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A dynamic simulation code for fuel cycle of a fusion experimental reactor has been developed. The
code fdllows the fuel inventory change with time in the plasma chamber and the fuel cycle system
during 2 days pulse operation cycles. The time dependence of the fuel inventory distribution is
evaluated considering the fuel burn and exhaust in the plasma chamber, purification and supply
functions. For each subsystem of the plasma chamber and the fuel cycle system, the fuel inventory
equation is written based on the equation of state considering the fuel burn and the function of
exhaust, purification, and supply. The processing constants of subsystem for steady states were taken
from the values in the ITER Conceptual Design Activity (CDA) report. Using this code, the time
dependence of the fuel supply and inventory depending on the burn state and subsystem processing

functions are shown.
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1. Introduction

This report describes a dynamic simulation code for evaluating the
time dependent tritium inventory and the flow rate in the fuel cycle
subsystems of a tokamak fusion reactor. The control system of the fuel cycle
system needs to integrate the individual process functions of the fuel cycle
subsystems, which are related to each other through the input and output
fuel flow. For such a complex control system, the reliable operation of the
whole system needs to be demonstrated. In order to do so, engineering
features of each subsystem need to be clarified. Such clarification is also
required from the safety assurance of the operation of the subsystems. The
engineering features of the subsystems can be clarified by observing the time
and space variance of the subsystem responses. The observed values depend
on the processing rate, 'spatial distribution, continuous or periodic operation
mode of the subsystems.

A design of fuel cycle subsystems of a tokamak fusion reactor has
been completed for the International Thermonuclear Experimental Reactor
(ITER) design. The ITER Conceptual Design Activity (CDA) report [1] has
been published in 1991. The report summarized the design requirements
and the conceptual design for each of the principal subsystems and design
options of the ITER fuel cyclé. The ITER CDA fuel cycle design has been
incorporated as the reference in the design studies to provide relevant data
for the design requirements of the fuel cycle [2],[3]. In the references, several
important insights into the behavior of the fuel cycle are provided. The time
dependence of tritium inventory in fuel cycle subsystems was evaluated for a
range of design operation parameters of the subsystems. One of the
objectives was to reduce the tritium inventory as much as possible within
the design constraints representing the various options in the subsystem
design parameters. The tritium inventory determined by the type of
operating conditions of the burning scenario was evaluated. In this approach,
understanding transient system behavior incorporated in the fuel cycle
subsystems operating modes and their associated scheduling is needed for
predicting how the tritium inventory can be affected by the various fuel cycle
subsystems behavior. '

In this report, the fuel cycle is considered to be an integrated system of
each subsystem functions. In order to understand the controllability of the
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integrated system, time and space dependence of the fuel cycle subsystem
responses to input fluctuation was observed. To meet the above objective, a
fuel cycle dynamics simulation code which takes into account the response
rate, spatial distribution and process function of subsystems was developed.
The processing constants of subsystems and proposed nominal ITER pulse
operation scenario were adopted from the ITER-CDA report [1].

2. Development of Dynamic Equation and Structure of Simulation
Model

2.1 Development of Dynamic Equation

The important feature of the state-space approach over the time
domain consideration is that both time-varying and time-invariant linear or
nonlinear systems can be treated systematically. The system with the state-
space description is expressed with the time-invariant constants whose
values is definitely determined over the time in the proposed nominal ITER
pulse operation scenario in ITER CDA Design. Introducing the state vector
and excitation vector, the description of state-space is formulated by using
the system matrices according to the design description in the ITER CDA.
The state vector denotes the state variables, Tritium, Deuterium, Protium,
each of which represents the controllability in the change of time governing
the fuel processing cycle. The excitation vector denotes the derivatives of the
proposed nominal ITER pulse operation scenario. The time-invariance
system whose input output response are governed by linear ordinary
differential equations is established as following;

%Q = Ax(t) + Bu(t) | @2.1)
y(¢) = Cx(¢t) + Du(z) (2.2)

-where x(t), u(s), y(t) denote state, excitation, and observation vector,
respectively. A, B, C, D inthe equation (2.1) and (2.2) are system, control,
observation, and transfer matrices, respectively. From the theory of ordinary
differential equations, equation (2.1) has a unique solution givenby

x(t) = eMx(t,) + J; : A OBu(tydr (2.3

~ where x(t,) is the initial state at the time ¢,. It is clear from equation (2.3)
that the state vector, x(f), in the state-space description are linear for the
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initial state. The equation (2.3) denotes a fact that state vector, x(z), is
completely observable because the solution is comprised of a term of the
homogeneous equation, e*x(f,), and a term of the excitation, e*“"Bu(z),
convoluted over the observation time t-7. Then, the solution denotes that
the state vector is completely controllable. A complete controllability is
introduced from the fact that in the time-invariant linear system one
controllability matrix is the transpose of the corresponding observability
matrix [4]. The state-space approach in the time domain is to deal with the
state-space description on the condition that the static dynamic behavior
covering the fuel processing cycle is linear in the discrete-time systems.
Discrete-time, t+ At,t, is supposed to coincide in the time-invariant linear
with the following periods of time to trace the time response for connecting
process and process controllers over the entire processing cycle.

2.2 Structure of Simulation Model

The functions of a process control system that are implemented to the
subsystems are burning, exhausting, purification, isotope separation, and
storage and supply. Subsystems where the functions of a process control
system are implemented are Plasma Chamber, Vacuum Pumping, Fuel
Cleanup, Isotope Separation, Fuel Supply (Gas Puff, Pellet Injection,
Neutral Beam Injection), and Storage and Supply. The state-space
description is given by equations (2.1) and (2.2). Equation (2.1) describes the
control process. Equation (2.2) describes the observation process. Equation
(2.2) expresses that observation vector, y(z), not only depends on the state
vector, x(t), but also depends directly on the excitation vector, u(z).
Consequently, a variance in the time of y(t) denotes the change of
inventories of the state variables over the observation time. Then, the state-
space description of each subsystem was established to trace the change of
the time of state vector whose components are Tritium, Deuterium, and
Protium forced by the information of pulse operation scenario over entire
processing cycle. Fig. 2.1 shows the established fuel flow cycle model.
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Fig. 2.1 Fuel flow cycle model
2.3 The System Matrices

The formations of time-invariant systems whose input-output
responses are governed by linear ordinary differential equations were
established. The state-space descriptions in the fuel processing cycles have
been formulated in the linear ordinary differential equations by using the
system matrices according to the design description reported in the ITER
CDA Report [1]. The system matrices are determined by the time-invariant
constants which describe the unit function of process controllers. To fully
realize the state-space descriptions of the fuel processing cycles forced by the
plasma chamber exhaust flows, the linear ordinary differential equations for
subsystems where the unit function of process controllers are implemented
are formulated. The state-space description expresses the problem of solving
the simultaneous equations in a matrix. Hence to verify stability of the
state-space description, one has to prove the existence of solution for the
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variance of sate vector. The simultaneous equation gives a solution only if
s'ystem matrix, A, is nonsingular matrix. To verify this result an
investigation procedure described in Fig. 2.2 was implicated and executed on
each simulation step.

Characteristic Equation
det(AI-A;)=0

1=i+1 -

Stable
detA; >0 -

Inspection

dx (1)
dt

=AX,(0)+Bu,(r)

Fig. 2.2 A scheme of the investigation procedure i.
3. Simulation of Fuel Flow Cycle Model
3.1 Simulation Model in Subsystem and Simulation Results

3.1.1 Plasma Chamber

(1) Pulse Operation Scenario

The pulse operation history of fusion power must be consistent with
the reference plasma operation scenario. The reference plasma operation
scenario consists of burn and dwell times. Burn time follows three phases,
heating, burn, and burn termination. Fig. 2.3 shows the nominal plasma
operating cycle. The fuel processing cycle forced by the plasma chamber
exhaust flow is simulated over the pulse operation cycles lasting 2 days.
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fpower (Simulation time = 2 days)
1.0
—>
Repeat
O K=K 4
7

t_p_heat t_burn -~ t_p_term t_dwell

t_p_heat : plasma heating (0.01h)
t_burn : plasma burn (0.28h)

t_p_term : plasma termination (0.028h)

t_dwell : dwelling time (0.29h)

fpower : rated power (1.0=1000MW)

Fig. 2.3 Nominal plasma operating cycle

(2) Burning

Exhaust rate and composition of fuel directly influences tritium
inventory. The range of anticipated exhausted rate and composition vary
according to the plasma operating cycle. Thus, the following items in the
simulation in the burning phase must be evaluated ;

* exhaust rate to vacuum pump,

* plasma edge composition, density, pressure, temperature,

+ dependence of D-T burn-up fraction on the parameters such as edge
temperature, edge composition and density, density profile of D, T, P,
and He pumping. .

The anticipated exhaust rate would be an exciting burden to trace the
controllability on the time response in the downstream components
connecting process and process controllers. The simple burning model is
adopted to determine the exhaust rate to vacuum pump. Burning speed of D-
T fuel, Burn(t), depending on the nominal fusion power could be formulated
by the following expressions;
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1 mole
BHJTI.(I) f ower prusimx.K E N ( h )
lEf 0 (2.4)
mole
=2.12
fpower GWh)
where,

fpom,‘ normalization factor of simulated pulse operation,
Pion: T€lated power (1000MW),
E,: D,T fusion energy (17.5MeV),
K, Kg :conversion factor,
N,: Avogadro’s Number.
Fig. 2.4 shows the simulation result of burning model established by the
equation (2.4) extended over 36 pulse operation.

Burn_t
2.5

T i T [ T T T

™ TT

2 """']"""\""""" """"?'\S ""(E-.:"

1.5

LI R R

D-T fuel burn rate mole/h

t
FERTIT NN I TN O WO T TN Tt |

1

13 14

TI 1T

0.5 i

0

0.5

Lt.1 L1 11

[ ) AN N B A B A A U I |

0*~ 0 210" 470" 610" 810°
Time(sec)

Fig. 2.4 Simulated burn cycle

(3) Fueling and Exhaust rate in Burning

Fueling and exhaust rates of the fuel must be evaluated in the
following period of time to extend the burning time while nominal pulse
operation scenario is lasting 2 days. The fueling and exhaust rates are
interdependent in the requirements to extend the burning time, so that the
amount of fuel particles fueled through several devices must be controlled for
each operating campaign. The accounts of fueling to extend the burmng tlme
could be expressed by the following expressions;


http:u.u.u..uJ
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Fuel, ()= Fuel (t)= Fypy ()= Fpe_prp (1) 2.5)

Fuel, ()= Burm_,(© (2.6)
8bu

Fuel ,(t)= F;)las_ln_d(t) + F;;as-d(t) + szas_nb_d(t) + Fplas__prop__d(t) (2.7

Fuel ,(1)=F in ;D% Xoas p Foae 0O+ Friag prop_p (@) (2.8)

where,

Fuel ,(t):total tritium fueled to the plasma (mole/h)
Fuel, (t): amount of tritium deliberately fueled to the plasma

(mole/h)
F s w_(2): tritium flow to plasma from neutral beam injection
(mole/h)
Flis_prop_(1): tritium injected to the plasma from pellet injector
(mole/h)
g,,: burn-up ratio (0.05)
Fuel ,(1): total deuterium fueled to the plasma (mole/h)
F s i 4(8): deuterium flow to the plasma from pellet injector

(mole/h)
F,, ,(t): deuterium flow to the plasma from gas puffer (mole/h)

F,.s w»_a(t): deuterium flow to the plasma from neutral beam

injection (mole/h)
Fius_prop_a(t): deuterium injected to the plasma from pellet injector

p
(mole/h)
Fuel ,(t): total protium sources to the plasma (mole/h)

F

ias_in_p(1): PTOtium injected to the plasma from pellet injector
(mole/h)

F,, .,(t): total flow to plasma from gas puffer (mole/h)

F

"ias_prop_p(1): PrOtium injected to plasma from pellet injector

propellant (mole/h)
Xeas_p- mole fraction of protium in gas puffer stream.
Amount of tritium deliberately fueled Fuel, ,(f) must be supplemented to

meet the following relations;
Fuelf_t(t) = F;ﬂax_in_t(t)*'l;;as_t(t) : (29)

where,

F s w_(1): tritium flow to the plasma from pellet injector (mole/h)

F,, ():tritium flow to the plasma from gas puffer (mole/h).

The plasma chamber exhaust flows would be expressed by the following
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expressions;

F, (0= Fuelﬁ,(t)(l--e,m)~A}.£AC;ﬁ (2.10)

F, (0= Fuel.d(t)—Bum_d(t)—--A-Pw (2.11)

F, ,(t)=Fuel ,(t)+Gen_,(2) —W (2.12)

F, ,.(t)= Burn (t) (2.13)

Burn_,(t) = Burn_,(t) (2.14)

Gen_,(t)=E,,, &, Burn_,(t) (2.15)
where,

F, ,(t) : exhaust flow of tritium from plasma (mole/h)

F_ ,(t) : exhaust flow of deuterium from plasma (mole/h)

Fex: ,(t) : exhaust flow of protium from plasma (mole/h)
Burn_,(t) : deuterium burned in the plasma (mole/h)

Gen_,(t) : formation rate protium from fuel reactions (mole/h)
€, ‘relative reaction rate of proton (0.01).

The term, APFC ,(t)k=td,p , in the equation (2.10), (2.11), (2.12) is
introduced to compete the material balance in the burning. Particle exchange
to the plasma facing components in burning is accounted for particle losses
including bulk intake, codeposited, and erosion. The first one of the
established model, bulk intake, was cited from reference [5]. The latter ones,
design values of codeposited and erosion, were derived from reference [1].
The particle exchange to the plasma facing components could be expressed

by the following expressions;

PFC ,(t)= Bulk ,(t)+ Co_d ,(t)+ Dust ,(t) (k=1t,d,p) (2.16)
Bulk(T,t)- Vorc

Bulkpec (1) = T Xeige_s(t = AD) (PFC'= div, fw) 2.17)
Bulk ,(t) = Bulk,, ,(t)+ Bulk,, ,(¢) (2.18)
E_.(1)
cdge_i () = 2at (k=t.d,p) 2.19
Keige E, ()+F, ;0)+FE, ® P (2.19)
where,

Bulk ,(¢) : bulk intake of k particle (moles)
Co_d (1) : codeposited onto plasma facing components of k particle

(moles)
Dust ,(¢) : erosion product of k particle (moles)
Bulk(T,t) : inventory concentration of tritium (g/cm3)
Vere : total volume of divertor/firstwall (4.0/22.4m3).
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On each simulation step, A, differential equation is established as follows;
ABulk (t)  Bulk ,(t)— Bulk (t,_))

N - — A, - Bulk (t)) (2.20)
ABulk ,(t;)) Bulk ,(t;)— Bulk (1,_))
o 1 = _ 1 _ 1 k — d’

At At (k=d.p)
Bulk (1) = Bulk (1) Xeteeet® (2.21)

h - Zedge_t(t)
ACo_d (1) 1000 Co_d(M.T

Lo 3% ) A t=AD)= 2, -Co_d (1) (2.22)
ACo_d (t) 1000 Co_d(M.T)

A T80 30 Aeweslt=A0) (k=d.p) (2.23)
ADust (1) _ 1 Dust(M,T)- A, -dc(M)- p(M) t—an

At 8760 3.0 Kedge (2.24)

- =A,-Dust (1)

ADust (1) _ 1 Dust(M,T)-A, -dc(M)-p(M) (t—Af)

At 8760 3.0 Kedge & (2.25)

(k=d,p)

where, ,

A, : disintegration constant of tritium (6.38E-6h)

A, : divertor surface area (2.0E2m2)

de(M) : dust concentration ratio (1.0E-1kgtritium/kgdust)
p(M) : density of material M (kg/m3).

Simulation results of fueling about each particle are described in the Fig. 2.5,
Fig. 2.6, Fig. 2.7, respectively. Simulation results of exhaust about each
particle are described in the Fig. 2.8, Fig. 2.9, Fig. 2.10, Fig. 2.11,
respectively. Time changes of tritium losses including bulk intake,
codeposited and erosion in burning are described in the Fig. 2.12, Fig. 2.13,
Fig. 2.14, Fig. 2.15, respectively.
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3.1.2 Vacuum Pump Subsystem

(1) The control equation

Citing the equation (2.1) called the control equation, let components of
the state vector, x(#), in the equation (2.1) be Tvacuum(t), Dvacuumf(t),
Pvacuum(t) and Hevacuum(t) denoting the variance in the time of the
inventory of each particle in exhaust processing stream. The matrix A inthe
equation (2.1) represents the system matrix employed in the cryopump
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mechanical scraping rate. The excitation vector components which are
denoting a content of the each particle in the exhaust stream are derived
from the equation (2.10), (2.11), (2.12), and (2.13). Thus, control equationj in
the vacuum pump subsystem could be expressed by the following

expressions;
7:f'acuum (t) | Y;acuum (t) F;x 1 (t)
d D, acuum( ) gscm g D vacuum (t ) 1 ex (t)
= serap serap + - (2.26)
dt ‘Pvacuum( ) acry{) ‘Dvacuum (t) npump F;x_ P (t)
Hevacuum (t) Hevacuum (t) _F;x_he (t)_
where |

(1) : tritium inventory per pump (moles)

vacuum

(¢) : deuterium 1nventory per pump (moles)

vacuum

(#) : protium inventory per pump (moles)

vacuum

He (#) : helium inventory per pump (moles)

vac uum

e :removal efficiency of cryodeposit (0.2)

scrap

Trap - SCTAping rate on cryosurface (1.92m2/h)

a.,, : cryosurface per pump (0.032m2)

M. - Dumber of operating pumps (16).

The exhaust processing stream is performed by using the cryopump
adsorption. The cryopump system consists of 24 pumps, 16 pumping while
the remaining 8 are regenerating. Fig. 2.16 shows the simulating cryopump
cycle description during partial regeneration.

(2) The observation equation

‘ The equation (2.2) is called the observation equatlon The observation
matrix in the equation (2.2), C, must be defined by the functions of the
cryopump mechanical scraping rate. Thus, observation equation in the

vacuum pump subsystem could be expressed by the following expressmns
1 0 O 0 vacuum (t)

g, .- 0100| D, (1)

= [0010] Pe® #20
000 1] He,,,,, (1)
[ Roscuum i (1) ]
- R:acuum_d(t) (2.28)
R ()
LIN0)
F, o= R O+ R o+ Roan O+ R seO) Py (2:29)
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where,
F, ,.():total flow from cryopumps to the fuel clean-up subsystem
(mole/h).

The variance in the time of the state and the observation vector components
defined by the equation (2.26) and (2.28) is simulated for the following
period of time while the pulse operation cycle is lasting 2 days. Fig. 2.17
shows the flow diagram of the exhaust processing in the vacuum pump
subsystem with the spatial distributions of the vector components whose
values must be evaluated. The simulation results of the state vector
components are described in the Fig. 2.18, Fig. 2.19, Fig. 2.20, Fig. 2.21,
respectively. The simulation results of the observation vector components
and F, (1) defined by the equation (2.29) are described in the Fig. 2.22, Fig.
2.23, Fig. 2.24, Fig. 2.25, and Fig. 2.26.

Q)
Amount of codeposited particles
5 5 30

K—XK—X 7

pumpl pump2

pumpy /
5 24
7 7

T/3 27/3 T=120 t(min)

Ie pumping period for pump 1* regeneration period
for pumpl

Fig. 2.16 The simulated cryopump cycle
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Fig. 2.26 Total flow from cyopumps
to the fuel clean-up
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3.1.3 Fuel Clean-up Subsystem

The space vector components are assigned to the content of each
particle in the fuel clean-up processing stream. The variance in the time of
the space vector components could be followed by observing the component
responses which are reflected by the each unit function in the fuel clean-up
subsystem. The fuel clean-up subsystem consists of molecular sieve beds
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and palladium membrane reactor. The function of the fuel clean-up,
purifying, standby, and regenerating is formulated by using the model
composed of the three sets of molecular sieve beds. According to the progress
in the fuel clean-up processing, one set would be purifying the exhaust flow
from plasma chamber, one set would be in standby, and the other set would
be regenerating. Fig. 2.27 shows the flow diagram of the fuel clean-up

subsystem.
Fv_out(t) Fimp_k(t) k=t,d,p
R .
Purification ML ‘ N Regeneration bed
bed Fpmem_hydro(t)
Kpmem(t)
K=T,D,P
Membrane reactor
Fpure_k(t) to Isotope
Separation
Fsub out k(t) sub syste&
Stand-by bed \L
to Gas Puffer l
to Pellet Injector

Fig. 2.27 Flow diagram of the fuel clean-up subsystem

3.1.3.1 Purification
(1) The control equation

The content of each particle in the exhaust stream was formulated to
express the function of a purifying hydrogen including impurities. The space
vector components were set to the pure hydrogen formations and the
impurities. The flow of each particle into the purification could be expressed
by the following expressions;

Fore O =F,_ (1) @ _ - (2.30)
K, ©=F_,,0)- 0,, (2.31)
Fore O=F_,, O+F , O+F . 0O+F, (1) (2.32)
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Fpp ()= Fps i)+ Ey iy O+ Fppy iy (D + Friry iy (1) (2.33)

nliq‘t imp (D) Kega_

Fos impD | = Fpy (| X3 (2.34)

| Fro_im @) | Xq20_

[ F_ (1) R peuum_i () i, ()

F, pure() =P R cuum_a() |~ h\dro imp_ MORPRO) (2.35)

L Fy e (D) Rcuum_p(1) i, (1)

dro_imp_w(8) =@ F oy o (1) + @, - Fopy imp()+ @5 Fpy, (1) (2.36)

Eoiro_imp() = (1= X _imp)* Fip_(0) (2.37)

Zh_imp(t) =Xega. T Xngs_ T Xq20_ (2.38)

L () | R ceuim i ®)

A RS R TR SRR 259
where, ‘

(1) : flow of pure hydrogen to the purification (mole/h)

pure

F,, (2) : flow of hydrogen containing impurities into the fuel clean-up

(mole/h)
@,,,. :generic hydrogen (T,D,P) and He mole fraction in the plasma
chamber exhaust (0.98)
@,,, :impurities fraction in the plasma chamber exhaust (0.02)
F_,..(1): flow of pure tritium to the purification (mole/h)
F, ,..(t) :flow of pure deuterium to the purification (mole/h)

F, ,..(t) :flow of pure protium to the purification (mole/h)

F,, (t) : flow of helium to the purification (mole/h)

F,, inp(t) : flow of methane to the purification (mole/h)
F, 3 imp(®) : flow of ammonia to the purification (mole/h)
F,y imp(t) : flow of water to the purification (mole/h)
E paro_imp(?) © flow of non-hydrogen containing impurities to the purification
(mole/h)
Xeqs_ - SPecified mole fraction of methane in flow to the purification
(5.6E-1)
Xngs_ - specified mole fraction of ammonia in flow to the purification
(4.0E-2)
X0 - specified mole fraction of water in flow to the purification
(8.0E-2)
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E i imp_»(t) : hydrogen flow containing impurities (mole/h)
i, (1) :isotopic fraction of tritium on the vacuum pump subsystem
i, (1) :isotopic fraction of deuterium on the vacuum pump

subsystem
i, (1) :isotopic fraction of protium on the vacuum pump subsystem
®, : mole number (4)
®, : mole number (3)
®, : mole number (2)
Xn_imp - fraction of hydrogen containing impurities in flow to the
purification.
In purifying, hydrogen containing impurities has been build up. The
variances in the time of the build up hydrogen could be expressed by the
following expressions ;

4 Neys_imp(D) Kega_
7 Nogs_impD | = Ep (O | Xgs_ (2.40)
Npzo_imp(?) Xq20_
where,

N.,4_imp(t) : methane on the purification (moles)
N,;3_imp(#) : ammonia on the purification (moles)
N, _imp(f) : Water on the purification (moles).
The simulation results of the space vector components defined by the

equation (2.34) and (2.35) are described in the Fig. 2.28, Fig. 2.29, Fig. 2.30,
Fig. 2.31, Fig. 2.32, and Fig. 2.33, respectively.

< i < Fng3_im
§1.6_... .Iu:(.:?f}:.nlmn‘)u|[ E0‘12_Vll 1||q|s)l!xpxl||
g 1.4F g 0.1 E R ;
1.2 0.08f ,' |
. ; : 0.06 F iy |
T .04F
0.6 0.0 :
0.4F 0.02 -
0.2F ] Of ]
2 vod2o*a10*s 108 70" -0.02 rggr—toatosTo‘s 1o
Time(sec) Time(sec)
Fig. 2.28 Flow of methane to the Fig. 2.29 Flow of ammonia to the
purification (mole/h) purification (mole/h)
: Feq4_imp(t) : Fng3_imp(t)
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3.1.3.2 Standby
(1) The observation equation

The one bed to be used for the purification in the next step according
to the subsequent procession is preloaded with hydrogen. The preloading is
exploited by using the stream that leaves the purification bed containing
pure hydrogen. The control equation in the standby could be expressed by the
following expressions;

Ez_sub_in (t) 1 E_pure(t) Xt_sub(t)
EiZ_sub_in(t) = 5 ’ F:i__pure (t) + Emp_(t) ' xd_sub (t) (241)
F;:Z_sub_in(t) F;p__pure(t) Xp_‘sub(t)
F;z?.,,sub_in (t) = F;?_sub_in(t) + F;’Z__sub_in(t) + F;)2_sub_in(t) (242)
an,() __N@® (2.43)
dt T,
N
T,y = —— = (2.44)
F;lZ_sub_in (t)
st(t) = _Ns i (‘F;2_sub_in (t) + P;Z_sab_in(t) + F;ﬂ_sub_in(t) (2‘45)
dt N, o |
XI_sub (t) ) l F;Z_sub_in (t)
Xa s |= N Fy ub_in(8) (2.46)

F;Z_sub_in(t) + EIZ-sub_in(t) + F;Z,sub_in(t)

Xpusub(t) F;ﬂ_sub_in(t)
where, A
E, b in(t) : flow of pure tritium molecules to the standby (mole/h)

Fiy ab (D) < flow of pure deuterium molecules to the standby (mole/h)
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F;;z_xub_in
E, . »@ :flow of pure hydrogen molecules to the standby (mole/h)
N (#) : number of unfilled adsorption sites for hydrogen on the
standby bed (mole/h) ‘
T, : time constant for preloading the standby bed
N, .o : maximum number of unfilled adsorption sites for hydrogen
on the standby bed (17.7mole)
X ss(t) s mole fraction of tritium entering the standby
Xa_ () : mole fraction of deuterium entering the standby
Zp_sw(®) - mole fraction of protium entering the standby.

(¢) : flow of pure protium molecules to the standby (mole/h)

The simulation results of the observation vector components defined by the

equation (2.41) are described in the Fig. 2.34, Fig. 2.35, and Fig. 2.36,
respectively.

£80._ FtZ_Sl:lb_ip | 100
R70E Jilth 80}
60F i -
50 E £ 60 -
40 Fi- 3 40¢%
30F ! nal E 20k
20 : :
T - of _
B2 Yoo tortostos-ot - ZP ot atostote o
Time(sec) Time(sec)
Fig. 2.34 Flow of tritium to the Fig. 2.35 Flow of deuterium to
standby (mole/h) the standby (mole/h)
: Ft2_sub_in(t) ’ : Fd2_sub_in(t)
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Fig. 2.36 Flow of protium to the
standby (mole/h) :

Fp2_sub_in(t)

Formulating the observation equation about the outlet of standby, the
observation matrix, C, in the equation (2.2) is unit vector. The transfer
matrix, D, in the equation (2.2) could be defined by an amounts of the
buildup of number of adsorption sites whose variances are determined by
equation (2.43). The observation equation could be expressed by the

following expressions;
) F g ou() 100 || Fo_sup_in(2) AN .(0) Xi_su(D)
5| Fo_sus_ou(®) | = 010 Foo_wr_in () | == Xa_su(D) (2.47)
Fyp au®| LOOL|F, o n®] Xp_su(®)
where, ’ '

F b ou(®) : flow of pure tritium out of the standby (mole/h)
F (¢) : flow of pure deuterium out of the standby (mole/h)

d_sub_out
F (¢) : flow of pure protium out of the standby (mole/h).

p_sub_out
The simulation results of the observation vector components definened by
the equation (2.47) are described in the Fig. 2.37, Fig. 2.38, and Fig. 2.39,

respectively.
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3.1.3.3 Regeneration
(1) The control equation

The evolution of hydrogen containing species in the regeneration
process is formulated by using the simple model supposed to be a constant
removal rate. Assuming not building up of residual material on the bed in
regenerating, the formation of removal rate could be expressed by

introducing the regenerating time constant values;
N cq4_reg (t )

Ecq4__reg(t) = ) (2.48)
msieve _ reg
N t

E,s o= Nogs ) (2.49)
- tm:ieve_reg



Nqu _reg (t)

msieve _reg

Eq2o_ reg (t) =
dN_ s ()

- dt - F;mp_cq4(t)
dNn 3 _re (t)
;%ﬂg—_ = By g3 (1)
N 20_re, (t)
PO oo )
where,
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(2.50)
(2.51)
(2.52)

(2.53)

N,y (1) :amount of methane on purification bed at regeneration (moles)

N,

(moles)

q

i

(mole/h)
E

ng3_reg(?) 1 @amount of ammonia on purification bed at regeneration

w3_reg (1) © €volution of ammonia from molecular sieve during

regeneration (mole/h)

E

q20 _reg
(mole/h)

tmsieve _reg

3.1.3.4 Palladium membrane

(1) The control equation

: regeneration time for molecular sieve (4h).

N, ..(t) :amount of water on purification bed at regeneration (moles)
E ., ,.(t) :evolution of methane from molecular sieve during regeneration

(¢) : evolution of water from molecular sieve during regeneration

The desorped impurities in the regeneration process are directed to a

palladium membrane reactor. In the palladium membrane reactor, freeing

pure hydrogen chemically compounded in impurities is accomplished by a

pumping themselves that permeate the palladium membrane. The

inventories in the palladium membrane reactor could be expressed on the

assumption that the permeation time must be constant even through

membrane reactor has been in alive. The control equations in the palladium

membrane reactor could be expressed by the following expressions;

T,..()

pmem

dt
P__ (1)

pmem
F (=4E,

pmem _ hyvdro 4_reg
where,

Tpmem

D__ (t) : deuterium on palladium membrane reactor (moles)

pmem

d
. meem(t) :Ii)mem_hydm(t)' x;;mem_d(t) -

Xpmem_t(t)

pmem

x;;mem P (t)

() +3E, ;3 () +2E,, (1)

(¢) : tritium on palladium membrane reactor (moles)

(2.54)

(2.55)
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P__(t) : protium on palladium membrane reactor (moles)

pmem

X pmem_(2) + isOtopic fraction of tritium on molecular sieve at end of

purification
X pmem_a(t) - isotopic fraction of deuterium on molecular sieve at end of

purification
X pmem_,(t) : iS0topic fraction of protium on molecular sieve at end of

purification
tmem - time constant of palladium membrane reactor (2h).
The simulation results of the space vector components defined by the
equation (2.54) are described in the Fig. 2.40, Fig. 2.41, Fig. 2.42,
respectively.
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Fig. 2.40 Tritium on palladium Fig. 2.41 Deuterium on palladium
membrane reactor membrane reactor (moles)
(moles) : Tpmemd(t) A : Dpmem(t)
g 4 bpmem_
s | .
3 - £ ]
o / ;

¢ 5
ot o 1
2 gt b 2rofatok-ros-iot

Time(sec)

Fig. 2.42 Protium on palladium
membrane reactor
(moles) : Ppmem(t)



JAERI-Data/Code 99-004

(2) The observation equation

The total flow from the fuel clean-up subsystem to the isotope
separation subsystem includes a contribution flowing out of the standby
molecular sieve beds and a contribution flowing from the palladium
membrane reactor. Then the observation equation in the fuel clean-up
subsystem could be expressed by deriving the corresponding terms defined in
the equation (2. 47) and (2.54);

_sub_our(8) T em(?)
Fy . ow® | =] oy u® |+ ——| Dpren® (2.56)

F;’—P"’i—a“’(t) EP—S"b-ﬂ“’(t) g ‘Ppmem (t)
where,
E

t_ puri_out

F,

ey

E_ puri _out (t)

(¢) : flow of tritium to the isotope separation subsystem (mole/h)

() : flow of deuterium to the isotope separation subsystem
(mole/h)

(¢) : flow of protium to the isotope separation subsystem
(mole/h).

The simulation results of the observation vector components defined by the

equation (2.56) are described in the Fig. 2.43, Fig. 2.44, and Fig. 2.45,

respectively.
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Fig. 2.43 Flow of tritium to the Fig. 2.44 Flow of deuterium to
isotope separation the isotope separation
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3.1.4 Isotope Separation Subsystem

The isotope separation subsystem has been aimed to make the
elementary hydrogen isotopes separate to each other. On the entire fuel
processing, the three product stream out of the isotope separation
subsystem have been required. These are a tritium rich stream for a fueling
to the plasma chamber, a deuterium rich stream for the neutral beam
injection and for the fueling, and a protium rich stream for the pellet injector
propellant. The cryogenic distillation is put up as the process to accomplish
this performance. The performance in the cryogenic distillation is a complex
process. On the system design [1], the candidate system consists of a series
of cryogenic distillation columns. To trace a mass transfer over a series of
columns, establishing the simulation models in details of the separation
process is required. Functionally, the isotope separation process is a
continuous process. The three products stream out of the isotope separation
subsystem would be sensitive in accordance with the time variance in the
receiving flow. To provide a time variance of the product stream out of the
isotope separation process, a simple simulation model is established. Fig.
2.46 shows the flow diagram of the isotope separation subsystem.



JAERI-Data/Code 99-004

Isotope Separation subsystem
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Pellet Injector
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N
7

Pellet Injector
Gas Puffer

Fig. 2.46 Flow diagram of the isotope separation subsystem

(1) The control equation

Assuming on the condition that product stream out of the isotope
separation subsystem depends on the inventory and a system time constant,
the simple simulation model was established by the following expressions;

N, (@) F, (7 Ny (1)

-5; T, ) |=|Fy_in_(® *-;— T, (1) (2.57)
Dy (0] |Fy_ina®| | Dy ®

P ()= Xy _,(1)- Ny, (D | (2.58)
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Fiss_in(t) 1 1
Fo () |= Frag, - Fy .(t) X @) |+ Frag, -F, (1) Ko (D)
Fy in_a(?) Xe_a(®) Xi_a(D)
. 1 .
+1 = = 1) Fpi_out(®) | Xiss_in_i (D) (2.59)
Xiss_in_a(t)
1 1
+Frag,, - Fy, @) | Xop_ () |+ Fragy, ;- Fos ij()| Xa_, (1)
Xop_a(®) Xinj_a(0)
Fa i s®= Fo i ® = For_iy ()= Foa_ 1) . (2.60)
where,

N, (1) : total amount of isotopes in the isotope separation
subsystem (moles)
T,, (1) : amount of tritium in the isotope separation subsystem
(moles)
D, (¢) : amount of deuterium in the isotope separation subsystem
(moles)
P, () :amount of protium in the isotope separation subsystem
(moles)
s - residence time in the isotope separation subsystem (2.22h)
F,, ..(t) : total flow to the isotope separation subsystem (mole/h)
F,, . ,(t) :flow of tritium to the isotope separation subsystem (mole/h)
F,, . 4t :flow of deuterium to isotope separation subsystem (mole/h)
F, ., :flow from the coolant system (mole/h)
F, (¢) : flow from the blanket system (mole/h)
Fri ou(® flow from the fuel clean-up subsystem to the isotope
separation subsystem (mole/h)
F,, ., (t) : flow from the neutral beam injection to the isotope
separation subsystem (mole/h) v
F, ,,(t) : flow from the pellet injector to the isotope separation
subsystem (mole/h)
Frag,, : switch to include the coolant system (0)
Frag,, :switch to include the neutral beam injection (1)
Frag,, ,; :switch to include the pellet injector (1)

h, : fraction of stream from the fuel clean-up subsystem not
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processed and directed to the gas puffer (0.3)
h, : fraction of stream from the fuel clean-up subsystem not
processed and directed to the pellet injector (0.3)
X. .(t) : mole fraction of tritium in the coolant system
X._4() : mole fraction of deuterium in the coolant system
Xu_.(t) : mole fraction of tritium in the breeder system
Xw_4(2) : mole fraction of deuterium in the breeder system
Xis_in_(2) - mole fraction of tritium in the isotope separation subsystem
Xiss_in_o(2) - mole fraction of deuterium in the isotope separation
subsystem
X () : mole fraction of tritium in stream from the neutral beam
injection
X._4(t) : mole fraction of deuterium in stream from the neutral beam
injection ,
X _(t) - mole fraction of tritium in stream from the pellet injector
Xn_a(t) : mole fraction of deuterium in stream from the pellet
injector.
The simulation results of the space vector components, T, (), D, (1),
P, (1), defined by the equation (2.57) and (2.58) are described in the

Fig. 2.47, Fig. 2.48, Fig. 2.49, respectively. The simulation results of the

observation vector components, F, , ,(t), F, ,, 1), E, , ,(t), defined by the

equation (2.59) and (2.60) are described in the Fig. 2.50, Fig. 2.51, Fig. 2.52,
respectively.

£120 —y L $120 . Diss—
2100 foe fﬁm“‘m‘”f - Eioof s
80} A : N L. ]
60 | / : 60 /
40Ff [ 40f /
20§ [ ’ ] 20} [
2ot totato*sTos 10t 2 oot totetote ot
Time(sec) ’ Time(sec)

Fig. 2.47 Amount of tritium in Fig. 2.48 Amount of deuterium in
the isotope the isotope separation
separation subsystem : subsystem (moles)
(moles): T_iss(t) : Diss_(t)
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Fig. 2.52 Flow of protium to the
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(2) The observation equation

On the assumption that product stream out of the isotope separation
subsystem depends on the inventory, the simple simulation model was
formulated. The observation vector components in the distillation process
could be formulated by considering the equilibrium of the mass transfer over
a cryogenic distillation process. Then, observation equation is expressed by
the following expressions;

1 1 1
Ey 1opO) | Xiss_top_s | T Fiss_mia )| Xiss_mia_s |+ Fiss_pos O | Xiss_por s
KXiss_top_t KXiss_mid _d Kiss_bor_d 2.61)
N, ()
kO
f D,, (1)
Kiss_top_t T Xiss_top_d + Xiss_wop_p = 1 (2.62)
Xiss_mid_s ¥ Xiss_mia_a + Xiss_mid_p =1 (2.63)
Xiss_vor_t T Xiss_vor_a + Kiss_vor_p = 1 (2.64)
where, ,
E, ,,(t) : flow from top of the isolation separation subsystem (mole/h)
F, .0 :flow from middle of the isolation separation subsystem

(mole/h)
F, ,,(t) : flow from bottom of the isolation separation subsystem
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(mole/h)
- mole fraction of tritium from top of the isotope separation

subsystem
: mole fraction of deuterium from top of the isotope separation

subsystem
: mole fraction of protium from top of the isotope separation

subsystem ;
: mole fraction of tritium from middle of the isotope separation

subsystem :

Xiss_mia_a - Mole fraction of deuterium from middle of the isotope

separation subsystem

Xiss_mia_p - TROlE fraction of protium from middle of the isotope separation

subsystem

Xiss_sor_; - Mole fraction of tritium from bottom of the isotope separation

xiss_bot_d

x:'ss_bat_ p

subsystem
: mole fraction of deuterium from bottom of the isotope

separation subsystem
: mole fraction of protium from bottom of the isotope separation

subsystem.

The simulation results of the observation vector components, F_ ,,(f),
Fy wia®), E, (), defined by the equation (2.61) are described in the

Fig.2.53, Fig. 2.54, Fig. 2.55, respectively.
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Fig. 2.53 Flow from bottom of Fig. 2.54 Flow from middle of

the isotope separation
subsystem (mole/h)
: Fiss_bot_(t) : Fiss_mid_(t)

the isotope separation
subsystem (mole/h)
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3.1.5 Neutral Beam Injection Subsystem

The neutral beam has been employed as a supply of the method to be
contributed for current drive, current profile control, and plasma heating. On
the system design [1], candidate system is based on negative ion beams. The
negative ion beams employ deuterium and provide a small contribution for
fueling. The neutral beam injection has a large caliber beam port where
significant amounts of tritium could be built-up in the back flow from the
plasma. The neutral beam is supplemented by a delivery from the
deuterium rich stream of the isotope separation subsystem and the
deuterium rich stream of the storage and supply subsystem. The flow of the
neutral beam must be met to the required flow anticipated to the injection
beams to the plasma. An amount of neutral beam power is determined by

the particles of a certain energy at steady state as following;

3610° . o 1 Foower W
pla_nb_d( ) 16 N E_nb ( )

were,
F o w_4(t) : flow of neutral beam injection (mole/h)
N, : Avogadro’s Number
fyomwer - nOrmalization factor of simulated pulse operation (defined by
Fig. 2.3)
W ., : neutral beam power (75MW)
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E ,, :neutral beam particle energy (1.3MeV).

Fig. 2.56 shows the flow diagram of the neutral beam Injection subsystem.

Rnb_reg_k(t)

T k=t,d,p

Fplas_nb_k(t)

to Plasma

———

from Plasma

Storage & Supply sub system

Isotope Separation sub system

Fig. 2.56 Flow diagram of the neutral beam injection subsystem

(1) The control equation

The neutral beam is supplemented by a delivery from the deuterium
rich stream of the isotope separation subsystem and the deuterium rich
stream of the storage and supply subsystem. These flows provide the beam
flow requirement. The stream of the storage and supply subsystem
supplements to meet the required flow on the case when the stream from the
isotope separation subsystem be in insufficient. The flow of the neutral
beam injection to the plasma chamber could be expressed by the following

expressions;

F (1)
plas_nb_d =F - ) t
ganm m_st_d( ) Xso_dea_d( ) (266)

+kiss__mi : Ess_mid(t) ' Ziss_midﬁd(t)
where,

F, , .1 :flow of deuterium from the storage and supply subsystem

(mole/h)
F,, .. :flow of deuterium from middle of the isotope separation

in_st

subsystem (mole/h)
Xso_aeu_a(t) : mole fraction of deuterium in the deuterium rich stream of

the storage and supply subsystem
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Xiss_mia_a(t) : mole fraction of deuterium in the deuterium rich stream of

the isotope separation subsystem

ki mia - fraction of flow from middle of the isotope separation
subsystem
E,, .. - efficiency of the neutral beam injection (0.3).

Maintaining a high vacuum ambiance is needed for the beam injection in the
neutral beam ports. The variances in the time of the space vector
components in the process of continuous regeneration of the cryopumps to
maintain high vacuum ambiance could be expressed by the following

expressions; :
N, (D) 1
'dd; ]:zb_myo(t) = fcryo_(t)'kiss,mfd “Fo ia( 0| Xiss_mia_s
Dnb_crya(t) Kiss_mid_d
1
oo O Fy | Lot | (2.67)
Ksto_deu_d
€., T N (9
B L0
’ D,y cro(t)
B ervo = Xnb_eryo_p(D)* Nop_cryo(8) (2.68)
Top_cro(®)
Xab_cryo_i (D) = m (2.69)
o) = 2.70)
PR OLIES SUMROES S () 2.71)
where,
N, (¢) : total amount of particles on cryopump (moles)
7:;;;‘;@0(’) : tritium on cryopump (moles)

D,, ..(t) : deuterium on cryopump (moles)
P, .n(?) : protium on cryopump (moles)
F, ,..(t) : flow from middle of the isotope separation subsystem

(mole/h)

F, .. o :flow of the deuterium rich stream from the storage and

supply subsystem (mole/h)
fino_(#) : fraction of feed to neutral beam that flows to cryopump
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(0.37)

k : fraction of flow from middle of the isotope separation

iss _ mid
subsystem directed to the neutral beam injection (0.3)

€,.p - Temoval efficiency of cryodeposit (0.2)

Terap © SCraping rate on cryosurface (1.92m2/h)

a, :cryosurface per pump (0.032m?2)

cryo *
Xiss_mia_. - mole fraction of tritium from middle of the isotope
separation subsystem

Xiss_mia_q - Mole fraction of deuterium from middle of the isotope

separation subsystem

Xso_sen_ - Mole fraction of tritium in the deuterium rich stream from

the storage and supply subsystem

Xyo_ses_a - mole fraction of deuterium in the deuterium rich stream

from the storage and supply subsystem
Znb_eryo_p(t) : mole fraction of protium on cryopump.

