO TO 520 

• CALL- H E A D E R ( P O L T A N , E X P O T M , C C S E T P , A C C D N T , L E V E L , K R A P ) 
DO 499 1 = 1 , N D I S T - • 

499 VJR I T E { 6 , 5 0 1 ) B ( I , 1 ) , ( O 0 S E ( I , J ) , J = l , N D I R ) 
501 F 0 R M A T ( 3 X , F 6 . 0 , 4 X , 8 { E 9 . 4 , 2 X ) ) 

GO TO 505 
56 CALL H E A C E R ( P O L T A N , E X P O T M , D C S E T P , A C C D N T , L E V E L , K R A P ) 

DO 503 1=1 ,NDIST . . . 
503 W R I T E ( 6 , 502) E ( 1,1 ) , { T H Y D C S ( I , J ) , J = 1 , N D I R ) 

. 502 F 0 R M A T { 3 X , F 6 . 0 , 4 X , 8 ( E 9 . 4 , 2 X ) ) . - , • . 
GO TO 505 

520 CALL H E A C E R { P O L T A N , E X P O T M , C C S E T P , A C C D N T , L E V E L , K R A P ) 
DO 522 I - = l , N D I S T 

522 W R I T E ( 6 , 5 0 2 ) B ( 1 , 1 ) , ( C O S E ( I , J ) , J = 1 , N D I R ) 
l s R I T E { 6 , 5065 
KRAP=1 ' , • . 
CALL H E A C E R ( P O L T A N , E X P O T M ^ C C S E T P , A C C D N T , L E V E L , K R A P ) 
DO 523 1 = 1 , N D I S T 

523 W R I T E ( 6 , 502 ) B ( 1 , 1 ) , ( T H Y D C S ! I , J ) , J = 1 , N D I R ) 
W R I T E ( 6 , 5 0 6 J 
KRAP=KRAP+1 
CALL H E A C E R ( P Q L T A N , E X P O T M , D G S E T P , A C C D N T , L E V E L , K R A P ) 
DO 521 1 = 1 , N D I S T 

521 W R I T E ( 6 , 622) B { 1 , 1 ) , ( T O T D O S ( I , J ) , J = 1 , N D I R ) 
6 22 F 0 R M A T ( 3 X , F 6 . 0 , 4 X , 8 ( E 9 . 4 , 2 X ) ) 
505 W R I T E ! 6 , 5 0 6 ) 

506 F O R M A T ( » I » I 
. STOP 

END 
Q * * * * * * * * * * * * * * « * « * « * * * * 3 ! c 3 | i : * * * * * * * * * * ; ; i 
c * • • • " . 
C * THE S U B R O U T I N E ' H E A D E R ' I S CALLED TO W R I T E THE R E L E V E N T HEADINGS ' 
C * BEFORE W R I T I N G THE OUTPUT D O S E S . 
c * • • , ' 
Q >t* 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' S U B R O U T I N E H E A D E R ( P C L T A N , E X F O T M , D O S E T P , A C C D N T , L E V E L , K R A P ) 
INTEGER P C L T A N . C O S E T P , A C C D N T , L E V E L , K R A P . 

. W R I T E { 6 , 1 3 0 ) 
130 F O R M A T ( ' ! » ) . 

W R I T E 1 6 , 1 3 1 ) • , 
131 F 0 R M A T { 3 C X , ' F 0 R U NUCLEAR REACTOR ACCIDENT A N A L Y S I S . ' ) 

W R I T E ( 6 , 1 4 7 ) 
147 F C R M A T ( 4 5 X . ' A N S 1 5 . 7 ' ) 

I F (A CCONT . E O . 1) GO TO .4CG 
I F ( A C C D N T . E O . 10) GO TO 410 . 
W R I T E ( 6 , 4 1 1 ) 

411 FORMAT(3 O X , ' P O T E N T l A L R A D I C L O G I C A L CONSEQUENCES OF A ' , / 



i t u A , - H t A C I U R CORE K E L T O C h h . ' ) 
GO TO A12 

400 W R I T E ( 6 . 4 1 3 ) 
413 F O R M A T ( 3 0 X , ' P O T E N T I A L R A D I O L O G I C A L CCNSECUENCES OF A ' , / 

1 4 0 X , ' R E A C T O R CORE M E L T C C W N . M 
GO TO 412 

410 V ^ R I T E ( 6 , 414) 
4 1 4 F 0 R M A T ( 3 C X , ' P O T E N T I A L R A D I C L O G I C A L CCNSECUENCES OF A ' , / 

1 4 0 X , ' R E A C T O R COPE M E L T D G W N . ' ) 
4 1 2 W R I T E ( 6 , 1 3 2 ) 

132 F O R M A T ! ' O 
I F I D O S E T P . E O . 3 ) G O TO 69C 
I F C P O L T A N . E O . 1 ) GO TO 133 
W R I T E ( 6 » 1 3 5 ) 

135 F O R M A T C I S O T O P E : NOBLE G A S ' ) 
GO TO 136 

133 W R I T E { 6 , 1 3 4 ) • .- ' i 
134 F O R M A T l • I S O T O P E : I O D I N E ' ) 
136 W R I T E 1 6 . 1 3 7 ) EXPOTM 
137 F O R M A T ( ' C T I M E AFTER A C C I C E N T : » , F 5 . 2 , 3 X , » H O U R S . • ) 
138 I F I D O S E T P . E O . 1) GO TO 139 

W R I T E C 6 . 1 4 0 } 
140 . F G R M A T C ' 0 * , ' A R R A Y V A L U E S : ' , 6 X , ' E X T E R N A L D C S E I R E M ) * ) 

GO TO 142 
139 W P I T E { 6 , 1 4 1 ) 

1 4 1 F O R M A T l ' 0 « , ' A R R A Y V A L U E S : • » 6 X , ' I N T E R N A L D O S E I R E M ) ' ) 
142 W R I T E { 6 , 1 4 3 ) 
143 FORMAT! ' .CD ISTANCE FROM' , 3 5 X , ' W I N D D I R E C T I O N S : ' ) 

W R I T E C 6 , 1 4 5 ) • 
145 F O R M A T ( ' R E A C T O R ( F E E T ) ' ) 

W R I T E ( 6 , 1 4 6 ) 
146 F O R M A T { i e x , ' N ' , 9 X , ' N E ' , 1 0 X . » E ' , 1 0 X , ' S E ' , 8 X , ' S ' , 1 0 X , 

1 • S W , 9 X , • W , l O X , • NW» ) 
GO TO 697 

690 I F I L E V E L . E C . 0 ) GO TO 695 
W R I T E ( 6 , 6 9 1 ) 

6 9 1 FGRMAT<»POLLUTANT R E L E A S E D FRCM THE S T A C K . » » 
GO TO 696 . 

695 W R I T E ( 6 . 6 9 2 ) 
692 FORMAT( •POLLUTANT R E L E A S E D FRCM THE GROUND L E V E L . ' ) 
696 I F C K R A P . E G . 0 ) GO TO 800 

I F (KRAP . E O . 1 ) GO TO 803 
W R I T E ( 6 , 7 0 1 ) -

701 F O R M A T ( « 0 » » ' A R R A Y V A L U E S : « , 6 X , ' T O T A L DOSE ( R E M ) ' ) 
GO TO 802 

8 0 0 W R I T E ( 6 , 8 0 1 J 
8 0 1 FORMAT( ' 0 ' • ' A R R A Y V A L U E S : ' , 6 X , ' E X T E R N A L DOSE ( R E M ) ' ) 

GO TO 802 , 
803 W R I T E ( 6 , e 0 4 ) - ' . 
804 F O R M A T ! ' O * , ' A R R A Y V A L U E S : « , 6 X , ' T H Y R O I D DOSE ( R E M ) ' ) 

GO TO 802 
802 W R I T E { 6 , 7 0 2 ) 
702- F O R M A T ( ' G D I STANCE F R O M ' , 3 0 X , • T I M E A F T E R A C C I D E N T ' ) 

W R I T E ( 6 , 7 0 3 ) 
703 F O R M A T ( ' R E A C T O R I F E E T ) ' ) 

W R I T E ( 6 , 7 0 4 ) 
7 04 F 0 R M A T I 1 4 X , ' 2 . O H O U R S ' , 3 X , ' 6 . C H O U R S ' t 2 X , • 1 5 . 0 H G U R S ' , 2 X , • 2 4 . O H O U R S » , j 

1 2 X , « 4 8 . OHCURS' , 2 X , • 7 2 . 0 H 0 L R S ' , 4 X , ' l O D A ^ Y S ' , 5 X , ' 30DAYS» ) i 
W R I T E ( 6 , 3 3 3 ) 

3 33 FORMAT ( 1 4 X . ' ' , 3 X . • ' , 2 X , » • , 2 X , ' • , 



i Z X , ' , 2 X , • • , ^ X , » • , 5 X , • ' J 
697 l i R I T E ( 6 , 6 9 0 ) : 
698 F O R M A T { • C « ) 

RETURN 
END ' 

C « * « * * * « * * * 5 * * * * 
c * • *i 

C * THE S U B R O U T I N E ' W I N D Y ' I S B Y P A S S E D IN THE CALCULATION OF THE * 
C * DOSE P A R A M E T E R S . I T S P U R P O S E I S TO CHECK WHETHER THE PROPER «; 
C * I N T E G E R VALUE CF W I N D I R WAS CHOSEN FOR A P A R T I C U L A R WIND D IREC « 
C « - T I C N . *: 
C * ^ * 

SUBROUTINE W I N D Y ( W I N D I R , W I N V E L , L E V E L , H G T , Q ) 
I N T E G E R W I N D I R 
I F C W I N D I R . E O . 1) GO TO 118 - ~ 
I F ( W I N D I R . E O . 5 ) GO TO 202 
J F { W I N D I R . E O . 3 ) G O T O 2G6 
I F f W I N O I R . E C , 7) GO TC 210 
I F { W I N D I R . E O . 2) GO TO 214 
I F ( W I N O I R . E O . 4 ) GO TO 218 
I F ( W I N D I R . E O . 6 ) GO TO 222 
I F ( L E V E L . E C . 0 ) GO TO 226 . . 
W R I T E ( 6 , 2 2 7) 

• 227 F O R M A T l ' 2 THE POLLUTANT I S FROM THE S T A C K ; AND THE WIND I S BLOWING 
1 I N THE NORTH WESTERLY D I R E C T I O N . " ) 

CALL R E S L L T ( O ) 
GO TO 35 0 

226 W R I T E ( 6 r 2 2 a ) 
228 F O R M A T ! ' 2 THE POLLUTANT I S FRCM THE GROUND; AND THE WIND I S 

I B L O W I N G FROM THE NORTH W E S T E R L Y D I R E C T I O N . ' ) 
CALL R E S L L T ( O ) 
GO TO 35C 

118 I F I L E V E L . E Q . 0 ) GO T C . 1 1 9 
W R I T E < 6 , 2 0 0 ) 

200 F 0 R M A T ( ' 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K ; AND THE WIND 
1 I S BLOWING IN THE NORTHERLY D I R E C T I O N . ' ) 