(2) The observation equation |
On the continuous regeneration process the observation equation
could be established by deriving the corresponding term defined by equation
(2.67);
Ty _crs(®)
€

T
_ “scrap 'scrap
y= a ’ Dnb“cryo(t)

cryo
Pnb _cryo (f)

Rnb__ reg _t (t)

= Rnb,reg_d(t)
Rnb__reg_p(t)
The observation vector components, R, .. (), R, .. ,®), R,, .. ,@),defined

(2.72).

by equation (2.72) are delivered to the isotope separation subsystem. The
required flow rate of the neutral beam injection into the plasma chamber
was defined by the equation (2.66) using the efficiency of neutral beam
injection. Using the mole fraction coefficients in the stream, each particle
flow of the neutral beam injection into the plasma chamber could be -

expressed by the following expressions;
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P;)la.:_nb_(t) ) 1
Frias no_ (D) | = Kiss_mia " Fiss_mia O | Xiss_mia_s |" Enb_son
Frias_np_a(t) Kiss_mid_d 2.73)
1
tEy o a*| Xoo_deu_t | Enb_sor
Kso_deu_d
Fplas__nb_p(t) = P:Dlas_nb_(t) - F;)las_nb_t(t) - P:plas__nb_d(t) (2.79).

The simulation results of the observation vector components, R, . (1),
Ry s a(D)s Ry e (), defined by equation (2.72) are described in the

Fig.2.57, Fig. 2.58, Fig. 2.59, respectively.
The simulation results of the observation vector components, F, ,, (1),

Fis w a®) and F,. . (), defined by equation (2.73) and (2.74) are
described in the Fig. 2.60, Fig. 2.61, Fig. 2.62, respectively.
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Fig. 2.57 Regeneration rate of Fig. 5.58 Regeneration rate of
tritium from the neutral "~ deuterium from the
beam injection neutral beam injection
cryopump (mole/h) : : cryopump (mole/h)
Rnb_reg_t(t) : Rnb_reg_d(t)
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3.1.6 Pellet Injector Subsystem

Pellet injectors provide core fueling to achieve and maintain ignited
plasmas. Three pellet injectors are designed for operation phases with a
variable ratio of tritium and deuterium feed gases [1]. On this simulation
model a single stage pellet injector model is adopted for continuous fueling
well beyond the edge region during the extended operation phases. Fig. 2.63
shows the single stage pellet injector simulation model. Feed to the
extruders is supplied from the various sources including the isotope
separation, the fuel clean-up and the storage and supply subsystem. The
propellant source is protium which is provided by the feeds from the isotope
separation and the storage and supply subsystem.
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Storage & Supply

Fig. 2.63 Flow diagram of pellet injector subsystem

(1) The observation equation

The pellet injector works on the projectile using frozen hydrogen
pellets encased in sabots. For continuous fueling, two extruders are shared
so that one be supplying pellets, other be forming ices. Feed to the extruders
1s supplied from the sources including the isotope separation, the fuel clean-
up and the storage and supply subsystem. Initially, extruder I would be with
full inventory, while extruder Il would be empty. On this initial conditions,
extruder I would become in supplying pellets, and extruder II would be
getting in supply from the sources including the isotope separation, the fuel
clean-up and the storage and supply subsystem. Then the observation
equation could be expressed by the following expressions; |
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F in_1 t sto_tri :(t)
—— {”"‘"‘"'()}=Ii,,,_(,u,_,<t>-[x - ]

(1‘_8inj__err) F]‘)las_in_d(t) st,m‘_a‘(t)
Z."() {4 l(t)
+F‘sm out d(t) -
T Xsm_deu_d(t)
Zm in t(t)
thF. ()| T (2.75)
h3 P“”_f’"( ) [Xiss_in_d(t)]
Xiss mid l(t)
+l'n‘ mi m'Ess mi t)' ST
- mid - N d( [Ziss_mid_d(t)]
XI‘SS 01 (t)
+linj_bai_i&v : Ess_hm (t) ) ot
Xiss_bor _d (t)
where,
F s in_(t) : flow of tritium to the plasma through the pellet injector

subsystem(mole/h)
F . i o) :flow of deuterium to the plasma through the pellet

P
injector (mole/h)
F (1) : flow of the tritium rich stream from the storage and

sto_out _t
supply subsystem (mole/h)
F,, .. ) :flow of the deuterium rich stream from the storage and

supply subsystem (mole/h)

F,.i_.u(t) :total outlet flow from the fuel clean-up subsystem
(mole/h)
F,, .t : flow from middle of the isotope separation subsystem
(mole/h)
F,, ,,(t) : flow from bottom of the isotope separation subsystem
(mole/h)
€, o - €rosion fraction of deuterium and tritium for the pellet
injector (0.3)
hy : fraction of stream not processed and directed to the
pellet injector subsystem (0.3)
Li_mia_sss - fraction of flow from middle of the isotope separation
subsystem directed to the pellet injector subsystem (0.3)
Lui_bor_iss - fraction of flow from bottom of the isotope separation

subsystem directed to the pellet injector subsystem (0.3)
Xso_wi_,(t) : mole fraction of tritium in the tritium rich stream from

the storage and supply subsystem
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Xso_ri_o(t) 1 mole fraction of deuterium in the tritium rich stream

from the storage and supply subsystem
Xsto_deu_;(t) 1 mole fraction of tritium in the deuterium rich stream

from the storage and supply subsystem
Xso_aew_a(t) - mole fraction of deuterium in the deuterium rich stream

from the storage and supply subsystem
Xiss_in_: (1) : mole fraction of tritium from the fuel clean-up

subsystem
Xiss_in_a(t) - mole fraction of deuterium from the fuel clean-up

subsystem ;
Xiss_mia_(t) : mole fraction of tritium from middle of the isotope

, separation subsystem
Xiss_mia_q(t) : mole fraction of deuterium from middle of the isotope

separation subsystem
Xiss_vor_(?) : mole fraction of tritium from bottom of the isotope

separation subsystem
Xiss_vor_a(t) - mole fraction of deuterium from middle of the isotope

separation subsystem.
The simulation results of the observation vector components, F,, , ,(t),

F s in_a(t), defined by the equation (2.75) are described in the Fig. 2.64, Fig.
2.65, respectively.

S o5 BlEe 0t g g Felasiind
E 20 E 20F _—
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Time(sec) Time(sec)
Fig. 2.64 Flow of tritium through Fig. 2.65 Flow of deuterium
the pellet injector (mole/h) through the pellet injector
: Fplas_in_t(t) (mole/h) : Fplas_in_d(t)

The feed rate to the extruder to be filled must be met to the required flow
rate to the plasma. Assuming that mole requirement per propellant is
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constant, repetition rate of injector could be introduced by the following

relations;.

Rm (Z)— FP’“S n_ r(t) (2‘76)
. - peiiet 1(1 81’![ err)
where,

R.(: pellet repetition rate for pellet injector (Hz)

nf _

n : number of moles in pellet injector pellet.

pellet _t
The propellant requirement is supposed to have a fixed number of moles to
be used to propel the projectile. The propellant requirement could be
expressed by the following expressions;

En, prop(E) = N - Ry (1) (2.77)

Ey @O =Fyy oy O+l Fy 1y (2) (2.78)

Fop vy =Fpy @ =l - Fys 1p (D (2.79)
where,

F,j_pp(®) : flow of propellant of pellet injector (mole/h)
F, .. ,@) : flow of protium rich stream from the storage and supply
subsystem (mole/h)
n,., : amount of propellant gas required per pellet for pellet injector
(0.4 moles)
lis_, - fraction of flow from top of the isotope separation system

directed to the pellet injector subsystem (0.03).
The simulation results of the repetition rate of injector, R, (#), and

propellant flow, F, (¢), are described in the Fig. 2. 66 and Flg 2.67,
respectively.
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3.1.7 Gas Puffer Subsystem

The gas puffer subsystem has been implemented for fueling the
plasma edge, not the plasma core. Feed to the gas puffer subsystem is
supplemented from the isotope separation , the fuel clean-up, and the
storage and supply subsystem. The gas puffer subsystem consists of
reservoir tank. Fig. 2.68 shows the flow diagram of the gas puffer subsystem.

Storage & Supply

) Reservoir Tank
Plasma Edge

Fgas_tot(t)

Isotope Separation

Fuel Clean-up

Fig. 2.68 Flow diagram of the gas puffer subsystem
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(1) The observation equation
The specified flow to the plasma edge is provided by the feed from the

isotope separation , the fuel clean-up, and the storage and supply subsystem.
The observation equation could be expressed by the following expressions;

Fﬂ‘ t) Sto ri (t) ZS {] eu (t)

=k, mar[x - }+ Ii,as_,-n_deum'[ oo
F;.ras_d(t) T xsto_rri,d(t) Xsio_deu_a(D)
Ziss in t(t)
+ .Furi au(t)' T
hl purt-out [Xiss_in_d(t):l

Xiss mid :(t)
+m as_ mid _iss Ecs mi t) : B )
gasmid - T ld( I:Xiss_mid_d(t)]

XIs.w_bol,t(t)
Xiss_bo!_d(t)

(2.80)

+mgas~bol_iss ' Ess_bot (Z) : l:

where,
(#) : tritium flow to the plasma edge from the gas puffer

gas t

subsystem (mole/h)
F, ,() :deuterium flow to the plasma edge from the gas puffer

subsystem (mole/h)
F_ . (t) :flow from the tritium rich stream from the storage and

gas _in _tri

supply subsystem (mole/h)

F, (t) : flow from the deuterium rich stream from the storage and

gas_iﬁ_deu
supply subsystem (mole/h)
(t) : total outlet flow from the fuel clean-up subsystem (mole/h)

pun out

(1) : flow from middle of the isotope separation subsystem

(mole/h)
(¢) : flow from bottom of the isotope separation subsystem

(mole/h)
h, : fraction of stream not processed and directed to the gas

ISS mi

ns _bot

puffer subsystem (0.3)

m : fraction of flow from middle of the isotope separation

gas _mid _iss

subsystem directed to the gas puffer subsystem (0.3)

m : fraction of flow from bottom of the isotope separation

gas _bot _iss
subsystem directed to the gas puffer subsystem (0.3)
Xswo_ui_(t) : mole fraction of tritium in the tritium rich stream from

the storage and supply subsystem (mole/h)
Xso_wmi_a(t) : mole fraction of deuterium in the tritium rich stream from
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the storage and supply subsystem (mole/h)
Xso_deu_:(t) : mole fraction of deuterium in the deuterium rich stream

from the storage and supply subsystem (mole/h)
Xso_aeu_a(t) : mole fraction of deuterium in the deuterium rich stream

from the storage and supply subsystem (mole/h)
Xiss_in_,()  mole fraction of tritium in the stream from the fuel
clean-up subsystem
Xiss_in_a(t) s mole fraction of deuterium in the stream from the fuel
clean-up subsystem
Xiss_mia_,(t) : mole fraction of tritium in the stream from middle of
the isotope separation subsystem
Xiss_mia_a(2) : mole fraction of deuterium in the stream from middle of
the isotope separation subsystem
Xiss_sor_(£) s mole fraction of tritium in the stream from bottom of
the isotope separation subsystem
Xiss_vor_a(2) : mole fraction of deuterium in the stream from bottom of

the isotope separation subsystem.
The simulation results of the observation vector components, F,, (1),

F,, 4, defined by the equations (2.80) are described in the Fig. 2.69, Fig.
2.70, respectively.

£30___ EFgaS_ic | < 30 Fgas_d
225t i | 2 asfo llll;l
20¢E 20 )
15§ ‘ ysb M
10f 10E— il
5 SE... ﬂlii! i
ol 10
2 o2t to%to%s-1 0t 2 Tor oz to*aTo*sto*s 1o
Time(sec) Time(sec)
Fig. 2.69 Flow of tritium through Fig. 2.70 Flow of deuterium through
the gas puffer (mole/h): the gas puffer (mole/h) :
Fgas_t(t) Fgas_d(t)
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3.1.8 Storage and Supply Subsystem

All initial inventory must be previously supplemented on the storage
and supply subsystem before operation of fuel cycle is launched. During the
operation of fuel cycle, the storage and supply subsystem will provide the
amount of supplemental tritium, deuterium, and protium to meet the |
required flows which are specified according to the progress of time over the
fuel processing. The storage and supply subsystem consists of three kinds of
storage systems, tritium rich, deuterium rich, and protium rich ones. Fig.
2.71 shows the flow diagram of the storage and supply subsystem.

External tritium source

i >

Isotope Separation | Tritium rich \l/ to Gas Puffer
Storage - to Pellet
Injector

External deuterium source

v >

Isotope Separation | Deuterium rich W to Gas Puffer
Storage to Pellet to Neutral
Injector Beam Injection

External protium source

v >

Isotope Separation | Protium rich to Pellet
Storage Injector

Fig. 2.71 Flow diagram of the storage and supply subsystem

(1) The control equation

An account of supplemental tritium, deuterium, and protium in the

three kinds of storage systems could be formulated by the following
relations;
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Nsm i (t) F;to m‘,in(t) Erto_tri_our(t)

:1; Nslo deu _ (t) slo deu _in (t) - Esta_deu_out (t) (28 1)
Nsto_pro_(t) I';w_pro__in (t) Fsta_pro_out (t)
where,

N, .; (t) : total amount in the tritium rich storage (moles)
N, 4, (1) : total amount in the deuterium rich storage (moles)
N,, ,._(©) :total amount in the protium rich storage (moles)

F,, . (@ :flow into the tritium rich storage (mole/h)

F,, i i@ :flow into the deuterium rich storage (mole/h)

Fyp po_in(?) : flow into the protium rich storage (mole/h0O
F, i ou(t) : flow out of the tritium rich storage (mole/h)
F,, seu_ou(®) : flow out of the deuterium rich storage (mole/h)
Fiy pro_ou(t) : flow out of the protium rich storage (mole/h).

The variance in the time of the total amount of tritium in the tritium rich
storage could be expressed by the following expressions;

(1) T, .. (1)
VIO m F t t F . Sto _tri
dt Sto _tri _ m( ) Zm bot t( ) _m_ om( ) Nsm_m'_(t)

where,
T,, . (t) :total amount of tritium in tritium rich storage

sto_tri

(2.82)

(moles)
Xiss_vor_.(1): mole fraction of tritium in the stream from bottom of the
isotope separation subsystem. |
The variance in the time of the tritium inventory in the tritium rich storage
defined by the following expressions;

Ko (D)= 2{ T ()} (2.83)
where,
K, .: (1) :varience in the time of tritium inventory in the tritium rich

storage (moles).
The simulation results of the state vector components defined by the
~ _equation (2.82) and (2.83) described in the Fig. 2. 72 and Fig. 2.73.
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Fig. 2.72 Total amount of Fig. 2.73 Varience in the time of the
tritium in the tritium inventory of tritium in the
rich storage (moles) tritium rich storage
‘Tsto_tri_(t) (moles) : Ksto_tri_(t)

3.2 Discussions

(1) Tritium inventories

The results show that the tritium inventories in the fuel processing
will vary depending upon plasma operation scenario and individual
subsystem operation designs. Individual subsystem is basically unit
operation working with their processing parameters. Consequently, the
observation vector in the equation (2.2) whose components denote the
variance in the time of inventories vary depending on their operation cycles.
The tritium inventories in the subsystems of the fuel processing system
forced by the plasma chamber exhaust flow are traced for a 2 day simulation
period. Fig. 3.1 shows localized tritium inventories in the major subsystems
for 36 pulse operation cycles. The most part of tritium inventories can be
seen to be located in 2 subsystems; the vacuum pump subsystem and the
isotope separation subsystem. The remaining inventory is localized in the
neutral beam injection subsystem.
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§ 1 20 T T H 1 T T I L L T I 1 T T T T T
A ]
[ SN S T

100 | S
i /{3‘ Tiss(t) 1
80 f # 1
40 | ?

20 [ Lo ]
0 r N T acuumg:) N ]
- e Thb cryo(t) ]

- O Lol A L1 L
210 o 210* 410* 610% s810*
Time(sec)

Tiss(t) : tritium in isotope separation subsystem (moles)
Tvacuum(t) : tritium in vacuum pump subsystem (moles)
Tnb_cryo(t) : tritium in neutral beam injection (moles)

Fig. 3.1 Tritium inventories

a. The vacuum pump subsystem

About 17% of tritium inventory is localized in the vacuum pump
subsystem. The tritium inventory in the vacuum pump subsystem can be
seen to vary depending upon the cryopumps arrangement and pump cycle
description. The cryopumps arrangement and pump cycle description during
partial regeneration is described in the Fig. 2.16. The variance in the time of
tritium inventory in the period of 3 pulses operation is described in Fig. 3.2.
This figure shows the fact that the inventory fluctuation in the vacuum pump
subsystem has been arisen by 2000 sec periodical interval. The gradients of
the rising and the falling in the inventory are corresponding to the average
time which is determined from the 24 cryopumps arrangement and pump
cycle description described in the Fig. 2.16.
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Fig.3.2 The variance in the time of inventory
of the vacuum pump subsystem in the
period of 3 pulses operation

b. The isotope separation subsystem

About 83% of tritium inventory is localized in the isotope separation
subsystem. A large amounts of accumulative tritium inventory in the isotope
separation subsystem has been caused by a taking of its overall residence
time, 2.22h, larger than any subsystem else. The variance in the time of
inventory of the isotope separation subsystem can be seen relatively to be
moderated in spite of getting a frequently fluctuating inlet flow. There are
the discontinuities which arise on the variances in the time of inventory with
the periodical uprise having a regular interval (150000sec). The interval
corresponds to the time when the pulsing in the flow out of upstream of the
isotope separation subsystem is appeared. The pulsing arises in the stream
of the fuel clean-up subsystem when the standby bed is changed from the
preloading to the purification according to the progress of time in fuel clean-
up processing (Fig. 2.43).
c. The neutral beam injection subsystem

The tritium in the process of continuos regeneration of the cryopumps
is expressed in the equation (2.67). The variance in the time of tritium
inventory on the cryopumps in the neutral beam injection subsystem is
described in Fig. 3.3.
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d. The storage and supply subsystem

The storage and supply subsystem provides an amount of

supplemental tritium to meet the required flow corresponding to the fuel
processing. The storage and supply subsystem provides the only sources of
tritium because the product stream out of the isotope separation subsystem
are not being discharged yet at beginning of pulse operation. An imbalance
caused on the gaps between upstream processing flow and required flow is
supplemented by the feed from external sources. Fig. 2.72 shows that the
amount of tritium in tritium rich storage, T, ,, (¢), is a monotone increasing
function except a period at beginning of pulse operation. This fact yields
denominator of the right hand second term in the equation (2.82), N, ,. (1),

is holding a negative sign. A negative signof N, ,. (¢) denotes animbalance
resulting from the decreasing of total amount in the tritium rich storage
while upstream processing not able to balance it with hold up of incoming
flow. Fig. 2.72 shows the fact that the total amount of tritium in the tritium
rich storage reaches to 500 moles at the end of the 36 pulse operation cycles.
The total amount of tritium in the tritium rich storage reaches to 1100
moles at end of the 79 pulse operation cycles (2 days). Fig. 3.4 shows the
total amount of tritium in the tritium rich storage over the 79 pulse
operation cycles.
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Fig. 2.73 shows the fact that the tritium inventory in the tritium rich storage
reaches to 20 moles at the end of 36 pulse operation cycles. The tritium
inventory in the tritium rich storage reaches to 100 moles at the end of 79
pulse operation cycles (2 days). Fig. 3.5 shows the variance in the time of
tritium inventory in the tritium rich storage over the 79 pulse operation.

£ 40
o c
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—O— 36 pulse cycles
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Fig. 3.5 Variance in the time of tritium inventory
in the tritium rich storage
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4. Summary

To fully realize the state-space description of the fuel processing
cycles forced by the plasma chamber exhaust flows, the linear ordinary
differential equations for subsystems have been formulated. The state-space
descriptions formulated in the linear ordinary differential equation were
simulated over the pulse operation cycles lasting 2 days. This simulation
code has been shown to be useful for determining the dynamic behavior of
subsystems forced by the plasma chamber exhaust flows. Results have been
obtained which elucidate the dynamic behavior of subsystems. The
requirement of better understanding of safe and reliable operation of the
fuel processing is the controllability in the time-variance governing the
processing with regard to tritium inventory. The variance in the time of
tritium inventories in the fuel processing has been shown.
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Appendix Source List
page 1

53 50 mm om nm  m m  t  n  o m  m  r
S4:c
. maln.f 55: open{unit=50,status="'SCRATCH", form='FORMATTED")
56: 10 line = ' °*
57: read(5,FMT="'(a)',end=20) line
l:c 58:c
2:C P R R R R R R s s s R s s R e R R R S R R R R R R R S S R E R EE R R SRR R R R RS 59: if( line(l:l)‘ne..“. .ar“iv line‘ne.| . ) then
3:c . . 60: write(50,(a)") line
4:c Fusion reactor tritium inventory evaluation system 61: end if
5:¢C 62: goto 10
6:c By the Japan Atomic Energy Research Institute, 1997 63:c
7:c 64: 20 rewind(50)
8:c R R R R R R R R R R P E R R RS RS S R RS S E RS E R R R R R R SRR R EREED 65:(:
9:c 66 5 O o e e e e e e e e e e e e —
L0 O e e ST TS S smmmsmm 67:c Input file name specification and options etc.:
11:c $Id: _main.f,v 1.8 1998/03/26 05:22:22 sasaki Exp $ BB 1 G o e e
32 1 T : 69:c
13:¢c 70: call FILENAMEINPUT
14:c Main routine 71:c
15:¢ F 2 L e o e e
B T s e 73:c Program information echo .
17:c J O e e e e e e
18: program main 75:¢
19:c 76: write(6,7000) sysname
20: implicit real*8 ( a-h, o-z ) 77: 7000 format{(
21:c 78 & /1x, ‘=== == .,
22: include ‘'_sizes.h* 79: & /lx,' Fusion reactor tritium inventory evaluation system',
23: include '_commonsl.h' 80: & /lx,' Version 1.0 on ',a/
24:¢c 81 & /1x,' 1997 The Japan Atomic Energy Research Institute’,
25: include '_storage.h’ 82: & /lx, = Emzzm=ss=szssos /)
26:c 83:c '
27: include 'varconst.h' 84:¢c ==== z==
28:c ’ 85:c Initialize variable name table and set their attributes,
29: integer errsw 86:c And set default constant values
30: character*80 line 87:c =
31l:c 88:¢c
32: nvar = 291 89: lpr = 1 :
33: nconst = 99 90: call definevar{ errsw, lpr )}
34: 91:c
B O m e S oSS m s 92:c === ===
36:c System dependent initialization ' 93:c Set default problem control parameters ......
37:c this may includes ; 94:¢c ========== == mmmm
38:c * Options (from command line, menus, or files) 95:¢
39:¢ * File name & I/0 unit allocation. (if necessary) 96:c ... maximum calculation time (hour)
40:c * Menu control (if possible) 97:¢c
41:¢c + Setting floating point hardware, exception handling etc. 98: tmax = 220040/360040
42:¢ (if necessary). 39:c
43:c 100:¢ ... number of time steps
44:c etc. 101:¢c
45:¢ 102: ntimes = MAXTIMES
46:¢ Returns system name such as 'Macintosh’ 103:c
47 G m e e e e S S o T e 104:c ... default/current time step width
48:c 105:c¢
49: call INITPROG(sysname} 106: delta_t = tmax / ntimes
50:¢ 107:c
ol B e e 108:¢c ... cycle number

52:¢c Preprocess input and put lines on unit 50 : 109:¢

+00-66 SpoD/EIR-TYIV(
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110:

111:¢

112:c

113:c

114:c

115:¢c

116:

117:¢

118:c

119:c Solver.

120:¢ =c==csrEcosCSESCSSToSSSSNSCEECSECCSERSSSSSSSSSSSoESSSSISEToER
121:c

122: LIMIT = MAXSTORAGE

123:c

124: LX0 = 1

125: LXJ = LX0 + nvar

126: LX = LXJ + nvar

127: LXX = LX + nvar

128: LX1 = LXX + nvar

129: LXW = LX1 + nvar

130: LF = LXW + nvar

131: LF1 = LF + ndfvar

132: LAST = LF1 + ndfvar

133:

134: if( LAST.gt.LIMIT+1 ) then

135: write{6,*) '=== data arae requires ',LAST-1,' double words
136: & * but program limit is ', limit

137: stop 999

138: end if

139:¢c

140: call SOLVER( tmax, ntimes, times, nsteps,
141: & ntimezone, delta_t, method, sysname,
142: & jdebug, jdisp,

143 & D(LF), ncycle, nstartc, nbreakc, nbreakp,
144: & dnsgmT, mode, ntimes_r, times_r )
145:¢c

146:c

147: stop

148: end

@® _initprog.f

subroutine initprog( sysname )}

(¢}

O

i}

’

character*(*} sysname

COW®E®IOU B W
Q

oy
3

D1 5 m o mm S
12:¢c For Macintosh (Absoft Fortran77/Mac Fortran II)

13 £ e S oSS Smmm s
14:c

15: sysname = ‘'Macintosh’

16:¢c

17 S e s mS S eS S
18:c Open stdin as NULL File name pops up a file name input menu
19 1 = e e e e e S e o

20: open(5, file="*, status='OLD' )
21:c

22: return

23: end

@® _fileninp.f

1 subroutine FILENAMEINPUT

2:c== TEEISERESESSSSIISESED EomoEsSTERSSRESEE 24 =
3:c Fusion reactor tritium inventory evaluation system

4 1 G e e e e i S S S S
5:¢ Input file or directory/folder names and calculation options

3 e = o e e T TS S S S
7:c $Id: _fileninp.f,v 1.8 1998/03/26 05:22:22 sasaki Exp $

8:

9: =

10: include '_sizes.h’

11: include '_commonsl.h'

12:¢

13:* character*128 print

14:* character*128 result

15:* common /FILES/ print, result, response
16;C*‘tii*i**'ttil*ﬁiiitwikti**iiﬂ*i't*iﬁitii*tﬁ!i*it*t!ti'.iiii'tt*ii
17:¢* ... file names

18:c*

19:c* PRINT : standard output ( I/0 unit 6 )

20:c* RESULT : top directory of result output files (I/O unit 10)
21:C* RESPONSE : response file name

22:c*

23:c* In Mac - Directory separator is *“:* and put “:" on

24:c* the head if the directory path is relative path
25:c* ( as opposed to DOS/UNIX convention.)

26:c*

27:c* OUTPUTALL = 1 (output calculation results of all variable
28:c* overriding specification in $OUTPUT)

29:c* JDEBUG = 1 (debug output on if non zero)

P okl
gg;2*'**iiii*t'ﬂtitﬁ**&ttii****tﬁﬁitii.‘titii*iiikﬁii*t'itiiitiit'*ii*
32:c
33: character*128 cwork
34: namelist /FILES/ PRINT, RESULT, RESPONSE, METHOD, JDEBUG,
35: & OUTPUTALL, JDISP
36:c

¥00-66 °poD/eied-TIHV(



48:

BRINT = ' *
RESULT = * °
RESPONSE = * °
METHOD = ' °
JDEBUG = 0
JDISP = 0
: OUTPUTALL = 0
:c )
: WELE@(6, %) ' mmm e e e e e e e e e '
write(6,*) °* input file/folder name and options ............ :
WELE@ (6, %) "o m o o o e o e e e e '
c
:c~=-~** input file names by namelist ** - mm e
ie
read(unit=50,nml =FILES)
H o4
i
if ( PRINT.ne.' ' )} then
H o LLP = INDEX(PRINT,' ') - 1
H if ( LLP.1t.0 ) LLP = LEN{PRINT)
do LLP = len(PRINT),1,-1 .
if (PRINT(LLP:LLP).ne.' *) goto 140
end do
LLP =1
140 continue
open{( 6, file =PRINT(:LLP), status ='UNKNOWN‘, err =100,
& iostat =IOS )
end if
c
if ( RESULT.ne.' ' ) then
e
:C . remove ':' on the head if system is not Macintosh
ic
if( result(l:1).eq.':' .and. sysname.ne. 'Macintosh’ ) then
cwork = result(2:)
result = cwork
write(6,*) *t!! *:* on the head of RESULT directory name',
& * is removed.’ ’
end if
:c
H LLR = INDEX (RESULT,' ') -1
Ho if ( LLR.1t.0 ) LLR = LEN({RESULT)
He
do LLR = len(RESULT),1,~1
if (RESULT(LLR:LLR).ne.' ') goto 150
end do
LLR = 1
150 continue
:C )
i) open( 10, file =RESULT(:LLR), status ='UNKNOWN', form =
e & 'FORMATTED', err =110, iostat =IOS )
e
: end if
iC
: if ( RESPONSE.ne.' ' ) then

do LLRS = len(RESPONSE),1,-1

94: if (RESPONSE(LLRS:LLRS).ne.' ') goto 160

95: end do

96: LLRS = 1

97: 160 continue

98: else

99: RESPONSE = ‘response.file’

100: LIRS = len(RESPONSE) -

101: end if

102:c

103: if ( PRINT.ne.' * } then

104: write(6,*) ' ... printout filename : <', PRINT{(:LLP), '>'
105: end if

106: if ( RESULT.ne.' * ) then

107: write(6,*) * . result output directory : <',RESULT(:LLR),'>"'
108: end if

109: write(6,*) ' . response filename : <', RESPONSE(:LLRS), *>°'
110:¢c

111:c

112:¢c

113: if (METHOD.eq. 'EULER' ) then

114: write(6,*) ‘=== Problem is solved by explicit Euler method.'
115: METHOD = 'EULER’

116: else if( METHOD.eqg.' '.or.METHOD.eq.'RK‘ ) then

117: write(6,*)

118: & ‘=== Problem is sclved by 4th order Runge-Kutta method.'
119: METHOD = 'RK’ .
120: else

121: write(6,*) *XXX unsupported solution method. METHOD=<',
122: & METHOD, '>*

123: stop 888

124: end if

125:¢

126: if(JDEBUG.ne.0) then

127: write(6,*) '!!! Specified debug option level °,3jdebug

128: end if

129: if (QUTPUTALL.ne.0) then

130: write(6,*) *!!! output all results.',

131: & * Specifications in $OUTPUT are ignored.°,

132: & outputall

133: end if

134:c

135: return

136:¢c

137:Cc-=-~** error message SEeCLION * ¥ e o oo e
138:c¢c

139: 100 write(6,*) "»ooxx failed to open stdout as named file <',
140: & PRINT(:LLP), '> error code = ', I10S

141: stop 888

142:c

143:c 110 write(6,*) 'xxxx failed to open result file <‘, RESULT(:LLR),
144:c & ‘> error code = ‘', I0S

145:¢ stop 888

146:c¢c

147: end

¥00-66 SpoD/ereq-TIdV(


http:RESPONSE.ne
http:sysname.ne
http:RESULT.ne
http:METHOD.eq
http:RESULT.ne
http:PRINT.ne

page 4

WU W N

defvar.f

subroutine definevar{ierr, lpr)

el R Y

:C  Automatically created.
:C creation date : << Tue May 6 14:21:39 1997 >>

el N

. variables & constants definition in varconst.h

varname(*) : name of variables.
vardesc(*) : description of variables.
ivarflag(*) type of variables.
=0 : does not appear in mode equations.
=1 : dX/dt is specified for this variable.
=2 : directly or indirectly refered in dx/dt =...
=3 : not related to dX/dt =... but refered
in definition of other variables.
=4 : not related to dX/dt =... and not refered
in definition of any variables.

Variables whose = 1, 2, 3 needs initial value.

censtname(*) : name of constants.
constdesc{*} : description of constants.
{ Here “constant*" means variables whose values are
over simulation time. Their values can be changed to
ppecified values during input phase of program.)

:C==== z=m=s==s= s==zozzmss==ss ==== ===

implicit double precision (a-h,o-z)
character*64 srcid
integer ierr,lpr

include *'_sizes.h'
include ‘varconst.h’

:C ... statement function ...

ABX(AA,BB,XX) = AA+ BB*XX

:C ... lerr (>l:error occured ,=0 > no error)

ierr = 1 :

srcid = *Tue May 6 14:21:39 1997
write(6,*) ‘=== model translation on:',
& ‘Tue May 6 14:21:39 1997

-~- Variable names & descriptions
varname{1l) 'Pfusion(t) "’

vardesc (1) ‘fusion power (MW)'
ivarflag(l) = 2

#ou

varname(2) = 'Fuelf_t(t)"’

vardesc(2) = 'amount of tritium deliberately fueled to the *
& //'plasma from fuelers (mole/h)*

ivarflag{2) = 2

107:
108:
109:
110:C
111:

varname(3) = 'Fuel_t(t)'
vardesc(3) = 'total tritium fueled to the plasma (mole/h)’
ivarflag(3) = 2

varname(4) = 'Fuel_d(t)"'
vardesc(4) = ‘total deuterium fueled to the plasma (mole/h)"
ivarflag(4) = 2

varname(5) = 'Fuel_p(t)"
vardesc(5) = 'total protium sources to the plasma (mole/h)’
ivarflag(5) = 2

varname(6) = 'Burn_t(t}’
vardesc(6) = 'tritium burnup rate (moles/h)’
ivarflag(6) = 2

varname (7) ‘Burn_d(t)’ .
vardesc{7) 'deuterium burnup rate (moles/h)’
ivarflag(7) = 2

varname(8) = 'Reac_p(t)’
" vardesc(8) = 'formation rate of protium from advanced fuel *
& //'reactions {(mole/h}"

ivarflag(8) = 2

varname(8) = 'Efusion(t)’
vardesc{9) = ‘amount of fusion energy deliberately caused by °*
& //'one reaction (MeV)'

ivarflag(9) = -1

varname (10) = ‘Fex_t(t)"'
vardesc(10) = ‘exhaust rate of tritium from plasma {(mole/h)’
ivarflag(10) = 2

varname{11) ‘Fex_d{t)}'
vardesc(11) ‘exhaust rate of deuterium from plasma (mole/h}’
ivarflag(11l) = 2

varname{12) 'Fex_pl(t)"
vardesc{12) ‘exhaust rate of protium from plasma (mole/h)’
ivarflag(12) = 2

varname{13) *Fhe_ex(t)’
vardesc(13) *exhaust rate of helium from plasma {mole/h)’
ivarflag(13) = 2

varname{14) i_t(e)
vardesc (14) ‘isocopic fraction of exhaust tritium from plasma’
ivarflag(14) = 2

non

varname (15) = “i_d(t)'
vardesc(1l5) = 'isotopic fraction of exhaust deuterium from '
& //'plasma’

ivarflag(15}) = 2

varname(16) = ‘i_p(t)"*
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112: vardesc(16) = 'isotopic fraction of exhaust protium from plasma‘® 169: varname (28) = ‘d_Afw_d(t)'

113: ivarflag(16) = 2 170: vardesc(28) = ‘rate of adsorption of deuterium from edge into °*
114:C 171: & //*first wall (mole/h)’

115: varname{17) = 'Adiv_t(t)' 172: ivarflag(28) = 2

116: vardesc({17) = 'adsorption of tritium from the edge into °* 173:C

117: & //'divertor {(moles)’ 174: varname (29) = 'C_d(t)’

118: ivarflag(l7) = 2 175: vardesc (29) = 'deuterium codeposited onto plasma facing °*
119:C 176: & //'components {moles)'

120: varname (18). = ‘Afw_t(t)"' 177: ivarflag(29) = 1

121: vardesc(18) = ‘adsorption of tritium from the edge into first ' 178:C

122: & //'wall (moles)' 179: varname(30) = *d_C_d(t)'

123: ivarflag(18) = 2 180: vardesc(30) = ‘rate of deuterium codeposition onto plasma '
124:C 181: & //'facing components {(mole/h)’

125: varname (19) = ‘d_Adiv_t{(t)’ 182: ivarflag(30) = 2

126: vardesc(19) = ‘rate of adsorption of tritium from the edge °* 183:C

127: & //'into divertor (mole/h)’ 184: varname (31) = ‘D_d(t)’

128: jivarflag(19) = 2 185: vardesc(31) = ‘deuterium in tokamak dust (moles)’

129:C . 186: ivarflag(31) =1

130: varname{20) = ‘d_Afw_t(t}"' 187:C

131: vardesc (20) = ‘rate ofadsorption of tritium from the edge intoc ' 188: varname (32) = 'd_D_d{(t)’

132: & //'first wall (mole/h)" 189: vardesc(32) = ‘'rate of change of deuterium in tokamak dust °®
133: ivarflag(20) = 2 3 ' 190: & /7' (mole/h)* :

134:C 191: ivarflag(32) = 2

135: varname (21) = ‘C_t(t}* 192:C

136: vardesc(21) = ’tritium codeposited onto plasma facing * 193: varname (33) = ‘Adiv.p(t)"’

137: & //'components {moles)' 194: vardesc (33) = 'adsorption of protium from edge into divertor
138: ivarflag(21l) =1 195: & /7' (moles) *

139:C 196: ivarflag{(33) = 2

140: varname {22) = 'd_C_t(t)’ 197:C

141: vardesc(22) = ‘rate of tritium codeposition onto plasma facing ' 198: varname (34) = 'Afw_p(t)"

142: & //'components (mole/h)"* 199: vardesc(34) = ‘adsorption of protium from edge into first wall '
143: ivarflag(22) = 2 200: & /7" {moles)"

144:C 201: ivarflag(34) = 2

145: varname (23) = ‘D_t(t)’ . 202:C

146: vardesc{23} = ‘tritium in tokamak dust (moles)' 203: varname{35) = 'd_Adiv_plt)’

147: ivarflag(23) = 1 204: vardesc(35) = ‘'rate of adsorption of protium from edge into '
148:C 205: & //'divertor (mole/h)'

149: varname (24) = ‘d_D_t(t)" 206: ivarflag(35) =.2

150: vardesc (24) = 'rate of change of tritium in tokamak dust °* 207:C

151: & //* (mole/h)’ 208: varname(36) = '‘d_Afw_p(t)’

152: ivarflag(24) = 2 209: vardesc{36) = ‘'rate of adsorption of protium from edge into '
153:C 210: & //*first wall {(mole/h)"*

154: varname (25) = ‘Adiv_d(t)® 211: ivarflag(36) = 2

155: vardesc (25) = ‘adsorption of deuterium from edge into divertor * 212:¢C

156 & //'(moles) ' 213: varname (37) = ‘C_p(t)"'

157: ivarflag({25) = 2 214: vardesc(37) = ‘protium codeposited onto plasma facing '
158:C 215: & //'components (moles)'

159: varname (26) = ‘Afw_d(t)’ 216: ivarflag(37) = 1

160: vardesc(26) = ‘adsorption of deuterium from edge into first ' 217:C

161: & //'wall (moles)' 218: varname(38) = 'd_C_pl(t)"'

162: ivarflag(26) = 2 218: vardesc(38) = 'rate of protium codeposition onto plasma facing '
163:C 220: & //'components (mole/h)'

164: varname{27) = 'd_Adiv_d(t)’ 221: ivarflag(38) = 2

165: vardesc (27) = ‘rate of adsorption of deuterium from edge into 222:C

166: & //'divertor (mole/h)’ 223: varname{39) = 'D_p(t)"

167: ivarflag(27) = 2 224: vardesc(39) = 'protium in tokamak dust {(moles)’

168:C 225: ivarflag(39) = 1
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226:C

227: varname{(40) = 'd_D_p{t)"’

228: vardesc{40) = ‘rate of change of protium in tokamak dust '
229: & /7' (mole/h)’

230: ivarflag(40) = 2

231:C

232: varname (41) = ‘Tpfc_(t)"

233: vardesc(41) = ‘'total tritium in plasma facing componenta (moles)
234: ivarflag(4l) = 4

235:C

236: varname (42) = ‘Tpfc_m(t)"®

237: vardesc(42) = ‘mobilizable tritium in plasma facing components °*
238: & /7 {moles)’

239: ivarflag{42) = 4

240:C

241: varname (43) = ‘Dpfc_(t}*

242: vardesc(43) = 'total deuterium in plasma facing components *
243: & /7' (moles)’

244: ivarflag(43) = 4

245:C

246: varname (44) = 'Ppfc_{t)"

247: vardesc{44) = 'total protium in plasma facing components (moles)'
248: ivarflag{44) = 4

249:C

250: varname (45) = 'Tpv(t)"’

251: vardesc{45) = 'tritium inventory per pumps (moles)'

252: ivarflag(45) =1

253:C

254: varname (46) = 'Tp_reg{t)

255: vardesc{46) = 'tritium inventory per pump {(batch operation) °
256: & //'at regeneration time {moles)’

257: ivarflag(46) = -1

258:C

259: varname(47) = *Tp_tot(t)"'

260: vardesc(47) = ‘'total tritium inventory on all pumps’

261: ivarflag({47) = 3

262:C

263: varname {48) = 'Tp_tot_m{t)"

264: vardesc{48) = ‘total mobilizable tritium inventory on all *
265: & //'pumps (moles)

266: ivarflag(48) = 4

267:C

268 varname(49) = ‘Rt_rem(t)"

269: vardesc(49) = 'removal rate of tritium from continuos '
270: & //’regeneration cryopump (mole/h)’

271: ivarflag(49) = 2

272:C

273: varname (50) = 'Dpv(t)

274: vardesc (50) = 'Deuterium inventory per pumps (moles).’®

275: ivarflag(50) = 1

276:C

277: varname (51) = ‘Rd_rem(t)}’

278: vardesc(51) = 'removal rate of deuterium from continuos '
279: & //'regeneration cryopump (mole/h)’

280: ivarflag(Sl) = 2

281:C

282: varname (52) = 'Dp_reg(t)’

283:
284:
285:
286:C
287:
288:
289:
290:C
291:
292:
293:
294
295:C
296:
297:
298:
299:
300:C
301:
302:
303:
304:C
305:
306:
307:
308:C
309:
310:
311:
312:
313:C
314:
315:

317:C
318:
319:
320:
321:
322:C
323:
324:
325:
326:C
327:
328:
329:
330:
331:C
332:
333:
334:
335:
336:C
337:
338:
339:

vardesc (52}
& /1"
ivarflag{52)

varname (53)
vardesc(53)
ivarflag(53)

varname (54)
vardesc (54)

& /7"

ivarflag{54)

varname (55)
vardesc (55)

& e

ivarflag(55%)

varname (56)
vardesc (56)
ivarflag(56)

varname (57)
vardesc(57)
ivarflag(57)

varmame (58)
vardesc{58)

& /7

ivarflag(58)

varname (59)
vardesc{59)
ivarflag(59)

varname (60)
vardesc (60)

& /17"

ivarflag (60}

varname (61)
vardesc(61)
ivarflag(61)

varname {62)
vardesc (62)

& /17

ivarflag(62)

varname {63)
vardesc (63)

.

= ‘tritium inventory per pump (batch operation)
at regeneration time (moles)’
= -1

= ‘Dp_tot(t)"

= ‘total deuterium inventory on all pumps (moles).’

=4

= 'Rp_rem(t)’

= ‘removal rate of protium from continuos
regeneration cryopump (mole/h}.’

= 2

’

= 'Pp_reg(t}’

= ‘protium inventory per pump {(batch operation)
at regeneration time (moles).’