CALL R E S L L T ( O ) 
GO TO 350 

119 W P I T E ( 6 . 201 ) 
201 F O R M A T ! • 2 T H E PCLLUTANT R E L E A S E I S FROM GROUND L E V E L ; AND THE 

1 WIND I S BLOWING IN THE NCRTHERNLY D I R E C T I C N . ' ) 
CALL R E S L L T ( O ) 
GO-TO 35 0 

202 I F f L E V E L . E G . 0 ) GO TO 203 
W R I T E ( 6 , 2 0 4 ) 

204 F O R M A T ! ' 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K : AND THE WIND I S 
1 BLOWING I N THE SOUTHERNLY D I R E C T I O N . ' ) 

CALL R E S L L T ! Q ) 
GO TO 35 0 

203 W R I T E ( 6 , 2 0 5 ) 
205 F 0 R M A T ! ' 2 T H E POLLUTANT R E L E A S E I S FROM GROUND L E V E L ; AND.THE 

1 WIND I S BLOWING IN THE SOUTHERNLY D I R E C T I O N . ' ) 
CALL R E S L L T ( O ) 

. GO TO 35 0 
206 I F ( L E V E L . E Q . 0 ) GO TC 2C7 

W R I T E ( 6 , 2 0 3 ) 
208 F 0 R M A T ! ' 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K : AND THE WIND 

1 I S BLOWING I N THE E A S T E R N L Y D I R E C T I O N . ' ) . 
CALL R E S U L T ( 0 ) 



GO TO 350 
207 W R I T E ( 6 , 2 0 9 ) 
209 F 0 R M A T ( ' 2 T H E POLLUTANT R E L E A S E I S FROM GROUND L E V E L ; AND THE 

1 WIND I S BLOWING IN THE E A S T E R N L Y D I R E C T I C N . ' ) 
CALL R E S U L T ( 0 ) 
GO TO 35C 

210 I F i L E V E L . E C , 0 ) GO TO 2 1 1 
W R I T E 1 6 . 2 1 2 ) 

212 F O R M A T l • 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K ; AND THE WIND I S 
I B L G W I N G IN THE WESTERNLY D I R E C T I O N ' ) 

CALL, R E S L L T ( O ) 
GO TO 35C 

211 W R I T E ( 6 , 2 1 3 ) 
213 F O R M A T ! • 2 T H E POLLUTANT R E L E A S E I S FROM THE GROUND; AND THE WIND I S 

I B L C W I N G IN THE WESTERNLY D I R E C T I O N ' ) 
CALL R E S L L T J O ) * • " 
GO TO ,35 0 / 

214 I F ( L E V E L . E C . 0 ) "GO TO 215 
W R I T E ( 6 , 2 1 6 ) 

216 F 0 R M A T ( ' 2 T H E POLLUTANT R E L E A S E I S FROM THE - S T A C K ; AND THE WIND 
1 I S BLOWING I N THE N O R T H - E A S T E R N L Y D I R E C T I C N ' ) 

CALL R E S L L T ( O ) 
GO TO 350 

215 W R I T E I 6 , 2 1 7 ) 
217 F O R M A T ! ' 2 T H E POLLUTANT R E L E A S E I S FROM THE GROUND; AND THE WIND 

I B L O W I N G IN THE N O R T H - E A S E R N L Y D I R E C T I O N ' ) 
CALL R E S L L T ! 0 ) 
GO TO 350 

218 I F ( L E V E L . E C . 0 ) GO TC 219 * 
W R I T E ( 6 , 2 2 0 ) 

220 F O R M A T ! • 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K ; AND THE WIND 
I S BLOWING IN ' THE S O U T H - E A S T E R N L Y D I R E C T I O N ' ) • • • 

CALL R E S L L T ! 0 ) 
GO TO 350 

219, W R I T E ! 6 , 2 2 1 ) 
2 2 1 F O R M A T ! • 2 T H E PCLLUTANT R E L E A S E I S FROM THE GROUND: AND THE WIND 

I I S BLOWING I N THE S O U T H - E A S T E R N L Y D I R E C T I C N ' ) 
CALL R E S L L T ! 0 ) . 
GO TO 350 

222 I F ( L E V E L . E C . 0 ) GO TO 223 
W R I T E ! 6 , 2 2 4 ) 

224 F O R M A T ! • 2 T H E POLLUTANT R E L E A S E I S FROM THE S T A C K ; AND THE WIND 
U S BLOWING I N THE S O U T H - W E S T E R N L Y D I R E C T I O N ' ) 

CALL R E S L L T t O ) 
GO TO 350 

223 V ^ R I T E ( 6 , 2 2 5 ) 
225 FORMAT!»2THE POLLUTANT R E L E A S E I S FROM THE GROUND; AND THE WIND 

i I S B L O W I N G I N THE S O U T H - W E S T E R N L Y D I R E C T I O N ' ) 
CALL R E S L L T i O ) 
GO TO 350 • . 

350 RETURN 
END 
SUBROUTINE R E S U L T ( C ) 
W R I T E 1 6 , 2 6 0 ) 0 

260 F O R M A T ! ' T H E R E L E A S E RATE I S : ' , F 5 . 2 , 2 X , • C U R I E S A S E C O N D . ' ) 
RETURN 
END 
SUBROUTINE P E A N T S • -
REAL O E X L P l , 0 E X L P 2 , Q E X L C 1 , 0 E X L C 2 , 0 , L A M D A , L E A K , 

1 L E A K P , L A M D A E 



I N T E G E R T I M I N T , N D I S T , L E V E L , T R A C E , D U C L K 
CCMMCN 0 , E X P O T M , T I M I N T , A , C H I . D E L D C S , D O S E , D I N D O S , T H Y D U S , 

1 T O T D O S , N C I S T , E R E T A , E G A M A , L A M D A E , B R , ZS I , L E V E L , H G T , T R A C E , OCHI , 
1 S I G Y , S I G Z 1 , S I G Z 3 , S I G Z A , S I G Z 5 , S I G Z 6 . S I GZ7,ONCT,LAMDA, 
1 V ; N V E L 1 , W N V E L 3 , W N V E L A , V ; N V E L 5 , WNVEL6 , W N V E L 7 , L E A K , L E A K P , D U 0 L K 

D I M E N S I C K A ( 2 5 , l ) , C H I ( 2 5 , 1 0 ) , C E L D O S ( 2 5 , 1 0 ) , D O S E ( 2 5 , 1 0 ) , 
1 D I N D 0 S ( 2 5 , 1 0 ) , T H Y D 0 S 1 2 5 , 1 C ) , T 0 T D O 5 J 2 5 , 1 0 } , h G T l 2 5 ) , 
1 S I G Y ( 2 5 ) , S I G Z U 2 5 ) , S I G Z 3 125) , S I G Z 4 { 2 5 ) , S I G Z 5 I 2 5 ) , S I G Z 6 1 2 5 ) , 
1 S I G Z 7 ( 2 5 ) . O C H I l 2 5 , 1 0 ) 

J = T I M I N T 
I F { D U O L K . E O , 0 ) GC TO 335 
0 L C P T = L E A K P * L E A K « 0 N 0 T / ( 3 6 G C . * 8 . * ( L E A K - L E A K P M 
O E X L P l = l l . - E X P ( - ( L A M D A + L E A K P ) * 3 6 0 0 . * 8 . ) ) 
C E X L P 2 = 1 . / ( L E A K P + L A M D A ) 
O E X L C l = l l . - E X P ( - < L A M D A + L E A K ) * 3 6 0 0 . * 8 . ) ) 
0 E X L C 2 = 1 . / I L E A K + L A M D A ) 
O = 0 L C P T * l Q E X L P l * 0 E X L P 2 - 0 E X L C l * 0 E X L C 2 ) • 
GO TO 336 

335 OC = O N O T * L E A K / { 3 6 0 0 . * 8 . * ( L E A K + LAMDAl ) 
C = C C * ( 1 . - E X P I - ( L E A K + L A M D A ) « 3 6 C 0 . * 8 . ) ) 

336 DO 305 1 = 1 , N D I S T 
I F I L E V E L . E O . l ) GC TO 311 
C H K I , J ) = 0 / { 3 . 1 4 * W N V E L 1 * S ] G Y ( I ) * S I G Z 1 ( I ) ) 
O C H I ( I , J ) = C H I ( I , J ) / O 
GO TO 312 

3 1 1 C H K I , J ) = 0 * E X P { - ( ( H G T ( I ) / S I G Z 1 ( I ) ) * * 2 / 2 ) ) / 
. 1 ( 3 . 1 4 « W N V E L 1 * S I G Y ( I ) * S I G Z 1 ( I ) ) 

O C H U I , J ) = C H I ( I , J ) / 0 
312 D E L D O S ( I , J ) = ( . 2 2 3 * E B E T A + . 2 5 3 * E G A M A ) * C H I ( I , J ) * 3 6 0 0 . * 8 . 

D O S E l I , J ) = DOSEl I , J ) + D E L D C S ( I , J ) 
D I N D O S ( I , J ) = 1 3 6 . 1 6 * B R * Z S I * C H n I , J ) / ( 2 0 . * L A M D A E ) * 

• 1 3 6 C 0 . * 8 . 
T H Y D O S l I , J ) = T H Y C 0 S 1 I , J ) + D I K C C S ( I , J ) 
T O T D O S 1 1 , J ) = T O T D C S l I , J ) + D I N D C S { I , J ) + D E L D C S { I , J ) 

305 CONTINUE 
D I F F = E X P C T M - 8 . 
P I F F = D I F F 
I F I D I F F . G T . 1 6 . ) D I F F = 1 6 . 
H l F F = D I F F + 8 . 
T I F F = D I F F / 2 . + 8 . 
I F ( D U O L K . E O . 0 ) GO TO 337 
O L 1 = 3 6 0 0 . * D I F F * L E A K 
Q L 2 = 3 6 0 0 . * D I F F * L E A K P 
0 L 3 = Q L 1 - C L 2 
0 L C P T = L E A K * L E A K P * 0 N 0 T / 0 L 3 
0 E X L P 1 = E X P I - { L A M C A + L E A K P ) * 3 6 0 C . * 8 . ) - E X P l - t LAMDA+LEAKP ) 

• 1 * 3 6 0 0 , * H I F F ) 
C E X L C 1 = E X P ( - ( L A M D A + L E A K ) * 3 6 0 0 , * 8 . > - E X P ( - 1 L A M D A + L E A K ) 

1 * 3 6 0 0 . * H I F F ) 
0 = 0 L C P T * ( 0 E X L P 1 * Q E X L P 2 - C E X L C 1 * C E X L C 2 ) 
C D 1 = 0 N 0 T « L E A K * L E A K P / I L E A K - L E A K P ) 
C D 2 = E X P ( - | L A M D A + L E A K P ) * 3 6 C 0 , * T I F F ) 
C D 3 = E X P { - ( L A M D A + L E A K ) * 3 6 C C . * T I F F ) 
0 1 = Q D l * l C C 2 - 0 D 3 ) 
GO TO 338 

337 0 C - 0 N 0 T * L E A K / ( 3 6 0 0 . * D I F F * ( L E A K + L A H D A ) ) 
0 = CC* ( E X P ( - (LEAK+LAMDA ) * - -36C0. *8 , ) - E XP ( - ( L E AK + L AMDA ) 

1 * 3 6 0 0 . * H I F F ) ) 
0 1 = 0 N O T * L E A K * E X P ( - ( L A M D A + L E A K ) * 3 6 0 0 . * T I F F ) 