= -1

‘Pp_tot{t)’
‘total protium inventory on all pumps (moles).'
= 4

o

= ‘Ppv{t}"’
= ‘protium inventory per pumps (moles).’
1

#

= 'Rhe_rem(t)"
= 'removal rate of helium from continuos
regeneration cryopump (mole/h)’

=2

= 'Hepv(t)'
= 'helium inventory per pumps (moles).'
=1

‘Hep_reg(t) '

= ‘*helium inventory per pump (batch operation) at
regeneration time (moles).'

= =1

= 'Hep_tot({t)’
= ‘total deuterium inventory on all pumps (moles)’
=4
= 'Fv_out(t)’

= ‘total flow from vacuum pumps to fuel clean-up ‘'
unit {mole/h}.’

= 2

= 'Fpuri_in(t)"
= 'total flow from vacuum pumps to purification

& //' (mole/h) "

ivarflag(63)

varname (64)
vardesc(64)

= 4

it ()’
= 'isotopic fraction of tritium on vacuum system

(]

& // ' cryopumps '’

¥00-66 2poD/eIRd-TIIVI



page 7

340: ivarflag(64) = 2 397: vardesc{76) = ‘flow of methane to purification (mole/h)’
341:C 398: ivarflag(76) = 2

342: varname {65) = ‘id_(t)" 399:C

343: vardesc{65) = 'isotopic fraction of deuterium on vacuum system ' 400: varname (77} = 'Fnq3_imp(t)"*

344: & //*cryopumps ' 401: vardesc(77) = 'flow of ammonia to purification {mole/h)*
345: ivarflag(65) = 2 402: ivarflag(77) = 2

346:C 403:C

347: varname{66) = ‘'ip_(t)* 404: varname (78) = ‘Fq2o_imp(t)*

348: vardesc(66) = 'isotopic fraction of protium on vacuum system ° 405: vardesc(78) = ‘flow of water to purification (mole/h)’
349: & //*cryopumps* 406: ivarflag(78) = 2

350: ivarflag(66) = 2 407:C

351:C 408: varname(79) = 'Fhydro_imp_w{t)"

352: varmame (67) = ‘>nhydro_(t)"* 409: vardesc(79) = ‘constituents of hydrogen flow containing °*
353: vardesc(67) = 'fractin of non-hydrogen containing impurities °* 410: & //'impurities (mole/h):

354: & //'in adjusted flow to purification® 411: ivarflag(79) = 2

355: ivarflag(67) = 2 412:C

356:C 413: varname(80) = ‘£ _hydro_imp_w(t)"

357: varname (68) = 'xh_imp(t)' 414: vardesc (80) = 'weighting fraction of constituents of hydrogen *
358: vardesc(68) = ‘fraction of hydrogen containing impurities in °* 415: & /7' flow containing impurities'

359: & //*adjusted flow to purification’ 416: ivarflag(80) = 2

360: ivarflag(68) = 2 ) 417:C .

361:C 418: varname (81) = 'Nimpt(t)°

362: varname{69) = ‘Fadj_puri{t)’ 419: vardesc(81) = 'total impurities on purification unit (moles)'
363: vardesc(69) = ‘adjusted flow rate to purification considering °* 420: ivarflag(8l) =1

364: & //'impurities (mole/h)’ 421:C

365: ivarflag(69) = 2 : : 422: varname(82) = ‘Nhydro_imp(t)"

366:C 423: vardesc (82) = 'total hydrogen in hydrogen-containing '
367: varname{70) = ‘Fhydro_pure(t)" 424: & //'impurities on purification unit (moles)'

368: vardesc(70) = ‘'flow of pure atoms to purification (mole/h}’ 425: ivarflag(82) = 2

369: ivarflag(70) = -1 426:C

370:C 427 varname (83) = ‘Nnhydro_imp(t)*

371: varname{71) = 'Fhydro_imp(t)" 428: vardesc({83) = 'total non-hydro impurities on purification unit °*
372: vardesc(71) = 'flow of hydrogen containing impurities to * 429: & //" {moles)*

373: & //'purification (mole/h)’ 430: ivarflag(83) = 1

374: ivarflag{71) = -1 431:C

375:C 432: varname(84) = 'Ncqgd_imp(t)'

376: varname (72) = ‘Fnhydro_imp(t)* 433: vardesc (84) = 'methane on purification unit (moles)'

377: vardesc(72) = 'flow of non-hydrogen containing impurities to ' - 434: ivarflag(84) =1

378: & //'purification (molesh)" ) 435:C

379: ivarflag(72) = 4 436: varname {85) = 'Nng3_imp(t)"*

380:C 437: vardesc(85) = ‘'ammonia on purification unit (moles)’

381: varname (73) = 'Ft_pure(t)* 438: ivarflag(85) = 1 .

382: vardesc(73) = ‘flow of pure tritium atoms to purification °* 439:C

383: & /7" {mole/h)’ 440: varname(86) = ‘Ng2o_imp(t)"

384: ivarflag(73) = 2 441: vardesc(86) = 'water on purification unit (moles)*

385:C 442 ivarflag(86) =1

386: varname (74) = 'Fd_pure(t)’ 443:C

387: vardesc(74) = ‘flow of pure deuterium atoms to purification ° 444; varname (87) = 'Timp_(t)"*

388: & //' (mole/h) 445: vardesc(87) = ‘total tritium on purification unit {(moles)’
389: ivarflag{74) = 2 446: ivarflag(87) = 1

390:¢C 447:C

391: varname{75) = 'Fp_pure(t)* 448: varname (88) = 'Dimp_(t)"'

392: vardesc(75) = 'flow of pure protium atoms to purification ° 449: vardesc({88) = ‘total deuterium on purification unit (moles)’
393: & //' (mole/h)* 450: ivarflag(88) = 1

394: ivarflag(75) = 2 451:C

395:¢C 452 : varname {89) 'Pimp_(t) "

oW

396: vamamé(?ﬁ) = 'Feqgd_imp(t)" 453: vardesc{89) ‘total protium on purification unit (moles)’
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454 :
455:C
456
457:
458:
459:
460:C
461:
462:
463:
464:
465:C
466:
467:
468:
469:
470:C
471
472:
473:
474:
475:C
476
477:
478:
479:
480:C
481:
482:
483:
484:
485:C
486:
487:
488:
489:C
490:
491:
492:
493:C
494:
495:
496:
497:C
498:
499:
500:
501:C
502:
503:
504:
505:C
506:
507:
508:
509:C
510:

ivarflag(89) = 1

varname {90} = 'Fh2_puri_in(t)"*
vardesc(90) = 'flow of pure hydrogen molecules to purification '
& //' (mole/fh) "

ivarflag{90) = 4

varname{(91) = 'Ft2_sub_in{t}’
vardesc(91) = 'flow of pure tritium molecules to standby unit °*

& /7' {mole/h)’

ivarflag(91) = 2

varname (92) = 'Fd2_sub_in(t)"'

vardesc(92) = 'flow of pure deuterium molecules to standby '
& //'unit (mole/h)"’

ivarflag{92) = 2

varname (23} = 'Fp2_sub_in(t)"
vardesc(93) = 'flow of pure protium molecules to standby unit
& /7' {mole/h):"

ivarflag(93) = 2

varname (94) = ‘Fh2_sub_in(t)"’

vardesc(94) = ‘flow of pure fydrogen molecules to standby unit '
& /7' {mole/h)"

ivarflag(94) = 2

varname{95) = 'Ns(t)’

vardesc (95) = 'number of unfilled adsorption sites for '

& //'hydrogen on standby uint {moles)®

ivarflag(95) =1

‘xt_sub(t)’
‘mole fraction of tritium entering standby unit*
= 2

varnane (96}
vardesc{96)
ivarflag(96)

o

varnane (97) 'xd_sub(t)"
vardesc {97) ‘mole fraction of deuterium entering standby unit'
ivarflag(97) = 2 .

varname(98) = ‘xp_sub(t)"’
vardesc(98) = ‘mole fraction of protium entering standby unit'
ivarflag{98) = 2

varname(99) = '‘T2_sub(t)"'
vardesc(99) = ‘'tritium molecules on standby unit (moles)'
ivarflag(99) =1

varname(100) = 'D2_sub(t)"*
vardesc{100) = ‘deuterium molecules on standby unit (moles)’
ivarflag(100) = 1

varname{101) 'P2Z_sub(t)’®
vardesc (101} ‘protium molecules on standby unit (moles)®
ivarflag(101) = 1

varname{102) = ‘'Nhydro_sub{t)"’

511: vardesc(102) = ‘total hydrogen on standby unit (moles)'

512: ivarflag(102) = 4

513:C

514: varname {103} = 'Ft_sub_out{t)’

515: vardesc(103) = ‘flow of pure tritium atoms out of standby unit *
516: & /7' (mole/h) "

517: ivarflag(103} = 2

518:C

519: varname(104) = 'Fd_sub out(t)'

520: vardesc(104}) = 'flow of pure deuterium atoms out of standby '
521: & //'unit (mole/h)"*

522: ivarflag(104) = 2

523:C

524: varname(105) = ‘'Fp_sub_out(t)'

525: vardesc{105) = 'flow of pure protium atoms out of standby unit '
526: & //"' {mole/h) "

527: ivarflag(105) = 2

528:C

529: varname{106) = 'Fh_sub _out(t)’

530: vardesc{106) = ‘flow of pure hydrogen atoms out of standby unit
531: & /7 (mole/h)’

532: ivarflag(106) = 4

533:C -

534: varname (107) = ’'Treg_out(t)'

535: vardesc(107) = ‘tritium on regenerating molecular sieve beds '
536: & //* (moles)'

537: ivarflag(107) = 3

538:C

539: varname (108) = 'Ecqgd_reg{t)"

540: vardesc(108) = ‘evolution of methane from molecular sieve '
541: & //'during regeneration (mole/h)’

542: ivarflag{108) = 2

543:C

544: varname {109) = 'Enqg3_reg(t)’

545: vardesc{109) = ‘evolution of ammonia from molecular sieve '
546: & //'during regeneration (mole/h)*

547: ivarflag(109) = 2

548:C

549% varname (110) = ‘Eq2o_reg(t)}"’

550: vardesc(110) = 'evolution of water from molecular sieve during
551: & //'regeneration {mole/h)’

552: ivarflag(110) = 2

553:C

554: varname(11ll) = ‘Ncgd_reg(t)"’

555 vardesc(111) = ‘amount of methane on purification bed at '
556: & //'regeneration (moles)'

557: ivarflag(111) = 2

558:C

559: varname{112) = 'Nng3_reg(t}’

560: vardesc(112) = ‘amount of ammonia on purification bed at °'
561: & //'regeneration (moles}* .

562: ivarflag(112) = 2

563:C

564: varname{113) = °‘Ng2o_reg{t)}’

565: vardesc{113} = ‘amount of water on purification bed at '
566: & //’'regeneration (moles)’

567: ivarflag{(113) = 2
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568:C . 625: varname (126) = ‘Xiss_in_d(t)’

569 varname (114) = 'Fhydro_pmem{t)’ 626: vardesc{126) = 'mole fraction of deuterium in stream from fuel °*
570: vardesc(114) = 'flow of hydrogen to palladium membrane reactor ' 627: & //'clean-up unit to isotope separation system®

571: & /7' (mole/h)"* 628: ivarflag{126) = 2

572: ivarflag(114) = 2 629:C

573:C 630: vamame(127) = 'Xiss_in_p(t)"’

574: varname(115) = 'Tpmem(t)’ 631: vardesc(127) = ‘'mole fraction of protium in stream from fuel °
575: vardesc(115) = ‘tritium on palladium membrane reactor (moles)’ 632: & //'clean-up unit to isotope separation system'

576: ivarflag{1is) = 1 633: ivarflag(127) = 4

577:C 634:C

578: varname(116) = ‘Dpmem{t)’ 635; varname{128) = 'Fpure_{t)’

579: vardesc(116) = 'deuterium on palladium membrane reactor (moles)’ 636: vardesc(128) = 'total flow of pure tritium, deuterium, protium °
580: ivarflag(l16) = 1 637: & //'and helium atoms to purification (mole/h)’

581:C 638: ivarflag(128) = 4

582: varname(117) = 'Ppmem{t)’ 639:C

583: vardesc(117) = 'protium on palladium membrane reactor (moles)’ 640: varname(129) = 'Fimp_{t)"*

584 : ivarflag(l17) = 1 641: vardesc{129) = ‘total flowa of impurities to purification *
585:C . 642: & /7' {mole/h) '

586: varname(118) = ‘'it_endj(t)’ 643: ivarflag(129) = 2

587: vardesc(118) = 'isotopic fraction of tritium on molecular sieve ' 644:C

588: & //'at end of purification' 645: varname(130) = 'Timp_m{t)"*

589: ivarflag{118) = 2 ' 646: vardesc(130) = 'total mobilizable tritium inventory on''

590:C 647: & //'purification unit (moles}'

591: varname {119) = ‘id_endj{t)"’ 648: ivarflag(130) = 4

592: vardesc(119) = ‘isotopic fraction of deuterium on molecular °* 649:C

593: & //'sieve at end of purification® 650: varname {(131) = ‘Treg_out_mi{t)*

594: ivarflag{119) = 2 651: vardesc(131) = ‘'mobilizable tritium on regenerating molecular °*
595:C 652: & //'sieve beds {(moles)’

596: varname{120) = ‘*ip_endj{t}"' 653: ivarflag(131l) = 4

597: vardesc {120} = 'isotopic fraction of protium on molecular sieve * 654:C

598: & //*at end of purification’ 655+ varname {132) = 'Fiss_in{t}"*

599: ivarflag(120) = 2 656: vardesc(132) = ‘total flow to isotope separation system (mole/h)'’
600:C 657: ivarflag(l32) = 2

601: varname{121) = ‘Ft_puri_out(t)’ . 658:C

602: vardesc(121) = ‘flow of tritium to isotope separarion system ' 659: varname{133) = 'Fiss_nb(t}’

603: & //* (mole/h) " 660: vardesc{133) = 'flow from neutral beam to isotope separation '
604: ivarflag(121) = 2 661: & //*system (mole/h)’

605:C . 662: ivarflag(133) = 4

606: varname(122) = 'Fd_puri_out(t)’ 663:C

607: vardesc(122) = 'flow of deuterium to isotope separation system ' 664: varname{134) = 'Fiss_in_t{t)"

608: & //* (mole/h) "’ 665: vardesc(134) = ‘flow of tritium to isotope separation system '
609: ivarflag(122) = 2 : 666: & /7' (mole/h)’

610:C 667: ivarflag(134) = 2

611: varname{123) = 'Fp_puri_out({t)’ 668:C

612: vardesc(123) = ‘flow of protium to isotope separation system ° 669: varname({135) = 'Xiss_t(t)*

613: & //' {mole/h}"* 670: vardesc (135) = 'mole fraction of tritium in stream from fuel °*
614: ivarflag{l23) = 2 671: & //'clean-up unit’

615:C 672: ivarflag{135) = 3

616: varname (124} = ‘'Fpuri_out(t)"’ 673:C

617: vardesc{124) = 'total flow to isotope separation system {mole/h)’ 674 : varname(136) = 'Xnb_t(t)"

618: ivarflag(124) = 2 675: vardesc(136) = ‘mole fraction of tritium in stream from neutral '
619:C 676: & //'beam cryopump'’

620: varname{125) = ‘Xiss_in_t(t}"’ 677: ivarflag(136) = 4

621: vardesc{125) = ‘mole fraction of tritium in stream from fuel °* 678:C

622: & //'clean-up unit to isotope separation system' 679: varname{137) = 'Xinj_t(t)"'

623 ivarflag(12%) = 2 680: vardesc(137) = 'mole fraction of tritium in pellet injector *

624:C 681: & //'exhaust stream'®
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682:
683:C
684:
685:
686:
687:
688:C
689:
690:
691:
692:
693:C
694
695:
696:
697:
698:C
699:
700:
701:
702:
703:C
704
705:
706:
707:
708:C
709:
710:
711:
712:C
713:
714:
115:
716:
717:C
718:
719:
720:
721:
722:C
723:
724:
725:
726:
727:C
728:
729:
730:
731:
732:C
733:
734:
735:
736:
737:C
738:

ivarflag(137) = 3

varname (138} = 'Fiss_in_d(t)"

vardesc(138) = 'flow of deuterium to isotope separation system '
& /7" {mole/hy

ivarflag(138) = 2

varname{139) = ‘Xiss_d(t)'

vardesc{139) = 'mole fraction of deuterium in stream from fuel '
& //'clean~-up unit’

ivarflag(139) = 3

varname(140) = *Xnb_d{(t)'

vardesc(140) = 'mole fraction of deuterium in stream from '

& //'neutral heam cryopump fuel clean-up unit*
ivarflag(140) = 4

varname (141} *Xinj_d(t) "

vardesc(141)

‘mole fraction of deuterium in pellet injector '

& //'exhaust stream’

ivarflag(141)

3

varname (142) = 'Fiss_in p(t)’

vardesc(142) = 'flow of protium to isotope separation system °'

& /7" (mole/h)

ivarflag(142) = 4

varname{143) = ‘Niss_(t)’

vardesc(143) = 'total amount in isotope separation system {moles)*®
ivarflag(143) = 1

varname(144) = 'Tiss_{t)

vardesc(144) = 'amount of tritium in isotope separation system '
& //' (moles) '

ivarflag(144) =1

varname (145) = ‘Tiss_m{t}"’

vardesc{145) = ‘'amount of mobilizable tritium in isotope '

& //'saparation system (moles)'®

ivarflag(145) = 4

varname({146) = ‘Diss_(t}"*

vardesc(146) = ‘'amount of deuterium in isotope separation '

& //'system (moles)'

ivarflag(146) = 1

varname (147) = 'Piss_(t)’

vardesc(147) = 'amount of protium in isotope separation system '
& /7 (moles) "’

ivarflag(147) = 4

varname (148) 'Xiss_plt)*

vardesc (148)

‘mole fraction of protium in isotope separation °*

& //'system’

ivarflag(148)

varname {149}

3

‘Fiss_top_(t)"'

739:
740:
741:
742:C
743:
744:
745:
746:
747:C
748:
749:
750
751:
152:C
753
754:
755
756:
757:C
758:
759:
760:
761:
762:C
763:
764:
765:
766:C
767:
768:
769:
770:
771:C
772:
773:
774:
7175:
776:C
777:
778:
779:
780:
781:C
782:
783:
784:
785
786:C
787:
788:
789:
790:C
791:
792:
793:
794:
795:C

vardesc(149) = 'flow rate from top of isotope separation system
& //*(mole/h) * .
ivarflag(149) = 2

varname (150)
vardesc(150)

‘Fiss_mid_(t)"*
‘flow rate from middle of isotope separation '

& //'system (mole/h)’

ivarflag(150)

varname (151)

2

'Fiss_bot_(t)’

vardesc(151) = 'flow rate from bottom of isotope separation '
& //'system (mole/h)’

ivarflag(151) = 2

varname(152) = ‘'Fiss_inj(t)'

vardesc(152) = 'flow directed to isotope separation system from
& //'pellet injector (mole/h)'’

ivarflag(152) = 4

varname{153) = 'Fplas_nb_d(t)’

vardesc (153) = ‘flow of deuterium to plasma passing neutral *
& //'beam (mole/h)’

ivarflag(153) = 2.

varname (154) ‘Fin_st_d(t)*

vardesc(154)
ivarflag(154)

varname (155)
vardesc {155} .

|1}

(1)

‘flow from deuterium rich storage (mole/h)'
2

‘Fin_rec_{t})’
‘recycle flow rate to neutral beam from neutral

& //'beam cryopump (mole/h)’

ivarflag(155)

varname (156}

o

4

‘Pin_iss_mid(t)"'

vardesc(156) 'flow rate from middle of isotope separation °*
& //'system (mole/h)’

ivarflag(156) = -1

varname{157) = 'Xcryo_d(t}’

vardesc(157) = 'mole fraction of deuterium on neutral beam *
& //*cryopump’

ivarflag(157) = -1

varname (158) = ‘W_nb(t)*

vardesc(158) = ‘required neutral beam power to be delivered to '’
& //*the plasma (MW)'

ivarflag(158) = 2

varname(159) *Nexyo_(t)®

vardesc {159}
ivarflag(159)

Hon

‘total amount on neutral beam cryopump (moles)'
1

varname (160) = ‘Fbk_nb_(t)"

vardesc(160) = 'total backflow from plasma into neutral beam °*
& //' (mole/h)’

ivarflag(160) = 2

)
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796: varname (161} = ‘Deryo_(t)* 853: vardesc(173) = ‘total deuterium on neutral beam cryopumps (moles)’®
797: vardesc(161) = ‘deuterium on neutral beam cryopump (moles)* 854 : ivarflag(173) = -1

798: ivarflag(161l) = -1 855:C

799:C 856: varname(174) = *‘Xnb_cryo_t(t)"

800: varname(162) = 'Dnb_reg_{(t)" 857: vardesc(174) = ‘mole fraction of tritium on neutral beam cryopump'
801: vardesc{162) = 'amount of deuterium on the neutral beam batch * 858: ivarflag(174) = 3

802: & //'regeneration (moles)’ 859:C '

803: ivarflag(162) = -1 860: varname (175) = 'Xnb_cryo_d(t}*

804:C 861: vardesc(175) = 'mole fraction of deuterium on neutral beam '
B05: varname{163) = 'Tnb_cryo(t)’ 862: & /7' cryopump*

806: vardesc({163) = ‘tritium on neutral beam cryopump (moles)' 863: ivarflag(175) = 3

807: ivarflag(163) = 1 864:C

808:C 865: varname(l176) = 'Xnb_cryo_p(t)"

809: varname (164) = ‘Fbk_nb_t(t)’ 866 vardesc(176) = 'mole fraction of protium on neutral beam cryopump'
810: vardesc(164) = 'backflow of deuterium from plasma into neutral ' 867: ivarflag(176) = 3

811: & //'beam (mole/h)* 868:C

812: ivarflag(164) = 2 869: varname(177) = 'Pnb_cryo(t)’

813:C 870: vardesc(177) = 'protium on neutral beam cryopump (moles)'

814: varname (165) = ‘Rnb_reg_t(t)"* 871: ivarflag(177) = 3

815: vardesc(165) = 'regeneration rate of tritium from neutral beam °’ 872:C

816 & //'cryopump (mole/h)’ 873: varname (178) = ‘Tnb_wall(t)'

817: ivarflag(165) = 3 874: vardesc(178) = 'tritium on neutral beam walls (moles)'

818:C 875: ivarflag(178) = 1

819: varname{166) = 'tnb_' 876:C

820: vardesc(166) = 'time during pumping cycle for neutral beam °* 877: varmame ({179} = 'Tnb_wall_mob(t)'

821; & //'punps (h}' ' 878: vardesc(179) = 'mobilizable tritium on neutral beam walls (moles)’
822: ivarflag(166) = -1 879: ivarflag(179) = 4

823:C 880:C

824: varname(167) = 'Tnb_reg_(t)* 881: varname (180) = 'Tnb_tot(t}"'

825: vardesc(167) = 'total amount of tritium on the neutral beam ° 882: vardesc(180) = 'total tritium in neutral beam (moles)'

826: & //'batch regeneration cryopump {(moles)' 883: ivarflag(180) = -1

827: ivarflag{167) = ~1 884:C

828:C ’ 885: varname(181) = 'Tnb_tot_mob(t)"

829: varname(168) = ’Tnb_cryo_tot{t)"’ 886: vardesc(18l) = 'total mobilizable tritium in nueutral beam °
830: vardesc(168) = 'total tritium on neutral beam cryopumps (moles)' 887: & /7' (moles) '

831: ivarflag{168) = -1 888: ivarflag(181) = -1

832:C 889:C

833: varname(169) = 'Tnb_cryo_mob(t)' . 890: varname(182) = 'Fnb_cryol(t)'

834: vardesc(169) = *total mobilizable tritium on neutral beam ' 891: vardesc(182) = 'flow rate from neutral beam cryopump (mole/h)'
835: & //'cryopump (moles)’ 892: ivarflag(182) = 4

836: ivarflag(169) = 4 893:C

837:¢C 894: varname(183) = 'Crec(t)’

838: varname(170) = 'Dnb_cryo(t}" 895: vardesc(183) = 'fraction of gas from neutral beam cryopump °
839: vardesc {170} = ‘deuterium on neutral beam cryopump (moles)'® 896: & //'directed to the isotope separation system'

840: ivarflag(170) = 1 897: ivarflag(183) = 4

841:C 898:C

842: varname(171) = ‘'Fbk_nb_d(t)’ _899: varname (184) = ‘Fplas_nb_(t)'

843: vardesc(171) = ‘backflow of deuterium from plasma into neutral ' 900: vardesc(184) = 'total flow rate to plasma from neutral beam '
844: & //'beam (mole/h)* 901: & //* (mole/h) "

845: ivarflag(171l) = 2 902: ivarflag(184) = 3

846:C 903:C

847: varname (172) = ‘Rnb_reg d(t}' 904: varname (185} = ‘Fplas_nb_t(t)’

848: vardesc(172) = ‘'regeneration rate of deuterium from neutral °* 905: vardesc(185) = ‘flow of tritium to plasma through neutral beam '
849: & . //'beam cryopump (mole/h)’ . 906: & /7' (mole/h)

850: ivarflag(172) = 2 907: ivarflag(185) = 2

851:C ’ 908:C

852: vamamé(l?]) = *‘Dnb_cryo_tot{t)"’ 909: varname(186) = ‘Fplas_nb_p(t)’
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910: vardesc(186) = 'flow of protium to plasma through neutral beam °* 967:C

911: & /7' {mole/h)"’ 968: varname (199) = 'Xgas_t(t)'

912: ivarflag({186) = 4 969: vardesc(199) = 'mole fraction of tritium in gas puffer exit *
913:C 970: & //'stream'

914: varname (187) = ‘ncycle_p(t)* 971: ivarflag(199) = 2

915: vardesc{187) = ‘'number of plasma cycles’ 972:C

916: ivarflag(187) = -1 973: varname{200) = ‘Xgas_d(t)'

917:C 974: vardesc(200) = 'mole fraction of deuterium in gas puffer exit
918: varname (188) = ‘Nnb_cryo(t}' 975: & //'stream’

919: vardesc({188) = ‘total amount on neutral beam cryopump (moles)’ 976 ivarflag(200) = 2

920: ivarflag(188) = -1 977:C

921:C 978: varname (201) = 'Xgas p{t)"

922: varname(189) = 'Rnb_reg_(t)" 979: vardesc(201) = ‘mole fraction of protium in gas puffer exit '
923: vardesc{189) = ’'total regeneration rate from neutral beam ° : 980: & - //*stream’

924: & /7' cryopump (mole/h)’ 981: ivarflag(201) = 3

925: ivarflag(189) = 4 982:C

926:C 983: varname (202) = ‘Pgas_{(t}"

927: varname (190) = 'Rnb_reg p(t)’ 984: vardesc(202) = ‘amount of protium in gas puffer (moles)’
928: vardesc(190) = 'regeneration rate of protium from neutral beam ° 985: ivarflag(202) = 4

929; & //'cryopump (mole/h):* 986:C

930: ivarflag{(190) = 3 987: varname (203} = 'Fpuff plas{t)'

931:C 988: vardesc (203} = 'total flow to plasma from gas puffer and pellet '
932: varname{191) = 'Fgas_t(t)’ 989: & //'injector propellant (mole/h}*

933: vardesc(191) = ‘flow of tritium to plasma through gas puffer °* 990: ivarflag(203) = 4

934: & /7' {mole/h)" 991:C

935: ivarflag(191l) = 2 992: varname(204) = 'Tgas_mob(t)"

936:C ‘ 993: vardesc(204) = 'mobilizable tritium in gas puffer (moles)'’
937: varname {192) = 'Fgas_in_tri{t)" 994: ivarflag(204) = 4

938: vardesc(192) = 'flow from tritium rich storage to gas puffer °* 995:C

939: & //* (mole/h) "’ 996: varname(205) = 'Fplas_in_t(t)"'

940: ivarflag(192) = 2 997: vardesc(205) = 'flow of tritium to plasma through pellet *
941:C 998: & //tinjector (mole/h)°*

942: varname(193) = ‘Fgas_in_deu{t)" 999 ivarflag(205) = 2

943: vardesc(193) = 'flow from deuterium rich storage to gas puffer * 1000:C

944: & ’ /7' (mole/h)’ 1001: varname (206) = ‘Fplas_in_d(t)’

945: ivarflag(193) = 2 1002: vardesc(206) = ‘flow of deuterium to plasma through pellet '
946:C 1003: & //*injector (mole/h)’

947: varname(194) = 'Fgas_d(t)' 1004: ivarflag(206) = 2

948: vardesc(194) = 'flow of deuterium to plasma (mole/h)’ 1005:C

949: ivarflag(194) = 2 1006: varname(207) = 'Fplas_in_p(t}"'

950:C 1007: vardesc {207) = 'flow of protium to plasma through pellet '
951: varmame(195) = 'Ngas_tot{t)’ 1008: & //'injector {mole/h)’

952: vardesc(195) = ‘total amount in gas puffer (moles)' 1009: ivarflag(207) = 2

953: ivarflag{(193) =1 1010:C

954:C . 1011: varname (208) = 'Fsto_out_t{t)"'

955: varname{196) = 'Fgas_tot{t)"® 1012: vardesc(208) = 'flow from tritium rich storage to pellet '
956: vardesc(196) = 'total flow rate to plasma from gas puffer 1013: & //'injector {(mole/h)’ -

957: & //' (mole/h) " 1014: ivarflag(208) = 2

958: ivarflag(196) = 2 101S5:C

959:C 1016: varname (209) = 'Fsto_out_d{t}’

960: varname(197) = ‘'Tgas_(t)"’ 1017: vardesc (209) = ‘flow from deuterium rich storage to pellet *
961: vardesc(197) = 'amount of tritium in gas puffer (moles)’ 1018: & //'injector {(mole/h)*

962 : ivarflag(197) =1 1019: ivarflag(209) = 2

963:C 1020:C

964: varmame(198) = ‘Dgas_(t)’ 1021: varname (210) = ‘Fsto_out_p(t)"' :

965: vardesc(198) = ‘'amount of deuterium in gas puffer (moles)® 1022: vardesc(210) = ‘flow from protium rich storage to pellet '

966 ivarflag(198) =1 1023: & //'injector (mole/h)*
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1024: ivarflag(210) = 2 1081: vardesc(222) = 'total mobilizable tritium in pellet injectors '
1025:C 1082: & //' (moles) '

1026: varname(211) = 'Next_12(t)"’ 1083: ivarflag(222) = 4

1027: vardesc(211) = ‘total moles {of atoms) in pellet injector 1084:C

1028: & //'extruder 1 or 2 {(moles}' 1085: varname(223) = 'Vinj_t{t)’

1029: ivarflag{211) = 1 1086: vardesc(223) = ‘'volume of tritium in pellet injector (m3)’
1030:C 1087: ivarflag(223) = 2

1031: varname (212) = 'Text _12(t)° 1088:C

1032: vardesc(212) = 'tritium in pellet injector extruder 1 or 2 ' 1089: varname(224) = ‘'vinj_d(t)'

1033: & //' (moles} " 1090: vardesc(224) = 'volume of deuterium in pellet injector (m3)°
1034: ivarflag{212) = 1 1091: ivarflag(224) = 2

1035:¢C 1092:C

1036: varname(213) = ‘Dext_12(t)" 1093: varname(225) = ‘Vinj_p(t)"*

1037: vardesc{213) = ‘deuterium in pellet injector extruder 1 or 2 ° 1094: vardesc{225) = ‘volume of protium in pellet injector (m3)'
1038: & /7' {moles) ' 1095: ivarflag(225) = 2

1039: ivarflag(213) = 1 1096:C

1040:C 1097: varname {226} 'Xextru_t(t)’

1041: varname(214) = 'Pext_12(t)’ . 1098: vardesc(226) ‘mole fraction of tritium in pellet injector *
1042: vardesc(214) = 'protium in pellet injector extruder 1 or 2 ' 1099: & //'extruder"’

1043: & /7' (moles) ' 1100: ivarflag(226) = 2

1044: ivarflag{214) = 3 ) 1101:¢C

1045:C 1102: varname (227) = 'Xextru_d(t)"'

1046: varname (215) = ‘Xext_12_t(t)"’ ) 1103: vardesc(227) = 'mole fraction of deuterium in pellet injector *
1047: vardesc(215) = ‘'mole fraction of tritium in pellet injector ' 1104: & //'extruder’

1048: & //'extruder 1 or 2' 1105: ivarflag(227) = 2

1049: ivarflag(215) = 3 1106:C

1050:C 1107: varname (228) = 'Xextru p(t}"'

1051: varname {216) = ‘'Xext 12 _d(t)' 1108: vardesc(228) = 'mole fraction of protium in pellet injector
1052: vardesc(216) = ‘'mole fraction of deuterium in pellet injector ' 1109: & //'extruder'

1053: & // extruder 1 or 2°* 1110: ivarflag(228) = 2

1054: ivarflag{216) = 3 1111:C

1055:C 1112: varname(229) = ‘Nextru_(t)'

1056: varname (217) = *Xext_12_p(t)’ 1113: vardesc(229) = ‘total amount in pellet injector extruder’
1057: vardesc(217) = ‘'mole fraction of protium in pellet injector °* 1114: ivarflag(229) = 2

1058: & //'extruder 1 or 2' 1115:C

1059: ivarflag{217) = 3 1116: varname (230} = 'vinj_tot(t)®

1060:C 1117: vardesc({230) = 'total volume in pellet injector extruder'
1061: varname {218} = ‘Next_tot{t}’ 1118: ivarflag(230) = 2

1062: vardesc (218) = ‘total in pellet injector extruders {moles)’ 1119:C

1063: ivarflag{218) = 4 1120: varname(231) = ‘'Dpellet(t)’

1064:C : 1121: vardesc(231) = ‘'diameter of pellet injector pellet {(m)'

1065: varname(219) = 'Text_tot(t)’ ' 1122: ivarflag(231) = ~1

1066: vardesc(219) = 'total tritium in pellet injector extruders ' 1123:C

1067: & /7" (moles)’ 1124: varname {232) = ‘'Hpellet(t)®

1068: ivarflag(219) = 3 1125: vardesc(232) = ‘height of pellet injector pellet (m)'

1069:C 1126: ivarflag(232) = -1

1070: varname(220) = ‘Dext_tot(t)’ ) 1127:C

1071: vardesc(220) = ‘total deuterium in pellet injector extruders ' 1128: varname(233) = 'npellet_t(t)"'

1072: & /7 {moles) "’ 1129: vardesc(233) = 'number of moles of tritium in pellet injector '
1073: ivarflag(220) = 4 1130: & //'pellet (moles)®

1074:C 1131: ivarflag(233) = 3

1075: varname{221) = 'Pext_tot(t)' 1132:C

1076: vardesc(221) = 'total protium in pellet injector extruders ' 1133: varname{234) = ‘npellet_d(t}’

1077: & /7' (moles) * 1134: vardesc{234) = 'number of moles of deuterium in pellet injector '
1078: ivarflag(221) = 4 1135: & //'pellet (moles)’

1079:C 1136: ivarflag(234) = 4

1080: varname(222) = ‘Text_m(t)’ . 1137:C
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1138: varname (235) = 'npellet_p{t)"' 1195:C

1139: vardesc(235) = ‘number of moles of protium in pellet injector ' 1196: varname(247) = 'Finj_exh_t(t)’ '

1140: & //'pellet (moles)' 1197: vardesc(247) = ‘tritium exhaust flow rate from pellet injector *
1141: ivarflag(235) = 2 1198: & /7' (mole/h)’

1142:C 1199: ivarflag(247) = 3

1143: varname(236) = ‘Rinj_{(t)"’ 1200:C

1144: vardesc (236) = ‘pellet repetition rate for pellet injector (Hz)' 1201: varname (248) = 'Finj_exh d(t)"'

1145: ivarflag(236) = 4 1202: vardesc(248) = ‘deuterium exhaust flow rate from pellet *
1146:C 1203: & //'injector {(mole/h)’

1147: varname{237) = 'Finj_in_tot(t)" 1204: ivarflag(248) = 3

1148: vardesc(237) = 'total flow rate to plasma by pellet injector * 1205:C

1149: & //'pellet (mole/h)’ 1206: varname (249) = 'Xinj_p(t)'

1150: ivarflag(237) = 4 1207 - vardesc(249) = ‘mole fraction of protium in pellet injector’
1151:C 1208: ivarflag(249) = 4

1152: varname (238) = 'Fbk_plas_(t)"' 1209:C

1153: vardesc(238) = 'backflow from plasma into pellet injector * 1210: varname (250) = ‘Finj_prop(t)’ .

1154: & //' (mole/h)"’ 1211 vardesc(250) = 'flow of propellant gas (mole/h)*

1155: ivarflag(238) = 3 1212: ivarflag(250) = 2

1156:C 1213:C

1157: varname(239) = 'Fbk_plas_t{t)"' 1214: varname (251) = 'Xprop_t(t)’

1158: vardesc{239) = 'tritium backflow from plasma into pellet * 1215: vardesc(251) = 'mole fraction of tritium in propellant gas flow '
1159: & //'injector (mole/h)’ 1216: & /7' (mole/h)

1160: ivarflag(239) = 3 1217: ivarflag(251) = 2

1161:C 1218:C

1162: varname{240) = 'Fbk_plas_d{(t)’ 1219: varname(252) = 'Xprop_d(t)"'

1163: vardesc{240} = ‘'deuterium backflow from plasma into pellet ' 1220: vardesc{252) = ‘mole fraction of deuterium in propellant gas '
1164: & //'injector {mole/h)* 1221: & //'flow (mole/h)’

1165: ivarflag(240) = 3 1222: ivarflag(252) = 3

1166:C 1223:C

1167: varname {241) = ‘Fbk_plas_p(t)" . 1224: varname{253), = *Xprop_p(t)"'

1168: vardesc{241) = 'protium backflow from plasma into pellet ' 1225: vardesc(253) = 'mole fraction of protium in propellant gas flow '
1169: & //'injector (mole/h)' 1226: & //* {mole/h) "'

1170: jvarflag(241) = 4 1227: ivarflag(253) = 3

1171:C 1228:C

1172: varname{242) = 'Fplas_prop{t)" : 1229: varname {254) = 'Finj_rec(t)'

1173: vardesc{242) = ‘'total flow rate to plasma from pellet injector °* 1230: vardesc (254) = ‘recycle flow rate to sotope separation system '
1174: & //*propellant (mole/h)’ 1231: & /7' from pellet injector {(mole/h)*

1175: ivarflag(242) = 2 1232: ivarflag(254) = 4

1176:C 1233:C

1177: varname{243) = ‘'Fplas_prop_ti{t)"' 1234: varname(255) = 'Fsto_tri_in(t)"

1178: vardesc(243) = ‘tritium flow rate to plasma from pellet ' 1235: vardesc{255) = 'flow into tritium rich storage (mole/h)’

1179: & //'injector propellant (mole/h)' 1236: ivarflag(255) = 2

1180: ivarflag(243) = 2 1237:C

1181:C 1238: varname {256) = 'Fsto_tri_out(t}’

1182: varname(244) = ‘'Fplas_prop_d(t)' 1239: vardesc(256) = 'flow out of tritium rich storage (mole/h)’
1183: vardesc(244) = ‘deuterium flow rate to plasma from pellet * 1240: ivarflag(256) = 2

1184: & //'injector propellant (mole/h)’ 1241:C

1185: ivarflag(244) = 3 1242: varname (257) = ‘'Nsto_tri_{t}"

1186:C 1243: vardesc(257) = ‘total amount in internmal tritium rich storage '
1187: varname (245) = 'Fplas_prop_p(t)"’ 1244: & /7' (moles)’

1188: vardesc (245) = ’'protium flow rate to plasma from pellet ' 1245: ivarflag(257) = 1

1189: & //'injector propellant (mole/h)’ 1246:C

1190: ivarflag(245) = 3 1247: varname (258) = 'Tsto_tri_{t)"'

1191:C 1248: vardesc{258) = 'total amount of tritium in internal tritium °*
1192: varname{246) = 'Finj_exh(t)" 1249: & //'rich storage (moles)’

1193: vardesc{246) = ‘exhaust flow rate from pellet injector (mole/h)’ 1250 ivarflag(258) = 1

1194: ivarflag(246) = 3 1251:C
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1252: varname(259) = 'Tsto_tri_m{t)"' 1309: vardesc{271) = ‘'total amount of protium in deuterium rich *
1253: vardesc(259) = ’'“mobilizable tritium in internal deuterium rich * 1310: & //'storage {moles)'

1254: & //'storage (moles}’ 1311: ivarflag{271) = 4

1255: ivarflag{259) = 4 1312:C

1256:C 1313: varname (272) = ‘Ksto_tri_(t)’

1257: varname {260) = 'Dsto_tri_(t)’' 1314: vardesc(272) = 'accumulated inventory change in storage {(mole)'
1258: vardesc(260) = 'total amount of deuterium in internal tritium * 1315: ivarflag(272) = 3

1259: & //'rich storage (moles)' 1316:C

1260: ivarflag(260) =1 1317: varname (273) = 'Ksto_deu_(t}"

1261:C : 1318: vardesc(273) = ‘accumulated inventory change in storage (mole)'’
1262: varname{261) = 'Psto_tri_(t)' 1319: ivarflag(273) = 3

1263: vardesc(261) = ‘'total amount of protium in intermal tritium ' 1320:C

1264 : & //'rich storage {moles)* 1321: varname (274) = ‘'Ksto_pro_(t)"

1265: ivarflag(261) = 4 1322: vardesc(274) = *accumulated inventory change in storage {(mole)’
1266:C . 1323: ivarflag(274) = 3

1267: varname(262) = ‘Xsto_tri_t(t)"' 1324:¢C

1268: vardesc{262) = ‘mole fraction of tritium in tritium rich storage' 1325: varname(275) = ‘Xsto_deu_ t(t)'

1269: ivarflag{262) = 2 1326: vardesc(275) = ‘mole fraction of tritium in deuterium rich *
1270:C 1327: & //'storage’

1271: varname{263) = ‘Xsto_tri_d(t)' 1328: ivarflag(275) = 2

1272: vardesc{263) = ‘'mole fraction of deuterium in tritium rich °* 1329:C .