338 I F ( Q . L E . 0 ) GO TO 350 



:J5U 0 = 01 

53 I F { 0 . L E . û ) GO TO 308 

'54 351 DO 3C6 1=1 ,NDIST 
55 I F Í L E V E L . E O . 1) GO TC 313 
S £ / C H K I , J ) = 0 * 2 . 0 3 2 / ( S I G Z 1 ( I ) * V . N V E L 1 * A I I t l ) ) 
bT O C H I 1 1 , J ) = C H I ( I , J ) / ü 

GO TO 314 . 
3 13 C H K I , J ) = 0 * 2 . 0 3 2 * E X P ( I - I H G T ( 1 ) / S I G Z 1 { I ) ) « * 2 / 2 ) ) / { W N V E L 1 * S I G 2 1 ( I ) 

l * û ( I , l ) ) 
b C H I Í I , J ) = C H I ( I , J ) / 0 

314 D E L D O S d , J ) = l . 2 2 8 * E B E T A + . 2 5 3 * Ë G A M A ) * C H I ( I , J ) * 3 6 0 0 . * D I F F 
D O S E ( I , J ) = D 0 S E l I , J ) + D E L D C S I I , J ) 
D I N D O S ( I , J ) = 1 3 6 . 1 6 * B R * Z S I * C H I I I , J ) / 1 2 0 . « L A M D A È ) * 

1 3 6 C 0 . * D I F F 
T H Y D O S Í I , J ) = T H Y D O S ( I , J ) + D I N D O S { I , J ) 
T O T D O S i I , J ) = T C T D O S l I . J ) + D I N C C S ( I , J ) + D E L D G S ( I , J ) 

306 CONTINUE 
I F Í P I F F . G T . 1 6 . ) go'TO 307 
GO TO 30 8 

307 D I F F = E X P C T M - 2 4 . 
P I F F = D I F F 
I F I D I F F . G T . 7 2 . ) D I F F = 7 2 . • 
H I F F = D I F F + 2 4 . 
T I F F = D I F F / 2 . + 2 4 . 
I F I D U O L K . E Q . 0 ) GO TO 339 
C L 1 = 3 6 0 0 . * D I F F * L E A K • 
0 L 2 = 3 6 0 0 , * D I F F * L E A K P ^ • 
C L 3 = 0 L l - C L 2 . 
0 L C P T = L E A K * L E A K P * 0 N G T / C L 3 
0 E X L P 1 = E X P ( - ( L A H D A + L E A K P ) * 3 6 0 C . * 2 4 . ) - E X P ( - Í L A M D A + L E A K P ) 

1 * 3 6 0 0 . * H I F F ) 
0 E X L C 1 = E X P { - ( L A M D A + L E A K ) * 3 6 C 0 . * 2 4 . ) - E X P I - Í L A M D A + L E A K ) 

1 * 3 6 0 0 . * H I F F ) -
0 = 0 L C P T * ( 0 E X L P 1 * Q E X L P 2 - C E X L C 1 « C E X L C 2 ) 
C D 1 = 0 N 0 T * L E A K * L E A K P / ( L E A K - L E A K P ) . 
0D2 = E X P { - ( L A M D A + L E A K P ) * 3 6 G C . * T I F F ) 
C D 3 = E X P I - I L A M D A + L E A K ) * 3 6 0 C . « T I F F ) 
01=0D1* (CC2-0D3) 
GO TO 340 

• 3 3 9 - O C = O N O T * L E A K / ( 3 6 0 0 . * D I F F * I L E A K + L A M D A ) ) 
0 = 0 C * { E X P ( - I L E A K + L A M D A ) * 3 6 C C . * 2 4 . ) - E X P ( - t L E A K + L A M D A ) 

1 * 3 6 0 0 . * H I F F ) ) 
0 1 = 0 N O T * L E A K * E X P l - ( L A M D A + L E A K ) * 3 6 0 0 . * T I F F l . 

340 I F ( 0 . L E . 0 ) GO TO 352 . 
GO TO 353 • 

352 0=C1 
I F ( Q . L E . 0 ) GO TO 308 

353 DO 309 1=1 .NDIST . 
I F Í L E V E L . E C . 1) GO TO 315 
C H K I . J ) = . 4 * 0 * 2 . 0 3 2 / I S I G Z 3 ( I ) * W N V E L 3 * A l I , 1 ) ) 
O C H I ( I , J ) = C H I l I , J ) / 0 
GC TO 316 

315 C H K I . J ) = . 4 * 0 * 2 . 0 3 2 * E X P ( ( - ( E G T ( I ) / S I G Z 3 I I ) ) * * 2 / 2 ) ) / Í W N V E L 3 * S I G Z 3 ( 
l * û ( I , l ) ) 

C C H I l I , J ) = C H I ( I , J ) / O 
316 D E L D O S l I , J ) = Í . 2 2 8 * E B E T A + . 2 5 3 * E G A M A ) * C H I ( I , J ) * 3 6 0 0 . 

1 * D I F F 
D O S E Í I , J ) = i 3 C 5 É Í I , J ) + D E L O C S i I . J ) 

D I N O O S i 1 t J ) - 1 3 6 . 1 6 * B R « Z S I * C H I ( I , J ) / ( 2 0 . * L A M D A E ) 



-'. "THYÕÕS{ I , J ) = T H Y D C S ( 1 , J ) +DINDCSI I , J ) 
5 TOTDOS( I , J ) = T O T ü C S { I . J ) + D E L D C S { I , J ) + D I N D C S t I , J ) 
V 309 CCNTINUE 
3 DO 320 I = 1 , N D I S T 
i ( I F ( L E V E L . E C . 1 ) GO TO 321 
7 C H K I , J ) = . 6 * 0 * 2 , 0 3 2 / { S I G Z 4 ( I ) *WNVEL4^^At 1,1) ) 
5 O C H I ( I , J ) = C H I ( I , J ) / O 
? GO TO 322 
) 3 21 C H K I , J ) = . 6 * 0 * 2 . 0 3 2 * E X P { { - ( H G T ( I ) / S I G Z A ( I ) ) * * 2 / 2 ) ) / ( W N V E L A * S I G Z 4 ( 

1 * A ( 1 , 1 ) ) 
! O C H n i , J > = C H I ( I , J ) / 0 
i 522 D E L D 0 S ( I , J ) = { . 2 2 8 * E B E T A + , 2 5 3 * E G A M A ) * C H n I , J ) * 3 6 0 0 « 
> l ^ D I F F 
i • O G S E ( I , J . ) = DCSE( I , J ) + D E L D C S { I , J ) 

D I N D O S Í I , J ) = 1 3 6 , 1 6 * B R * Z S I * C H I { I , J ) / ( 2 0 . * L A M D A E ) 
1 * 3 6 0 0 , * D I F F • • • 

i T H Y D O S Í I , J ) = T H Y C O S { I , J ) + D I K D C S { I , J ) 
T O T D O S Í I , J ) = T O T D G S ( I , J ) + D E L D C S l I , J ) + D I N D C S ( I , J ) 

) • 320 CONTINUE 
I F Í P I F F . L E . 7 2 . ) GO TC 3C8 • . , . 

: D I F F = E X P C T M - 9 6 . . 
H I F F = D I F F + 9 6 . 
T I F F = D I F F / 2 . + 9 6 . 

. I F I D U O L K . E O . O.) GO TO 3 4 1 
0 L 1 = L E A K * D I F F * 3 60 0 , 
G L 2 = L E A K P . * D I F F * 3 6 0 0 . 
0L3=CL1-CL2 
C L C P T = L E A K * L E A K P * 0 N 0 T / 0 L 3 ' " 
O E X L P l ^ E X P ( - ( L A M C A + L E A K P ) * 3 6 0 0 . * 9 6 . j - E X P ( - ( L A M D A + L E A K P ) . . 

. 1*3600.=:'MIFF ) 
' 0EXLC1 = E X P ( - Í L A M D A + L E A K ) * 3 6 C 0 . * 9 6 . } - E X P Í - í L A M D A + L E A K ) 

1 * 3 6 0 0 . * H I F F ) 
0 = OLCPT* Í 0 E X L . P 1 * 0 E X L P 2 - G È X L C 1 1 ' 0 E X L C 2 ) 
C D 1 - C N 0 T * L E A K * L E A K P / ( L E A K - L E A K P ) 
0 0 2 = E X P í - ( LAMDA + L E A K P ) * 3 6 C C . * T I F F ) 
C D 3 = E X P ( - Í L A M D A + L E A K ) * 3 6 C 0 . * T I F F ) 
0 1 = 0D1*Í CD2-0D3) . " • 
GO TO 342 

341 0 C = 0 N 0 T * L E A K / Í 3 6 0 0 . * C I F F * Í L E A K + L A M D A ) ) • . 
0 - -=CC*(EXP( - í L E A K + LAMDA ) * 3 6 C G . * 9 ó . >-EXP ( - ( L E A K + LAMDA) 

1 * 3 6 0 0 . * H I F F ) ) 
• 0 1 = 0 N 0 T * L E A K * E X P ( - ( L A M D A + L E A K ) * 3 6 0 0 . * T I F F J 

342 I F Í O . L E . 0 ) GO TO 354 * 
GO TO 355 

354 C=C1 
I F ( Q . L E . 0 ) GO TO 308 

355 DO 323 I - 1 , N D I S T 
I F Í L E V E L . E C , 1 ) GO TO 324 
C H I ( I , J ) = . 3 3 3 * 0 ' ^ 2 . 0 3 2 / Í S I G Z 5 ( I ) * W N V E L 5 * A Í I , I J ) 
O C H I Í I , J ) = C H I í I , J ) / 0 
GC TO 325 

324 CHI í I , J ) = . 3 3 3 * 0 * 2 . 0 3 2 * E X P í í - í F G T í I ) / S I G Z 5 í I ) ) * « 2 / 2 ) ) / ( W N V EL 5 * S I G Z 5 
1*A í I , 1 ) ) 

O C H I ( I , J ) = C H I í I , J ) / C 
325 DELDOSÍ I , J ) =í . 2 2 8 * E B E T A + . . 2 5 3 * E G A M A ) * C H I ( I , J ) * 3 6 0 ü . 

1 * D I F F 
D O S E Í I , J ) = D C S E ( I , J ) + D E L D C S ( l , J ) 
DINDOSÍ I , J ) = 1 3 6 . 1 6 * B R * Z S I ^ - C H I { I , J ) / ( 2 0 . * L A M C A E ) 

1 * 3 6 0 0 . * D I F F 



THYDOSÍ I . J ) = V H Y D O S { I , J ) + C INDCSÍ I , J ) 
T C T D O S l I T J ) = T O T D C S I I , J ) + D E L C C S ( I , J I + D I N D G S I I » J ) 