1273: & //*storage" 1330: varname(276) = ‘Xsto_deu_d{t}'

1274: ivarflag(263) = 2 1331: vardesc(276) = 'mole fraction of deuterium in deuterium rich °
1275:C 1332: & //'storage’

1276: varname{264) = ‘'Xsto_tri_p(t)" 1333: ivarflag(276) = 2

1277: vardesc(264) = 'mole fraction of protium in tritium rich storage’ 1334:C

1278: ivarflag(264) = 3 1335: varname(277) = 'Xsto_deu plt)*

1279:C 1336: vardesc{277} = ‘mole fraction of protium in deuterium rich *
1280: varname{265) = 'Fsto_deu_in(t)’ 1337 & //'storage’

1281: vardesc(265) = ‘flow into deuterium rich storage (mole/h)’ 1338: ivarflag{277) = 3

1282: ivarflag{265) = 2 1339:C

1283:C 1340: varname{278) = 'Fsto_pro_in{t)’

1284: varname (266) = ‘Fsto_deu_out(t)’ : 1341: vardesc(278) = 'flow into protium rich storage {(moles)’

1285: vardesc(266) = 'flow out of deuterium rich storage (mole/h}"' 1342: ivarflag(278) = 2

1286: ivarflag(266) = 2 1343:C

1287:C 1344: varname (279) = *Fsto_pro_out(t)"

1288: varname(267) = ‘Nsto_deu_{(t}" 1345: vardesc(279) = 'flow out of protium rich storage (moles)®
1289: vardesc(267) = ‘total amount in internal deuterium rich storage ' 1346: ivarflag(279) = 2

1290: & //* (moles) ' 1347:C

1291: ivarflag(267) = 1 1348: varname (280) = 'Finj_sto_pro(t)’

1292:C 13459: vardesc(280) = 'flow from protium rich storage to pellet °*
1293: varname(268) = 'Tsto_deu_(t)' 1350: & //'injector {(mole/h)’

1294: vardesc{268) = ‘total amount of tritium in internal deuterium * 1351: ivarflag(280) = -1

1295: & //*rich storage (moles}' 1352:C

1296: ivarflag(268) = 1 . 1353: varname(281) = 'Nsto_pro_{t)*

1297:C 1354: vardesc(281) = ‘total amount in internal protium rich storage °*
1298: varname(269) = 'Tsto_deu_m{t}’ 1355: & //"' (moles) '

1299: vardesc(269) = 'mobilizable tritium in internal deuterium rich °* 1356: ivarflag(281) =1

1300: & //'storage (moles)'® 1357:C

1301: ivarflag(269) = 4 1358: varname(282) = 'Tsto_pro_{(t}"

1302:C 1359: vardesc(282) = ‘total amount of tritium in internal protium '
1303: varname (270} = 'Dsto_deu_{(t)" 1360: & //*rich storage (moles)'

1304: vardesc{270) = 'total amount of deuterium in internal deuterium ' 1361: ivarflag(282) = 1

1305: & //'rich storage (moles)' 1362:C

1306: ivarflag(270) = 1 1363: varname(283) = 'Tsto _pro_m{t)’

1307:C 1364: vardesc(283) = ‘'mobilizable tritium in intermal protium rich '

1308: vaman-le{271) = 'Psto_deu_{t}" 1365: & //'storage (moles)®
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1366:

1367:C

1368:
1369:
1370:
1371:
1372:
1373:
1374:
1375:
1376:
1377:
1378:
1379:
1380:
1381:
1382:
1383:
1384:
1385:
1386:
1387:
1388:
1389:
1390:
1391:
1392:
1393:
1394:
1395:
1396:
1397:
1398:
1399:
1400:
1401:
1402:
1403:
1404:
1405:
1406:
1407:
1408:
1409:
1410:
1411:
1412:
1413:
1414:
1415:
1416:
1417:
1418:
1419:
1420:
1421:
1422:

e s R N3]

(9]

ivarflag(283) = 4

varname (284) = 'Dsto_pro_(t)
vardesc(284) = ‘total amount of deuterium in internal protium *
& //'rich storage (moles)’

ivarflag(284) = 1

varname{285) = ‘Psto_pro_{t)"*
vardesc{285) = ‘'total amount of protium in internal protium °*
& //'rich storage (moles)*

ivarflag(285) = 3

varname (286) ‘Xsto_pro_t{t)*
vardesc (286) ‘mole fraction of tritium in protium rich storage'
ivarflag(286) = 3

i

varname (287) ‘Xsto_pro_d(t)

vardesc(287) ‘mole fraction of deuterium in protium rich '
& //'storage'

ivarflag(287) = 3

oW

varname (288) = ‘Xsto_pro_p(t)"
vardesc(288) = 'mole fraction of protium in protium rich storage'
ivarflag(288) 3

()

varname{289) = 'Fsto_tri_out_t{t)"
vardesc{289) = 'required flow of tritium out of tritium rich °*
& //'storage {(mole/h)’

ivarflag(289) = 4

varname {290) ‘Fsto_deu_out_d(t)

vardesc(290) = ‘required flow of deuterium out of deuterium ’
& //'rich storage (mole/h):

ivarflag(290) = 4

U]

varname(291) = ‘'Fsto_pro_out_p(t)
vardesc(291) = ‘'required flow of protium outof protium rich '
& //'flow (mole/h)’

ivarflag(291) = 4

--- constants & descriptions

constname({l) = 'ap'

ap = 1.0D-2

constdesc(l) = 'relative combined reaction rates of proton °*
& // ‘branch of DD reaction and D3H reaction’

& // ‘compared to DT’

constname(2) = ‘fbu*

fbu = 5.0D-2

constdesc(2) = 'fractional burn-up of tritium:*

constname{3) = 'fin_pellet’

fin_pellet = 5.0D-1

constdesc(3) = 'fraction of tritium fueling through pellet

& //'injection’

1423:C
1424
1425:
1426:
1427:C
1428:
1429:
1430:
1431:C
1432:
1433:
1434:
1435:C
1436:
1437:
1438:
1439:C
1440:
1441:
1442:
1443:C
1444:
1445:
1446:
1447:C
1448:
1449:
1450:
1451:C
1452:
1453:
1454:
1455:C
1456:
1457:
1458:
1459:C
1460:
1461:
1462:
1463:C
1464:
1465:
1466:

1468:
1469:
1470:
1471:C
1472:
1473:
1474:
1475:C
1476:
1477:
1478:
1479:C

constname{4) = 'fin_gas"'

fin_gas = 7.0D-1

constdesc(4) = 'fraction of tritium fieling through gas puffing’
constname (5) = ‘Temperature'’

Temperature = 1000

constdesc{5} = 'Diverter temperature (C degree)'

constname(6) = ‘Tedge*

Tedge = 60

constdesc(6) = 'Plasma Facing Material temperature (eV)'

constname({7) = 'Medgg'

Medge = 1

constdesc(7) = 'Plasma Facing Material (1/2/3=C/Be/W)’
constname{8) = 'mu_A’

my A = 1.0D-1

constdesc(8) = 'mobility fraction of absorbed inventory'
constname(9) = ‘mu_C°*

ma_C = 1.0D0

constdesc(9) = ‘'‘mobility fraction of codeposited inventory'
constname{10) = ‘mu_D*

mu D = 1.0D0

constdesc(10) = 'mobility fraction of dust inventory'

constname(11) = ‘dc¢’

dc = 1.0D-1

constdesc{11) = ‘dust concentration ratio {(kg_tritium/kg dust)’
constname (12) = ‘Vdiv’

vdiv = (2.0D-5)*(2.0DS)

constdesc(12) = 'total volume of divertor (m3)’

constname (13) = 'Viw'
VEw = (1.0D-3}*(1.6D3)*(2.0D-4)*(7.0D4)

constdesc(13) = ‘total volume of first wall (m3)°
constname{14) = 'Ad’
Ad = (1.0D-3)*(2.0D5)
constdesc(14) = ‘divertor wall surface area (m2)'’

constname (15} = 'lambda_T°*
lambda_T = 0.693/(12.4*365%24)

constdesc(15) = ‘'Decay constant of Tritium (1/h)°®
constname(16) = ‘'npump'’
npurp = 16

constdesc(16) = '‘number of operating pumps’

constname(18) = 'tpump’
tpump = 2,0D0*(2.0D0/3.0D0) .

constdesc(18) = 'pumping for batch cryopumps in vacuum system (h)'
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1480:
1481:
1482:
1483:
1484:C
1485:
1486:
1487:
1488:
1489:C
1490:
1491:
1492:
1493:
1494:C
1495:
1496:
1497:
1498:
1499:C
1500:
1501:
1502:
1503:C
1504:
1505:
1506:
1507:

constname (17) =
treg = 2.0D0* (1.
constdesc(17) =
& //'sys

constname (19) =
emr = 2.0D-1
constdesc(19) =

constname (20} =
Rs = 1.92D0
constdesc(20) =

constname (21) =
Area_p = 3.2D-2
constdesc(21) =

& //'regeneration scheme (m2).:
constname (22) = '‘mu_v'

mu_v = 1.0D-1

constdesc{22) =

constname (23) =
mu_mob = 1.0D-2
constdesc(23) =

& //'unit molecular sieve bed’
constname {24} = 'Lhydro_’

Lhydro_ = 1.2D2

constdesc(24) =

constname{25) =
Limp_ = 1.0D2
constdesc(25) =

constname{26) =
Ns_max = 1.77D1
constdesc(26) =

constname(27) =
treg_msieve = 4.
constdesc(27) =

constname (28) =
mu_reg_m = 1.0D0
constdesc(28) =

constname{29) =
tau_pmem = 2.0D0
constdesc{29) =

constname(30) =

‘treg’
0D0/3.0D0)

‘regeneration time for batch cryopumps in vacuum '

tem (h)'

temr’

‘efficiency of removal of cryodeposit for
& //'mechanical continuous regeneration cryopump’

Rg*

'scraping rate for mechanical continuocus
& //'regeneration scheme (m2/h)"*

'Area_p'

'pump surface area for mechanical continuous

‘mobility fraction of inventory on cryopump.*

‘mu_mob"*

‘mobility fraction of inventory on fuel clean-up '

‘loading of mole sieves for hydrogen (scc/g)’

‘Limp_'

*loading of mole sieves for impurities (scc/g)’

'Ns_max*®

‘maximum number of unfilled adsorption sites for '
& // ‘hydrogen on fuel clean-up unit’
& // 'standby bed preloading with hydrogen (mole)’

‘treg_msieve'
0Do

‘regeneration time for molecular sieve (h)*®

‘mu_reg_m'

‘mobility fraction of inventory on fuel clean-up '
& //'unit molecular sieve beds during regeneration'

‘tau_pmem’

‘time constant for palladium membrane reactor (h)'

‘wl'

1584:
1585:
1586:C
1587:
1588:
1589:
1590:
1591:
1592:C
1593:

wl = 4.0D0
constdesc (30)

constname (31}
w2 = 3.0D0
constdesc (31)

constname (32)
w3 = 2.0D0
constdesc(32)

constname (33)
xcq4_ = 5.6D-1
constdesc(33)

& //'flow to purification’

constname (34)
xng3.. = 4.0D-2
constdesc (34)

constname (35)
xg2o_ = 8.0D-2
constdesc (35)

constname (36)

‘number of hydrogen atoms in a methane molecule'

w2’

‘number of hydrogen atoms in an ammonia molecule‘*

w3t

‘number of hydrogen atoms in a water molecule’

‘xcqd_

‘specified mole fraction of methane in adjusted °*

xnq3_’

‘specified mole fraction of ammonia in adjusted
& //flow to purification'

‘xqglo_’

'specified mole fraction of water in adjusted °*
& //'flow to purification’

*Fbl_cool®

Fbl_cool = 1.0D-2

constdesc(36)

constname (37)
Fbl_ = 5.0D-2
constdesc (37)

constname (38)
hl = 3.0D-1
constdesc(38)

constname (39}
h3 = 3.0D-1
constdesc(39)

constname (40}
Fragnb = 0.0D0
constdesc (40)

constname (41)
Fragiss_inj =
constdesc(41)

constname (42)

0

‘flow rate from coolant system {(mole/h)’

‘Fbl_'

‘flow rate from blanket system (mole/h)’

‘hi*

‘fraction of stream from fuel clean-up system '
& //'not processed and directed to gas puffer'

‘h3*

‘fraction of stream from fuel clean-up system °
& //'not processed and directed to pellet injector®

‘Fragnb’

‘switch to include neutral beam in isotope '
& // ‘separation system balance (included if'
& // ‘'equals one, not included if equals zero)'

‘Fragiss_inj"'
.0D0

*switch to include pellet injector in isotope *
& // ‘separation system balance (included if*
& // ‘equals cne, not included if equals zero)'

‘Xe_t*
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1594: Xc_t = 3.0D-1 1651: & //'separation system'

1595: constdesc(42) = 'mole fraction of tritium in coolant system’ 1652:C

1596:C 1653: constname(55) = 'Xiss_bot_d'

1597: constname(43) = 'Xbl_t° 1654: Xiss_bot_d = 2.0D0/%.0D0

1598: Xbl_t = 3.0D-1 1655: constdesc(55) = ‘'mole fraction of deuterium from bottom of *
1599: constdesc(43) = 'mole fraction of tritium in breeder system' 1656: & //*'isotope separation system'

1600:C 1657:C

1601: constname (44) = ‘Xc_d’ 1658: constname (56) = 'Xiss_bot_p'

1602: Xc_d = 3.0D-1 1659: Xiss_bot_p = 6.0D0/9.0D0

1603: constdesc(44) = 'mole fraction of deuterium in coolant stream' 1660: constdesc(56) = 'mole fraction of tritium from bottom of isotope '
1604:C 1661: & //'separation system’

1605: constname (45) = 'Xbl_d* 1662:C

1606: Xbl_d = 3.0D-1 1663: constname(57) = 'eta_nb_tot'

1607: constdesc (45) = 'mole fraction of deuterium in breeder stream' 1664: eta_nb_tot = 3.1D-1

1608:C 1665: constdesc(57) = ‘overall efficiency of transfer of neutral beam °*
1609: constname (46) = 'tau_iss_’ 1666: & //'feed to the plasma’

1610: tau_iss_ = 2.22D0 1667:C

1611: constdesc(46) = ‘residence time in isotope separation system (h)°® 1668: constname(58) = ‘'kiss_mid_'

1612:C 1669: kiss_mid_ = 3.0D-1

1613: constname (47) = 'mu_iss_* 1670: constdesc(58) = ‘faction of flow from middle of isotope °

1614: mu_iss_ = 1.0D0 1671: & //'separation system directed to the neutral beam’
1615: constdesc(47) = 'mobility fraction of inventory in isotope ' 1672:C

1616: & //'separation system' 1673: constname (59) = 'fcryo_ '

1617:C 1674: fcryo_ = 3.7D-1

1618: constname(48) = 'Xiss_top_t°' 1675: constdesc(59) = ‘fraction of feed to neutral beam that flows to *
1619: Xiss_top_t = 6.0D0/9.0D0 1676 & //*cryopomp’

1620: constdesc(48) = '‘mole fraction of tritium from top of isotope ' | 1677:C

1621: & //'separation system* 1678: constname{60) = ‘tnb_reg"'

1622:C 1679: tnb_reg = 2.0D0/3.0D0

1623: constname (49) = ‘Xiss_top_d‘' 1680: constdesc(60) = 'regeneration time for batch neutral beam °*
1624: Xiss_top_d = 2.0D0/9.0D0 1681: & //'cryopumps (h)*

1625: constdesc{49) = 'mole fraction of deuterium from top of isotope ' 1682:C

1626: & //'separation system' 1683: constname(61) = 'tnb_pump’

1627:C 1684: tnb_pump = 2.0D0

1628: constname (50) = ‘Xiss_top_p’ . 1685: constdesc(61) = ‘pumping time for neutral beam batch °

1629: Xiss_top_p = 1.0D0/9.0D0 1686: & //'regeneration cyopump (h)'

1630: constdesc (50} = ‘'mole fraction of tritium from top of isotope * 1687:C

1631: & //'separation system® 1688: constname(62) = ‘'nnb_°'

1632:C 1689: nnb_ = 5.0D0

1633: constname(51) = 'Xiss_mid_t' 1690: constdesc(62) = ‘'pumping cycle'

1634: Xiss_mid_t = 2.0D0/9.0D0 1691:C

1635: constdesc(51) = ‘mole fraction of tritium from middle of isotope * 1692: constname{63) = 'mu_nb_mob’

1636: & //'separation system® 1693: mu_nb_mob = 1.0D0

1637:C 1694: constdesc(63) = ‘'mobility fraction of inventory on neutral beam °®
1638: constname (52) = 'Xiss_mid_d* 1695: & //'cryopump'

1639: Xiss_mid_d = 6.0D0/9.0D0 1696:C

1640: constdesc(52) = ‘mole fraction of deuterium from middle of °* 1697: constname (64) = 'fnb_wall’

1641: & //'isotope separation system' 1698: fnb_wall = 5.0D-2

1642:C ) 1699: constdesc(64) = ‘fraction of feed to neutral beam that ends up °
1643: constname(53) = 'Xiss_mid_p* 1700: & //'on the walls®

1644: Xiss_mid_p = 1.0D0/9.0D0 1701:C

1645: constdesc(53) = 'mole fraction of tritium from middle of isotope °* 1702: constname (65) = 'mu_wall '

1646: & //'separation system' 1703: mu_wall_ = 1.0D0

1647:C 1704: constdesc(65) = 'mobility fraction of inventory in neutral beam °
1648: constname (54) = 'Xiss_bot_t' 1705: & //'walls’

1649: Xiss_bot_t = 1.0D0/9.0D0 1706:C

1650: constdesc (54) = 'mole fraction of tritium from bottom of isotope 1707: constname(66) = 'tcycle_p'

$00-66 °poD/eIRA-TIAV(
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1708:
1709:
1710:C
1711:
1712
1713:
1714:C
1715:
1716:
1717:
1718:C
1719:
1720:
1721:
1722:C
1723:
1724:
1725:
1726:C
1727:
1728:
1729:
1730:C
1731:
1732:c
1733:
1734:
1735:C
1736:
1737:
1738:
173%:C
1740:
1741:
1742:
1743:C
1744:
1745:
1746:
1747:C
1748:
1749:
1750:
1751:C
1752:
1753:
1754:
1755:C
1756:
1757:
1758:
1759:C
1760:
1761:
1762:
1763:
1764:C

tecycle_p = 2200d0/360040

constdesc (66) = 'plasma burning time (h)'

constname (67) = 't_p_ru'

t_p_ru = 50d0/360040

constdesc{67) = 'ramp-up time for plasma (h)°’
constname{68) = 't_p_rd*

t_p xd = 100407360040

constdesc(68) = ‘ramp-down time for plasma (h)’
constname (69) = 't_nb_ru’

t_nb_ru = 100d0/360040

constdesc(6%3) = 'ramp-up time for neutral beam (h)'
constname{70) = ‘t_nb_rd’

t_nb_rd = 10040/360040

constdesc (70} = ‘ramp-down time for neutral beam (h)’
constname (71) = 't_burn'

t_burn = 100040/360040 )

constdesc(71) = ‘'plasma burn time (h)'
constname{72) = ‘'tcycle_nb'

teycle nb = {100d0+60040+100d0) /360040
teycle nb = (50d0+1000d40+10040) /360040 ,

constdesc({72) = 'cycle time for neutral beam (h)"'
constname(73) = 'E _nb*

E_nb = 1.3D0

constdesc(73) = ‘'‘neutral beam particle energy (MeV)'®
constname (74) = ‘No'

No = 6.022D23

constdesc (74) = ‘'Avogadros number'

constname (75) = ‘'nedge_tot*

nedge_tot = {1.0D20 + 1.0D20 + 1.0D20*5D-4)
constdesc(75) = '

constname (76) = ‘nedge_t'

nedge_t = 1.0D20
constdesc(76) = *°*
constname (77) = ‘nedge_d'

nedge_d = 1.0D20
constdesc(77) = '

constname(78) = ‘'nedge_p*

nedge_p = 1.0D20 * 5.0D-4

constdesc{78) = '

constname{79) = ‘mgas_mid_iss’

mgas_mid_iss = 3.0D-1

constdesc({79) = 'fraction of flow from middle of isotope '
& . //'separation system directed to gas puffer’

1765: constname (80) = 'mgas_bot_iss'

1766: mgas_bot_iss = 3.0D-1

1767: constdesc(80) = ‘fraction of flow from bottom of isotope *
1768: & //'separation system directed to gas puffer'

1769:C

1770: constname (81) = ‘my_gas'

1771: mu_gas = 1.0D0

1772: constdesc(81) = 'mobility fraction for gas puffer'

1773:C

1774: constname (82) = 'Vpellet'

1775: Vpellet = 4.5D-7

1776: constdesc (82) = ‘volume of pellet injector pellet (m3)'

1777:C

1778: constname (83) = ‘'finj_err'

1779: finj_err = 3.0D-1

1780: constdesc(83) = 'erosion fraction of deuterium and tritium for °*
1781: & //'pellet injector’

1782:C

1783: constname (84) = ‘'linj_mid_iss’

1784: linj_mid_iss = 3.0D-1

1785: constdesc (84) =, 'fraction of flow from middle of isotope °*
1786: & //'separation system to pellet injector!'

1787:C ’

1788: constname (85) = 'linj_bot_iss’

1789: linj_bot_iss = 3.0D-1

1790: constdesc (85) = ‘fraction of flow from bottom of isotope '
1791: & //'separation system to pellet injector’

1792:C

1793: constname{86) = 'mu_ext’'

1794: mu_ext = 1.0D0

1795: constdesc{86) = 'mobility fraction of inventory in extruders*
1796:C

1797: constname (87) = ‘kpellet_t'

1798: kpellet_t = 2%5.294D4

1799: constdesc (87) = ‘mole composition of tritium per unit volume of '
1800: & //'pellet injector pellet'

1801:C

1802: constname (88) = ‘kpellet_da'

1803: kpellet_d = 2*4.979D4

1804: constdesc(88) = ‘mole composition of deuterium per unit volume *
1805: & //'0of pellet injector pellet'

1806:C

1807: constname (89) = ‘kpellet_p'

1808: kpellet_p = 2*4.287D4

1809: constdesc(89) = 'mole composition of protium per unit volume of
1810: & //'pellet injector pellet'

1811:C

1812: constname (90) = 'fcap_prop’

1813: fcap_prop = 9.996D-1

1814: constdesc (90) = ‘farction of propellant recaptured before entry °*
1815: & //*into plasma’

1816:C

1817: constname (91) = 'fnon_iss'*

1818: fnon_iss = 0.7D0

1819: constdesc(91) = ‘fraction of moles in pellet injector exhaust °*
1820: & // 'stream not processd bu the isotope'’

1821: & // ‘'separation system'

.
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1822:C
1823:
1824:
1825:
1826:
1827:C
1828:
1829:
1830:
1831:
1832:C
1833:
1834:
1835:
1836:C
1837:
1838:
1839:
1840:
1841:C
1842:
1843:
1844:
1845:C
1846:
1847:
1848:
1849:C
1850:
1851:
1852:
1853:C
1854:
1855:
1856:
1857:C

1858:C ~~- idfvar (ndfvar)

1859:C
1860:
1861:C
1862:
1863:C
1864:
1865:C
1866:
1867:C
1868:
1869:C
1870:
1871:C
1872:
1873:C
1874:
1875:C
1876:
1877:C
1878:

constname (92)
liss_ p = 3.2D-
constdesc(92)

constname {93)
nprop = 4.45D-
constdesc (93)

constname (94)
mu_sto = 1.0D-
constdesc{94)

constname(95)
3.2D-
constdesc {95)

constname (96)
105040/360040
constdesc{96) ‘dwelling time for plasma (h)’
constname (97)
1,649
constdesc (97)

constname (98)

9

constdesc{98)

constname (99)
10.2d0
constdesc (99)

21

29

37

23

31

39

45

50

57

2

1

2

N

.1d0

‘fraction of flow from top of isotope separation
//'system directed to pellet injector’

‘amount of propellant gas required per pellet
//'for pellet injector (moles)’

‘mobility fraction on storage inventories'

‘fraction of fliw from top of isotope separation
/7 'system directed to pellet injector’

‘reactor volume

1879:
1880:
1881;
1882:
1883:
1884:
1885:
1886:
1887:
1888:
1889:
1890:
1891:
1892:
1893:
1894:
1895:
1896:
1897:
1898:
1899:
1900:
1901:
1902:
1903:
1904:
1905:
1906
1907:
1908:
1909:
1910:
1911:
1912:
1913:
1914:
1915:
1916:
1917:
1918:
1919:
1920:
1921:
1922:
1923:
1924:
1925:
1926:
1927:
1928:
1929:
1930:
1931:
1932:
1933:
1934:
1935:

. Hepv
idfvar {10}
. Nimpt

i

59

idfvar(ll) = 81

. Nnhydro_imp

idfvar(12) = 83

. Neqd_imp
idfvar{13) = 84
. Nng3_imp

idfvar(14) = 85

. Ng2o_imp
idfvar{15) = 86
. Timp_.

idfvar(l6) = 87

. Dimp_

idfvar{l7) = 88

. Pimp__

idfvar{18) = 89

. Ns

idfvar(19) = 95

. T2_sub

idfvar(20) = 99
‘... D2_sub
idfvar(21) = 100

. P2_sub
idfvar(22) = 101

.. Tpmem

idfvar{23) = 115
. Dpmem

idfvar(24) = 116

idfvar(25) = 117

. Niss_

idfvar(26) = 143
.. Tiss_

idfvar{27) = 144
. Diss_

idfvar(28) = 146

. Nexryo_

idfvar(29) = 159

. Tnb_cryo
idfvar(30) = 163

... Dnb_cryo
idfvar(31) = 170

. Tnb_wall
idfvar(32) = 178
. Next_12
idfvar(33) = 211

... Text_ 12
idfvar(34) = 212

. Dext_12

idfvar(35) = 213

. Ngas_tot
idfvar(36) = 135
. Tgas_

idfvar(37) = 197

. Dgas_

po)/ere-1dav e
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1936:
1937:C
1938:
1939:C
1940:
1941:C
1942:
1943:C
1944:
1945:C
1946:
1947:C
1948:
1949:C
1950:
1951:C
1952:
1953:C
1954:
1955:
1956:
1957:
1958:
1959:
1960:
1961:
1962:
1963:
1964:
1965:
1966:
1967:
1968:
1969:
1970:
1971:

idfvar(38)

. Nsto_tri_
idfvar(39)

. Tsto_tri_
idfvar(40)

. Dsto_tri_
idfvar(41)

. Nsto_deu_
idfvar(42)

. Tsto_deu_
idfvar (43)

. Dsto_deu_
idfvar(44)

. Nsto_pro__
idfvar(45)
.. Tsto_pro_
idfvar(46)
.. Dsto_pro_
idfvar(47)
ierr = 0

198

257

258

260

267

268

270

281

282

284

if(lpr.ge.l) then

write(6,*

)

**#** yariables ***:

do i=1,nvar

write(6,*) ‘varname(',i,'} ',varname(i)

end do
end if

if(lpr.eq.2) then

write(6,*

)

‘**+ constants ****

do i=1,nconst
write(6,*) constname(i),':

end do
end if

return
end

@® varinit.f

subroutine varinit(delta_t,F,pr,jerr)

e R A R R R R e ]

Automatically created.

creation date : << Tue May 6 14:21:39 1997 >>

KRR AR RN R KRR AR R R R AR AR AR AR RN AR SR AR AR N ARAR RN AN N

implicit double precision (a-h,o-z)

. initial condition ...

include '_sizes.h'

YL C(i)

13: include ‘'varconst.h'

14: integer pr,jerr

15: double precision F(ndfvar), delta_t
16; double precision fppower(

17:

18:C ... statement function ...

19: ABX (AA, BB, XX) = AA+ BB*XX

20:

21:C ... jerr(if=0O>noerror,if=1>error)
22:C ... pr{if=0s>not print,if=il>print)

23:

24: jerr = 0

25:

26:C

27:C Initial_step = 0 is necessary for varinit.
28:C -

29: Initial_step = 0

30: t = 0.0D0

31: =0

32:C ... initials of X(n) ...

33:

34:*

35:* ~--- Storage -~-=====—- o i e
36:*

37:

38:

39:crerx delt0 = 20.40 / 3600d0
40:cHrr* delt0 10.40 / 360040
41: deltd = t_ p ru / 10.40

42:

43: Burn_t{0) = 2.12D-3 * 1000 * delt0 / t_p_ru

44: if{pr.ge.2) write(6,*) ‘Burn_t=',Burn_t{0)

45:

46: Burn_d(0) = Burn_t(0)

47: if(pr.ge.2) write(6,*) 'Burm_d=',Burn_d(0)

48:

49 Reac_p(0) = ( 0.01D0 * 0.05 ) * Burn_t({0)

50: if(pr.ge.2) write(6,*) ‘'Reac_p=',Reac_p(0)

51:

52: ttstep = 2040 / 3600

53:

54: Tsto_tri_(0) = Burn_t{0) * ttstep / fbu

SS: if{pr.ge.2) write{(6,*) 'Tsto_tri_=',Tsto_tri_{0)
56:

57: Dsto_tri_(0) = 1.04-3 * Tsto_tri_(0)

58: if{pr.ge.2) write(6,*) 'Dsto_tri_=',Dsto_tri_{(0)
59:

60: Psto_tri_(0) = 1.04-3 * Tsto_tri_(0)

61: if({pr.ge.2) write{(6,*) 'Psto_tri_=',Psto_tri_(0)
62:

63: Nsto_tri_(0) = Tsto_tri_(0) + Dsto_tri_(0) + Psto_tri_{(0)
64: if(pr.ge.2) write(6,*) 'Nsto_tri_=' Nsto_tri_ (0}
65:

66: Tsto_tri_m{0) = mu_sto * Tsto_tri_(0)

67: if{pr.ge.2) write(6,*) 'Tsto_tri_m=',Tsto_tri_m(0)
68:

69: fsto_tri_ocut{0) = Burm_t(0)
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111:

if(pr.ge.2) write(6,*) 'Fsto_tri_out=',Fsto_tri_out(0)

:*Fsto_tri_in = (1.0D0 - linj_bot_iss - mgas_bot_iss) * Fiss_bot

Ksto_tri_{0) = 0.040
if(pr.ge.2) write(6,*) 'Ksto_tri_=',Ksto_txri_(0)

Ksto_deu_(0) = 0.0d0
if{pr.ge.2) write(6,*) 'Ksto_deu_=',Ksto_deu_(0)

Ksto_pro_(0) = 0.0d0
if(pr.ge.2) write(6,*) 'Ksto_pro_=',Ksto_pro_(0)

Xsto_tri_t(0) = Tsto_tri_{(0) / Nsto_tri_(0)
if(pr.ge.2) write(6,*) ‘'Xsto_tri_t=',Xsto_tri_t(0)

Xsto_tri_d(0) = Dsto_tri_(0) / Nsto_tri_(0)
if(pr.ge.2) write{6,*) ‘'Xsto_tri_d=',Xsto_tri_d(0)

Xsto_tri_p{0) = 1.0D0 - Xsto_tri_t(0) - Xsto_tri_d(0)
if(pr.ge.2) write(6,*) 'Xsto_tri_p=',Xsto_tri_p{0)

Dsto_deu_(0) = Burn_d{0) * ttstep / fbu
if({pr.ge.2) write{6,*}) 'Dsto_deu =',Dsto_deu_{0)

Tsto_deu_(0) = 1.048-3 * Dsto_deu_(0)
if({pr.ge.2) write(6,*) 'Tsto_deu_=',6Tsto_deu_{0)

Psto_deu_(0) = 1.0d-3 * Dsto_deu_(0)
if(pr.ge.2) write(6,*} 'Psto_deu_=',Psto_deu_(0)

Nsto_deu_{0) = Tsto_deu (0) + Dsto_deu_ (0) + Psto_deu_(0)
if(pr.ge.2) write(6,*) °'Nsto_deu_=',Nsto_deu_{0)

Tsto_deu m(0) = mu_sto * Tsto_deu_{0)}
if(pr.ge.2) write(6,*) *Tsto_deu m=',Tsto_deu_m(0)

Fsto_deu_ocut{0) = Burn_d(0}
if(pr.ge.2) write(6,*) 'Fsto_deu_out="',6Fsto_deu_out(0)

Fgas_in_deu(0) = Fsto_deu_out{0) / 4
if(pr.ge.2) write(6,*) 'Fgas_in_deu=',Fgas_in_deu(0)
*Fsto_deu_in = (1.0D0 -0.3D0 -0.3D0 -0.3D0) * Fiss_mid_ ;

Xsto_deu_t(0) = Tsto_deu_ (0} / Nsto_deu_(0)
if(pr.ge.2) write(6,*) ‘'Xsto_deu_t=',Xsto_deu_t (0}

Xsto_deu_d(0) = Dsto_deu_(0) / Nsto_deu_(0)
if(pr.ge.2) write{6,*) ‘'Xsto_deu_d=',Xsto_deu_d{0)

Xsto_deu_p(0) = 1.0D0 - Xsto_deu_t(0) - Xsto_deu_d(0)
if(pr.ge.2) write(6,*) 'Xsto_deu_p=',Xsto_deu_p(0)

Psto_pro_(0) = Reac_p{0) * ttstep / fbu
if({pr.ge.2) write(6,*) 'Psto_pro_=',Psto_pro_{0)

Tsto_pro_{(0) = 1.0d-3 * Psto_pro_{0}
if{pr.ge.2) write(6,*) 'Tsto_pro_=',6 Tsto_pro_(0)}

—

127:

128: Dsto_pro_(0) = 1.0d-3 * Psto_pro_(0)

129: if(pr.ge.2) write(6,*) 'Dsto_pro_=',Dsto_pro_(0)

130:

131: Nsto_pro_{0} = Tsto_pro_(0) + Dsto_pro_{0) + Psto_pro_(0)
132: if(pr.ge.2) write(6,*) 'Nsto_pro_=',6Nsto_pro_(0)

133:

134: Tsto_pro_m(0) = mu_sto * Tsto_pro_(0)

135: if{pr.ge.2) write(6,*} 'Tsto_pro_m=',Tsto_pro_m(0)
136:*Fsto_pro_in = { 1.0D0 - 0.032DC ) * Fiss_top_ ;

137:

138: Fsto_pro_out{0) = Reac_p(0)

139: if({pr.ge.2} write(6,*) ‘Fsto_pro_out=',6Fsto_pro_out{0}
140:

141: Fsto_out_p{0) = Fsto_pro_out{0)

142: if(pr.ge.2) write(6,*) 'Fsto_out_p=’,Fsto_out_p(0)
143:

144: Xsto_pro_t{0) = Tsto_pro_(0) / Nsto_pro_(0)

145: if{pr.ge.2) write(6,*}) ‘'Xsto_pro_t=',Xsto_pro_t (0}
146:

147: Xsto_pro_d{0) = Dsto_pro_{0) / Nsto_pro_{(0)

148: if(pr.ge.2) write(6,*) 'Xsto_pro_d=',6Xsto_pro_d(0)
149: )

150+ Xsto_pro_p(0) = Psto_pro_(0) / Nsto_pro_{0)

151: if{pr.ge.2) write(6,*) ‘Xsto_pro_p=',Xsto_pro_p(0)
152:

153: Fsto_tri_out_t{0) = Fsto_tri_out(0) * Xsto_tri_t(0)
154: if(pr.ge.2) write(6,*) 'Fsto_tri_out_t=',Fsto_tri_out_t(0)
155:

156: Fsto_deu_out_d(0) = Fsto_deu_out{0} * Xsto_tri_d(0)
157: if(pr.ge.2) write(6,*) ‘Fsto_deu_out_d=',Fsto_deu_out_d(0)
158:*

159:* mem FUELING == e e oo e ot e e m e
160:*

161: '

162: Puelf_t(0) = Burn_t{0) / fbu

163: if(pr.ge.2) write(6,*) 'Fuelf_t=', 6 Fuelf t(0)

164:*

165:* ==~ The Plasma ==----===mem—-e<eec e e o mcceeec oo —ae oo
166:*

167:

168: Pfusion(0) = Burm_t({0) / 2.12D-3

169: if{pr.ge.2) write(6,*) 'Pfusion=',Pfusion(0)

170:

171: Fuel_ t{0) = Burn_t(0) / fbu

172: if({pr.ge.2) write(6,*) 'Fuel_t=',6Fuel_t(0}

173:

174: Fex_t{0) = Fuel_t(0) * (1 ~ fbu )

175: if(pr.ge.2) write(6,*) 'Fex_t=',Fex_t(0)

176:

177: Fplas_in_t{(0) = Fuelf_t(0)} * fin_pellet

178: if(pr.ge.2) write(6,*} 'Fplas_in_t=',6Fplas_in t{(0)
179:

180: Fgas_t{0) = Fuelf_t(0) * fin_gas

181: if(pr.ge.2) write(6,*) 'Fgas_t=',6Fgas_t(0)

182:

183: Fplas_in_d(0) = Fuelf_t(0) * fin_pellet
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184: if(pr.ge.2) write(6,*) ‘'Fplas_in_d=',Fplas_in d(0) 241: d_Afw_t(0) = 0.0D0

185: 242: if(pr.ge.2) write(6,*}) 'd_Afw_t=',d_Afw_t(0)
186: Fgas_t(0) = Fuelf _t(0) * fin_gas 243:

187: if({pr.ge.2) write(6,*) 'Fgas_t=',Fgas_t{0) 244: A Afw d(0) = 0.0D0

188:*** Fuel _d = Fplas_in d + Fgas_d + Fplas_nb_d + Fplas_prop 4 ; 245: if(pr.ge.2) write(6,*) 'd_Afw_d=',d Afw_d(0)
189:*** Fex d = Fuel_d - Burm_d ; 246:

190: 247: d_Afw_p(0) = 0.0DO :

191: Fhe_ex{0} = Burn_t(0) . 248: if(pr.ge.2) write(6,*) 'd_Afw p=',d_Afw_p(0)
192: if{pr.ge.2) write(6,*} ‘Fhe_ex=',Fhe_ex(0) 249:

193:* 250: C_t(0) = 0.0D0

194:* --- Plasma Facing COmMponents =—=-—=s= oo o o e 251: if(pr.ge.2) write(6,*) ‘C_t=',C_t(0)

195:* 252:

196: 253: C.d(0) = 0.0D0

197: i_t(0) = 0.4D0 254 if{pr.ge.2) write(6,*} ‘'C_d=',C_d4(0)

198: if({pr.ge.2) write(6,*) 'i_t=',i_t(0) 255:

199: 256: C p(0) = 0.0DO0

200: i.d(0y = 0.3D0 257: if(pr.ge.2) write(6,*) 'C_p=',C_p(0)

201: if(pr.ge.2) write(6,*) *i_d=',i _d(0) 258:

202: 259: D_t(0) = 0.0DO

203: i_p(0) = 0.3D0 260: if(pr.ge.2) write(6,*) 'D_t=',D_t{0}

204: if(pr.ge.2) write(6,*) ‘i_p=',i_p(0) 261: .

205: 262: D_d{(0) = 0.0D0

206: fmMVdiv = fm ( Medge ) * ai ( Temperature , 040 ) * vdiv / ( 0.5 263: if(pr.ge.2) write(6,*) ‘'D_d=',D_d(0)

207: & * 3.016D0 ) 264:

208: : 265: D_p(0) = 0.0D0

209: fmMVEw = fm ( Medge )} * ai ( Temperature , 040 } * viw / { 0.5 * 266: if(pr.ge.2) write(6,*) 'D_p=',D_p(0)

210: & 3.016D0 ) 267:

211: 268: d_C t(0) = 0.0D0

212: fppp = delt0 / ¢t _p_ru 269: if(pr.ge.2) write(6,*) 'd_C_ t=',d.C t(0)
213: 270:

214: Adiv_t(0) = fmMVAiv * i_t(0) * fppp 271: d_Cc_d(0) = 0.0D0

215: if(pr.ge.2) write(6,*) ‘'Adiv_t=',6Adiv_t(0) 272: if{pr.ge.2) write(6,*) 'd_C_d=',4_C_da(0)
216: 273:

217: Afw_t(0) = EmMVEw * i_t(0) * fppp 274: d_C_p(0) = 0.0D0

218: if(pr.ge.2) write(6,*) 'Afw_t=' ,LAfw_t(0} 275: if({pr.ge.2) write(6,*) 'd_C p=',d C_p(0)
219: 276:

220: Adiv_d(0) = fmMvdiv * i_d(0) * fppp 277: d_D_t(0) = 0.0D0

221: if(pr.ge.2) write(6,*) 'Adiv_d=',6Adiv_d(0) i 278: if(pr.ge.2} write(6,*) 'd_D_t=',d D t(0)
222: 279:

223 Afw_d(0) = fmMVEw * i_d{(0) * fppp 280: d_D_d(0) = 0.0D0

224: if{pr.ge.2) write(6,*) 'Afw d=',6Afw_d(0) 281: if(pr.ge.2) write(6,*) 'd_D_d=',d_D_d(0)
225: 282:

226: Adiv_p(0) = fmMvdiv * i_p(0) * fppp 283: d_D_p(0) = 0.0DO

227: if{pr.ge.2) write(6,*) 'Adiv_p=',Adiv_p{0) 284: if{pr.ge.2) write(6,*) 'd_D_p=',d_D_p(0)
228: 285:

229: Afw_p{(0) = fmMVfw * i_p{0} * fppp 286: Tpfc_(0) = Adiv_t(0) + Afw_t{0) + C_t(0) + D_t(0)
230: if{pr.ge.2) write(6,*) 'Afw p=',Afw_p{(0} 287: if(pr.ge.2) write(6,*) ‘Tpfc_=',Tpfc_(0)
231: 288:

232: d_Adiv_t(0) = 0.0D0 289: Tpfe_m(0) = mu_A * ( Adiv_t(0) + Afw_t(0) )} + mu C * C_t(0) +
233: if(pr.ge.2) write(6,*) 'd_Adiv_t=',d _Adiv_t(0) 290: & mu_D * D_t(0)

234: 291: if{pr.ge.2) write(6,*) ‘Tpfc_m=',Tpfc_m(0)
235: d_Adiv_d4(0) = 0.0D0 292:

236: if(pr.ge.2) write(6,*) ‘d_Adiv_d=',d Adiv_d(0) 293: Dpfc (0} = Adiv_d4(0) + Afw_d{0) + C_d(0) + p_d(0)
237: : 294: if{pr.ge.2) write(6,*) 'Dpfc_=',Dpfc_(0)
238: d_Adiv_p{(0) = 0.0DO 295:

239: if(pr.ge.2) write(6,*) 'd_Adiv_p=',d_Adiv_p{0} 296: Ppfc_(0) = Adiv_p(0) + Afw p(0) + C_p(0) + D_p(0)

240: 297: if(pr.ge.2) write(6,*) 'Ppfc_=', Ppfc_(0)
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298:*
299:*
300:*
301:+
302:
303:
304:
305:
306:
307:
308:
309:
310:
311:
312:
313:
314:
315:
316:
317:
318:
319:
320:
321:
322:
323:
324:
325:
326:
327:
328:
329:
330:
331:
332:
333:
334:
335:
336:
337:
338:
339:
340:
341:
342:
343:
344:
345:
346:
347
348:
349:
350:
351:
352:
353:
354:

=== VBCOUUM === e o o o e — s m e

Tpvi{0) = 1.0D-4
if{pr.ge.2) write(6,*) ‘'Tpv=‘,Tpv{0)

Dpv{0) = 1.0D-4
if(pr.ge.2) write(6,*) 'Dpv=',6Dpv{0)

Ppv(0) = 1.0D-4
if{pr.ge.2) write{(6,*) 'Ppv=',Ppv{0)

Hepv(0) = 1.0D-4
if(pr.ge.2) write(6,*) 'Hepv=', Hepv(0)

emrRSAp = emr * Rs / Area_p

Rt_rem(0) = Tpv{0) * emrRsAp
if{pr.ge.2) write(6,*) 'Rt _rem=',Rt_rem(0)

Rd_rem({0) = Dpv{0) * emrRsAp
if{pr.ge.2) write(6,*) 'Rd_rem=',Rd_rem(0)

Rp_rem{0) = Ppv{0) * emrRsAp
if{pr.ge.2) write{6,*) 'Rp_rem=',Rp_rem(0)

Rhe_rem(0) = Hepv(0) * emrRsAp
if(pr.ge.2) write(6,*) 'Rhe_rem=',Rhe_rem(0)

Tp_reg(0) = Rt_rem(0) * treg
if(pr.ge.2) write(6,*) 'Tp_reg=',Tp_reg(0)

Dp_reg(0) = Rd_rem{0) * treg
if(pr.ge.2) write(6,*) 'Dp_reg=',Dp_reg(0)

Pp_reg(0) = Rp_rem{0) * treg
if(pr.ge.2) write(6,*) ‘'Pp_reg=',Pp_reg(0)

Hep_reg(0) = Rhe_rem{0} * treg
if(pr.ge.2) write(6,*) 'Hep_reg=',6Hep_reg(0)

Tp_tot(0) = Tpv(0) * npump
if(pr.ge.2) write(6,*) 'Tp_tot=',6Tp_tot(0)

Dp_tot{0) = Dpv{0) * npump
if(pr.ge.2) write(6,*) 'Dp_tot=',Dp_tot(0)

Pp_tot{(0) = Ppv{0) * npump
if(pr.ge.2) write(6,*) 'Pp_tot=',Pp_tot(0)

Hep_tot (0) = Hepv{0) * npump
if(pr.ge.2) write(6,*) 'Hep_tot=',Hep_tot(0)

Tp_tot_m(0) = mu_v * Tp_tot(0)
if{pr.ge.2) write(6,*) 'Tp_tot_m=',Tp_tot_m(0)

Fv_out(0) = { Rt_rem{0) + Rd_rem(0) + Rp_rem(0) + Rhe_rem(0) ) *

& npump
if(pr.ge.2) write(6,*) ‘'Fv_out=',Fv_out(0)

Fpuri_in(0) = Fv_out(0)
if(pr.ge.2) write{6,*) ‘Fpuri_in=',6Fpuri_in(0)}

FF = Rt_rem{0) + RA_rem(0) + Rp_rem{0)
if ( FF .gt. 0.040 ) then

it_(0) = Rt_rem{(0) / FF
if{pr.ge.2) write(6,*) 'it_=',it_(0)

id_(0) = Rd_rem(0) / FF
if (pr.ge.2) write(6,*) 'id_=',id_(0)

ip_.(0) = Rp_rem(0) / FF
if(pr.ge.2) write(6,*) ‘ip_=',ip_(0)

else

it _(0) = 0.040
if(pr.ge.2) write(6,*) ‘'it_=',it_(0)

id_(0) = 0.0d0
if(pr.ge.2) write(6,*) 'id_=',id_(0)

ip_{0) = 0.040
if(pr.ge.2) write(6,*) 'ip_=',ip_(0)

endif

Fadj_puri(0) = Fv_out(0)
if(pr.ge.2) write(6,*) 'Fadj_puri=‘,Fadj_puri(0)

Fpure_(0) = Fv_out{0) * 0.98
if(pr.ge.2) write(6,*) ‘'Fpure_=',Fpure (0)

Fimp_(0) = Fv_out(0} * 0.02
if(pr.ge.2} write(6,*) 'Fimp_=',Fimp_{(0)

Fcqgd_imp(0) = xcq4_ * Fv_out(0) * 0.02
if (pr.ge.2) write(6,*) 'Feqd_imp=',Fcg4_imp(0)

Fng3_imp(0) = xng3_ * Fv_out(0) * 0.02
if({pr.ge.2) write(6,*) ‘'Fng3_imp="',Fng3_imp(0)

FgZo_imp(0) = xq2o_ * Fv_out{0) * 0.02
if(pr.ge.2) write(6,*) 'Fq2o_imp=',Fg2o_imp(0)

xh_imp{0) = xcqgd_ + xng3_ + xg2o_,
if{pr.ge.2) write(6,*) ‘xh_imp=',xh_imp(0)

xnhydro_(0) = 1 - 0.013640
if(pr.ge.2} write(6,*) ‘'xnhydro_=',xnhydro_(0)
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412:

413:
414;

415:

416:
417:
418:

419;

420:
421:

422:

423:
424:

425:

426:
427:
428:

429

430:

431:

432:
433:

434:

435:
436:

437:

438:
439:

440:

441:
442:

443:

444:
445:

446:

447:
448:

449:

450:
451:

452:

454:

455:

456:
457:

458:

459:
460:

461:

462:
463:

465:
466:

467:

468:

Fnhydro_imp(0) = ( 1 - xh_imp(0) ) * Fv_out(0) * 0.02
if(pr.ge.2) write(6,*) 'Fnhydro_imp=‘, Pnhydro_inp(0)
Fhydro_imp_w(Q) = wl * Fcqd_imp(0) + w2 * Fng3_imp(0) + w3 *
& Fqo_imp (0)
if(pr.ge.2) write(6,*) 'Fhydro_imp_w=*,Fhydro_imp_w(0)
Ft_pure(0) .= Rt_rem(0) * npump - Fhydro_imp _w(0) * it_(0)
if(pr.ge.2) write(6,*) ‘'Ft_pure=',6Ft_pure(0)
Fd_pure(0) = Rd_rem(0) * npump - Fhydro_imp_w(0) * id_(0)
if(pr.ge.2) write(6,*) 'Fd _pure=',Fd_pure(0)
Fp_pure(0) = Rp_rem{0) * npump - Fhydro_imp_w(0) * ip_{(0)
if (pr.ge.2) write(6,*) °'Fp_pure=',Fp_pure(0)

:* --- Flow into purification ------=---moommm e e

*
Nimpt (0} = Fv_out(0)
if(pr.ge.2) write(6,*) 'Nimpt=',6Nimpt (0}
Nnhydro_imp(0) = Fv_out(0) * 0.02 * 0.32
if(pr.ge.2) write(6,*) ‘Nnhydro_imp=',Nnhydro_imp(0)
Ncgd_imp(0) = Fv_out(0) * 0.02 * 0.56
if(pr.ge.2) write(6,*) 'Neqgd4_imp=',Ncqgd_imp(0)
Nng3_imp(0) = Fv_out{0) * 0.02 * 0.04
if(pr.ge.2) write(6,*) 'Nng3_imp=',Nnqg3_imp(0)
Ng2o_imp{0} = Fv_out{0) * 0.02 * 0.08
if{pr.ge.2) write(6,*) ‘'Ng2o_imp=',Nqg2o_imp(0)
Timp_(0) = Fv_out{0) / 6
if(pr.ge.2) write(6,*) 'Timp_=',Timp_{(0)
Dimp_{0) = Fv_out(0) / 6
if(pr.ge.2) write(6,*) 'Dimp_=',Dimp_(0)
Pimp_(0) = Fv_out(0) / 6
if(pr.ge.2) write(6,*) 'Pimp_=',Pimp_{0}
f_hydro_imp_wi{0) = wl * xcqd_ + w2 * xng3_ + w3 * xq2o_
if(pr.ge.2) write(6,*) 'f_hydro_imp_w=',f_hydro_imp_w(0)
Timp_m{0) = mu_mob * Timp_(0)
if(pr.ge.2) write(6,*) ‘Timp_m=',Timp_m{0)
Nhydro_imp(0) = Timp_(0) + Dimp_(0) + Pimp_(0)
if(pr.ge.2) write(6,*) ‘'Nhydro_imp=',Nhydro_imp (0)
Fh2_puri_in{0) = { Ft_pure(0) + Fd_pure(0) + Fp_pure{0) } /
if(pr.ge.2) write(6,*) '‘Fh2_puri_in=',Fh2_puri_in(0)
FF = Ft_pure(0) + Fd _pure{(0) + Fp_pure(0)

2

469:
470:
471:
472:
473:
474:

476:

if ( FF .gt. 0.040 ) then

Ft2_sub_in(0) = Ft_pure(0) * ( 0.5 + ( xnhydro_(0) + xh_imp(0) )

& / FF * Fadj_puri(0) * Lhydro_ / Limp_ )
if(pr.ge.2) write(6,*) 'Ft2_sub_in=',Ft2_sub_in(0}

Fd2_sub_in(0) = Fd pure(0) * ( 0.5 + { xnhydro_{0}
& / FF * Fadj_puri(0) * Lhydro_ / Limp. )
if(pr.ge.2) write(6,*) 'Fd2_sub_in=',Fd2_sub_in(0)

Fp2_sub_in(0) = Fp_pure(0) * { 0.5 + { xnhydro_{0)
& / FF * Fadj_puri{(0) * Lhydro_ / Limp_ )
if(pr.ge.2) write(6,*) ‘Fp2_sub_in=',Fp2_sub_in(0)

else

Ft2_sub_in(0) = 0.0

if(pr.ge.2) write(6,*) 'Ft2_sub_in=',Ft2_sub_in(0)

Fd2_sub_in{0) = 0.0

if(pr.ge.2) write(6,*) *'Fd2_sub_in=‘,Fd2_sub_in(0)

Fp2_sub_in(0) = 0.0

if(pr.ge.2) write(6,*) 'Fp2_sub_in=',Fp2_sub_in(0)

endif

+ xh_imp(0) )

+ xh_imp(0) )

Fh2_sub_in{0) = Ft2_sub_in{0) + Fd2_sub_in(0) + Fp2_sub_in(0)

if(pr.ge.2) write(6,*} ‘Fh2_sub_in=',Fh2_sub_in(0)
if ( Fp2_sub_in{0) .gt. 1.0d4-10 ) then

xt_sub(0) = Ft2_sub in(0) / Fh2_sub_in(0)
if(pr.ge.2) write{6,*) 'xt_sub=',xt_sub(0}

xd_sub(0) = Fd2_sub_in(0) / Fh2_sub_in(0)
if({pr.ge.2) write(6,*) ’'xd_sub=',xd_sub(0)

xp_sub(0) = Fp2_sub_in(0) / Fh2_sub_in(0)
if(pr.ge.2) write(6,*) 'xp_sub=',xp_sub(0)

else

xt_sub(0) = 0.0d40

if(pr.ge.2) write(6,*) 'xt_sub=',6xt_sub(0)

xd_sub(0) = 0.0d0

if(pr.ge.2) write(6,*) 'xd_sub=',xd_sub(0)

xp_sub(0) = 0.0d40

if{pr.ge.2) write(6,*) ‘'xp_sub=',xp_sub{0)

endif

if ( abs ( Fh2_sub_in(0) } .1lt.

1.04-10 ) then
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526: tau_sb = 0.040 583:

527: 584:c else

528: else 585:

529: 586:¢c Treg_out (0) = 0DO

530: tau_sb = Ns_max / Fh2_sub_in(0) 587:c¢ if(pr.ge.2) write(6,*) 'Treg_out=', Treg_out(0)
531: 588:

532: endif 589:c endif

533: 590:

534: Ns{0) = Ns_max 591: Treg_out_m(0) = mu_reg_m * Treg_out{(0)

535: if({pr.ge.2) write(6,*}) 'Ns=',Ns(0) 592: if(pr.ge.2) write(6,*) ‘Treg_out_m=',kTreg_out_m{0)
536: 593:* Evaluation of Hydrogen-containing Species:

537: T2_sub(0) = Ns_max / 3 594:

538: if(pr.ge.2) write(6,*) 'T2_sub=',T2_sub{0) 595: Ncgd_reg{0) = Ncqgd_ imp(3)

539: 596 if(pr.ge.2) write(6,*) 'Ncgd_reg=',Ncqd_reg(0)
540: D2_sub(0) = Ns_max / 3 597:

541: if{pr.ge.2) write(6,*) 'D2_sub=',D2_sub(0) . 598: Nng3_reg(0) = Nng3_imp(Jj)

542: 599: if(pr.ge.2) write(6,*) 'Nng3_reg=',Nnq3_reg(0)
543: P2_sub(0) = Ns_max / 3 : 600: '

544: if(pr.ge.2) write(6,*) 'P2_sub=',P2_sub(0) 601: Ng2o_reg(0) = Nq2o_imp(3)

545: 602: if(pr.ge.2) write(6,*) 'Ng2o_reg=',6Ng2o_reg(0)
546: Nhydro_sub(0} = T2_sub(0) + D2_sub(0) + P2_sub(0) : 603:

547: if(pr.ge.2) write(6,*) 'Nhydro_sub=',6 Nhydro_sub{0} 604: Ecqgd_reg(0) = Negd_reg(0) / treg_msieve

548: 605: if{pr.ge.2) write(6,*) 'Ecgd_reg=',Ecqd_reg{0)
549: if ( abs ( tau_sb ) .ge. 1.0d4-10 ) then 606:

550: 607: BEng3_reg(0) = Nng3_reg{0) / treg_msieve

551: Ft_sub_out (0} = 2.0 * { Ft2_sub_in{(0) + xt_sub(0) * Ns(0} / 608: if(pr.ge.2) write(6,*) 'Eng3_reg=',Enqg3_reg(0)
552: & tau_sb ) ’ 609:

553: if(pr.ge.2) write(6,*) 'Ft_sub out=',Ft_sub_out (0) 610: Eq2o_reg{0) = Ng2o_reg(0) / treg_msieve

554: 611: if(pr.ge.2) write(6,*) 'Eq2o_reg=',Eq2o_reg(0)
555: Fd_sub_out(0) = 2.0 * { Fd2_sub_in(0) + xd _sub{0) * Ns{0) / 612: .

556: & tau_sb ) 613« Fhydro_pmem(0) = wl * Ecqd_reg(0) + w2 * Eng3_reg(0) + w3 *
557: if(pr.ge.2) write(6,*) 'Fd_sub_out=',Fd_sub_out(0) 614: & Eq2o_reg{0)

558: 615: if(pr.ge.2) write(6,*) 'Fhydro_pmem=',Fhydro_pmem(0)
559: Fp_sub_out (0) = 2.0 * ( Fp2_sub_in(0) + xp_sub(0) * Ns(0) / 616:

560: & tau_sb ) 617: if ( Nhydro_imp{(j) .ne. 0.0d0 ) then

561: if(pr.ge.2) write(6,*) 'Fp_sub_out=',6Fp_sub_out(0) 618:

562: 619: it_endj(0) = Timp_(3j) / Nhydro_imp(Jj)

563 else 620: if (pr.ge.2) write(6,*) ‘'it_endj=',it_endj(0)
564: 621:

565: Ft_sub_out (0} = 0.040 622: id_endj{0) = Pimp_(j) / Nhydro_imp(j)

566 if(pr.ge.2) write(6,*) ‘Ft_sub_out=',Ft_sub_out (0) 623: if(pr.ge.2) write(6,*) 'id_endj=',id_endj(0)
567: 624:

568: Fd_sub_out(0) = 0.040 625: ip_endj{0) = Timp_(j) / Nhydro_imp(3j)

569: if(pr.ge.2) write(6,*) 'Fd_sub_out=',Fd_sub_out(0) 626: if(pr.ge.2) write(6,*) ‘'ip_endj=',ip_endj(0)
570: 627:

571: Fp_sub_out (0) = 0.0d0 628: else

572: if{pr.ge.2) write(6,*) 'Fp_sub_out=',6 Fp_sub_out(0) 629:

573: 630: it_endj(0) = 0.0D0

574 : endif 631: if(pr.ge.2) write(6,*) 'it_endj=',it_endj (0}
575: 632:

576: Fh_sub_out (0) = Ft_sub_out{0) + Fd_sub_out{0) + Fp_sub_out(0) 633: id_endj(0) = 0.0D0

577: if(pr.ge.2) write(6,*) ‘Fh_sub_out=',6Fh_sub_out (0) 634: if(pr.ge.2) write(6,*) ‘id_endj=',id_endj(0)
578: 635:

579:¢ if ( tpoint_cycle .lt. treg_msieve ) then 636: ip_endj(0) = 0.0D0

580: . 637: if (pr.ge.2) write(6,*) 'ip_endj=',ip_endj(0)
581: Treg. out {0} = Timp_(0) * ( 1 - tpoint_cycle / treg_msieve ) 638:

582: if{pr.ge.2) write(6,*) ’Treg_out=',6Treg_out{0) 639: endif
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640:

641: Tpmem(0) = 0.0DO

642: if(pr.ge.2) write(6,*) 'Tpmem=',Tpmem(0)

643:

644: Dpmem(0) = 0.0D0

645: if(pr.ge.2) write(6,*) ‘Dpmem=',Dpmem(0)

646:

647: Ppmem(0) = 0.0DO

648: if(pr.ge.2) write(6,*) ‘'Ppmem=', Ppmem(0)

649:

650: Ft_puri_out(0) = Ft_sub_out(0) + Tpmem(0) / tau_pmem
651: if(pr.ge.2) write(6,*) 'Ft_puri_out=',Ft_puri_out(0)
652:

653: Fd_puri_out(0) = Fd_sub_out(0) + Dpmem(0) / tau_pmem
654: if(pr.ge.2) write(6,*) 'Fd_puri_out=',Fd_puri_out(0)
655:

656: Fp_puri_out(0) = Fp_sub_out(0) + Ppmem(0) / tau_pmem
657: if(pr.ge.2) write(6,*) 'Fp_puri_out=',Fp_puri_out(0)
658:

659: Fpuri_out(0) = Ft_puri_out(0) + Fd_puri_out (0} + Fp_puri_out(0)
660: if(pr.ge.2) write(6,*) 'Fpuri_out=',Fpuri_out(0)
661:*

662:* . Fiss_in: assuming Fragnb = Fragss_inj = 0

663:

664: Fiss_in(0) = Fbl _cool + Fbl_+ ( 1 - hl - h3 ) * Fpuri_out(0)
665: if(pr.ge.2) write(6,*) 'Fiss_in=',Fiss_in(0)

666:

667: Niss_(0) = Fiss_in(0)

668: if(pr.ge.2) write(6,*) ‘'Niss_=',Niss_(0)

669:*Tiss_ = Niss_ / 3.0D0 ;

670:*Diss__ = Niss_ / 3.0DO ;

671:

672: Tiss_(0) = Niss_(0) * 3.0 / (3.0 + 3.0 + 1.0 )

673: if(pr.ge.2) write(6,*) 'Tiss_=‘',Tiss_(0)

674:

675: Diss_(0) = Niss_{(0) * 3.0 / (3.0 + 3.0 + 1.0 )

676: if(pr.ge.2) write(6,*) 'Diss_=',Diss_(0)

677:

678: if ( Niss_(0) .gt. 0.0 ) then

679:

680: Xiss_t(0) = Tiss_(0) / Niss_{(0)

681: if(pr.ge.2) write(6,*) 'Xiss_t=',Xiss_t(0)

682:

683: Xiss_d(0) = Diss_(0) / Niss_{(0)

684: if(pr.ge.2) write(6,*) 'Xiss_d=',Xiss_d(0)

685:

686: Xiss_p(0) = 1.0d0 - Xiss_t(0) - Xiss_d(0)

687: if(pr.ge.2) write(6,*) ‘'Xiss_p=',Xiss_p(0)

688: :

689: else

690:

691: Xiss_t(0) = 0.0d0

692: if(pr.ge.2) write(6,*) 'Xiss_t=',Xiss_t(0)

693: .

694: Xiss_d(0) = 0.0d0

695: if(pr.ge.2) write(6,*) 'Xiss_d=',Xiss_d(0)

696:

697: Xiss_p(0) = 0.0dO

698: if(pr.ge.2) write(6,*) ‘Xiss_p=',Xiss_p(0)

699:

700: endif

701:**Piss_ = Niss_ / 3.0D0 ;

702:

703: Piss_(0) = Xiss_p(0) * Niss_(0)

704: if(pr.ge.2) write(6,*) ‘'Piss_=',Piss_(0)

705:

706: Tiss_m(0) = mu_iss_ * Tiss_(0)

707: if(pr.ge.2) write(6,*) 'Tiss_m=',Tiss_m(0)

708:

709: Pl = 1.0 / ( Xiss_mid_t * Xiss_bot_d + Xiss_bot_t * Xiss_top_d +
710: & Xiss_top_t * Xiss_mid _d - Xiss_mid_t * Xiss_top_d -
711: & Xiss_top_t * Xiss_bot_d - Xiss_bot_t * Xiss_mid d )
712:c

713:

714: Fiss_top_(0) = P1 * ( ( Xiss_mid_t * Xiss_bot_d - Xiss_bot_t *
715: & Xiss_mid d ) * Niss_(0) / tau_iss_ + ( Xiss_mid d -
716: & Xiss_bot_d ) * Tiss_(0) / tau_iss_ + ( Xiss_bot_t -
717: & Xiss_mid_t ) * Diss_(0) / tau_iss_ )

718: if(pr.ge.2) write(6,*) ‘'Fiss_top_=',Fiss_top_(0)

719:

720: Fiss_mid_(0) = P1 * ( ( Xiss bot_t * Xiss_top_d - Xiss_top_t *
721: & Xiss_bot_d ) * Niss_(0) / tau_iss_ + ( Xiss_bot_d -
722: & Xiss_top_d ) * Tiss_(0) / tau_iss_ + ( Xiss_top_t -
723: & Xiss_bot_t ) * Diss_(0) / tau_iss_ )

724: if(pr.ge.2) write(6,*) 'Fiss_mid_=',Fiss_mid_(0)

725:

726: Fiss_bot_(0) = P1 * ( ( Xiss_top_t * Xiss_mid d - Xiss_mid t *
727: & Xiss_top_d )} * Niss_(0) / tau_iss_ + ( Xiss_top_d -
728: & Xiss_mid_d ) * Tiss_(0) / tau_iss_ + ( Xiss_mid_t -
729: & Xiss_top_t ) * Diss_(0) / tau_iss_ )

730: if(pr.ge.2) write(6,*) 'Fiss_bot_=',Fiss_bot_(0)

731:*

732:* --- Pellet injector ===-==re-mcmm o
733:*

734:

735: Fsto_out_t(0) = Fsto_tri_out(0) / 2

736: if(pr.ge.2) write(6,*) 'Fsto_out_t=',6Fsto_out_t(0)

737:

738: Fsto_out_d(0) = Fsto_deu_out(0) / 4

739: if(pr.ge.2) write(6,*) 'Fsto_out_d=',Fsto_out_d(0)

740:

741: Next_12(0) = Fplas_in_t(0) / 2

742: if(pr.ge.2) write(6,*) 'Next_12=',Next_12(0)

743:

744; Text_12(0) = Next_12(0) / 3

745: if(pr.ge.2) write(6,*) ‘Text_12=',Text_12(0)

746:

747: Dext_12(0) = Next_12(0) / 3

748: if(pr.ge.2) write(6,*) 'Dext_12=',Dext_12(0)

749:

750: Pext_12(0) = Next_12(0) / 3

751: if(pr.ge.2) write(6,*) 'Pext_12=',Pext_12(0)

752:

753: Xext_12_t(0) = Text_12(0) / Next_12(0)
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754: if(pr.ge.2) write(6,*) 'Xext 12 _t=',Xext_12_t{0)
755:

756: Xext_12_d(0) = Dext_12(0) / Next_12(0)

757 if(pr.ge.2) write(6,*) 'Xext_12_d=',Xext_12_d(0)
758

759: Xext_12_p(0) = 1 - Xext_12_t{0) - Xext_12_d(0)
760: if(pr.ge.2) write(6,*) ‘Xext_12_p=', Xext_12_p(0)
761:

762: Next_tot (0) = Next_12(0) * 2.0

763: if{pr.ge.2) write(6,*) 'Next_tot=',6 Next_ tot{0)
764:

765: Text_tot (0) = Text_12(0) * 2.0

766: if(pr.ge.2) write(6,*) 'Text_tot=',Text_tot(0)
767:

768 Dext_tot (0) = Dext_12(0) * 2.0

769 if{pr.ge.2) write(6,*) ‘'Dext_tot=',Dext_tot{0)
770

771: Pext_tot(0) = Pext_12(0) * 2.0

772: if(pr.ge.2) write(6,*) 'Pext_tot=',6 Pext_tot(0)
773:

774 Text_m{0) = mu_ext * Text_tot(0)

775: if(pr.ge.2) write(6,*) ‘Text_m=',Text_m(0)

776

777 Nextru_{0) = Next_12{(0)

778: if(pr.ge.2) write{6,*) 'Nextru_=',Nextru_(0)
779:

780: Xextru_t(0) = Text_12(0) / Next_12{0)

781: if{pr.ge.2) write(6,*) 'Xextru_t=',6 Xextru_t(0)
782:

783: Xextru_d(0) = Dext_12(0) / Next_12(0)

784: if(pr.ge.2) write(6,*) ‘'Xextru_ d=',Xextru_d(0)
785:

786: Xextru p(0) = 1.0d0 - Xextru_t({0) - Xextru_d(0)
787: if(pr.ge.2) write(6,*) 'Xextru_p=', Xextru_p{0)
788: :

789 vinj_t(0) = Xextru_t(0) * Nextru (0) * 18.894D-6
790: if(pr.ge.2) write(6,*) 'Vinj_t=',Vinj_t(0)

791:

792: Vinj_d{(0) = Xextru_d{0) * Nextru_(0) * 20.085D-6
793: if(pr.ge.2) write(6,*) ‘'Vinj_d=',vinj_d(0)

794:

795: Vinj_p(0) = Xextru_p{0) * Nextru_(0) * 23.326D-6
796: if(pr.ge.2) write(6,*) 'Vinj_p=',Vinj_p(0)

797:* total volume in extruder

798: .

799: Vinj_tot{0) = Vinj_t(0) + Vinj_d(0) + Vinj_p{0)
800: if({pr.ge.2) write(6,*) 'Vinj_tot=',Vinj_tot(0)
801:

802: npellet_t(0) = vinj_t{0) / Vinj_tot{0) * Vpellet
803: if(pr.ge.2) write{6,*) 'npellet_t=',npellet_t(0)
804:

805: npellet_d(0) = Vinj_d{0) / Vinj_tot(0) * Vpellet
806: if(pr.ge.2) write(6,*) ‘npellet_d=', npellet_d(0)
807:

808: npellet_p(0) = Vinj_p(0) / Vinj_tot(0) * Vpellet
809: if(pr.ge.2) write(6,*) 'npellet_p=', npellet_p(0)

810:

/

/

*

*

2 * kpellet_t

2 * kpellet @

2 * kpellet_p

811:
812:

813:

814:
815:

816:

817:
818:

819:

820:
821:

822:

824:

825:

826:
827:

828:

829:
830:

831:

832:

833:
834:

835:
836:
837:

838
839

*

Fbk_plas_(0) = 3 * 5.98D-22 * nedge_tot :
if(pr.ge.2) write(6,*) 'Fbk_plas_=',Fbk_plas_{(0)

Fbk_plas_t{0) = 3 * 5.98D-22 * nedge_t .
if(pr.ge.2) write(6,*) 'Fbk_plas_t=',Fbk_plas_t(0)

Fbk_plas_d(0) = 3 * 5.98D-22 * nedge_d
if(pr.ge.2) write{6,*) ‘'Fbk _plas_d=',6Fbk_plas_d{0)

Fbk_plas_p{(0) = 3 * 5.98D-22 * nedge p
if(pr.ge.2) write(6,*) ‘*Fbk_plas_p=',Fbk_plas_p(0)

Finj_prop(0) = Fsto_out_p{0) + liss_p * Fiss_top_(0)
if(pr.ge.2) write(6,*) 'Finj_prop=',Finj_prop(0)

Rinj_(0) = Finj_prop(0)} / nprop
if(pr.ge.2) write(6,*) 'Rinj_=',Rinj_(0)

Fplas_in_p{0) = Rinj_(0) * npellet_p(0) * ( 1 - finj_err )
if(pr.ge.2) write(6,*) ‘'Fplas_in_p=',Fplas_in_p(0)

Fsto_pro_out_p{0) = Fsto_out_p(0) * Xsto_pro_p{0)
if(pr.ge.2) write(6,*) 'Fsto_pro_out_p=',Fsto_pro_out_p(0)

Fplas_prop(0) = ( 1 - fcap_prop } * Finj_prop(0)
if{pr.ge.2) write(6,*) 'Fplas_prop=',Fplas_prop(0)}

:*Fuel_p = Fplas_in_p + Xgas_p * Fgas_tot + Fplas_prop p ;
:*Fex_p = Reac_p + Fuel p;
*

841:

842:
843:
844:

&

845:

846:
847:

&

848:
849:

850:

851:
852:

853:

854:
855:

856

857:
858:

860:
861:
862:

863:
864:

865:
866:
867:

&
&

Xprop_t{0) = ( Fsto_out_p(0) * Xsto_pro_t(0) + liss p *

Fiss_top_(0) * Xiss_top_t ) / Finj_prop(0)

if{pr.ge.2) write(6,*) 'Xprop_t=',6Xprop_t {0}

Xprop._d{0) = { Fsto_out_p(0) . Xsto_pro_d{0) + liss_p *

Fiss_top_(0) * Xiss_top_d ) / Finj_prop(0)

if(pr.ge.2) write(6,*) 'Xprop_d=',Xprop_d(0)

Xprop_p(0) = 1 - Xprop_t(0) - Xprop_d(0)
if(pr.ge.2) write(6,*) 'Xprop.p=',Xprop_p(0)

Fplas_prop_t(0) = Xprop_t(0) * Fplas_prop(0)
if(pr.ge.2) write(6,*) ‘Fplas_prop_t=',Fplas_prop_t(0)

Fplas_prop._d(0) = Xprop_d(0) * Fplas_prop(0)
if(pr.ge.2) write(6,*) ‘'Fplas_prop_d=',Fplas_prop_d(0)

Fplas_prop_p(0) = Xprop_p(0) * Fplas_prop(0)
if(pr.ge.2) write(6,*) ‘Fplas_prop_p=',Fplas_prop_p(0)

Finj_exh(0) = ( ( Fplas_in_t{0) + Fplas_in d{(0) ) / ( 1 -

finj_err ) + Fplas_in_p(0) ) * finj_err + Finj_prop(0)
fcap_prop + Fbk_plas_(0)

Finj_in_tot(0) = Fplas_in_t(0) + Fplas_in d(0) + Fplas_in_p(0)
if{pr.ge.2) write(6,*) ‘Finj_in_tot=’,Finj_in_tot(0)

>
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868: if(pr.ge.2) write{6,*) 'Finj_exh="',Finj_exh(0)

869:

870: Finj_exh t(0) = Fplas_in_t(0) * finj_err / ( 1 - finj_err ) +
871: & Finj_prop(0} * Xprop_t(0) * fcap_prop + Fbk_plas_t (0}
872: if(pr.ge.2) write(6,*) 'Finj_exh_t=',Finj_exh_t(0)
873:

874: Finj_exh d{0) = Fplas_in_d{0) * finj_err / ( 1 ~ finj_err ) +
875: & Finj_prop{0) * Xprop_d(0) * fcap_prop + Fbk_plas_d(0)
876: if(pr.ge.2) write(6,*) 'Finj_exh_d=',Finj_exh_d(0)
877:

878: Fiss_inj (0} = ( 1 - fnon_iss ) * Finj_exh(0)

879: if({pr.ge.2) write(6,*} ‘Fiss_inj="',Fisgs_inj(0)

880:

881: Finj_rec(0) = fnon_iss * Finj_exh(0)

882: if(pr.ge.2) write(6,*) 'Finj_rec=',Finj_rec(0)

883:

884: Xinj_t(0) = Finj_exh t(0) / Finj_exh(0)

885: if(pr.ge.2} write(6,*) *Xinj_t=',Xinj_t(0)

886:

887: Xinj_d{0) = Finj_exh_d(0) / Finj_exh(0)

888: if(pr.ge.2) write(6,*) 'Xinj_d=',Xinj_d4(0}

889:

890: Xinj_p(0) = 1 - Xinj_t{0) - Xinj_d4(0)

891: if{pr.ge.2) write(6,*) 'Xinj_p=',Xinj_p(0)

892:

893: Fgas_in_tri(0) = Fsto_tri_out(0) / 2

894: if(pr.ge.2) write(6,*) 'Fgas_in_tri=',Fgas_in_tri(0)
895:*Fgas_d = Fgas_in_tri(t) * Xsto_tri_d + Fgas_in_deu(t) * Xsto_deu_d
896:* + hl * Fpuri_out{t0) * Xiss_in d

897:* + mgas_mid_iss * Fiss_mid_(t0) * Xiss_mid_d

898:* + mgas_bot_iss * Fiss_bot_(t0) * Xiss bot 4 ;

899:

900: Ngas_tot (0} = Burn_t{0) / 6.0

901: if(pr.ge.2) write(6,*) °'Ngas_tot=',6Ngas_tot(0}

902:

903: Tgas_{0) = Burn_t{0} / 18.0

304: if{pr.ge.2) write(6,*) 'Tgas_=',6Tgas_{(0}

905:

906: Tgas_mob(0} = mu_gas * Tgas_{(0)

907: if(pr.ge.2) write(6,*} 'Tgas_mob=',6 Tgas_mob(0)

908:

909: Dgas_(0) = Burn_t(0) / 18.0

910: if(pr.ge.2) write(6,*) 'Dgas_=',Dgas_{(0)

911:

912: Xgas_t(0) = Tgas_(0) / Ngas_tot(0)

913: if(pr.ge.2) write(6,*) 'Xgas_t=',6 Xgas_t{(0)

914:

915: Xgas_d{0) = Dgas_(0) / Ngas_tot(0)

916: if(pr.ge.2) write(6,*) 'Xgas_d=',6Xgas_d{(0)

917:

918: Xgas_p(0) = 1 - Xgas_t(0) - Xgas_d{(0)

919: if(pr.ge.2) write(6,*) 'Xgas_p=',Xgas_p(0)

920:

921: Pgas_{0) = Xgas_p(0) * Ngas_tot(0)

922: if(pr.ge.2) write(6,*) 'Pgas_=',Pgas_(0}

923:*Fgas_tot = (Fgas_t(t)+Fgas_d(t}) / (Xgas_t(t)+Xgas_d(t)} ;
924 :*Fpuff_plas = Fgas_tot + Fplas_prop_t + Fplas prop_d + Fplas_prop_p ;

925:*Fgas_d = Fgas_in_tri(t) * Xsto_tri_d + Fgas_in_deu(t) * Xsto_deu d

926:* + hl * Fpuri_out(t0) * Xiss_in d
927:* + mgas_mid_iss * Fiss_mid_(t0) * Xiss_mid d
928:* + mgas_bot_iss * Fiss_bot_(t0) * Xiss bot d ;

929:*Fgas_tot = (Fgas_t(t)+Fgas_d{t)) / (Xgas_t(t)+Xgas_d(t)) ;
930 :*Fpuff_plas = Fgas_tot + Fplas_prop_t + Fplas_prop_d + Fplas_prop_p ;
931:*

932:* --- Isotope Separation System ——-==-m--—--msceosmsmeceoeoeoo— e
933:*

934:*

935:*

936:

937: Fiss_in_t{0) = Fbl_cool * Xc_t + Fbl_ * Xbl t

938: if(pr.ge.2) write(6,*) 'Fiss_in_t=',Fiss_in_t(0)

939:

940: Fiss_in_d(0) = Fbl_cool * Xc_d + Fbl_ * Xbl d

941: if(pr.ge.2) write(6,*) ‘'Fiss_in_d=',Fiss_in_d(0)

942

943: Fiss_in_p(0) = Fiss_in(0) - Fiss_in_t(0) - Fiss_in_d(0)
944: if(pr.ge.2) write(6,*) 'Fiss_in_p=',Fiss_in_p(0)

945;

946: if { Fiss_in(0} .ne. 0.0d0 ) then

947:

948: Xiss_in_t(0) = Fiss_in_t(0) / Fiss_in(0)

949: if{pr.ge.2) write(6,*) 'Xiss_in t=',Xiss_in t{0}

950:

951: Xiss_in_d(0) = Fiss_in_d(0) / PFiss_in(0)

952 if(pr.ge.2) write(6,*) 'Xiss_in_d=',6Xiss_in _d(0)

953:

954: Xiss_in p(0) = 1 - Xiss_in_t(0) - Xiss_in d(0)

955: if(pr.ge.2) write(6,*) 'Xiss_in p=',Xiss_in_p(0)

956:

957: else

958:

959: Xiss_in_t(0) = 0.0d0

960: if({pr.ge.2) write(6,*) 'Xiss_in t=',Xiss_in_t(0)

961:

962: Xiss_in_d(0) = 0.040

963: if{pr.ge.2) write(6,*) 'Xiss_in_d=',Xiss_in_d(0)

964:

965: Xiss_in_p{0) = 0.0d0

966 if(pr.ge.2) write(6,*) 'Xiss_in p=',Xiss_in_p(0)

967:

968: endif

969:* ~--~ Fgas_d / Fgas_tot / Fpuff_plas are here bacause Fgas_d use
970:* Xiss_in &

971:

972: Fgas_d(0) = Fgas_in_tri(0) * Xsto_tri_d(0) + Fgas_in_deu(0) *
973: & Xsto_deu_d{0) + hl * Fpuri_out{(0) * Xiss_in_d(0) +
974: & mgas_mid_iss * Fiss_mid_(0) * Xiss_mid d + mgas _bot_iss *
975: & Fiss_bot_{(0) * Xiss_bot_d

976: if(pr.ge.2) write(6,*) ‘Fgas_d=',Fgas_d{0)

977:

978: Fgas_tot(0) = ( Fgas_t(0) + Fgas_d(0) ) / ( Xgas_t(0) + Xgas_d(0)
979: & ) :

980: if(pr.ge.2) write(6,*) 'Fgas_tot=',6Fgas_tot(0)

981:
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982:
983:
984:
985:
986:
987:

& Fplas_prop_p{(0)
if{pr.ge.2) write(6,*) ‘Fpuff_plas=‘,6Fpuff plas(0)

*

* --- Neutral beam injeCtor === w=w—m=cmm e
B

988:

989:
990:
991:

W_nb(0) = 75D0 * fppower0 {( 0.0d0 , t_burn , t.p ru , t_p_rd
& , t_dwell )
if(pr.ge.2) write(6,*) 'W_nb=',W_nb(0)

992:

993:

if(pr.ge.2) write(6,*) ‘Fplas_nb_d=',Fplas_nb_d4(0)
s**Fin_st_d = Fsto_deu_out / 2.0D0 ;

Fin_st_d(0) = 0.0D0
if(pr.ge.2} write(6,*) 'Fin_st_d=',Fin_st_d(0)

Neryo_(0) = Burn_d{(0) / 2.0D0
if{pr.ge.2) write(6,*) 'Ncryo_=',Ncryo_{0)

Tnb_cryo(0} = Ncryo_{0) / 3.0D0
if{pr.ge.2) write(6,*) 'Tnb_cryo=',6Tnb_cryo(0)

Dnb_cryo(0)} = Ncryo_(0) / 3.0D0
if(pr.ge.2) write{6,*) 'Dnb_cryo=',Dnb_cryo{0)

Xnb_cryo_t{0) = Tnb_cryo{0) / Ncryo_(0)
if{pr.ge.2) write(6,*} *Xnb_cryo_t=',Xnb_cryo_t(0)

Xnb_cryo_d{0) = Dnb_cryo(0) / Ncryo_(0)
if(pr.ge.2) write(6,*} 'Xnb_cryo d=',Xnb_cryo_d(0)

¥nb_cryo_p{0) = 1.0 - Xnb_cryo_d{(0) ~ Xnb_cryo_t{0)
if{pr.ge.2) write(6,*} ‘'Xnb_cryo_p=',Xnb_cryo_p(0)

Pnb_cryo{0} = Xnb_cryo_p{(0) * Ncryo_(0)
if(pr.ge.2) write(6,*) 'Pnb_cryo=',Pnb_cryo(0)

Rnb_reg_p(0) = Pnb_cryo(0) * emrRsAp
if(pr.ge.2) write(6,*) 'Rnb_reg p=',Rnb_reg p(0)

tnb_(0) =t - nnb_ * tnb_pump
if(pr.ge.2) write(6,*) 'tnb_=',tnb (0)

if ( tnb_(0) .gt. tnb reg .and. tnb_(0) .lt. tnb_pump )} then

Rnb_reg_t(0} = 0.0d0
if(pr.ge.2) write(6,*) 'Rnb_reg_t=',Rnb_reg_ t(0)

Rnb_reg_d(0) = 0.0d0
if(pr.ge.2) write(6,*) 'Rnb_reg_d=',Rnb_reg_d(0)

else

Rnb_reg_t{0) = Tnb_cryo{0) * emrRsAp
if (pr.ge.2) write{6,*) 'Rnb_reg_t=',Rnb_reg_ t{(0)

Fpuff_plas(0) = Fgas_tot{0) + Fplas_prop_t{0) + Fplas_prop_d(0) +

Fplas_nb_d{(0) = 3.6D3 / 1.6D0 * 1.0D19 * 1 / No * W nb(0) / E_nb

1076:
1077:
1078:
1079:
1080:
1081:
1082:
1083:
1084:
1085:
1086:
1087:
1088:
1089:
1090:
1091:
1092:
1093:
1094:
1095:

Rob_reg_d(0) = Dnb_cryo(0) * emrRsAp
if{pr.ge.2) write{§,*) 'Rnb_reg_d=',Rnb_reg_d{(0)

endif

Rnb_reg_(0) = Ncryo_(0) * emrRsAp
if(pr.ge.2) write(6,*) 'Rnb_reg_=',Rnb_reg_ (0)

Fnb_cryo{0) = Rnb_reg_t(0) + Rnb_reg_d(0) + Rnb_reg p(0)
if(pr.ge.2) write(6,*) 'Fnb_cryo=',Fnb_cryo(0)

Crec(0) = 0.0DQ
if(pr.ge.2) write(6,*) 'Crec=',Crec(0)

Fin_rec_(0) = Crec(0) * Fnb_cryo(0)
if(pr.ge.2) write(6,*) 'Fin_rec_=',Fin_rec_(0)

Fiss_nb(0) = ( 1.0D0 - Crec(0) ) * Fnb_cryo(0)
if (pr.ge.2) write(6,*) 'Fiss_nb=',6Fiss_nb(0)

if ( tnb_{0) .gt. 0.040 .and. tnb_(0) .lt. tnb_reg ) then

Tnb_reg_(0) = Rnb_reg_t(0) * tnb_reg
if(pr.ge.2) write(6,*) 'Tnb_reg_=',Tnb_reg (0)

Dnb_reg_{0) = Rnb_reg_d(0) * tnb_reg
if(pr.ge.2) write(6,*) 'Dnb_reg =',Dnb_reg_ (0)

Dnb_cryo_tot (0) = Dnb_cryo(0) + Dnb_reg_(0) * ( 1.0 - tnb (0) /
& tnb_reyg )

if({pr.ge.2) write(6,*) 'Dnb_cryo_tot=',Dnb_cryo_tot(0)

elseif ( tnb_{0) .gt. tnb_reg .and. tnb_(0) .lt. tnb_pump ) then

Tnb_reg_(0) = 0.0d0
if{pr.ge.2) write(6,*) 'Tnb_reg_=', Tnb_reg.(0)

Dnb_reg_(0) = 0.0d40
if (pr.ge.2) write(6,*) 'Dnb_reg_=',Dnb_reg_(0)

Dnb_cryo_tot(0) = Dnb_cryo(0)
if(pr.ge.2) write(6,*) 'Dnb_cryo_tot=',Dnb_cryo_tot(0)

endif

if ( tnb_{0) .lt. tnb _reg ) then

Tnb_cryo_tot(0) = Tnb_cryo(0) + Tnb_reg_(0) * ( 1.0 - tnb_(0) /
& tnb_reg )

if(pr.ge.2) write(6,*) 'Tnb_cryo_tot=',Tnb_cryo_tot(0)

elseif ( tnb_(0) .gt. tnb_reg .and. tnb_(0) .lt. tnb pump ) then

Tnb_cryo_tot(0) = Tnb_cryo{(0)
if(pr.ge.2) write(6,*) 'Tnb_cryo_tot=',Tnb_cryo_tot(0)
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1096: endif

1097:

1098: Tnb_cryo_mob{0)} = mu_nb_mob * Tnb_cryo_tot (0}

1099: if(pr.ge.2) write(6,*) 'Tnb_cryo_mob=',Tnb_cryo_mob(0)
1100:

1101: Fbk_nb_(0) = 3 * 5.98D-21 * nedge_tot

1102: if(pr.ge.2) write{6,*} ‘Fbk_nb_=',Fbk_nb_{0)

1103:

1104: Fbk_nb_t (0} = 3 * 5.98D-21 * nedge_t

1105: if(pr.ge.2) write(6,*) ‘Fbk_nb_t=',Fbk nb t{0)

1106

1107 Fbk_nb_d(0) = 3 * 5.98D-21 * nedge_d

1108: if(pr.ge.2) write(6,*) 'Fbk_nb d=',Fbk_nb_d(0)

1108:

1110: Tnb_wall(0) = 1.0D-4

1111: if(pr.ge.2) write(6,*) 'Tnb_wall=',Tnb_wall(0)

1112:

1113: Tnb_wall_mob(0) = mu_wall_ * Tnb_wall({0)

1114: if (pr.ge.2) write(6,*) 'Tnb_wall_mob=',Tnb_wall_mob(0)
1115:

1116: Tnb_tot(0) = Tnb_wall{0) + Tnb_cryo_tot(0)

1117: if(pr.ge.2) write(6,*) 'Tnb_tot=',Tnb_tot(0)

1118:

1119: Tnb_tot_mob(0) = Tnb_wall mob(0) + Tnb_cryo_mob(0)
1120: if({pr.ge.2) write(6,”) *Tnb_tot_mob=‘,Tnb_tot_mob (0}
1121: ’