323 CCNTINUE 
DC 326 1 = 1 , N D I S T 

15 I F Í L E V E L . E C . 1 ) GC TC 327 
16 CHI I I , J ) = . 3 3 3 * 0 * 2 . C 3 2 / I S I GZ6 Í I ) ^WNVEL6*/5 { I , 1 ) ) 
17- G C H I ( I , J ) = C H I ( I , J ) / 0 
18' GO TO 328 
19 327 C H I Í I , J ) = . 3 3 3 * 0 * 2 . C 3 2 * E X P ( { - Í H G T Í I ) / S I G Z 6 Í I ) ) * * 2 / 2 J ) / Í W N V E L 6 * S I G , 
)0 1*A( 1 , 1 ) ) 
n O C H I Í I , J ) = C H I I I , J ) / O 
'2 328 DELDOSI I , J ) = i . 2 2 8 * E 0 E T A + . 2 5 3 ^ E G A M A ) * C H I I I , J ) * 3 6 0 0 . 
.Í3 l * D I F F 
)4 D O S E i I , J ) = D O S E l I , J ) + D E L D C S ( I , J ) 
?5 D I N D O S Í I , J ) = 1 3 6 . 1 6 * B R * Z S I * C H I Í I , J ) / ( 2 0 . * L A M D A E ) 
?6 1 * 3 6 0 0 . * D I F F 
J7 THYDOSÍ I , J ) = T H Y D O S l I , J ) + D I N D G S Í I , J ) 
?8 TOTDOSi I , J ) = T D T D G S i I , J ) + D E L D C S ( I , J ) +DINDOS( I , J ) 
)9 326"CONTINUE 
)0 DO 329 1 = 1 , N D I S T 
) 1 I F Í L E V E L . E O . 1 ) GC TC 330 . 
)2 C H I Í I , J ) = . 3 3 3 * 0 * 2 . 0 3 2 / i S I G Z 7 { I ) * W N V E L 7 * A ( 1 ,1) ) 
)3 O C H I ( I , J ) = C H I I I , J ) / 0 • 
)4 GO TO 331 
35 3 30 C H I Í I . J ) = . 3 3 3 ^ 0 * 2 . 0 3 2 * E X P I í - f F G T í I ) / S l G Z 7 Í I ) ) * * 2 / 2 ) ) / Í W N V E L 7 * S I G2 
36 1*A ( I , 1 ) ) . 
37 C C H I Í I , J ) = C H I i I , J ) / 0 
38 3 3 1 D E L D O S Í I , J ) = I . 2 2 8 * E B E T A + . 2 5 3 * E G A M A ) * C H H I , J ) * 3 6 0 0 . 
3.9 • 1 * D I F F 
LO D G S E l I , J ) = O C S E i I , J ) + D E L C C S ( I , J ) 
L I , DINDOSÍ I , J ) = 1 3 6 . 1 6 * B R * Z S I * C H I i I , J ) / ( 2 0 . * L A M D A E ) 
L2 1 *3600 . *D I F F 
13 THYDOSÍ I , J ) = T H Y C O S i I , J ) + D I N D C S I I , J ) 
LA T O T D O S i I , J ) = T O T D O S ( I , J ) + D E L D C S i I , J ) + D I N D C S ( I , J ) 
15 329 CONTINUE • . • . 
16 308 RETURN 
L7 E N D 
OF F I L E • . - . 



A P P E N D I X n 

DATA USED IN R U N N I N G THE P R O G R A M 

The horizontal (fy) and vertical ((Tj) dispersion coefficients were obtained from 
figs. (4.3) and (4.4) in reference (16) respectively, and for the atmospheric 
conditions given in table (A, l l - l ) . 

Table (A. 11-1) 

Atmospheric Conditions and Wind Velocit ies for Different Exposure 
Times After the Accident 

Exposure Time Atmospheric Condition Wind Velocity 
m/ sec 

2-24 hr Pasquill's F 1 

1 - 4 days 40% Pasquill's D 3 
60% Pasquill's F 2 

More than 33.3% Pasquill's C 3 
4 days 33.3% Pasquill's D 3 

33.3% Pasquill's F 2 

The values thej^ool and containment leak rates were 2.9166 x 10 ^ s i ^ 3°"*^ 
7.523 X 10 sec respectively, and the breathing rote was 3.47 x 10 m / s e c 



C P E N T S l S IGZ1= l . G . 3 . , 4 . 2 , 6 . , 7. , £ . , 9 . , Ç. 5 , I C . , 1 2 . , 13. , 14. , 
1 6 . , 1 3 . , 2 0 . , 2 2 . , 2 5 . , Z 6 . , 2 a . , 3 3 . , 5 ò . , 4 C . , 4 4 . , 4 d . , 4 Ç . , 
WNV = L I = l . , S I G Z 3 = 4 . , 7 . , 9 . 5 , 1 3 . , l ó . , l B . , 2 : . , 2 2 . , 2 3 , 5 , 2 7 . , 2 9 . , 
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ANVE L 4 = 2 . , 5 I G Z 5 = 7 . , l l . , W . , 2 2 . , 2 S . , 3 3 . , 4 0 . , 4 1 . , ^ 3 . , 5 1 . , 5 4 . r 
6 C . , 7 5 . , 9 0 . , 1 0 5 . , . 1 3 C . , 1 4 0 . , 1 6 5 . , 1 7 C . , 2 3 C . , 2 9 0 . , 3 3 C . , 3 9 0 . i 
42 5 . , 5 O O. ,W NVe L5 = 3 . , S I G Z 6 = 4 . , 7 . , 9 . 3 , 1 3 . , 1 6 . , 1 S . , 2 C . , 2 2 . , 
2 3 . 5 , 2 7 . , 2 9 . , 3 C . , 3 6 . , 4 0 . , 4 8 . , 5 4 . , 6 0 . , c l . , 6 3 . 5 , 8 5 . , 1 0 0 . , 
1 l j . , 1 3 0 . T 1 5 0 . , 1 6 0 . , W^JVEL 6=3 . , S IGZ 7 = 1 . c , 3 . , ^ . 2 , 6 . , 7 . , 8. , 9 . , 
9 . 5 , 1 0 . , 1 2 . , 1 3 . , 1 4 . , 1 6 . , 1 6 . , 2 0 . , 2 2 . , 2 5 . , 2 Ó . , 2 8 . , 3 3 . , 3 8 . , 
4 O . , 4 4 , , -̂  6 . , 4-9 . , WN V E L 7 = 2 . C E í\ D 
C EF F L N T LE VEL = 0 ,WI NDI .'"< = 0 , Wi ,NV EL = 1 . , HGT = 0 . , N=2 . 5 , S IGY= 3 . ,6 . , 9 . , 1 3 . , 1 7. , 1 8 . 
2 1 . , 2 4 . , 2 7 . , 
3 0. , 3 3 . , 3 5 . , 4 3 . , 5 0 . , 6 0 . , 7 2 . , 3 0 . , 9 C . , 1 0 0 . , 1 4 5 . , 190 . , 2 1 C . , 2 è C . , 2 6 C . , 3 C C . , 
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Q \ 0 T = 1 7 . 490 ,POLTAr.= l ,T=0 , T I . ' ^ÜEP = 0 , K C I R = 8 , NC IST = 25 , E B E T A = . 3 C 8 , EGAMA=1 . 7£ , 
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S I G X = 0 , 
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Q C H I T R = 1 , ' .- • 
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L E A K " = 2 . 9 1 6 d E - 7 , C U 3 L K = 1 , 
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& r : - - LNT D,NJüT = 2 0. O 3 4 , L A MOA = 2 . 2 2 E - 4 , E E E T A = . 4 5 5 , EG A M A = 1 . 94 , ZS I = , 8 2 CE^C 
C E -FLM"^ OMOT =1 7 . 4 O O , L AM D A= 9 . 1 6 6 E -ó , E3 ETA= . 4 2 3 , EGAMA= . 47 7, Z S I = . 5 4 £ END 
f .EFFLMT OrgOT = 1 2 . C84 , LAVDA = 8.36 9 E - 5 , E B E T A = . 4 4 S , E G À M A = 2 . 4 Ò , Z S I = . 6 5 CttsD 