1122: Fplas_nb_(0) = ( kiss_mid_ * Fiss_mid_(0) + Fin_st_d(0) ) *
1123: & eta_nb_tot

1124: if (pr.ge.2) write(6,*) ‘Fplas_nb_=',Fplas_nb_{0}
1125:

1126: Fplas_nb_t(0) = kiss_mid_ * Fiss_mid_(0) * Xiss_mid _t* eta nb_tot
1127: if(pr.ge.2) write(6,*} ‘Fplas_nb_t=',Fplas_nb_t(0)
1128: ‘

1129: Fplas_nb_p(0) = Fplas_nb_(0) - Fplas_nb_t(0) - Fplas_nb _d(0)
1130: if(pr.ge.2) write(6,*) 'Fplas_nb_p=',Fplas_nb_p(0)
1131:*

1132:* --- the following variables are set here ---

1133~

1134:

1135: Fuel_d(0) = Fplas_in_d(0) + Fgas_d(0) + Fplas_nb d(0) +
1136: & Fplas_prop. d(0)

1137: if(pr.ge.2) write(6,*) ‘'Fuel_d=', Fuel_d(0)

1138:

1139: Fex_d(0) = Fuel_d(0) - Burn_d{0)

1140: if(pr.ge.2) write(6,*) 'Fex_d=',6Fex_d(0)

1141:

1142: Fuel_p(0) = Fplas_in_p(0) + Xgas_p(0) * Fgas_tot{0) +
1143: & Fplas_prop_p{0}

1144: if (pr.ge.2) write(6,*) ‘Fuel_p=',6Fuel_ pl{0}

1145:

1146: Fex_p({0) = Reac_p(0) + Fuel_p(0)

1147: if(pr.ge.2} write(6,*) 'Fex_p=',Fex_p(0)

1148:

1149: Xnb_t(0) = Xnb_cryo t(0)

1150: if (pr.ge.2) write(6,*} 'Xnb_ t=',Xnb_ t(0)

1151: '

1152: Xnb_d(0) = Xnb_cryo_d4(0)

1153: if({pr.ge.2) write(6,*) 'Xnb_d=',Xnb d{0)

1154:

1155: Fsto_tri_in(0) = ( 1.0D0 - linj_bot_iss - mgas_bot_iss )} *
1156: & Fiss_bot_(0)

1157: if(pr.ge.2) write(6,*) 'Fsto_tri_in=',6Fsto_tri_in(0)
1158:

1159: Fsto_deu_in{0) = ( 1.0D0 - kiss_mid_ - linj_mid iss -
1160: & mgas_mid_iss )} * Fiss_mid_(0)

1161: if{pr.ge.2) write(6,*) ‘Fsto_deu_in=',Fsto_deu_in(0)
1162:

1163: Fsto_pro_in(0) = ( 1.0D0 - linj_p ) * Fiss_top_(0)
1164: if(pr.ge.2) write(6,*) 'Fsto_pro_in=',6Fsto_pro_in(0)
1165:C

1166:C

1167: jerr = 0

1168:

1169:C ... print out

1170: write(6,*) '===initial values'

1171: do i=l,nvar

1172: write{6,711} ‘'X(0,',i,') <',varname(i),'> =',XVARS(0,i)
1173: end do g

1174:c

1175:c ... pump

1176: do ip = 1, NT_PUMP

1177:C*** T™v_s(ip) = 0.0D0

1178 :C*** Tp_reg_i(ip) = 0.0D0

1179 :C*** Dp_reg_i(ip) = 0.0D0

1180:C**+ Pp_reg_i(ip) = 0.0D0

1181:Cr** Hep_reg_i(ip) = 0.0D0

1182:c

1183: Tpv_i(0,ip) = 1.0D-4 / NT_PUMP

1184: Rt_rem i(0,ip) = Tpv_i(0,ip) * emrRsAp

1185: Dpv_i{0,ip) = 1.0D-4 / NT_PUMP

1186: RA_rem_i(0,ip) = Dpv_i(0,ip) * emrRsAp

1187: Ppv_i(0,ip) = 1.0D-4 / NT_PUMP

1188: Rp_rem_i(0,ip) = Ppv_i(0,ip) * emrRsAp

1189: Hepv_i(0,ip) = 1.0D-4 / NT_PUMP

1190: Rhe_rem_i (0,ip) = Hepv_i(0,ip) * emrRsAp

1191: end do

1192:

1193:c ... procession condition check

1194: do i=1,3

1195: mcycle(i) =0

1196: stime(i) = 0.d40

1197: scondvar (i) = 0.d0

1198: end do

1199:¢c

1200: tend = 0.40

1201: Timp_tend = Timp_(0)

1202:c

1203: 711 format{lx,a,i3,a,a,a,lp,d13.5)

1204: return

1205: end
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52:C
. 53:C TMAX = total-simulation-time (in second)
@® _cntinp.f 54:C
55:C NTIMES = number of time intervals
56:C TIMES()- = time interval boundaries (TIMES(1l) must be 0)
i i 57:C
; C‘__.S.ubj_zjiuf_l?_e__C..oit:o.l_lip_u.t _____________ . o 58:C NTIMEZONE = number of time zones
i R o T 59:C NSTEPS() = number of time intervals in each time zone
2 g_____f‘?_s_l?fl_ fffff?f__cf_l_t_lﬁn__l?f_e?_t?f_f:’_a_l?_a_tf_o?_fy_sfi“ ________________ 60:C TZBOUND() = boundaries of time zones. (NTIMEZONE+1 entries)
: 61:C
5 \
; g input problem control data 62.0 NCYCLE = cycle n .
. : 63:C
7 :
8 g ‘f“;g:zevjrerswn Feb 1997 64:C NBREAKC = break point cycle( max : MAXRES )
9:¢ ‘ 65:C NBREAKP = break point sec ( max : MAXRES )
66:C
67:C * Users should input in either NTIMES-TIMES combination or
68:C NTIMEZONE-NSTES-TZBOUND combination.
69:C
13: include ' sizes.h’ 70:C  Time values are convertd into hour for calculation
B — - 71:C
15:C
16:C  .... including common areas here and not passing by arguments ;ig :_-S-O—U:I'_PTU_'I'_ _____ s —‘E:N;“(_t:}::'._s:_z_'c;t-;ne ;r:_tzt-s_)- -
17:C is only to use NAMELIST input for variables in them. Thee e - yED 1this routing in putsy
18:C :
19: include '_commonsl.h' 75:C . : .
20:¢ 76:C Specify variable names whose values of all time steps are output
21: include ‘varconst.h’ 77:C as a comma separated list of names.
. ' 78:C
§§:§____.. 10CAL GAEA ¥ o o e e e e o e 79:C variablel, variable2, variable3, ..., variablen
: 80:C
24:C . . X . . .
25: integer nstartcycle, nstartpoint, nsuptime, nsdowntime 81:¢ Can be input ény number of 1“,135 and a line having "$END* on
26:C 82:C the head terminates this section..
27:Cﬂ'tt‘ittiiit*tﬁt"tt'itﬁ&t't'iitii‘*'ﬂ*'tittii'iiil"i*ﬁi'iﬁit'*tti'iii gi:g
25:C << control data specification >> 85:C * SCONSTANT ... $END (this routine inputs)
30:C  Input data are specified by NAMELIST input. :gg """""""""""""""""""""""""""""""""

31:C Input namelist blocks in the following order.
32:C
33:C  For convinience to users, current input allows comment lines

88:C Change constant value if necessary.
89:C Repeat lines as follows;

. . T 90:C
ggg starting with '#'. 91:C constant-name = value
: 92:¢
36:C ~mmmmmmmmm e e .
foy . . . 93:C Can be input none or any number of lines and a line having “$END* on
. *
:;g “;namil_l_s_t“{l?_l—r.is_sni;;"swl‘lff)“—(FILmAMEINPUT routine input this) 94:c the head terminates this section..
. 95:C
39:¢C
40:C  Specify filenames one per one line; 96:C mucmmmmommmomms oo oooommes s mos o s
e e pe i 97:C * SINITIAL ... SEND (INITIALINP routine inputs)
42:¢ PRINT = ‘printout-file-name' ggg """"""""""""""""""""""""""""""""""""
43:C RESULT = 'calculation result output directory/folder' N - N
44:C JDEBUG = <printout debugging information if non zero> iggg Ictleme)agi i’i’;;;aisvzi‘fioii_necessary )
45:C OUTPUTALL = <output results of all variables ignoring $OUTPUT> 102:C b ‘
46:C N .
A7 :C mmme e m e e 103:C variable-name = value
i . . : . 104:C
. *
48:C namelist STIME ... SEND (this routine inputs) 105:C Can be input none or any number of lines and a line having *$END" on
49:C —wwmmememaccmemeeco——mcrm o . X N N
50:C 106:C the head terminates this section..

: : s ; s : 107:C
51:¢ Simulation time & time step information. STl AR R AR SRR AR AR RS RR RS AR AR LSRR Rttt ittt et lRs
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109:C . 166:c

110: namelist /TIME/ MODE, 167: if{ MODE(1:3) .eg. 'RES’' ) goto 1000

111: & TMAX, NTIMES, TIMES, NTIMEZONE, NSTEPS, TZBOUND, LB O o e o e e e e e e e e
112: & NSUBSTEPS, NCYCLE, NBREAKC, NBREAXP, 169:C NORMAL RUN MODE

113: & IABXCTL 770 3 e o o e
114:CCC namelist /OUTPUT/ NVAROUT, VAROUT 171: nstartc = 1

115:¢ namelist /RESP/ nrespst, nresptime, deltas, eps 172:C

116: namelist /RESP/ nstartcycle, nstartpoint, nsuptime, nsdowntime, 173:C ... timezone is specified ..........cvuaenn

117: & . deltas, eps 174:C

118:C ... name & value pairs to modify constants or initial value 175: call settimes( nerr )

119:C 176:¢

120: common /TEMPNAME/ NAME 177: do i=1,MAXRES

121: common /TEMPVAL/ VAL 178: if({ nbreakc(i) .gt. 0 ) then

122: parameter (MAXTEMPNM = 64) 179: dbreakp(i) = nbreakp(i)/3600.40

123: character*16 NAME(MAXTEMPNM) 180: if{ dbreakp(i) .gt. tmax } then

124: double precision VAL (MAXTEMPNM) 181: write{6,*) 'XXX NBREAKP is not valid.®

125:C . 182: nerr = nerr + 1

126: namelist /CONSTANT/ NAME, VAL 183: else

127:C 184: nbreakp{i) = ntimes

128: character*80 LINE 185: do j=0,ntimes

129:C 186: if{ times(j) .gt. dbreakp{i) ) then
130:C------=- ** input time specifications **—--m-c-memmccae i —— oo —— 187: nbreakp(i) = j

131:C 188: goto 300

132: MODE = 'RUN' 189: end if

133: . NCYCLE = 79 190: end do

134: do i=1,MAXRES 191: 300 continue

135: NBREAKC(i) = 0 192: end if

136: NBREAKP(i) = 0 183: end if

137: DBREAKP(i) = 0.0d0 194: end do

138: end do 195: write(6,*) ‘START POINT---',6nstartc,' cycle °*

139: IABXCTL = 1 196: do i=1,MAXRES

140: NTIMEZONE = 0 ‘ 197: if( nbreakc(i) .ne. 0 ) then

141: TIMES(0) = 0.0d0 198: write(6, ‘' (A,I5,A,15,A,1PE12.5,A,1I5,A)") * BREAK POINT--~',
142: TZBOUND(0) = 0.0d0 ’ 199: & i,' ‘,nbreakc(i),' cycle ',

143: do i=1,MAXTZONE 200: & dbreakp{i)*360040, "' sec ', nbreakp(i),' step'
144: NSUBSTEPS(i) = 1 201: end if

145: end do 202: end do

146:C 203:c :

147: WELte(6,*) ' =~ e e e ' 204:¢c ... input file skip &RESP cards

148: write(6,*) * input TIME specififcations ...' 205: read (50, nml=resp)

149: Write(6,*) ' —mmce e e ' 206:c

150:C ' 207:C

151: NTIMES = 0 208:C-~~~mmmm ** putput variable specifications ** - s . ————————
152: 209:C

153: read (50, nml=time) . 210: 390 NVAROUT = 0

154: write(6,*) 'time read’ 211: do i=1,maxvarout

155:C : 212: varout(i} = * *

156: if( mode(1:3) .eq. ‘'res' ) then 213: end do

157: mode = ‘RES’ 214:C

158: else if( mode(l:3) .eq. 'run’ ) then 215: WELLE{6, %) ' —mmm e e e e '
159: mode = ‘RUN' 216: write(6,*) ' ... input variable names to be output ...’
160: end if ‘ 217: WELE@(6,*) ' mmm e N
161: if( mode(1:3) .ne. 'RUN' .and. mode(1:3) .ne. 'RES' ) 218: write(6,*) ' (number of total defined variables = ', nvar,')'
162: & mode = 'RUN' 219:

163: 220:check %%%%%%

164: nerr = 0 221:c do i=1,nvar

165: write(6,*) 'MODE=', MODE ) 222:c write(6,*) * varname(',i,') <',varname(i),‘'>'
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223:¢c end do

224:c BHBRIEBHRY

225:C

226:ccce read (50, nml=output)

227:c

228: line=' '

229: read(50, '{a)') line

230: if( line(1:7).ne.'&OUTPUT* .and. line(1:7).ne.‘'SOUTPUT') then
231: write(6,*) ‘'»x & UTPUT or $OUTPUT is not found.'
232: write(6,*) ‘xxx line: ‘,line

233: stop 888

234: end if

235:¢c

236: nvarout = 0

237:c

238: 400 line = * '

239: read(50, ' (a) ', end=1900) line

240: if( line(1:4).ne.'&END' .and. line(1:4).ne.'$SEND') then
241: il =1

242: do i=1,len{line)

243:

244: k = index(line{il:),',")

245: nvarout = nvarout + 1

246:

247: if( nvarout.gt.maxvarout ) then

248: write(6,*) ‘xxx number of output variable NVAROUT = °*,
249: & NVARQUT,

250: & ‘exceeds program limit (MAXVAROUT=',MAXVAROUT, *}*
251: stop 999

252: end if

253:

254 if( k.eq.0 ) then

255: i2 = len(line)

256: else

257: i2 = il+k-2

258: end if

259: if(line(il:i2).eq.' ' ) then

260: nvarout = nvarout - 1

261: else

262: varout {nvarout) = line(il:i2)

263: end if

264: il = i2 + 2

265: if( il.gt.len(line) )} goto 410

266: end do

267: 410 continue

268: goto 400

269: endif

270:C

271:C . remove unnecessary blanks

272:C

273: do i=1,nvarout

274: call CCOMP( VAROUT(i), len(varout(i)), varout(i), IFL )}
275: end do

276:¢

277:¢c . match with VARNAME entry ...

278:¢

279:

do 120 i=1,nvarout

280:c

281: do j=1,i-1

282: if( varout(j).eg.varout(i) ) then
283: write(6,*) 11! VAROUT ‘,varout(i),
284: & * specified more than once.'
285: ivarout (i) = 0

286: goto 120

287: end if

288: end do

289:c¢c

290: do j=1,nvar

291: kk = index(varname(j), '(t)"')

292: if( kk.gt.0 )} then

293: kk = kk - 1

294: else

295: kk = len(varname{j})

286: end if

297: if( varname(3) {:kk).eq.varout{i) ) then
298: ivarout(i) = j

299: goto 130

300: end if

301: end do

302:¢

303: write(6,*) ‘'xxx ‘,varout(i),' is not in variable name list.‘
304: ivarout (i) = -1

305: nerr = nerr + 1

306: goto 120

307:c¢c

308: 130 write(6,'(lx,a,i3,a.,a,a,i4,a)’)

309: & ' VAROUT(',i,") ‘,varout (i}, (X(',ivarout{i), ')}’
310:¢c

311: 120 continue

312:c

313: kk = 0

314:

315: do i=1,nvarout

316: if( ivarout(i).gt.0 } then

317: kk = kk + 1

318: if( kk.ne.i ) varout(kk) = varout(i)

319: end if

320: end do

321:

322: nvarout = kk

323: write{§,*) ', nvarout, ' variables are output as result.’
324:C

325: if (OUTPUTALL.ne.0) then

326 write(6,*)

327: & 'ttt all variables are output as calculation result.®,
328: & ' Specifictions in $OUTPUT section will be igonored.:®
329: endif

330:C

331:C ... test that files can be opened under specified *result* directory.
332:C

333: iunit = 10

334: call fileopen{ 0, result(:1lr), ‘file000', iunit, iocerr }
335: if( icerr.ne.0 ) then

336: write{(6,*) ‘XXX tried to open a file under specified output',
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337: & * directory, but failed.' : 394:* do j=1,nvar

338: write(6,*) ' Please check existence of the directory/folder °, 395:* kk = index(varnmame(j),'(')

339: & 'or access permission etc. ‘' 396:* if( kk.eq.0 ) kk = len(varname(j))

340:¢ 397+ if( varname(j)} (:kk).eg.name(i) ) then

341: if{ sysname.eq. 'Macintosh') pause ‘PAUSE' 398:* goto 300

342:c 399:* end id

343: stop 888 400:* end do

344: endif 401:* write(*,*) 'XXX try to change initial value of «',name(i),
345:¢ . 402:* & '> but no such a variable exists.®

346: close (iunit, status='DELETE’) 403:* nerr = nerr + 1

347:C 404:* goto 320

348:C-mmmmmmm ** constant variable value re-definition **------c-mmmmmenn- 405:C

349:C 406:* 300 write(*,*) '== initial value of <',6name(i},
350: line=* °® 407:* & *> changed from *, X(j),' to *,val{i)

351: read (50, '{a)"',end=1900} line 408:* X(3j) = val(i}

352: if( line(1:9).ne. '&CONSTANT' .and. line{1:9).ne.'$CONSTANT') then 409:C

353: write(6,*) '>oot &CONSTANT or $CONSTANT is not found.' 410:* endif

354: write(6,*) '>oo¢ line: ', line 411:* enddo

355: stop 888 412:C

356: end if 413:* 320 continue

357:c 414: goto 2000

358: 500 line = * °* 415:¢

359: read(50, ' (a)',end=1900) line 416:¢c

360: if( line(1:4).ne.'&END’ .and. line(1l:4).ne.‘$END') then 417 i Cmm i o e e e e e e e e o e e
361: . 418:C RESPONSE MODE

362: k = index( line, '=' ) 419:C TIME, result, OUTPUT, Variables set by RESPONSE-FILE
363: if ( k.eq.0 ) then G20 £ G e e e e e s
364: write(6,*) '»oox constant change line must be *“name = value*’ 421:c

365: write(6,*} ‘oo line: *,line 422: 1000 continue

366: stop 888 423: write(6,*) 'response file read'

367: end if 424: kout = 20

368: 425: open(kout, file=response, status='UNKNOWN',

369: call changeconst{ line{:k-1), line(k+l:}), ierr ) 426: & form='FORMATTED', iostat = ios )

370: 427: if( ios .ne. 0 ) then

371: goto 500 428: write(6,*) 'XXX failed to open response file °*
372: 429: if{ sysname.eq. 'Macintosh®' )} pause 'PAUSE'

373 endif 430: stop 888

374:C 431 endif

375:C ... print out 432:c....... skip 2records

376:C 433: read(kout,*) line

377: write(6,*) '=== constant values’ 434: read(kout,*) line

378: do i=1,nconst 435: read(kout, *(12X,E12.5) ') tmaxl

379: write(6,711) ‘'C(',i,') <',constname{i},'> =',C(i) 436: if( tmax .eq. 0.d0 )} tmax = tmaxl/3600.40

380: end do 437:c... ... output variables

381: 711 format{lx,a,i3,a,a,a,lp,d13.5) 438: read(kout, ' (7X,A) '} result_o

382:C 439: read(kout, ' (20X, I5) ') nvarout

383:C-----mmm ** initial value re-specification **--cewmmmmceoennx 440: write(6,*) ’'nvarout=',6nvarout

384:cC 441: if( nvarout .eq. 0 ) then

385:* do i=1,MAXTEMPNM 442: ioutput = 1

386:* NAME(1i) = ' * 443: else

387:+ VAL(i} = 0.0d0 444: ioutput = 0

388:* end do 445: do i=1, nvarout

389:* 446: read(kout, ' (I5,3X,A32) ') ivarout(i), varout(i)
390:+ read (50, nml=initial) 447:c write(6,*) * ‘,ivarout (i), ' ', varout{(i)
391:¢ 448: end do

392:+ do i=1, MAXTEMPNM 449: endif

393: if (NAME(i) .ne.’ ') then 450:c....... constant values
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451:
452:
453:
454:
455:¢
456:

506:¢c
507:

nresptime(2)

read(kout, ' (20X, I5) ') nconst

write(6,*) ‘nconst=’,nconst

do i=l, nconst
read(kout, ' {A32,E15.8) ') constname(i), C(i)
write(6,*) ' ‘,constname (i), C(i)

end do

..... &RESP read

nrespst (1) = 80
nrespst (2) = 0
nresptime(l) = 20
nresptime(2) = 20
deltas = 2.0d+11
deltas = 0.05

eps = 0.01

read (50, nml=resp)
nrespst(l) = nstartcycle
nrespst (2) = nstartpoint
nresptime(l) = nsuptime
= nsdowntime

write(6, '(4{A,I5),2(A,1PE12.5))")
'STEP RESPONSE  start=',NRESPST(l),' cycle ',
NRESPST(2),' sec end 1 time' , NRESPTIME(1),

&
&
& ' sec end 2 time', NRESPTIME(2),
&

' sec delta_S',DELTAS, " $ EPS',EPS

write(6,*) 'CUTPUTALL', OUTPUTALL,' tmax',tmax,' hour'

write(6,*) 'Result=’, result

write(6,*) 'Result old=',result_o

write(6,*) ‘IABXCTL=',iabxctl

read{kout, ' (20X,I5)') NVAR

write(6, *) 'NVAR=',6NVAR

nstartc = 0

nstartsec = 0

do i = 1, MAXRES
read(kout, *, end=1300) 1line
read(kout, ' (12X, I5)*') ic
read(kout, ' (12X,15)') ip
read(kout, ' (12X,E12.5)"') tend
read({kout, ' (12X,E12.5) ') Timp_tend

........ variables

nstartc = ic
nstartsec = ip
do j= 1, NVAR
read(kout, ' (A32,2E12.5) ') VARNAME(j),XVARS(0,j),XVARS(1,])
write(6,'{A32,2E12.5) ') VARNAME(j),XVARS(0, j)XVARS(1,j)
end do

read{kout, ' (A20) ') line

read(kout, ' (A20) ‘) line

read{kout, ' (24E12.5)") (Tpv_i(0,3),3j=1,NT_PUMP)

write(6, ' (A20,1P24E12.5) ') line, (Tpv_i(0,j),j=1,NT_PUMP)
read(kout, ' (24E12.5) ') (Tpv_i(1,3),3=1,NT_PUMP)
write(6,'{A20,1P24E12.5)') line, {Tpv_i(1,3j),j=1,NT_PUMP)
read(kout, ' (A20)*) line

508:
509:c
510:
511:c
512:
513:
514:c¢
515:
516:c
517:
518:
519:c
520:
521:c
522:
523:
524:c
525:
526:¢
527:
528:
529:¢
530:
531:c
532:
533:
534:c
535:
536:c
537:
538:
539:c
540:
S541:c
542:
543:c
544:
545:
546:
547:
548:
549:c
550:
551:
552:
553:
554:
555
556:
557:
558:
559:

read(kout, ' (24E12.5) ") (Dpv_i(0,J),j=1,NT_PUMP)
write(6, ' (A20,1P24E12.5)') line, (Dpv_i(0,3j),j=1,NT_PUMP)
read(kout, ' (24E12.5) ') (Dpv_i(1,3),i=1,NT_PUMP)

write(6, * (A20,1P24E12.5) ') line, (Dpv_i(1,3j),j=1,NT_PUMP)
read(kout, ' (A20) ') 1line

read(kout, ' (24E12.5) ') (Ppv_i(0,3)},Jj=1,NT_PUMP)

write(6, ' (A20,1P24E12.5) ') line, (Ppv_i(0,j),j=1,NT_PUMP)
read{kout, ' (24E12.5)') (Ppv.i(1,j),3=1,NT_PUMP)
write(6, ' (A20,1P24E12.5) ') line, (Ppv_i(1,3j),j=1,NT_PUMP)
read(kout, ' (A20) ') 1line

read(kout, ' (24E12.5) ‘) (Hepv..i(0,J),j=1,NT_PUMP)
write(6, ' (A20,1P24E12.5) ') line, (Hepv_i(0,3),i=1,NT_PUMP)
read(kout, ' (24E12.5) ") (Hepv_i(1,3j),3=1,NT_PUMP)
write(6, ' {A20,1P24E12.5)') line, (Hepv_i(1,3j),j=1,NT_PUMP)
read(kout, ‘ (A20) ') line

read(kout, ' (24E12.5) ') (Rt_rem_i(0,j},j=1,NT_PUMP)
write(6,'(A20,1P24E12.5)"') line, (Rt_rem i(0,3j), j=1,NT_PUMP)
read(kout, ' (24E12.5) ') (Rt_rem_i{(1,3j),j=1,NT_PUMP)
write(6,'(A20,1P24E12.5) ') line, (Rt_rem_i(1,3j),j=1,NT_PUMP)
read(kout, ' (A20) ') line

read(kout, ' (24E12.5) ") (Rd_rem i(0,j),j=1,NT_PUMP)

write(6, ' (A20,1P24E12.5)"') line, (Rd_rem_i(0,3j),j=1,NT_PUMP)
read(kout, * (24E12.5) ') (Rd_rem_i(1,3j),3=1,NT_PUMP)
write(6, ' (A20,1P24E12.5) ') line, (RAd_rem i{(1l,3),Jj=1,NT_PUMP)
read(kout, ' (A20) ‘) line '

read(kout, ' (24E12.5) ') (Rp_rem_i(0,3),j=1,NT_PUMP)

write(6, ' (A20,1P24E12.5) ') line, (Rp_rem_i(0,j),j=1,NT_PUMP)
read{kout, '(24E12.5) ') (Rp_rem_i(1,3),J=1,NT_PUMP)

write(6, *(A20,1P24E12.5) ') line, (Rp_rem_i(1,j),J=1,NT_PUMP)
read(kout, ' (A20) ') line

read{kout, ‘' {24E12.5) ') (Rhe_rem_i(0,j),j=1,NT_PUMP)
write(6, ' (A20,1P24E12.5) ') line, (Rhe_rem_i(0,j),j=1,NT_PUMP)
read(kout, ' (24E12.5) *} (Rhe_rem_i(1,j},i=1,NT_PUMP)
write(6, ' (A20,1P24E12.5) ') line, (Rhe_rem_i(l,3j),j=1,NT_PUMP)

NRESPST(1) :cycle NRESPST(2):sec
if ( NRESPST(1) .lt. ic ) goto 1300
if( NRESPST(1} .eq. ic .and. NRESPST(2) .le. ip )} goto 1300
end do

1300 continue

close (kout)

if( (NRESPST(1l) .ne. nstartc) .or.

& (NRESPST(2) .ne. nstartsec) ) then

if( nstartc .eq. 0 ) then
write(6,*) ‘no data in file:', response

stop 888
else
write(6,*) 'WARNING ***** start point not decided',
& ' use ‘,nstartc,’' cycle ', nstartsec, ' sec’
end if
else .
write(6,*) ‘'start point',nstartc,' cycle ‘,
& nstartsec, ' sec'
end if

..... break point clear

do i = 1, MAXRES
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565: nbreakc(i) = 0 622: chl = inch(i:i)

566: dbreakp{i} = 0.40 ’ 623: outch{nn:nn) = chl

567: nbreakp(i) = 0 624: endif

568: end do 625: endif

569: tend = tend / 360040 626: 100 continue

570:¢c . 627: if( nn.lt.ln ) outch{nn+l:ln) = * °*

571: call respinit{() 628: if( nn.gt.ln ) ifl = 1

572:¢ 629: return

573: call settimes{ nerr )} 630: end

574:¢ 631:

575:¢ ... &OUTPUT &CONSTANT cards 632:

576: goto 390 633:

577:c¢c 634:

578:¢ 635: subroutine settimes( nerr )

579 :Cumm=** EYTOT SLOP ** = oo m oo e e e e e e e e e s e e e 636:C

580:C 637:C e e CEL D EL S
581: 2000 if( nerr.gt.0 ) then 638:C PURPOSE: READ INPUT-FILE

582: write(6,*) 639:C SET TIME-STEPS

583: & 'XXX Fatal error detected in $TIME, $OUTPUT & $CONSTANT input.' 640:Cumm==

584: if( sysname.eq.'Macintosh' } then 641: implicit real*8 (A-H,0-2)

585: write(*,*) 642:C

586: & 'XXX Fatal error detected in $TIME, $OUTPUT & S$SCONSTANT input.' 643: include '_sizes.h'

587: pause 644:C

588: end if 645: include '_commonsl.h*

589: stop 888 646:C

590: end if 647: include 'varconst.h’

581:C . 648:

592: return 649:

593:C 650 if ( NTIMEZONE.ne.0 ) then

594: 1900 write(6,*) ‘"xxx unexpected end of file on input.’ 651:C

595: stop 888 652: if{ ntimezone.gt.maxtzone )} then

596: end 653: write(6,*) '»oo¢ number of time zones NTIMEZONE = °,
597:C 654 : & ntimezone,

598:C 655: & ‘exceeds program limit (MAXTZONE=',6MAXTZONE, '}*
599: subroutine ccomp{ outch, 1ln, inch, ifl )} 656: stop 999

600:C 657: end if

601 :Cezzzasrooannoonsms szoozzzzas 658:C )

602:C PURPOSE: °‘COMPRESS' CHARACTER STRING INCH BY REMOVING BLANK 659: write(6,*) 'NTIMEZONE = ', NTIMEZONE

603:C INTO CHARACTER STRING 'OUTCH® UPTO LN CHARACTERS. 660:C

604:C ('OUTCH' & 'INCH' CAN OVERLAP IN MEMORY BUT 661: do i=l,ntimezone

605:C THE STARTING ADDRESS OF 'OUTCH' MUST PRECEED OR BE SAME AS 662:C

606:C THAT OF 'INCH'. ) 663: write(6,7100) i,NSTEPS(I),

607:C 664: & ‘tzbound(',i-1, ') tzbound(*,i,') : ',

608:C IFL : FLAG 665: & tzbound(i-1}, tzbound(i)

609:C 0 = NORMAL END 666: write(6,7102) NSUBSTEPS(I)

610:C 1 = NUMBER OF NON-BLANK CHARACTERS IN INCH EXEEDS LN. 667:C

611:C SRS EECSESCSSSRISSSSSSISISSSES == 668: 7100 format (1x, 'Timezone ',i3,' : ',id,' time steps'
612: character*(*) outch, inch 669: & /5x,a,i3,a,1i3,a,1p,2d12.5)

613: character*l chl 670: 7102 format (1x, ' each step is divided into ',1i5,' substeps.')
6l4:c 671:C

615: ifl =0 672: if( nsteps(i).le.0 ) then

616: - 11 = len(inch) 673: write(6,*) ‘'xxx NSTEPS{',i,'} must be positive but ',
617: nm =0 674: & nsteps (i)

618: do 100 i=1,11 675: nerr = nerr + 1

619: if( inch{i:i).ne.' ' } then 676: endif

620: nm =nmn + 1 677: if( nsubsteps(i).le.0 ) then

621: if{ nn.le.ln ) then 678: write(6,*) '>oox NSUBSTEPS(',i,') must be positive but ',

apod/ered-NIAVS
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679: & nsubsteps (i)

680: nerr = nerr + 1

6€81: endif

682:C

683: if{ tzbound{i).1t.0.0d0 .or. tzbound(i).le.tzbound(i-1) )
684: & then

685: write(6,*) 'xxx invalid time zone boundary (zone ',i,‘)‘*
686: write{6,*) ' tzbound{',i,*') tzbound(',i-1,'} : °,

687: & tzbound{i), tzbound(i-1}

688: nerr = nerr + 1

689: end if

6380:C

691: if( nsteps(i).ne.0 ) then

692: ddt = (tzbound(i)-tzbound(i~1))/nsteps{i)

693: write({6,*) ' step width ',ddt, ' (sec) ',ddt/3600.0,
694: & * (hour)*

695: end if

696:C

697: k = ntimes

698: if( k.lt.maxtimes ) then

699: times(k) = tzbound{i-1)

700 do j=1,nsteps{i)

701: if( k+j.lt.maxtimes ) then

702: times(k+j) = times(k) + j*ddt

703: end if

704 end do

705: end if

706: ntimes = ntimes + nsteps{i)

707: end do

708:C

709: if{ ntimes.gt.maxtimes ) then

710: write(6,*) ‘xxx number of time steps NTIMES = ', ntimes,
711 & ‘exceeds program limit (MAXTIMES=', MAXTIMES, ')’

712: stop 999

713 end if

714

715: write(6,*) 'NCYCLE = ', ncycle

716: write(6,*) 'IABXCTL = ', iabxctl

M7 write(6,*) ‘ntimes’', ntimes, ' times', times(0),' ',

718: & times (1), ', times(ntimes)

718:C

720:C . no time zone specified .....

721:C

722: else

723:

724: if({ NTIMES.le.0 ) then

725: write(6,*) ‘*>axx number of time steps NTIMES = ', ntimes,
726 & 'must be positive.:*

727: stop 999

728: endif

729:

730: if{ ntimes.gt.maxtimes ) then

731: write(6,*) ‘xxx number of time steps NTIMES = ', ntimes,
732 & ‘exceeds program limit (MAXTIMES=', MAXTIMES, ')*

733: stop 999

734: endif

735

736:
737:
©738:
739:
740:
741:
742:
743:
744:
745:c

do i=1,ntimes
if( times(i).1t.0.0d0 .or. times(i).le.times(i-1) ) then
write(6,*) ‘xxx invalid time step boundary (step ‘,i,')’
write{6,*) ' times{',i,') times{',i-1,*) : ',

& times (i), times(i-1)
nerr = nerr + 1
end if
end do
end if

746:check $3%%%%

747:¢c
748:c
749:¢c
750:¢
751:C
752:
753:
754:
755:
756:
757:¢c
758:¢c
759:¢
760:
761:
762:
763:
764:C
765:
766:
767:
768:
769:
770:

1:

do i=0,ntimes
write(6,*) * times(‘,i,') <',times(i), '>’
end do
EEETEL LR
if( times(ntimes).ne.tmax ) then
write(6,*} *!!! TMAX is not equal to the last time boundary'
write(6,*) * set TMAX to TIMES(NTIMES).'®
TMAX = TIMES({NTIMES)
end if
... convert times into hour.
do i=0,ntimes
times(i) = times(i)/3600.0d40
end do
tmax = tmax/3600.d0
if( nerr.gt.0 ) then
write(6,*) 'XXX time step information is not valid.:®
end if
return
end
e e
initinp.f

subroutine initialinp

Fusion reactor tritium inventory evaluation system
input problem control data (2) : iniitial wvalue change if any.

first version Feb 1997:
update:

$Id: _initinp.f,v 1.2 1998/03/26 05:22:22 sasaki Exp $§

implicit real*8 (A-H,0-Z)
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13:
14:
15:
16:

44
45:
46:

He

C
include ‘_sizes.h'
C
C . including common areas here and not passing by arguments
:C is only to use NAMELIST input for variables in them.
:C
: include '_commonsl.h'
:C
: include ‘varconst.h‘
:C
:Ce===** Jocal data **--ccmmccm e ———— e m e ————
character*80 LINE
:C
iCmmmm-m-=¥%* constant variable value re-definition *¥---wwoomooooooeoo
C
C
line=* '
read ({50, '{a}',end=1900) line
if({ line(l1:8).ne. '&INITIAL‘ .and. line(1:8).ne.'S$INITIAL') then
write(6,*) >oox line is not &INITIAL or $INITIAL.'
write(6,*) ‘*>ocx line: ', line
if( sysname.eq.’'Macintosh' ) then
write(*,*) 'xxx line is not &INITIAL or $INITIAL.'
write(*,*) ‘oo line: *,line
pause
end if
stop 888
end if
c
nerr = 0
c
500 line = ' '
read (50, ' (a)*, end=1900) line )
if( line(l:4) .ne.'&END' .and. line(l:4).ne.‘'$END') then
k = index( line, '=' )
if ( k.eq.0 )} then
write(6,*) ‘xxx line must be “name = value®'
write(6,*) ‘ot line: ', line
if( sysname.eq.'Macintosh' ) then
write(*,*) ‘xxx line must be "name = value*"’
write(*,*) ‘'oox line: ‘,line
pause
end if
stop 888
end if
call changeinitial({ line{:k-1), line(k+l:}, ierr }
if {ierr.ne.0) nerr = nerr + 1
goto 500
endif
:c
if( nexr.gt.0 ) then
write(6,*) 'sxxx Fatal error detected in $INITIAL input.:®

70: if{ sysname.eq.'Macintosh' ) then

71: write{(*,*) 'xxx Fatal error detected in $INITIAL input.’
72: pause

73: end if

74: stop 888

75: end if

76:C

77

78:C

79: 1900 write(6,*) 'No initial value specification by user.'
80:

8l:c
82: return
83: end

® _changes.f

subroutine changeconst( name, value, ierr )

Fusion reactor tritium inventory evaluation system

6 o

:c  $Id: _changes.f,v 1.2 1997/05/07 02:20:57 sasaki Exp $
:C

9: character*(*) name, value

10:c

11: include ‘'_sizes.h’

12: include ‘varconst.h'

13:c

14: character*32 cwork

15: double precision CO

16:C -—=mmmmmc—ercemccer e ———— - -
17:c

18: ierr = 0

19:c

20:¢ ... remove unnecessary blanks if any

21:c

22: call ccomp{ name, len(name), name, ifl )
23: In = index({(name,' ')-1

24: if( In.1t.0 ) 1n = len(name)

25:

26: call ccomp( value, len{value), value, ifl )
27: lv = index(value,' ')-1

28: if( 1lv.1t.0 ) lv = len(value)

29:c

30:¢c ... search constants name list

31:c

32: do in=1,nconst

33: if( constname{in).eq.name(:1n) )} then

34: goto 120
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35: endif
36: end do
37: write{6,*) "»oo¢ cannot find constant name <',name(:1ln),'>'
38: ierr = 1
39: return
40:¢c
1: 120 continue
42:c
43: if( lv.gt.len(cwork) ) then
44: write(6,*) 'xox value character string is too long <',
45: & value(:lv}, '>'
46: ierr = 1 '
47: return
48: endif
49:c
50:c ... convert value string into numerical value
51:c
52: CO0 = C(in)
53: cwork = value{:1lv)
54: read{ cwork, ’(d32.0)', err=190 ) C(in)
55:c
56: write(6,*) '== value of constant <*',name(:ln),'> is changed to ',
57: & C(in),' from ’,CO
58: return
59:c -
60: 190 write(6,*) ‘'xxx value form is invalid in <',name{:1ln),' = ',
61: & value(:lv),'>'
62: ierr = 1
63: return
64: end
65:¢c
66:¢ Sommazo==n mmm= ===
67:¢c
68: subroutine changeinitial( name , value, ierr }
69:c —~--mom o o
70:c  change initial value
DL 0 o e e ot
72: character*(*) name, value
73:c
74: include '_sizes.h’
75: include ‘varconst.h’
76:C
17: character*32 cwork
18: double precision €O
TQIC e e e e e e e e e e
80:c
81: ierr = 0
82:¢c
83:c ... remove unnecessary blanks if any
84:c
85: call ccomp( name, len{name), name, ifl )
86: In = index(name,' ')-1
87: if{ 1n.1t.0 ) ln = len{(name)
88:
89: call ccomp( value, len(value), value, ifl )
90: lv = index(value,' '}-1

91: if( lv.1t.0 ) 1lv = len(value}

82:c

93:c ... search variable name list

94:c

95: do in=1,nvar

96: kk = index(varname{in),"'(t)")

97: if{ kk.gt.0 } then

98: kk = kk - 1

99: else

100: kk = len{varname(in))

101: endif

102: if ( varname{in) {:kk).eq.name(:1n) ) then
103: goto 120

104: endif

105: end do

106: write(6,*) 'soxx cannot find variable name <',name(:1n), ">’
107: ierr = 1

108: return

109:c¢

110: 120 continue

11l:c

112: if( lv.gt.len{cwork) ) then

113: write(6,*) '»oox value character string is too long <,
114: & value(:1lv), >’

115: jerr = 1

116: return

117: endif

118:c

119:c ... convert value string into numeric value
120:¢c

121: CO0 = XVARS(0,in)

122: cwork = value(:1lv)

123: read{ cwork, '(d32.0)', err=190 ) XVARS(0,in)
124:c

125: XVARS(1,in) = XVARS(0,in)

126:¢c :

127: write(6,*) '== initial value of <',name(:1ln),'> is changed to
128: & XVARS(0,in},' from *,CO

129: return

130%¢c .

131: 190 write(6,*) ‘sxxx value form is invalid in <',name(:ln),’' = ',
132: & wvalue(:1lv), '>'

133: ierr = 1

134:c

135: return

136: end

'
’
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® _solver.f

1: subroutine solver( tmax, ntimes, times, nsteps,

2: & ntimezone, delta_t, method,

3: & sysname, jdebug, jdisp,

4: & F, ncycle, nstartc, nbreakc, nbreakp,

5: & dnsgmT, mode, ntimes_r, times_r )

6:c====== == smE==oz= ===
7:c Fusion reactor tritium inventory evaluation system

B 1O e e e
9: _solver.f,v 1.7 1997/05/07 07:28:19 sasaki Exp §

12; implicit real*8 (a-h,o0-2)

13:c

14: include '_sizes.h'

15: include ‘'varconst.h'

16:¢c

17: real*8 times(0:ntimes), times_r(0:ntimes)

18: integer nsteps(ntimezone), ic

19: integer nbreakc(*), nbreakp(*)

20:¢

21: character* (*) METHOD

22: character*(*) SYSNAME

23: character*(*) mode

24:

25:c*** character*24 the_date

26:c

27: real*8 F(ndfvar)

28:c

2 e e e e e e
30:c ** set initial condition ** .
B o O e o e i e e i
32:c

33: write(6,'(/1x,a}') '--- set initial condition:'

34:c

35: delta_t = times(1l) - times(0)

36:¢c

37: lpr = 0

38: if(jdebug.ne.0) 1lpr = 2

39: if{ mode .eg. 'RUN' ) then

40: call VARINIT(delta_t, F, lpr, ierr )

41: write(6, ' (/1x,a)")

42: & *--~ checking user specified initial condition:'
43: end if

44:c

45: if( mode .eq. 'RUN’' ) then

46: call INITIALINP

47: write(6,'(/1x,a/)') *--- initial condition set complete:'’
48: end if

49:c

50:¢ ... Initial_step must be 1 just for the first call not to
51:c overwrite initial value settings ...

52:c

53: Initial_step = 1

55: Jd =0

56: dtl = delta_t

57:¢c

58:c

59: if( mode .eqg. 'RES' ) goto 3000
60:c

[ i A R R e e

62:C* mode = RUN

[ et R R L L Y S L I T )

L et T o

65:c  ** NCYCLE loop **

66

67: call rstoutfst( )

68:

69: do ic = nstartc, ncycle
70:

71: Initial_step = 1
72:c

3 O e e e e e e e e

74:c ** timestep loop **

7 G e

76:c

17: do it = 1, ntimes

78:c

79: t = (ic-1)*tmax+times (it)

80: delta_t = times{it) ~ times(it-1)

82: if( it .eq. 1 ) then

83 :cx*+ call fdate{the_date)

84:c*** write(6,*) *CYCLE',ic,’ TIME=',the_date

85: write{6,*) ‘CYCLE', ic

86: if( sysname.eq.'Macintosh'} then

87:c*** write(*,*) ‘CYCLE',ic,' TIME=',the_date
88: write(*,*) °'CYCLE',ic

89: endif

90: endif

91: if( jdisp .ne. 0 ) then

92: write(6,7000) it,times(it),times(it)*360040,

93: & t,t*360040,delta_t*3600d40

94: 7000 format(/ix,’® step',i4, ' t=',1p,d12.5,'(*,811.4,

95: & ‘sec)---',1p,d12.5,'(',d11.4,"* sec) dt = *,d10.3,' sec')
96:c

97:c ... write(*,...) is on MRWE window for AbSoft FORTRAN77 for MAC
98:c

99: if (sysname.eq. ‘Macintosh'}) then

100: write(*,7000) it,times(it),times(it)*3600d0,
101: & t,t*3600d0,delta_t*3600d40

102: endif

103 endif

104:c=== ===

105: call fdiffvect( It, J, t, delta_t, dtl, F,

106: & Initial_step, ntimes, ic, tmax,

107: & dnsgmT, mode )

108:¢c== ==
109:

110: Initial_step = 0

11l:c

¥00-66 SpoD/eRd-TddV(
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112:c ... end of sub-timestep 169:c*** endif

113: dtl = delta_t 170: call OUTPUT{ ic, 1)

114:c 171:c

115:c =--- for debugging ~==--=eemmmmm 172:c TRECEsmCCSrESEE SRS S I I RRI SIS SR RSRR SIS RRES
116:¢c 173:c variable reset

117: if( jdebug.ge.l ) then 174:¢ === ===
118: do i=1,ndfvar 175:¢

119: ii = idfvar(i) 176: do ivar = 1, NVAR

120: if{F{I).ne.0.040) then 177: XVARS (0, ivar) = XVARS(ntimes,ivar)

121: TT = abs(XVARS(it-1,ii)/F(i)) 178: end do

122: else 179: do ip = 1, NT_PUMP

123: TT = 1000.0 180: Tpv_i(0,ip) = Tpv_i(ntimes,ip)

124: endif 181: Rt_rem_i(0,ip) = Rt_rem_ i (ntimes,ip)

125:¢ 182 Dpv_i(0, ip) = Dpv_i(ntimes, ip)

126: write(6,7111) 183: Rd_rem_i(0,ip) = Rd_rem_i(ntimes,ip)

127 & it,'$ ‘,varname(ii)(1:16),' X(',ii,*') : °, 184: Ppv_i{0,ip) = ppv_i(ntimes, ip)

128: & XVARS(it,ii), F(i), TT 185: Rp_rem_i(0,ip) = Rp_rem i (ntimes,ip)

129: 7111 format(lx,id,a.a,a,i3,a,dl1.4,' F: *,4dl1.4,' TT: *,d11.4) 186: Hepv_i(0,ip) = Hepv_i (ntimes, ip)

130:c 187: Rhe_rem_i(0,ip) = Rhe_rem_i (ntimes,ip)

131: end do 188: end do

132 write(6,*) ‘%%%% refered variables from dXx/dt $%%%’ 189:c

133 do i=l,nvar 190: end do

134: if( ivarflag(i).eq.2 ) 191:c

135 & write{6,*) it,'% ',varname(i){1:16), 192: goto 9000

136: & CX(',1,') ¢ ', XVARS(it,i) 193:c¢c

137: end do 194:c

138: write(6,*) '%%%% other variables %%%%' 195:Ci't*t'*t*itt*ﬁtt*t?*t*ﬁtl’tttlt‘t"ﬁ*t**ttti'Qit'i*ttt*t'*t'ititiiﬁ
139: do i=1,nvar 196:C* mode = RES

140: if( ivatflag(i) _eq.3‘°r_ivarflag(i) .eq.4 ) 197:c’t'ﬁtt*ﬁktttt*Qﬁt*&*'tin*ttﬁtﬁt'httkﬁt*«itttttﬁ*ti*ktttt&tttt&tant
141: & write(6,*) it,'% ',varname(i}{1:16), 198: 3000 continue

142: & CX(',i,') : *,XVARS(it,i) L1992 Qe o e
143: end do 200:c 51 80 step resp calculation

144: end if DL 1€ o e e e
145:¢c ’ 202: ic = nstartc

146:C ..., break point check . 203: Initial_step = 0

147: do i = 1, MAXRES 204:c

148: if (ic .eq. nbreakc(i) .and. it .eq. nbreakp(i)) then 205: do is =1, 2

14%:¢ ... RESPONSE FILE write 206:¢c

150: call rstoutput{ i ) 207: do it = 2, ntimes_r

151: end if 208:c

152: end do 209: t = {(ic-1)*tmax+times_r (it)

153:¢ 210: delta_t = times_r(it) - times_r(it-1)

154:c¢c ... end of timestep 211

155: end do 212: if( jdisp .ne. 0 ) then

156:c 213 write(6,7000) it,times_r(it),times_r{it)*3600d0,
157:¢ 214 & t,t*360040, delta_t*360040

158:¢c 215 if (sysname.eq. 'Macintosh') then )

159:¢ ==zz=zzzzzoss mmomzzsoszssooaoss 216 write(*,7000) it,times{it), times{it)*360040,
160:¢c output results 217 & t,t*3600d0,delta_t*3600d0

161:¢ ==z=z===== == s=z==== zm==zzsss== 218 endif

162:¢c 219: endif

163:c*** call fdate(the_date) 220: call fdiffvect( It, J, t, delta_t, dtl, F,

164:c*** write(6,*) ' ', 221: & Initial_step, ntimes_r, ic, tmax,

165:c*** & ‘end-of-calculation TIME=',the_date 222 & dnsgmT, mode )

166:c*** if({ sysname.eq.'Macintosh’ ) then 223:

167:c*** write(*, *) °* ', 224:c . end of sub-timestep

168:c*** & *end-of-calculatio TIME=', the_date 225: dtl = delta_t
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226:¢ 283: if( sysname.eq.'Macintosh') then

227:¢ ... end of timestep 284 :crx* write(*,*) 'CYCLE',ic,' TIME=', the_date
228: end do 285: write(*,*) 'CYCLE', ic

229:¢ 286: endif

230:¢c ...... output results 287: endif

231:¢c 288: if{ jdisp .ne. 0 )} then

232: call OUTPUT( ic, 1 ) 289: write(6,7000) it,times(it),times(it)}*360040,
233:c . 290: & ) t,t*360040,delta_t*360040

234:c ...... variable reset 291:¢c

235:¢ 292:¢ ... write(*,...) is on MRWE window for AbSoft FORTRAN77 for MAC
236: do ivar = 1, NVAR 293:c

237: XVARS(1, ivar} = XVARS(ntimes_r, ivar) 294: if{sysname.eq. 'Macintosh'}) then

238: end do 295: write(*,7000) it,times(it),times(it)*3600d0,
239: do ip = 1, NT_PUMP 296: & t,t*360040,delta_t*360040

240: Tpv_i(l,ip} = Tpv_i(ntimes_x, ip) 297: endif

241: Rt_rem_i(1,ip) = Rt_rem i(ntimes_r,ip) 298: endif

242: Dpv_i(1,1ip) = Dpv_i(ntimes_r,ip} 299:

243: RdA_rem_i(1,ip) = Rd_rem_i(ntimes_r,ip) 300: call fdiffvect( It, J, t, delta_t, dtl, F,
244: ppv_i(1,ip) = Ppv_i(ntimes_r, ip) 301: & Initial_step, ntimes, ic, tmax,
245: Rp.rem_i(l,ip) = Rp_rem_ i{ntimes_r,ip) 302: & dnsgmT, mode )

246: Hepv_i(l,ip) = Hepv_i (ntimes_r, ip) 303: -

247: Rhe_rem_i(1,ip) = Rhe_rem_i(ntimes_r,ip) 304:c ... end of sub-timestep

248: end do 305: dtl = delta_t )

249:¢c 306:¢c

250: if( is .eq. 1 ) call respdown() 307: 3100 continue

251:c¢c ' 308: Initial_step = 0

252: end do 309:c

253:c*** call fdate(the_date) 310:c ... end of timestep

254:c*** write(6,*) 'Step-Responce calculation end TIME=', 311: . end do

255:c*** & the_date 312:¢c

256:c*** if(sysname.eq. 'Macintosh') then 313:c ...... output results

257:cHt write(*,*) ‘Step-Responce calculation end TIME=', 314:c

258:c*** & the_date ' 315:cx** call fdate(the_date}

259:c*** endif 316:crxx write(6,*) °* end-of-calculation TIME=',
260:c 317:c*** & the_date

2B O = m o e e 318:c*x* if{ sysname.eq.'Macintosh' ) then

262:c STATIC calculation 319:c*** write(*,*) end-of~calculation TIME=',
283 e C320:c*** & the_date

264:c 321:c*** endif

265: nstartp = 2 . 322: call OUTPUT( ic, nstartp )

266: call respreset{ nstartp } 323:¢

267:¢ 324:c ...... variable reset

268: do ic = nstartc, ncycle 325:¢

269: 326: do ivar = 1, NVAR

270: Initial_step = 1 327: XVARS(0,ivar} = XVARS(ntimes,ivar)

271:c 328: end do

272: do it = 1, ntimes 329: do ip = 1, NT_PUMP

273:¢ 330: Tpv_i{0,ip) = Tpv_i(ntimes, ip)

274: if( it .lt. nstartp ) goto 3100 331: Rt_rem_i(0,ip) = Rt_rem_i{ntimes,ip)

275: 332: Dpv_1i(0,ip} = Dpv_i{ntimes, ip}

276: t = {(ic-1)*tmax+times(it) 333: Rd_rem_i(0,ip) = Rd_rem i(ntimes, ip)

277: delta_t = times(it) - timest{it-1) 334: Ppv_i(0,ip} = Ppv_i{(ntimes, ip)

278: ) 335: Rp_rem_i(0,ip) = Rp_rem_i(ntimes, ip)

279: if( it .eq. 1 ) then 336: Hepv_i(0,ip) = Hepv_i{ntimes,ip)

280:c*** call fdate(the_date) : 337: Rhe_rem_i(0,ip) = Rhe_rem_i {ntimes, ip}
281:cr** write(6,*) 'CYCLE',ic,' TIME=',the_date 338: end do

282: write(6,*) 'CYCLE',ic 339:c

¥00-66 SPOD/RIRQ-TIAV(
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340: nstartp = 1
341:¢c

342: end do

343:c

el R R R )

345:C* finish

K R R L e e

347: 9000 write(6,*) '=== calculation finished ==='

348:

349: write{66,*) 'Max condition value'

350: write{66,'(A,I3,A,1PE12.5,A,E15.8)")

351: & ‘Fiss_top_ Fiss_mid_ Fiss_bot_ CYCLE:',mcycle(l),
352: & ' time:',stime(1)*360040,' sec value',scondvar(l)
353: write(66, ' (A,I3,A,1PE12.5,A,E15.8)")

354: & ‘Fsto_out_t Fsto_out_d CYCLE: ', mcycle(2),
355: & ' time:,stime(2)*3600d0,' sec value’,scondvar(2)
356: write(66, ' (A, I3, A, 1PE12.5,A,E15.8}")

357: & ‘Fgas_in_tri Fgas_in_deu CYCLE: ', mcycle(3),
358: & ' time:',stime(3)*3600d40,' sec value', scondvar(3)
359:¢

360: return

361: end

® fdiff.f

1: subroutine fdiffvect( i, j, t, delta_t, dti, F,

2: & . Initial _step, ntimes, ic, tmax,

3: & dnsgmT, mode )

4:C=====z===z== Szsszsszzzoosssssszsaz ======
5:C

6:C Calculate dX/dt and other variables at time t.

25 AU
8:C Time *t* is time(i) and variable(i-1) is

9:C at time(i-1) = time t - delta_t.

0 PO
11:C

12:C i : current time step no. {from 1).

13:C j : time step index of the last *tend(j)"

14:C t : current time.

15:C delta_t : time width of the current time step.

16:C dtl : time width of the last time step (if available).
17:C F : time differetiation coeeficients.

18:C Initial_step : set non-zero only for the first call
19:C

DO *r R A R T A A A AN AR R KR AR I ARRE AR A AR R AR N R A AR R A A RARRRI AT KN

21:C This file is created automatically.
22:C Creation date : << Tue May 6 14:21:39 1987 >>

D A AN AR A N N AR R N F I AR AR AR RN AN A AR R R AN R AR A A AR AR I AR KA

24:C

25:C ===
26:

27: implicit double precision (a-h,o0-z)

28:C ... variables & constants definition ...

29:C

30:

31: include ’_sizes.h'

32: include ‘'varconst.h’

33:

34:C ....... arguments ..... .

35: double precision t,delta_t,tmax

36: double precision F{(ndfvar)

37: integer ntimes, ic

38: character*(*) mode

39:C.vvinn functions ......

40: double precision ai,rho,Rc,Ed, fm, sigma_tend
41: double precision fnbpower

42; double precision condvar

43:

44: double precision condn

45:c........ work

46: double precision A(3,3)

47 G m = o e e e
48:C

49:C statement function
50: ABX( aa,bb,xx ) = aa + bb * xx
51:C====

53: condn = 100040

55: tcycle = mod ( t , tcycle p )

56: if( tcycle .eq. 0.40 )} tcycle = t-(ic-l)*tcycle p

57:

58:c tpoint_cycle = t - Sigma_tend ( t , tend )

59:* ’
GO:*HERERNNBRUNRRIARRHARRRRINENERR RNV RN RN RN R RN
61:*##(The Plasma)
62,:'###6###ﬂIHOHﬁﬁ”###ﬂ*######“###ﬂ#######Qi#####*ﬂ####!#“###C#
63:*

64: if( mode .eq. 'RUN' .or. mode .eqg. 'RRR' )} then
65: fpp = fppower ( tcycle , t burmm , t p_ru , t_p rd
66: & , t_Gwell )

67: if{ t .lt. t_p_ru .and. fpp .1t. 0.1d0 ) fpp = 0.140
68: Pfusion(i) = 1000D0 * fprp

69: Burn_t (i) = 2.12D-3 * Pfusion(i}

70: else

71: Burn_t(i} = res_N(i) * dnsgmT

72 Pfusion(i) = Burm_t{i} / 2.12D-3

73: fpp = Pfusion(i) / 1000D0

74: end if

75:

76: Fuel t(i) = Burn_t(i) / fbu

77

78: RcM = Re ( Medge , Tedge ) * fpp

79:

80: ARcM = 1000D0 / 8760 * ReM / ( 0.5 * 3,016D0 }

¥00-66 2poD/ereq-TYHAVI
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82; F(1) = ABX { 4_C_t{(i-1) , 0.0d0 , C_t{i-1) ) 139: Reac_p(i) = ap * fbu * Burn_t(i)

83: call ABXdelta( 4_C_t(i-1) , 0.0d0 , C_t, i, delta_t, 'C_t‘, 140: =

84: & iabxctl) 141: Fuel_p(i) = Fplas_in_p(i-1) + Xgas_p{i-1) * Fgas_tot(i-1) +
85: 142: & Fplas_prop_pi{i-1} :

86: F{2) = ABX { d_C_d(i-1) , 0.040 , c_d(i-1) ) 143:

87: call ABXdelta( 4_C_d{i-1) , 0.0d0 , C.4, i, delta_t, ‘'C_d', 144: Fex_p(i) = Reac_p(i) + Fuel_p(i) ~ ( d_Adiv_p(i-1) + d_Afw p(i-1)
88: & iabxctl) 145: & ) - d_C_p(i-1) - d_D_p(i-1)

89: 146:

30: F{3) = ABX { 4_C_p(i-1) , 0.0d0 , C_p{(i-1} ) 147: if{ Fex_p{i) .lt. 0.040 ) call negfix({ Fex_p(i), 'Fex_p(i)',
91: call ABXdelta( d_C_p(i-l) , 0.0d0 , C_p, i, delta_t, 'C_p°*, 148: & 0.040 )

92: & iabxctl) 149:

93: 150: Fhe_ex(i) = Burn_t(i)

94: EAM = Ed { Medge , Tedge ) * fpp 151:

95: 152: foMvdiv = fm ( Medge ) * ai ( Temperature , t } * Vdiv /7 ( 0.5 *
96: EdMAd = EAM * Ad * dc * rho ( Medge ) / ( 0.5 * 3.016D0 * 8760 ) 153: & 3.016D0 )

97: 154: .

98: F{4) = ABX {( d_D_t{i-1) , 0.0d0 , D_t{(i-1) ) 155: foMVEw = fm ( Medge ) * ai ( Temperature , t ) * Vfw / ( 0.5 *
99: call ABXdelta{ d_D_t(i-1) , 0.0d0 , D_t, i, delta_t, 'D_t*, : 156: & 3.016D0 ) )

100: & iabxctl) 157:

101: 158: FFF = Fex_t(i) + Fex_d(i) + Fex_pi(i)

102: F(5) = ABX ( d_D_d{i-1) , 0.0d0 , D_d{(i-1) ) 159:

103: call ABXxdelta( 4_D_d(i-1) , 0.0d0 , p_d, i, delta_t, 'D_4', 160:c write{6, '(4(A,1PE12.5)))"') 'FFF =',FFF,' Fex_t=',Fex_t(i),
104: & iabxctl) 161:c & * Fex _d=',Fex_d(i),*' Fex_p=',Fex_p(i)

105: 162:

106: F(6) = ABX { d_D p{i-1} , 0.0d0 , D_p{i-1) ) 163: if ( FFF .ne. 0.0d40 ) then

107: call ABXdelta( d4_D_p(i-1) , 0.080 , D_p, i, delta t, ‘'D_p', 164:

108: & iabxetl) 165: i_t(i) = Fex_t{i) / FFF

109: 166:

110: Fex_t(i) = Fuel_t(i) * (1 - fbu ) - { d_Adiv_t(i-1) + 167: i_d{i) = Fex_d(i) / FFF

111: & d_Afw_t{i-1) ) - d_C t(i-1) - d D t(i-1) 168:

112: if( Fex_t(i) .1t. 0.0d0 ) call negfix( Fex_t{i), ‘'Fex_t(i)"', 169: i_p(i) = Fex_p(i) / FFF

113: & 0.040 ) 170:

114: 171: else

115: Fplas_in_t (i) = Fuelf t(i-1) * fin_pellet . 172: i_t(i) = 0.040

116: if{ Fplas_in_t{i) .lt. 0.0d40 ) call negfix( Fplas_in t(i), 173:

117: & ‘Fplas_in_t(i)', 0.040 ) 174: i_d(i) = 0.040

118: 175:

119: Fgas_t (i) = Fuelf_t(i-1) * fin_gas 176: i_p(i) = 0.040

120: if{ Fgas_t{i) .lt. 0.0d0 } call negfix{ Fgas_t{i), 'Fgas_t(i)', 177:

121: & 0.040 ) 178: endif

122: 179: _

123: Burn_d{i) = Burn_t(i) 180: Adiv_t{i) = fmMvdiv * i_t(i) * fpp

124: 181:

125: - Fplas_in_d{i) = Fuelf_t(i~1) * fin_pellet 182: Afw_t{i) = fmMVEw * i_t(i) * fpp

126: 183:

127: if( Fplas_in_d(i) .1lt. 0.0d40 ) call negfix( Fplas_in d(i), 184: Adiv_d(i} = frMvdiv * i_d(i) * fpp

128: & 'Fplas_in_d(i)*, 0.0d40 ) 185:

125: 186: Afw_d(i) = fraMVEw * i_d(i) * fpp

130: Fuel_d(i) = Fplas_in_d(i) + Fgas_d(i-1) + Fplas_nb d{i-1) + 187:

131: & Fplas_prop_d(i-1) 188: Adiv_p{i) = fmMVdiv * i _p(i) * fpp

132: 189:

133: Fex_d(i) = Fuel_d(i) - Burn_d(i) - ( d_Adiv.d(i-1) + d_Afw _d(i-1) 190: Afw p(i) = frMVEw * i_p(i) * fpp

134: & y - dc d(i-1) - 4D di-1n 191:

135: 192: d_Adiv_t(i) = Adiv_t(i) - Adiv_t(i-1) - lambda_T * Adiv_t{i)
136: if( Fex_d(i) .lt. 0.040 ) call negfix( Fex_ d{i), ‘'Fex_d(i)', 193:

137: & 0.0d40" ) 194: d_Adiv_d(i) = Adiv_d(i) ~ Adiv_d{(i-1)

138: 195:

SpoD/eIRA-TIIVI
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196:
197:
198:
189:
200:
201:
202:
203:

204:
205:

206:
207:

208:

209:
210:
211:
212:
213:
214:
215:

216:

217:

218:

219:

220:
221:
222:
223:
224:
225:
226:
227:
228:
229:
230:
231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
241:
242;
243:
244:
245:
246:
247:
248:
249:
250:
251:
252:

*

*

*

d_Adiv_p(i) = Adiv_p(i) - Adiv._p(i-1)

d_Afw_t (i) = Afw_t(i) - Afw_t(i-1) - lambda_T * Afw_t(i)
d_Afw_d(i) = Afw_d(i) - Afw d(i-1)

d_Afw p(i) = Afw p(i) - Afw_p(i-1)

Tpfc_ (i) = Adiv_t(i) + Afw_t(i) + C_t{i) + D_t(i)

Tpfe_m(i) = mu_A * ( Adiv_t(i) + Afw t(i) ) + mu_C * C_t(i) +

& mu_D * D_t(i)

Dpfc_(i) = Adiv_d(i) + Afw_d(i) + C_d(i) + D_d(i)
Ppfc_(i) = Adiv_p{i) + Afw_p{i) + C_p(i) + D_p(i)
d_C t{i) = ARcM * i_t(i) -~ lambda T * C_t(i)
d_C_d{i) = ARcM * i_d(i)

d_C p(i) = ARcM * i_p(i)

d_D t(i) = EAMAd * i_t(i) - lambda T * D;t(i)
d_D d{i) = EdMAd * i_d(i)

d_D p(i) = EdMAd * i_p(i)

. initial step is only for Plasma & fueling system

*if { Initial_step.ne.0 ) then;

*

return ;

*endif ;

*

FERRABARARRBRRNRBRRNARARERRHRE BRI RRNRRREE NN RANAR AR NN
*#4# (Vacuum)
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»

*
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c
C

Regeneration CryOpUMPDS === === == === e e e e
emrRSAp = emr * Rs / Area_p
tps = 0.2d0/3600d0

Tv( pump cycle time ) set

T_pcycle = 2.0D0

do ip = 1, NT_PUMP
tve = tmax*(ic-l)+tcycle+T_pcycle-T pcycle/24* (ip-1)
T™v{ip) = mod( tvc, T_pcycle )
if ({T_pcycle - Tv(ip)) .lt. tps ) Tv(ip) = T_pcycle
if(Tv(ip) .1lt. tps )} Tv{ip} = T_pcycle

end do

if( ic .1lt. 5)

& write(6,'(A,1P24E12.5)"') ‘'tv', (Tv{ip),ip=1,24)

o Q00

0

Tpv(i) = 0.0D0
Dpv (i) = 0.0D0
Ppv(i) = 0.0D0
Hepv{i)} = 0.0D0
Rt_rem(i) = 0.0D0
Rd_rem{i) = 0.0D0
Rp_rem(i) = 0.0D0
Rhe_rem(i) = 0.0DO
Tp_tot(i) = 0.0D0
Dp_tot(i) = 0.0D0
Pp_tot{i) = 0.0DO

Hep_tot(i) = 0.0D0
do ip = 1, NT_PUMP

if( Tv(ip).lt. (tpump+tps) } then
call ABXdelta{ Fex_t{i)/npump, 0.040, Tpv_i(0,ip), i,

& delta_t, 'Tpv_i' , iabxctl )

call ABXdelta{ Fex_d(i)/npump, 0.0d0, Dpv_i(0,ip), i,
& delta_t, 'Dpv_i‘ , iabxctl )

call ABXdelta( Fex_p(i)/npump, 0.0d0, Ppv_i(0,ip), i,
& delta_t, 'Ppv_i"', iabxctl )

call ABXdelta( Fhe_ex(i)/npump, 0.0d40, Hepv_i(0,ip), i,
& delta_t, ‘Hepv_i', iabxctl )

Rt_rem_i(i,ip) = 0.d0

Rd_rem_i{i,ip) = 0.40

Rp_rem_i (i, ip) = 0.d0

Rhe_rem_i(i,ip) = 0.d0

else if( Tv{ip).lt.(tpump+5.0D0/60.0D0+tps) ) then
call ABXdelta( 0.0d0, 0.040, Tpv_i(0,ip)., i,

& delta_t, 'Tpv.i', iabxctl )

call ABXdelta( 0.0d0, 0.0d0, Dpv_i(0,ip), i,
& delta_t, ‘Dpv_i‘', iabxctl )

call ABXdelta{ 0.0d0, 0.0d0, Ppv_i(0,ip), 1,
& delta_t, ‘Ppv_i‘, iabxctl )

call ABXdelta( 0.0d0, 0.040, Hepv_i(0,ip), i,
& delta_t, ‘Hepv_i‘', iabxctl )

Rt_rem i{i,ip} = 0.040

Rd_rem_i(i,ip) = 0.0d0

Rp_rem_i(i,ip) = 0.0d0

Rhe_rem_i(i,ip) = 0.0d0

else
Rt_rem_i{i,ip) Tpv_i(i-1,ip) * emrRSAp * 2400.d0
Rd_rem_i (i, ip) Dpv_i(i-1,ip) * emrRSAp * 2400.d0
Rp_rem_i{i,ip)} Ppv_i(i-1,ip) * emrRSAp * 2400.40
Rhe_rem_i(i,ip) = Hepv_i(i-1,ip) * emrRSAp * 2400.d0
Rt_rem_i(i,ip) Tpv_i{i-1,ip) * emrRSAp
Rd_rem_i(i,ip} Dpv.i(i-1,ip) * emrRSAp
Rp_rem_i (i, ip) Ppv_i(i-1,ip) * emrRSAp
Rhe_rem_i(i,ip} = Hepv_i(i-1l,ip) * emrRSAp

wonou

Hounon
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call ABXdelta( - Rt_rem_i(i,ip), 0.040, Tpv_i(0,ip)}, i, 367:c Rt_rem(i) = Tpv(i) * emrRsAp
& delta_t, ‘Tpv_i', iabxctl ) 368:c
if( Tpv_i(i,ip) .lt. 0.0d0 ) 369:¢c Tp_tot{i} = Tpv(i) * npump
& call negfix( Tpv_i(i,ip), 'Tpv.i(i,ip)',0.0d40 ) 370:
371: Tp_tot_m(i) = mu_v * Tp_tot(i)
call ABXdelta{ - RA_rem_ i(i,ip), 0.0d40, Dpv_i(0,ip), i, 372:* Deuterium Balance =w——-—mme e e
& delta_t, ‘Dpv_i', iabxctl ) 373:
if( ppv_i(i,ip)y .1lt. 0.040 ) : 374: F(8) = ABX ( Fex_d(i-1) / npump , - emrRsAp , Dpv(i-1} )
& call negfix( Dpv_i(i,ip), ‘'Dpv.i(i,ip)’',0.0d40 ) 375:c call ABXdelta{ Fex_d(i-1) / npump , - emrRsAp , Dpv, i, delta_t,
376:c & ‘Dpv')
call ABXdelta( - Rp_rem_i(i,ip), 0.0d40, Ppv_i{0,ip), i, © 377:c
& delta_t, 'Ppv_i‘, iabxctl ) 378:¢c RA_rem{i) = Dpv(i) * emrRsAp
if{ pPpv_i(i,ip) .lt. 0.0d0 ) 379:c
& call negfix( Ppv_i(i,ip), 'Ppv_i(i,ip)’',0.040 ) 380:¢c Dp_tot{i) = Dpv(i) * npump
381:* Protium BalanCe —=—=—mme— e e e
call ABXdelta( - Rhe_rem_i(i,ip), 0.080, Hepv_i(0,ip), i, 382:
& delta_t, 'Hepv_i‘, iabxctl ) 383: F(9) = ABX ( Fex_p(i~1) / npump , - emrRsAp , Ppv(i-1) )}
if{ Hepv_i(i,ip}) .lt. 0.040 ) 384:c call ABXdelta{ Fex_p(i-l1l) / npump , - emrRsAp , Ppv, i, delta_t,
& call negfix( Hepv_i{i,ip). ‘Hepv_i(i,ip)’',0.0d40 ) 385:c & ‘Ppv')
386:c
c ) 387:¢c Rp_rem{i} = Ppv(i) * emrRsAp
end if ' 388:c )
LCrEx if{ Tv(ip} .lt. Tv_s(ip)) then 389:c Pp_tot (i) = Ppv(i) * npump
el idd Tp_reg_if{ip} = Tpv_i{i-1,ip} 390:* Helium BalariCe = mm o o s e o s o e
sCHrx Dp.reg_i(ip) = Dpv_i(i~1,ip) 391:
ot Pp_reg_i(ip)} = Ppv_i(i-1,ip) 392: F(10) = ABX ( Fhe_ex(i-1) / npump , - emrRsAp , Hepv({i-1) )
(Cxe Hep_reg_i(ip) = Hepv_i(i-1,ip) 393:c call ABXdelta( Fhe_ex(i~1l) / npump , - emrRsAp , Hepv, i,
(Crxx end if 394:¢c & delta_t, ‘Hepv')
395:¢c
Tpvi{i) = Tpv(i) + Tpv_i(i,ip) 396:¢c Rhe_rem{i) = Hepv(i) * emrRsAp
Dpvi{i) = Dpv(i) + Dpv_i(i,ip) 397:c
Ppv(i) = Ppv(i)} + Ppv_i(i,ip) 398:c Hep_tot (i) = Hepv(i) * npump
Hepv({i) = Hepv{i) + Hepv_i(i,ip) : 399:¢c
Rt_rem(i) = Rt_rem(i) + Rt_rem_i{i,ip) 400:C*** Fv_out(i) = ( Rt_rem(i) + Rd_rem(i) + Rp_rem(i) + Rhe_rem(i) ) *
Rd_rem(i) = Rd_rem(i) + Rd_rem_ i(i,ip) 401:C*** . & npump
Rp_rem(i) = Rp_rem({i) + Rp_rem_ i(i,ip) 402: Fv_out(i) = ( Rt_rem(i) + Rd_rem(i) + Rp_rem(i)} + Rhe_rem(i) )
Rhe_rem{i) = Rhe_rem{i)} + Rhe_rem_i(i,ip) 403: if( Fv_out(i) .1lt. 0.0d0 )} call negfix( Fv_out(i), 'Fv_out(i)’,
Tp_tot (i) = Tp_tot(i) + Tpv_i(i,ip) 404: & 0.030 )
Dp_tot(i} = Dp_tot{i) + Dpv_i(i,ip) 405:
Pp_tot (i} = Pp_tot(i) + Ppv_i(i,ip) 406: Fpuri_in(i) = Fv_out(i)
Hep_tot (i) = Hep_tot(i) + Hepv_i(i,ip) 407:* ISOtopic Fractions === = emcm oo e e e
end do 408:
c write(6, ' (5(A,1PE12.5))"') *Tpv=',Tpv(i), 409: FF = Rt_rem{i) + Rd_rem(i) + Rp_rem(i)
H & * Tpv_i=',Tpv_i(i,1),* Dpv_i=',Dpv_i(i,1), 410:
:c & ' ppv.i=',Ppv_i(i,1),' Hepv_i=',Hepv_i(i,1) 411: if ( FF .gt. 0.0d0 ) then
H 412:
el bid do ip = 1, NT_PUMP 413: it_(i) = Rt_rem{i) / FF
(Cre Tv_s(ip) = Tv(ip) 414:
CHA end do 415: id_{i) = Rd_rem{i) / FF
R : 416:
:c 417: ip_{(i) = Rp_rem{(i) / FF
:*Tritium balance -~-==-=====mmmmosmc oo o 418:
X 419: else
F{7) = ABX ( Fex_t(i-1) / npump , - emrRsAp , Tpv({i-1) ) 420: write(6, '{3(A,1PE12.5)))') *FF = 0.0 Rt_rem=',Rt_rem(i},
:C call ABXdelta( Fex_t(i-1) / npump , - emxrRsAp , Tpv, i, delta_t, 421: & * Rd_rem=',Rd_rem(i),' Rp_rem=',Rp_rem{i)
H & S Tpv') 422:

H 423: it (i) = 0.0d40
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424:

425: id_(i) = 0.040

426:

427: ip_(i) = 0.0d40

428:

429: endif

430:* To specify mole fractions of impurities in the exhaust stream
431:

432: Fpure_(i) = Fv_out(i) * 0.98

433:

434: Fimp_(i) = Fv_out(i) * 0.02

435:

436: Fadj_puri(i) = Fv_out(i)

437:

438: Fcqd_imp(i) = xcqd_ * Fimp_ (1)

439:

440: Fng3_imp(i) = xnq3_ * Fimp_ (i)

441:

442: Fq2o_imp(i) = xQ2o_ * Fimp_ (i)

443:

444: xh_imp (i) = xcqgd_ + xnq3_ + xq2o_

445

446: xnhydro_(i) = 1 - 0.013640

447:

448: Frnhydro_imp(i) = ( 1 - xh_imp(i) ) * Fimp_(i)

449:

450: Fhydro_imp_w(i) = wl * Fecqd_imp(i) + w2 * Fnq3_imp(i) + w3 *
451: & Fq2o_imp (i)

452: if( Fhydro_imp_w(i) .lt. 0.040 ) call negfix( Fhydro_imp_w(i),
453: & *Fhydro_imp_w(i) ', 0.0d40 )

454:

455:C

456:C Ft_pure(i) = Rt_rem(i) * npump - Fhydro_imp_w(i) * it_(i)
457: Ft_pure(i) = Rt_rem(i) - Fhydro_imp_w(i) * it_(i)

458: if( Ft_pure(i) .lt. 0.0d0 ) call negfix( Ft_pure(i),

459: & 'Ft_pure(i)', 0.040 )

460:

461:C Fd_pure(i) = Rd_rem(i) * npump - Fhydro_imp_w(i) * id_(i)
462: Fd_pure(i) = Rd_rem(i) - Fhydro_imp_w(i) * id_(i)

463: if( Fd_pure(i) .lt. 0.0d0 ) call negfix( Fd_pure(i},

464: & ‘Fd_pure(i) ', 0.040 )

465:

466:C Fp_pure(i) = Rp_rem(i) * npump - Fhydro_imp_w(i) * ip_{(i)
467: Fp_pure(i) = Rp_rem(i) - Fhydro_imp_w(i) * ip_(i)

468: if( Fp_pure(i) .1lt. 0.040 ) call negfix( Fp_pure(i),

469: & ‘Fp_pure(i)*, 0.040 )

470:*
ATL:*KARRERRNRRRRNRRRRRR RN NN R RNRRRRNRRRRRR RN RN RN
472 :*#4 (Fuel Clean-Up)
A73:*HAUNARRRRRNRRRRANARRARARNRARR RN RN RN RNNRNNRR N RN RN RN
474:*

475:*##.Flow into PURIFICATION

476:*

477:* .in purification mode

478:* Total Impurities:

479:

480: F(11) = ABX ( ( xnhydro_(i) + xh_imp(i) ) * Fimp_(i-1) ,

481: & 0.040 , Nimpt(i-1) )

482: call ABXdelta( ( xnhydro_(i) + xh_imp(i) ) * Fimp_(i-1)
483: & 0.040 , Nimpt, i, delta_t, 'Nimpt', iabxctl)

484:* Total Non-hydrogen-containing Impurities:

485:

486: F(12) = ABX ( xnhydro_(i) * Fimp_(i-1) , 0.0d40 ,

487: & Nnhydro_imp(i-1) )

488: call ABXdelta{ xnhydro_(i) * Fimp_(i-1) , 0.0d0 ,

489: & Nnhydro_imp, i, delta_t, ‘'Nnhydro_imp‘, iabxctl)
490:* Hydrogen-containing Impurities: .

491:

492: F(13) = ABX ( xcqd_ * Fimp_(i-1) , 0.0d0 , Ncqd_imp(i-1) )
493: call ABXdelta( xcqgd_ * Fimp_(i-1) , 0.0d0 , Neqd_imp,
494: & delta_t, °'Ncqd_imp', iabxctl)

495:

496: F(14) = ABX ( xng3_ * Fimp_(i-1) , 0.0d0 , Nng3_imp(i-1) )
497: call ABXdelta( xng3_ * Fimp_(i-1) , 0.0d0 , Nng3_imp,
498: & delta_t, ‘'Nng3_imp', iabxctl)

499:

500: F(15) = ABX ( xq2o_ * Fimp_(i-1) , 0.040 , Nq2o_imp(i-1) )
501: call ABXdelta( xq2o_ * Fimp_(i-1) , 0.0d0 , Nq2o_imp,
502: L& delta_t, 'Nq2o_imp', iabxctl)

503:c

504:* Hydrogen-containing Impurities:

505:

506: f_hydro_imp_w(i) = wl * xcqd_ + w2 * xng3_ + w3 * xq2o_
507:*Tritium in Impurities:

508:

509: F(16) = ABX ( f hydro_imp_w(i) * it_(i-1) * Fimp_(i-1) ,
510: & 0.040 , Timp_(i-1) )

511: call ABXdelta( f_hydro_imp_w(i) * it_(i-1) * Fimp_(i-1) ,
512: & 0.0d0 , Timp_, i, delta_t, 'Timp_', iabxctl)
513:*The mobilizable tritium is:

514: .

515: Timp_m(i) = mu_mob * Timp_{(i)

516:*Deuterium in Impurities:

517:

518: F(17) = ABX ( f_hydro_imp_w(i) * id_(i-l) * Fimp_(i-1) ,
519: & 0.040 , Dimp_(i-1) )

520: call aBxXdelta( f_hydro_imp_w(i) * id_(i-1) * Fimp_(i-1) ,
521: & 0.0d0 , Dimp_, i, delta_t, ‘Dimp_°', iabxctl)

522 :*Protium in Impurities:

523:

524: F(18) = ABX ( f_hydro_imp_w(i) * ip_(i-1) * Fimp_(i-1) ,
525: & 0.040 , Pimp_(i-1) )

526: call ABXdelta( f_hydro_imp_w(i) * ip_(i-1) * Fimp_(i-1) ,
527: & 0.0d0 , Pimp_, i, delta_t, 'Pimp_', iabxctl)
528:*Total Hydrogen impurities:

529:

530: Nhydro_imp (i) = Timp_(i) + Dimp_(i) + Pimp_(i)

531:c

532:c

533:c .... tend set

534:c

535: if( Nnq3_imp(i)+Nq2o_imp(i) .ge. Namsb_max .or.

536: & Ncqd_imp (i) +Nnhydro_imp(i) .ge. Ncmsb_max ) then
537: tend = t :
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538:c write(6,*) '======= tend set ',i 595: & ‘Fp2_sub_in(i)', 0.040 )

539: if ( Nhydro_imp(i) .lt. 1.04-5 } then 596: .

540: it_endj (i) = 0.0D0 597: Fh2_sub_in(i) = Ft2_sub_in(i) + Fd2_sub_in(i) + Fp2_sub_in(i}
541: id_endj(i) = 0.0D0 598: if( Fh2_sub_in(i) .lt. 0.0d0 ) call negfix{ Fh2_sub_in(i),
542: ip_endj (i) = 0.0DO 599: & 'Fh2_sub_in(i)*, 0.0d0 )

543; else 600:* Preloading with Hydrogen:

544: it_endj(i) = Timp_{(i) / Nhydro_imp(i) 601:* tau_sb = Ns_max / Fh2_sub_in(t) ;

545: id_endj (i) = Dimp_(i) / Nhydro_imp(i) 602:* Mole fractions

546: ip_endj(i) = Pimp_(i) / Nhydro_imp(i) 603:

547: endif 604: if ( Fh2_sub_in(i) .gt. 1.04-10 ) then

548: Negd_reg(i) = Negd_ imp(i} 605:

549: Nng3_reg(i) = Nng3_imp(i) 606: xt_sub(i) = Ft2_sub_in(i) / Fh2_sub_in(i)
550: Ng2o_reg(i)} = Ng2o_imp(i) 607: :

551: 608: xd_sub(i) = Fd2_sub_in(i) / Fh2_sub_in(i)
552 Nimpt(i) = 0.d0 609:

553: Nnhydro_imp(i) = 0.40 610: © xp_sub(i) = Fp2_sub _in(i) / Fh2_sub_in(i)
554: Timp_m(i) = 0.d0 . 611: ‘ .