b^FLNT 0iMüT = 7 . 95 J O , L A M [;A= 1 . 00 2 6E - 6 , E 5E T A = . 1 9 7 , EGAMA= .371 , Z S I = . 2 3 EENC 
¿Ei=FLÍJT 0NGT = 3 . i a E - 2 , LAMDA = 2 . 14E-9 , EBETA= .223 , tGA,'M= ,0021 1 , Z5 1 = 0 CEND 
CEF FL NT 0NOT=2 . 5 44 , L AM D A = 4 . 3.8E - 5 , t B E T A = . 220 , EGA NA = . I 5 1 , ZST =0 £ENC 
t c F F L N T 0NaT = 4 . 7 7 ,LAMCA = 1 . 4 3 E - 4 , E B E T A = 1 . O 5 , EGAMA= 1 . 3 7 , Z S I = 0 £ENC 
CEF FLDT QN0T=7. 31 4 , LA MOA = 6 . 3 8 E - 5 , E B E T / i = . 3 4 l , E G A M A = 1 . 7 4 , Z S l = 0 ÍEtsC 
LL=FL MT CNnT = 17 . 17 2 , LAMCA= 1 . 5 2 E - 6 , E C E T A = . 1 4 6 , E GAM A = . C 3 C , Z S I = C . f.END 
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Z S I = . 5 4 CEMD 
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CEF FL NT ONÜT 
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. 1 3 E - 2 , L À M D A = 2 . 1 4 E - 9 , E 3 E T à = . 2 23 , E G A ^ A = . 0 0 2 1 1 , Z S I = C CENC 
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. 77 , LA",DA = 1 . 4 3 F - 4 , EBETA = 1 . 05 , EG A M A= 1 . 37 , ZS I =0 CENC 

. 314 , L A : ! D A = ò . 3 ü E - 5 , E3ETA= . 3 4 1 , E GAMA = 1 . 74 , ZS I =0 CEND 
ONGT^ i ? . 172 , LA'''.CA = 1 . 5 2 E - 6 , :i iJ-^ T A = . 1 A6 ,EGAMA= . 0 3 0 , ZS 1 = 0 . CENC 

.03 1 2 E 1,L AMDA = 2 .0 9 E - 5 , E 3 E T A = .322 ,EGAMA = . 2 4 ò , Z S I = Ü . CEND 

. 1 3 E - 1 , LAf^DA=3 .4 7 t - 6 , EEET A= .155 , EGAMA= . 3 2 6 , ZS 1 = C . CEND 

:A=9 .166 E-í> , E8 FT A= . ^23 , EGAf A = .4 7 7 , 
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r. E F F L N T 
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f. E F F L MT 

CE FLNT 
C E F F L N T 
CEFFLNT 
CE.HFLNT 
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CE.^FLNT 
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CEFFLNT 
CEF FLNT 
CEFFLNT 
£ £ F FL!\'T 
CE-^FLNT 
CEFFLNT 
CEFFLNT 
T IMINT=5 
CEFFLí^T 
CEFFLNT 
CEFFLNT 
CEFFLNT 
CFFFLNT 
C E F F L N T 
CEFFLNT 
C EF FLNT 

• C E F F L N T 
CEFFLNT 
C EFFLNT 
CEFFLNT 
EXP0TM=7 
CEFFLNT 
CE"^ FLNT 
CEFFLNT 
CEFFLNT. 
C E F F L N T 
CEFFLNT 
C EF -L.NT 
CEFFLNT 
CEFFLNT 
C EFFL .NT 
CEf^PLNT 
CEFFLNT 
Z SI = . 5 2 
: EFFL NT 
CE^^-FLÍiT 
CEFFL NT 
C E F F L N T 
CEF FLNT 

CEND 
0 N ' J T = 1 2 
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- Í N Ü T =7 . 
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f l E F F L M ZmJ 
flE'=FLNT 1\31 
CEFFLNT JNOT 
CEFFLNT ÍNüT 

( i E F F L N T JNOT 
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I 
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