555: ’ 612: else

556 Negd_imp(i) = 0.40 613:

557: Nng3_imp(i) = 0.d0 614: xt_sub(i) = 0.0d0

558: Ng2o_imp(i) = 0.d0 615:

559: Timp_(i) = 0.d0 616: xd_sub(i) = 0.0d40

560: Dimp_(i) = 0.40 617: ‘

561: Pimp_(i) = 0.d0 618: xp_sub(i) = 0.0d40

562: Nhydro_imp (i) = 0.d0 619:

563: 620: endif

564: Ns(i) = Namsb_max + Ncmsb_max 621:

565: else 622: if ( abs ( Fh2_sub_in(i} ) .lt. 1.0d-10 ) then
566: Ncgd_reg(i) = Ncgd_reg(i-1) 623: write(6, ' (A,1PE12.5))"') ‘Fh2_sub_in=',Fh2_sub_in(i)
567: Nng3_reg(i) = Nnq3_reg(i-1) 624:

568: Ng2o_reg{i) = Ng2o_reg{i-1) 625: tau_sb = 0.040

569: it_endj(i) = it_endj(i-1) 626:

570: id_endj (i) = id_endj(i-1) ) 627: else

571: ip_endj(i) = ip_endj(i-1) 628:

572: end if 629: tau_sb = Ns_max / Fh2_sub_in{i)

573:c 630:

574:¢ 631 endif

575:* 632:

576:* in Standby mode 633: if ( abs ( tau_sb ) .ge. 1.04-10 ) then
577:* 634:

578: 635: B =~ 1.040 / tau_sb

579: Fh2 puri_in(i) = ( Ft_pure(i) + Fd_pure(i) + Fp_pure(i}) ) / 2 636:

580: 637: else

581: FF = Ft_pure(i) + Fd_pure(i) + Fp_pure(i) 638:¢ write(6,'(A,1PE12.5))"') ‘tau_sb=',btau_sb
582: Ft2_sub_in(i) = Ft_pure(i) * ( 0.5 + { xnhydro_(i-1) + 639:

583: & xh_imp{i-1) )} / FF * Fadj_puri(i) * Lhydro_ / Limp_ ) 640: B = 0.0d0

584: if( Fr2_sub_in(i) .lt. 0.040 ) call negfix( Ft2_sub_in(i), 641:

585: & ‘FE2_sub_in(i)*, 0.0d40 ) 642: endif

586 643

587: FdZ_sub_in(i) = Fd pure(i) * { 0.5 + ( xnhydro_{(i-1) + 644:C write(6,*) 'tau_sb=‘,tau_sb,' B=',B

588: & xh_imp(i-1) ) / FF * Fadj_puri(i) * Lhydro_ / Limp_ ) 645: F(19) = ABX ( 0.0d0 , B, Ns{i-1) )

589: if{ Fd2_sub_in(i) .lt. 0.0d0 ) call negfix{ Fd2_sub_in(i), 646: if{ t .ne. tend )

590: & 'Fd2_sub_in(i)*‘, 0.0d40 ) 647: & call ABXdelta( 0.040, B, Ns, i, delta_t, 'Ns', iabxctl)
591: 648:* Buildup of Hydrogen Molecules:

592: Fp2_sub_in(i) = Fp_pure(i) * ( 0.5 + ( xnhydro_(i-1) + 649:

593: & xh_imp(i-1) )} / FF * Fadj_puri(i) * Lhydro_ / Limp_ ) 650: if ( abs ( tau_sb } .ge. 1.0d4-10 ) then

594: if( Fp2_sub_in(i) .lt. 0.0d0 ) call negfix( Fp2_sub_in(i), v 651:
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F(20) = ABX ( xt_sub(i-1) * Ns(i-1) / tau_sb , 0.0d0 ,

& T2_sub(i~1} )
call ABXdelta( xt_sub(i-1) * Ns(i-1) / tau_sb , 0.0d0 ,
& T2_sub, i, delta_t, 'T2_sub', iabxctl)
F(21) = ABX ( xd_sub(i~1) * Ns{i-1) / tau_sb , 0.0d0 ,
& D2_sub(i-1} }
call ABXdelta{ xd_sub{i-1) * Ns(i-1) / tau_sb , 0.040 ,
& D2_sub, i, delta_t, 'D2_sub', iabxctl)
F(22) = ABX ( xp_sub{i-1) * Ns{i-1) / tau_sb , 0.040 ,
& P2_sub(i-1l}) }
call ABXdelta{ xp_sub(i-1) * Ns{i-1) / tau_sb , 0.040 ,
& P2_sub, i, delta_t, °'P2_sub', iabxctl)
else
F(20) = ABX ( 0.0d0 , 0.0d40 , T2_sub(i-1) )
call ABXdelta{ 0.0d0 , 0.040 , T2_sub, i, delta_t, 'T2_sub',
& iabxetl)
F(21) = ABX ( 0.0d0 , 0.0d40 , D2_sub(i~-1) )
call ABXdelta( 0.0d0 , 0.040 , D2_sub, i, delta_t, 'D2_sub',
& iabxctl)
F{22) = ABX ( 0.0d0 , 0.040 , P2_sub(i-1) )
call ABXdelta{ 0.040 , 0.040 , P2_sub, i, delta_t, 'P2_sub’,
& iabxctl)
endif

Nhydro_sub(i) = T2_sub(i) + D2_sub(i) + P2_sub{i)
:* Flow out from that is in Standby mode:

if ( abs ( tau_sb ) .ge. 1.0d-10 ) then

Ft_sub_out (i) = 2.0 * { Ft2_sub_in(i) + xt_sub{(i) * Ns(i) /

& tau_sb }

if( Ft_sub_out(i) .lt. 0.0d0 ) call negfix( Ft_sub_out(i),
& *Fr_sub out(i}*, ©.0d0 )

Fd_sub_out (i) = 2.0 * ( FA2_sub_in(i) + xd_sub(i) * Ns(i) /
& tau_sb )

if( Fd_sub_out(i) .lt. 0.0d40 )} call negfix{ Fd_sub_out(i),
& ‘Fd_sub_out(i}', 0.0d40 )}

Fp_sub_out (i) = 2.0 * { Fp2_sub_in(i) + xp_sub(i) * Ns(i) /
& tau_sb }

if( Fp_sub_out(i) .lt. 0.0d0 ) call negfix( Fp_sub_out(i),
& ‘Fp_sub_out (i)', 0.0d40 )
else

Ft_sub_out(i) = 0.0d0

#

Fd_sub_out (i) = 0.0d0

709:

765:

* % %

Hes

Fp_sub_out (i) = 0.0d0

endif

Fh_sub_out (i) = Ft_sub _out{i) + Fd_sub out(i) + k‘p_sub_{mt(i)
if( Fh_sub_out(i) .lt. 0.0d0 ) call negfix( Fh_sub_out (i),
*Fh_sub_out (i)', 0.0d40 )

&

tpoint_cycle

Treg_out (i)

else

Treg_out (i)

endif

Treg_out_m(i)

Ncgd_reg(i) =
Nng3_regii) =
Ng2o_reg{i)

Ecqgd_reg(i) =
Eng3_reg(i) =
Eq2o_reg(i) =

.In Regeneration Mode

Inventory during in Regeneration:

= t - Sigma_tend { t, tend )
if { tpoint_cycle .lt. treg msieve ) then

1

Timp_tend * ( 1 - tpoint_cycle / treg msieve )

oDo

.+ The vulnerable tritium inventory on the regenerating beds is:

mu_reg.m * Treg_out({i)

:* Evaluation of Hydrogen-containing Species:
Negd_imp(3)
Nng3_imp(3)

Ng2o_imp(3)

Ncgd_reg{i) / treg msieve

Nnqg3_reg(i) / treg_msieve

Nq2o_reg(i) / treg_msieve

-
:* Palladium Membrane Reactor:
*

H

Fhydro_pmem({i) = wl * Ecqd_reg(i}) + w2 * Eng3_reg(i) + w3 *

& EqZo_reg(i)
:* Inventories in the Palladium Membrane Reactor:
ccc if (§ .1t. i .or. Nhydro_imp(j) .lt. 1.0d-5 ) then

if ( Nhydro_imp_tend .1lt. 1.04-5 ) then

e it_endj(i) = 0.0D0
rc id_endj(i) = 0.0D0
i ip_endj(i) = 0.0D0
:c else
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766
767:
768:
769:
770:
771:
772:
773:
774
775:
776:
777:
778:
779:
780:
781:
782:
783:
784:
785:
786:
787:
788:
789:
790:
791:
792:
793:
794:

796:
797;:
798:
799:
800:
801:
802:
803:

805:
806:
807:
808:
809:
810:
811:
812:

814:
815:
816:
817:
818:
819:
820:
821:
822:

% % % »

Q

it_endj(i) = Timp_(i} / Nhydro_imp (i}
id_endj{i) = Dimp_{(i) / Nhydro_inp(i)

ip_endj (i) = Pimp_(i) / Nhydro_imp (i}

endif

F(23) = ABX ( it_endj{i-1} * Fhydro_pmem(i-1) , - 1.040 /
& tau_pmem , Tpmem(i-1} }

call ABXdelta( it_endj{i-1) * Fhydro_pmem({i-1) , - 1.040 /
& tau_pmem , Tpmem, i, delta_t, 'Tpmem', iabxctl)
F{24) = ABX ( id_endj(i-1) * Fhydro_pmem(i-1) , =- 1.0d0 /
& tau_pmem , Dpmem{i-1) )

call ABXdelta( id_endj{i-1) * Fhydro_pmem(i-1) , - 1.0d0 /
& tau_pmem , Dpmem, i, delta_t, ‘Dpmem’', iabxctl)
F(25) = ABX ( ip_endj(i-1) * Fhydro_pmem(i-1) , - 1.0d0 /
& tau_pmem , Ppmem(i-1) )

call ABXdelta( ip_endj(i-1) * Fhydro_pmem{i-1) , - 1.0d40 /
& tau_pmem , Ppmem, i, delta_t, ‘Ppmem', iabxctl)

.Flow out from PURIFICATION
.to Isotope Separation Systenm
if ( Tpmem{i) .lt. 1.0d4-10 ) then
Ft_puri_out (i) = Ft_sub_out(i)
else

Ft_puri_out{i) = Ft_sub_out(i} + Tpmem(i) / tau_pmem

endif
if( Ft_puri_out(i) .lt. 0.040 ) call negfix{ Ft_puri_ocut(i),
& ‘Ft_puri_out(i)', 0.0d40 )

if ( Dpmem{i) .lt. 1.0d-10 } then

Fd_puri_out{i) = Fd_sub_out(i)
else

Fd_puri_out (i) = Fd_sub_out(i) + Dpmem(i) / tau_pmem
endif
if( Fd_puri_out(i} .1lt. 0.0d0 ) call negfix( Fd_puri_out(i),
& 'Fd_puri_out(i)', 0.040 )
if ( Ppmem(i) .lt. 1.048-10 } then

Fp_puri_out (i) = Fp_sub_out(i)

else

823:

864

858:

o

Fp_puri_out{i) = Fp_sub_out{i} + Ppmem(i) / tau_pmem

endif
if( Fp_puri_out(i) .lt. 0.080 ) call negfix( Fp_puri_out(i},

& ‘Fp_puri_out(i)', 0.0d40 )

Fpuri_out{i) = Ft_puri out(i) + Fd_puri_out(i) + Fp_puri_out(i)

if( Fpuri_out(i) .lt. 0.0d40 ) call negfix( Fpuri_out (i),

& ‘Fpuri_out{i}', 0.040 )

CYHAHARAHERRAR RN RN BB R R AR NN BRI R R R BB R
:*## {Isotope Separation System)

CREHRARRRRRRRA R RAR BB R AR RNR RN RR BRI RB R R RO RN RN R RN
.k

ok

%

o

.

.Input stream to the ISS

Fiss_in(i) = Fbl_cool + Fbl_ + ( 1 - hl - h3 ) * Fpuri_out{i) +
& Fragnb * Fiss_nb(i-1) + Fragiss_inj * Fiss_inj(i-1)

if( Fiss_in(i) .lt. 0.080 ) call negfix( Fiss_in(i),

& *Fiss_in(i)', 0.040 )
.tritium flow

Fiss_in_t(i) = Fbl_cool * Xc_t + Fbl_ * Xbl t + ( 1 - hl - h3 )

& Fpuri_out(i) * Xiss_in_t(i-1) + Pragnb * Fiss_nb(i-1) *
& Xnb_t{i~1) + Fragiss_inj * Fiss_inj(i-1) * Xinj_t(i-1)
if( Fiss_in_t(i) .lt. 0.040 } call negfix( Fiss_in_t(i),
& ‘Fiss_in_t{i)', 0.040 )

.deuteriumflow

Fiss_in_d(i) = Fbl. cool * Xc_d + Fbl_ * Xbl_ d + ( 1 - hl - h3 )
& Fpuri_out (i) * Xiss_in _d(i-1) + Fragnb * Fiss_nb(i-1) *
& Xnb_d{i-1) + Fragiss_inj * Fiss_inj(i-1) * Xinj_d(i-1)

if( Fiss_in_d(i) .lt. 0.0d0 )} call negfix{ Fiss_in_d(i),

& *Fiss_in_d(i)*, 0.0d40 )

Xnb_t (i) = Xnb_cryo_t(i-1)

Xnb_d{i) = Xnb_cryo_ d{i-1)

:* Protium flow

867:

869
870

Fiss_in p(i) = Fiss_in(i) - Fiss_in_t(i) - Fiss_in_d(i)
if{ Fiss_in_p(i) .1lt. 0.040 ) call negfix( Fiss_in_p(i},

& 'Fiss_in_p(i)*, 0.040 )

:* mole fraction

:C

871:

873:
874:

" 875:

876:
877:
878:
879:

if ( Fiss_in(i) .ne. 0.0d0 } then
Xiss_in_t(i) = Fiss_in_t(i} / Fiss_in{i)

Xiss_in_d(i) = Fiss_in_d(i) / Fiss_in(i)

Xiss_in_p(i) 1 - Xiss_in_t(i) - Xiss_in d(i)

else

*

*
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880: write{6, ' (A,1PE12.5)') ‘'Cs====== Fiss_in=',Fiss_in(i) 937 ¥ e e e S S S SS S s S S mm S

881: 938:* Solve the follwing equations:

882: Xiss_in_t(i} = 0.0d0 939:* Fiss_top_ + Fiss_mid_ + Fiss_bot_ = Niss_/tau_iss_

883: 940:* Fiss_top_*Xiss_top_t + Fiss_mid_*Xiss_mid_t + Fiss_bot _*Xiss bot_t
884: Xiss_in_d{(i) = 0.0d0 941:* = Tiss_/tau_iss_

885: 942:* Fiss_top_*Xiss_top_d + Fiss_mid_*Xiss_mid d + Fiss_bot_*Xiss_bot_d
886: Xiss_in_p{i) = 0.0d0 943:* = Diss_/tau_iss_ )

887: G ¥ o e ST e S S e S S ——

888: endif 945+ :

889: 946: . )

890:* 947: PL = 1.0 / { Xiss_mid_t * Xiss_bot_d + Xiss_ bot_t * Xiss_top d +
891:* .Isotope Separation System 948: & Xiss_top_t * Xiss_mid d - Xiss_mid t * Xiss_top.d -
892:+* 949: & Xiss_top_t * Xiss_bot_d - Xiss_bot_t * Xiss mid d )
893:* overall balance 950:

894: 951: A(l,1) = Xiss_top_t

895: F{26) = ABX ( Fiss_in(i-1) , - 1.040 / tau_iss_ , Niss_{i-1} ) 952: A(1,2) = Xiss_top_@&

896: call ABXdelta( Fiss_in(i~1) , - 1.0d0 / tau_iss_ , Niss_, i, 953: A{1,3) = 0.0d0

897: & delta_t, ‘Niss_', iabxctl) . 954: A(2,1) = Xiss_mid t

898:* tritium balance 955: A(2,2) = Xiss_mid d

899: 956 A(2,3) = 0.040

900: F(27) = ABX ( Fiss_in_t{i-1) , -~ 1.0d0 / tau_iss_ , Tiss_(i-1) ) 957: A(3,1) = Xiss_bot_t

901: call ABXdelta{ Fiss_in_t(i-1) , - 1.0d0 / tau_iss_ , Tiss_, i, 958: . A(3,2) = Xiss_bot_d

902: & delta_t, ‘Tiss_', iabxctl) 959: A(3,3) = 0.040

903:* mobilizable tritium 960: CA = condvar( 3, 3, A, 1.0/P1 )

904: ' 961: if{ CA .gt. condn ) then

905: Tiss_m{i) = mu_iss_ * Tiss_ (1) 962: write(66,*) ‘WARNING Fiss_top._ Fiss_mid_ Fiss_ bot_ '

906:* .deuterium balance 963: write(66,*) * CYCLE:',ic,' time:’,t*360040,' sec'

907: 964: write(66, ' (A,6{1PE15.8),2(A,E15.8))") ' aij = ',

908: F{28) = ABX { Fiss_in_d(i-1) , - 1.080 / tau_iss_ , Diss_{(i-1) ) 965: & Xiss_top_t,Xiss_top_d,Xiss_mid_t,Xiss mid_d,

909: call ABXdelta{ Fiss_in_d{(i-1) , - 1.040 / tau_iss_ , Diss_, i, 966 & Xiss_bot_t,Xiss_bot_d,' delta=',1.0/P1,

910: & delta_t, 'Diss_', iabxctl) 967: & * condvar=',CA

911:* 968: end if

912 :C=======z===ssamsEssasss ==== = 969: if( CA .gt. scondvar{(l) )} then

913: if { Niss_(i) .gt. 0.0 ) then ' 970: meycle{l) = ic

914: 971: stime(l) = t

915: Xiss_t(i) = Tiss_(i) / Niss_(i) 972: scondvar(l) = CA

916: 973: end if

917: Xiss_d(i) = Diss_(i) / Niss_(i) 974:

918: . 975: Fiss_top_(i) = P1 * ( ( Xiss_mid_t * Xiss bot_d - Xiss bot t *
919: Xiss_p(i) = 1.040 - Xiss_t(i) - Xiss_d(i) 976: & Xiss_mid_d ) * Niss_(i) / tau_iss_ + ( Xiss_mid d -

920: 977: & Xiss_bot_d ) * Tiss_(i) / tau_iss_ + ( Xiss bot t -

921: else ‘ 978: & Xiss_mid_t ) * Diss_{(i) / tau_iss_ )

922: write(6, ' (A,1PE12.5)') 'Cs========z Niss_=',Nissg_(i) 979: if{ Fiss_top_(i) .lt. 0.040 ) call negfix{ Fiss_top_ (i),

923: 980: & ‘Fisg_top_(1i)', 0.040 }

924: Xiss_t(i) = 0.040 981:

925: 982: Fiss_mid_{(i) = P1 * ( ( Xiss_bot_t * Xiss_top d - Xiss_ top.t *
926 Xiss_d(i) = 0.040 983: & Xiss_bot_d )} * Niss_(i) / tau_iss_ + { Xiss_bot_d -
927: 984: & Xiss_top_d ) * Tiss_(i) / tau_iss_ + ( Xiss_top_ t -
928: Xiss_p{i) = 0.0d40 985: & Xiss_bot_t ) * Diss_(i) / tau_iss_ )

929: 986: if( Fiss_mid_(i) .lt. 0.040 ) call negfix( Fis;_mid.(i),

930: endif 987: & 'Fiss_mid_(i)*, 0.040 )

931:* .protium balance 988:

932: 989: Fiss_bot_{i) = P1 * ( ( Xiss_top_t * Xiss mid d - Xiss_mid t *
933: Piss_{i) = Xiss_p(i}) * Niss_{(i} 990: & Xiss_top_d )} * Niss_{i) / tau_iss_ + ( Xiss_top_ d -
934:* 991: & Xiss_mid d ) * Tiss_{i)} / tau_iss_ + { Xiss mid .t -
935:* III. exit flow from the ISS 992: & Xiss_top_t ) * Diss_(i) / tau_iss_ )

936:* 993: if( Fiss_bot_(i) .lt. 0.040 ) call negfix( Fiss bot_(i),
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994: & 'Fiss_bot_(i)*', 0.040 ) 1051: & emrRsAp , Tnb_cryo, i, delta_t, ‘'Tnb_cryo', iabxctl)
995:* 1052:

QOG- *HERRNANRAENNUBABRRRAIN BN RN RN RN BN 1053: Trib_cryo_mob{i}) = mu_nb_mob * Tnb_cryo(i)

997 :*## (Deuterium Neutral Beams) 1054:

OB *HEEHUANSHIA IR N HIRENARR NN R N RRRNAR RN 1055: Rnb_reg_t (i) = Tnb_cryo(i) * emrRsAp

999:* 1056:

1000:* .flow to the Neutral beams 1057: F(31) = ABX { fcryo_ * ( kiss_mid_ * Fiss_mid_{i-1) * Xiss_mid_d
1001:* 1058: & + Fin_st_d{i) * Xsto_deu d(i-1) } + Fbk_nb_d{i-1) -
1002: . 1059: & Rnb_reg_d{(i-1) , - emrRsAp , Dnb_crvo{i-1) )

1003: W_nb{i) = 75D0 * fppower0 { tcycle , t_burn , t p ru , t_p_rd 1060: call ABXdelta( fcryo_ * { kiss_mid_ * Fiss_mid_(i-1) * Xiss_mid_d
1004: & , t.dwell } 1061: & + Fin_st_d(i) * Xsto_deu_d(i-1) ) + Fbk_nb_d(i-1) -
1005: 1062: & Rnb_reg_d(i-1) , - emxrRsAp , Dnb_cryo, i, delta_t,
1006: Fplas nb d{i}) = 3.6D3 / 1.6D0 * 1.0D1%9 * 1 / No * W_nb{i) / E_nb 1063: & ‘Dnb_cryo', iabxctl)

1007: 1064:

1008:c====ss==s=s====== ===z 1065: Rnb_reg_d(i) = Dnb_cryo(i) * emrRsAp

1009: if { ( teyele .lt. t_p ru )} .or. { tcycle .ge. tcycle.nb ) } then 1066:* mole fraction on the neutral beam cryopump:

1010: 1067:

1011: Crec(i) = 0.0DO . 1068: if ( Neryo_(i) .gt. 0.040 } then

1012: 1069:

1013: else 1070: Xnb_cryo_t(i) = Tnb_cryo(i) / Ncryo_ (i)

1014: 1071:

1015: Crec{i) = 1.0D0 ' 1072: Xnb_cryo_d(i) = Dnb_cryo(i) / Ncryo_ (1)

1016: 1073: -

1017: endif 1074: Xnb_cryo_p{i) = 1.0 - Xnb_cryo_d{i) ~ Xnb_cryo_t(i)
1018: 1075:

1019: Fin_rec_{i) = Crec(i-1) * Fnb_cryo(i-1) 1076: if { Xnb_cryo p{i) .lt. 0.0d40 ) then

1020: 1077:

1021: Fiss_nb(i) = ( 1.0D0 -~ Crec(i-1) ) * Fnb_cryo(i~1) 1078: Xnb_cryo_p(i) = 0.040

1022:* 1079:

1023:* required flow from storage 1080: endif

1024:~ 1081:

1025:c= ==z mmzma == F=szzzzazzosass 1082: else

1026: if( Xsto_deu d{i-1) .eq. 0.040 ) then 1083: write(6, ‘ (A,1PE12.5)') ‘'C========== Ncryo_=',Ncryo_(i)
1027: write(6, ' (A,1PE12.5) ') ‘'Xsto_deu_d=',Xsto_deu_d(i-1) . 1084:

1028: Fin_st_d(i) = 0.040 1085: Xnb_cryo_t{i) = 0.0d0

1029: else 1086:

1030: Fin_st_d(i) = ( Fplas_nb d(i) / eta_nb_tot - kiss_mid_ * 1087: Xnb_cryo_d(i) = 0.040

1031: & Fiss_mid_(i) * Xiss_mid d ) / Xsto_deu_d{i-1) 1088:

1032: endif 1089: Xnb_crye pli) = 0.0d40

1033: if{ Fin_st _d(i) .lt. 0.0d0 } call negfix{ Fin_st_d(i), 1090:

1034: & ‘Fin_st_d(i)', 0.0d0 ) 1091: endif

1035:* III.Continuous regeneration cryopump : . 1092:* protium balance

1036:* 1093:

1037: 1094: Pnb_cryo(i) = Xnb_cryo_p(i) * Ncryo_(i)

1038: F{29) = ABX { feryo_ * {( kiss_mid_ * Fiss_mid_(i-1) + Fin_st_d{i) 1095:

1039: & } + Fbk_nb_(i~1) , - emrRsAp , Ncryo_{(i-1) } 1096: Rnb_reg_p(i) = Pnb_cryo{i) * emr * Rs / Area_p

1040: call ABXdelta{ feryo_ * ( kiss_mid_ * Fiss_mid_(i-1) + 1097:*

1041: & Fin_st_d(i) ) + Fbk_nb_{i-1) , - emxRsAp , Ncryo_, i, 1098:* .Tritium in dump

1042: & delta_t, ‘Neryo_', iabxctl) 1099:*

1043: 1100:* .Tritium in the walls

1044: Rnb_reg (i) = Ncryo_{i) * emr * Rs / Area p 1101:* total inventory:

1045: 1102:

1046: F(30) = ABX ( fecryo_ * ( kiss_mid_ * Fiss_mid_(i-1) * Xiss_mid_t 1103: F({32) = ABX { fnb_wall * ( kiss_mid_ * Fiss_mid_(i-1) *
1047: & + Fin_st_d(i) * Xsto_deu_t(i-1) )} + Fbk nb t(i-1) , ~ 1104: & Xiss_mid_t + Fin_st_d(i-1) * Xsto_deu_t(i-1) ) , 0.0d40 ,
1048: & emrRsAp , Tnb_cryo(i-1) ) 1105; & Tnb_wall{i-1) )

1049: call ABXdelta( feryo_ * ( kiss mid_ * Piss_mid_(i-1) * Xiss _mid t 1106: call ABXdelta( fnb wall * ( kiss_mid_ * Fiss_mid_(i-1) *

1050: & + Fin_st_d(i) * Xsto.deu t(i-1) ) + Fbk_nb_t(i-1) , - 1107: & Xiss_mid_t + Fin_st_d{i~1l) * Xsto_deu_t{i-1) ) , 0.0d0 ,
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1108:

& Tnb_wall, i, delta_t, °'Tnb_wall', iabxctl)

1109:

1110:
1111:
1112:
1113:

Tnb_wall_mob(i) = mu_wall_ * Tnb_wall(i)

-

* Backflow from plasma:

*

1114:

1115:

Fbk_nb_{i) = 3 * 5.98D-21 * nedge_tot

1116:

1117:

Fbk_nb_t{i) = 3 * 5.98D-21 * nedge_t

1118:

1119:
1120:
1121:
1122:

1123
1124

1125:

Fbk_nb_d(i) = 3 * 5.98D-21 * nedge_d

*

* Flow to plasma

N

:*total flow to plasma
:*tritium flow to the plasma
*deuterium flow to the plasma

1126:

1127:
1128:

1162:

Fplas_nb_(i) = ( kiss_mid_ * Fiss_mid (i) + Fin_st_d(i) ) *
& eta_nb_tot

if( Fplas_nb_(i) .lt. 0.0d40 )} call negfix( Fplas_nb_(i},

& ‘Fplas_nb_(i)*, 0.040 )

Fplas_nb_t(i) = ( kiss_mid_ * Fiss_mid_(i) * Xiss_mid_t +

& Fin_st_d(i) * Xsto_deu_t(i-1) ) * eta_nb_tot

if{ Fplas_nb_t(i) .lt. 0.040 ) call negfix( Fplas_nb_t(i),
& ‘Fplas_nb_t (i)', 0.0d40 )

:* protium flow to the plasma
Fplas_nb_p(i) = Fplas_nb_(i) - Fplas_nb_t(i) - Fplas_nb_d(i)

if( Fplas_nb_p(i) .lt. 0.040 ) call negfix( Fplas_nb_p(i)
& ‘Fplas_nb p(i)', 0.040 )

:* Exhaust flow from neutral beam cryopump

Fnb_cryo(i) = Rnb_reg_ t(i) + Rnb_reg d(i) + Rnb_reg pl(i)
if( Fnb_cryo(i) .lt. 0.040 ) call negfix( Fnb_cryo(i),
& 'Fnb_cryo(i) ', 0.0d40 )

SRRRERERRRNRRNRR RN ERRR R RN RN RN RN RN RRRRERRRRRARN RN
:*##{Pellet injector)
SORERRRRARRRRERRRNRRRNE RN R RN NN RN R RN RN
.k

:* II. The required flows

P8 = Fplas_in_t{i} / ( 1.0 - finj_err ) - Fsto_out_p{i-1) *

& Xsto_pro_t(i-1) - h3 * Fpuri_out(i-1) * Xiss_in_t(i-1) =~
& linj_mid_iss * Fiss_mid_(i-1) * Xiss_mid_t - linj_bot_iss
& * Fiss_bot_{i-1) * Xiss_bot_t

P9 = Fplas_in_d(i) / ( 1.0 - finj_err )} - Fsto_out_p(i-1) *

& Xsto_pro_d(i~1) - h3 * Fpuri_put(i-1) * Xiss_in_d(i-1) -
& linj_mid_iss * Fiss_mid_(i-1) * Xiss_mid d - linj_bot_iss
& * Piss_bot_(i-1) * Xiss_bot d

1163:

1164:

PP = Xsto_tri_t(i-1) * Xsto_deu d(i-1}) - Xsto_deu t(i-1) *

& Xsto_tri_d(i-1)

A{l,1) = Xsto_tri_t(i-1)
A(2,1) = Xsto_tri_d(i-1)
A(1,2) = Xsto_deu_t(i~1)
A(2,2) = Xsto_deu_d(i-1)

CA = condvar( 2, 3, A, PP )
if({ CA .gt. condn ) then
write(66,*) 'WARNING Fsto_out_t Fsto_out d’
end if
if( CA .gt. scondvar(2) )} then
mcycle(2) = ic
stime(2) = t
scondvar (2) = CA
end if

1C=== =

‘"ada6a

ok

1206:
1207:
1208:
1209:
1210:
1211:
1212:
1213
1214:
1215:
1216:
1217:
1218:
1219:
1220:
1221:

if( PP .eq. 0.040 } then

write(6, ' (A,1PE12.5)'} 'PP=',PP

Fsto_out_t(i) = 0.040

Fsto_out_d(i) = 0.0d0
else .
Fsto_out_t(i) = (Xsto_deu d(i-1)*P8 - Xsto_deu_t(i-1)*P9)
& -/ PP

Fsto_out_d(i) = (-Xsto_tri_d(i-1}*P8 + Xsto_tri_t(i-1)*pP9)

& / PP

endif

i£( ic .1t. 2)
& write(6,' (6(A,1PE12.5))') ‘Fsto_out_d=',Fsto_out d(i},
& ' : Xsto_tri_d ', Xsto_tri_d(i-1),
& ' Xsto_tri_t',Xsto_tri_t(i-1},
& ' Pp8',P8,*' P9',PY,' PP',PP

if ( Fsto_out_t(i) .lt. 0.040 ) call negfix( Fsto_out_t(i),
& ‘Fsto_out_t(i)', 0.0d0 )

if( Fsto_out_d(i) .lt. 0.040 ) call negfix( Fsto_out_d{i),
& ‘Fsto_out_d(i)', 0.0d40 )

Filling extruder:

dNext_12 = h3 * Fpuri_out(i-1} + linj_bot_iss * Fiss_bot_(i-1) +
& linj_mid_iss * Fiss_mid_(i-1) + Fsto_out_t(i-1) +
& Fsto_out_d{i-1) + Fsto_out_p{i-1)

dText_12 = h3 * Fpuri_out(i-1) * Xiss_in_t(i-1) + linj bot_iss *
Fiss_bot_(i-1) * Xiss_bot_t + linj_mid_iss *
Fiss_mid_(i-1) * Xiss_mid_t + Fsto_out_t(i-1) *
Xsto_tri_t(i-1) + Fsto_out_d(i-1) * Xsto_deu_t{i-1) +
Fsto_out_p{i-1) * Xsto_pro_t(i-1)

o R

dDext_12 = h3 * Fpuri_out(i-1) * Xiss_in d(i-1) + linj_bot_iss *
& Fiss_bot_(i-1) * Xiss_bot_d + linj_mid_iss *

& Fiss_mid_(i-1) * Xiss_mid d + Fsto_out_t{i-1) *

& Xsto_tri_d(i-1) + Fsto_out_d{i-1) * Xsto_deu d{i-1) +

& Fsto_out_p(i-1) * Xsto_pro_d(i~1) .
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1222:
1223:
1224:
1225:
1226:
1227:
1228:
1229:
1230:
1231:
1232:
1233:
1234:
1235:
1236:
1237:
1238:
1239:
1240:
1241:
1242:

ox

*

F{33) = ABX ( dNext_12 - ( Fplas_in_t{i-1) + Fplas_in_d(i-1) +

& Fplas_in p(i-1) } /7 (1 - finj_grr )y , 0.040 ,

& Next_12(i-1) )

call ABXdelta( dNext_12 - ( Fplas_in_t(i-1) + Fplas_in d(i-1) +

& Fplas_in _p(i-1) ) /

(1 - finj_err ) , 0.040 , Next_12,
& i, delta_t, ‘'Next_12', iabxctl)

F(34) = ABX ( dText_12 - Fplas_in_t(i-1) / ( 1 - finj_err )

.

& 0.0d0 , Text_12(i-1) )

call ABXdelta( dText_12 - Fplas_in t(i-1) / (1 - finj_err ) ,
& 0.040 , Text_12, i, delta_t, "Text_12', iabxctl)

F(35) = ABX ( dDext_12 - Fplas_in_d{i-1) /7 ( 1 - finj_err ) ,
& 0.040 , Dext_12{(i-1) )

call ABXdelta( dDext_12 - Fplas_in _d{i-1) / ( 1 -~ finj_err ) ,
e 0.040 , Dext_12, i, delta_t, 'Dext_12', iabxctl)

if ( Next_12(i) .ne. 0.0d0 ) then

Xext 12 _t(i) = Text_12(i) / Next_12(i)

Xext_12_d(i) = Dext_12(i) / Next_12(i)

Xext_12 p(i) = 1.0 ~ Xext_12_t(i) - Xext_12_d(i)

else
write(6, ' {A,1PE12.5)")

Xext_12_t(i) = 0.0d0

Xext_12_d(i} = 0,040

Xext_12_p(i) = 0.0d0
endif

Pext_12(i) = Xext_12_p(i)

Next_tot(i) = Next_12(i)
Text_tot(i) = Text_12(i)
Dext_tot{i) = Dext_12(i)

Pext_tot (i) = Pext_12(i)

:* Total inventory in extruders:
. w

*

*

*

C=======z== Next_12=',Next_12{i}

* Next_12(i)
2.0
2.0
2.0
2.0

* The mobilizable tritium inventory is:

*

Text_m{i) = mu_ext * Text_tot{i)

Nextru_(i) = Next_12(i)

if { Next_12(i) .ne. 0.0d0 ) then

1279:
1280:
1281:
1282:
1283:
1284:
1285:
1286:
1287:
1288:
1289:
1290:
1291:
1292:
1293:
1294:

*

Xextru t{i)
Xextru_d{i)

else
write(6, ' (A,

Xextru_t (i)
Xextru d{i)
endif

Xextru_p(i) =

Text_12 (i) / Next_12(i)

Dext_12(i) / Next_12(i)

1PE12.5) ")

0.0d0

0.0d0

‘Next_12=',Next_12(i)

1,040 - Xextru_t(i} - Xextru_ d(i)

1295:* Pellet Characteristics

1296:

1297:

1298:
1299:
1300:
1301:
1302:

1304:
1305:

1308:
1309:
1310:

1313:
1314:
1315:
1316:

11317

1318:
1319:
1320:
1321:

*

vinj_t(i) = Xextru t({i) *

Vinj_d(i) = Xextru_d(i) *

vinj_p(i) = Xextru p(i) *
1303:* total wvolume in extruder

vinj_tot(i) = Vinj_t(i) +
1306:* pellet volume
1307:* molar content of pellet

Nextru_ (i) * 18.894D-6 / 2
kNextru_(i) * 20.085D-6 / 2

Nextru_(i) * 23.326D-6 / 2

vinj_d(i) + Vinj_p(i)

=

if( vinj_tot(i

)

.eq. 0,040 ) then
write(6, ' (A,1PE12.5)")

"Vinj_tot=',Vinj_tot (i)

npellet_t(i) = 0.040
npellet_d(i) = 0.040
npellet_p(i) = 0.040

else
npellet_t (i) = Vinj_t(i) /

& Vinj_tot (i} * Vpellet * 2 * kpellet_t
npellet_d(i) = vinj_d(i) /

& Vinj_tot (i) * Vpellet * 2 * kpellet_d
npellet_p(i) = Vinj_p(i) /

& vinj_tot{i} * Vpellet * 2 * kpellet_p

endif

1322:* repetition rate of injector

1323:
1324:
1325:
1326:
1327:
1328:
1329:
1330:
1331:
1332:
1333:
1334:
1335:

c

c
c
*
*

if( npellet_t{i)
write(6, ' (A,1PE12.5)")
hrinj_ = 0.0d40

else

.eq. 0.0d0 ) then

‘npellet_t=', npellet_t(i}

hrinj_ = Fplas_in_t(i) / (npellet_t{i)*{1-finj_err) )

endif

write(6,' (3(A,E12.5))') '
& * :Fplas_in t',Fplas_in_t(i),' npellet_t',npellet_t{i)

. Rinj_ in Hz ...

hrinj_ ‘., hrinj_,

Rinj_ (i) = hrinj_ / 360040
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1336:
:* protium to plasma from pellet:
1338:
1339:
c
rC
:c
1343:
1344:
1345:
1346:
1347:
1348:
1349:
1350:

1337

1340
1341
1342

*

1351:*

1352:
1353:

*

I

:C
He
H

Fplas_in_p(i) = hrinj_ * npellet_p(i) * ( 1 - finj_err )}

if( ic .1t.2)

& write(6, ' {3(A,E12.5))') 'Fplas_in_p=',Fplas_in p(i},
& ' : hrinj_',hrinj_,' npellet_p',npellet_p(i)

if( Fplas_in_p(i)

.1t. 0.040 ) call negfix( Fplas_in_p(i),

& ‘Fplas_in_p(i}', 0.040 )
* total flow to plasma from pellet:

Finj_in_tot (i) = Fplas_in_t{i) + Fplas_in_d(i) + Fplas_in p(i})
if( Finmi_in_tot{i) .lt, 0.0480 ) call negfix({ Finj_in_tot{i),
& ‘Finj_in_tot (i)', 0.0d40 )

.Backflow from plasma

Fbk._plas_(i) = 3 * 5.98D-22 * nedge_tot

Fbk_plas_t(i) = 3 * 5.98D-22 * nedge_t

Fbk_plas_d(i) = 3 * 5.98D-22 * nedge_d

Fbk_plas_p(i) = 3 * 5.98D-22 * nedge_p

:* Propellant requirements
IR

Finj_prop(i} = nprop * hrinj_ / 360040

if{ ic .1lt. 2)

& write(6,'(2(A,E12.5))') 'Finj_prop=‘,Finj_prop(i),
& ' : hrinj_p',hrinj_

if{ Finj_propi{i)

.1t. 0.040 ) call negfix({ Finj_prop(i),

& © 'Finj_prop(i)*, 0.040 )

Fsto_out_p(i) = Finj_prop(i) - liss_p * Fiss_top_(i-1)

icm== ==

H
:C
H-

if{ Finj_prop(i)

.eq. 0.040 ) then

write(6,'(A,1PE12.5)') 'Finj_prop=', Finj_prop(i)

endif

if ( Fsto_out_p{i) .gt. 0 ) then
if( Finj_prop{i) .eq. 0.0d40 ) then

Xprop_t{i} = Xiss_top_t
Xprop_d(i) = Xiss_top_d
else
Xprop_t(i) = { Fsto_out_p(i-1) * Xsto_pro_t({i-1) + liss p *
& Fiss_top_(i-1) * Xiss_top_t )} / Finj_prop(i)
Xprop_d{i) = { Fsto_out_p{i-1) * Xsto_pro_d(i-1l) + liss p *
& Fiss_top_(i-1) * Xiss_top_d ) / Finj_prop(i)
endi £

else

Fsto_out_p(i) =

0.0d0

Xprop_t{i) = Xiss_top_t

o

Xprop_d(i) = Xiss_top_d
endif

Xprop_p{i) = 1 - Xprop_t{i)} - Xprop_d(i}

:* propellant flow to plasma

.

o
X

.*

*

v

1441:
1442:
1443:
1444:*
1445:*
1446:*
1447:
1448:
1449:

Fplas_prop(i} = { 1 - fcap_prop ) * Finj_prop(i) .
if( Fplas_prop(i) .lt. 0.0d0 ) call negfix( Fplas_prop(i),
& ‘Fplas_prop{i)*', 0.040 )

Fplas_prop_t{i) = Xprop_t(i) * Fplas_prop{i)

if({ Fplas_prop_t(i} .lt. 0.0d0 ) call negfix({ Fplas_prop_t (i),

& *Fplas_prop_t(i)*, 0.0d0 )

Fplas_prop_d{i} = Xprop_d(i) * Fplas_prop(i)

if( Fplas_prop_d{i) .lt. 0.0d0 ) call negfix( Fplas_prop_d(i),

& ‘Fplas_prop_d{(i)*', 0.0d0 )

Fplas_prop_p{i) = Xprop_p(i) * Fplas_prop(i)

if( Fplas_prop_p{i) .lt. 0.0d0 ) call negfix( Fplas_prop_p(i),

& ‘Fplas_prop_p(i)', 0.040 )

Exhaust flow from pellet injector

Finj_exh(i) = ( ( Fplas_in_t{i) + Fplas_in d(i) ) /7 (1 -

& finj_err ) + Fplas_in p(i) ) * finj_err + Finj_prop{i) *
& fcap_prop + Fbk_plas_(i)

if( Finj_exh(i) .lt. 0.0d40 ) call negfix( Finj_exh(i),

& ‘Pinj_exh(i)', 0.0d0 )

Finj_exh_t{i) = Fplas_in_t{i) * finj_err / ( 1 - finj_ err ) +
& Finj_prop{i) * Xprop_t(i) * fcap_prop + Fbk_plas_t (i)

if( Finj_exh_t(i) .lt. 0.0d0 ) call negfix( Finj_exh t(i},
& 'Finj_exh_t(i)’, €.0d0 }

Finj_exh d(i) = Fplas_in_d(i) * finj err / ( 1 - finj err ) +
& Finj_prop(i) * Xprop_d(i) * fcap_prop + Fbk_plas_ d(i)

if( Finj_exh_d(i) .lt. 0.0d0 ) call negfix{ Finj_exh d(i),
& ‘Finj_exh d{i)*, 0.040 )

The flow directed to the ISS is given by:
*

Fiss_inj(i) = { 1 - fnon_iss } * Finj_exh(i)
if( Fiss_inj(i) .1t. 0.0d0 ) call negfix( Fiss_inj(i),
& ‘Fiss_inj(i)*, 0.040 )

recycle flow:

Finj_rec{i) = fnon_iss * Finj_exh(i)
if{ Finj_rec{i) .lt. 0.0d0 ) call negfix{ Finj_rec(i),

apoD/ere- 1AV
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1450: & ‘Finj_rec(i)', 0.0d40 )

1451:

1452: if ( Finj_exh({i) .ne. 0.0d0 ) then

1453:

1454: Xinj_t(i) = Finj_exh _t(i) / Finj_exh(i)
1455:

1456: Xinj_d{(i) = Finj_exh_d(i) / Finj_exh(i)
1457:

1458: Xinj_p(i) = 1.0 - Xinj_t(i) - Xinj_d(i)

1460: else
1461: write(6,'(A,1PE12.5)') 'C======= Finj_exh=', Finj_exh(i)

1463: Xinj_t(i) = 0.0d0

1465: Xinj_d(i) = 0.0d0

1467: Xinj_p(i) = 0.0d0

1469: endif

1470:*

TATL RN URRRRRNRRRRRRRRRERN NN RN RN RN BN RN RN R AR RN

1472:*## (Gas pPuffer)
TATI3:*RERERREREGRANNRRN AR RN RN RN RO N U BB RE R SRR RGN R RN

1474:*

1475:

1476: Fgas_d(i) = Fgas_t(i)

L T Tt X e e e o e e o e
1478:*

1479:* Fgas_in_tri(t) & Fgas_in_deu(t) are determined by solving

1480:* the following equation.

1481:*

1482:* Fgas_t = Fgas_in_tri(t) * Xsto_tri_t + Fgas_in_deu(t) * Xsto_deu. .t
1483:* + hl * Fpuri_out(t0) * Xiss_in_t :
1484:* + mgas_mid_iss * Fiss_mid_(t0) * Xiss_mid_t

1485:* + mgas_bot_iss * Fiss_bot_(t0) * Xiss_bot_t ;

1486:*

1487:* Fgas_d = Fgas_in_tri(t) * Xsto_tri_d + Fgas_in_deu(t) * Xsto_deu_d
1488:* + hl * Fpuri_out(t0) * Xiss_in_d

1489:* + mgas_mid_iss * Fiss_mid_(t0) * Xiss_mid d

1490:* + mgas_bot_iss * Fiss_bot_(t0) * Xiss_bot_d ;

1491:* .

1492 M e e e e e e e e e e e e e e e e =
1493+ . solution ...

1494:*

1495:

1496: Bl = Fgas_t(i} - { hl * Fpuri_out({i-1) * Xiss_in_t(i-1) +

1497: & mgas_mid_iss * Fiss_mid _(i-1) * Xiss_mid_t + mgas_bot_iss
1498: & * Fiss bot_(i-1) * Xiss_bot_t )

1499:

1500: B2 = Fgas_d(i) - ( hl * Fpuri_out(i-1) * Xiss_in d(i-1) +

1501: & mgas_mid_iss * Fiss_mid (i-1) * Xiss_mid d + mgas_bot_iss
1502: & * Fiss_bot_(i-1l) * Xiss_bot_d )

1503:

1504: DD = Xsto_tri_t(i-1) * Xsto_deu_d(i-1) - Xsto_deu_t({i-1) *
1505: & Xsto_tri_d(i-1)

1506:

1507: A{1,1) = Xsto_tri_t{i-1}

1508: A(2,1) = Xsto_tri_d(i~-1)

1509: A(1,2) = Xsto_deu_t(i~1)

1510: A(2,2) = Xsto_deu_d(i-1)

1511: CA = condvar{ 2, 3, A, DD )

1512: if( CA .gt. condn ) then

1513: write{(66,*) 'WARNING Fgas_in_tri Fgas_in_deu’

1514: write(66, '(A,I4,A,F10.0,A,A,4(1PE15.8) ,A,E15.8) ")

1515: & * CYCLE:',ic,' time:',t*360040,' sec’,

1516: & ' aij = ', Xsto_tri_t{(i-1),Xsto_tri_d(i-1),

1517: & Xsto_deu_t(i-1),Xsto_deu d{i-1},' condvar=',CA

1518: end if

1519: if{ CA .gt. scondvar(3) } then

1520: meycle(3) = ic

1521 stime{3) =t

1522: . scondvar {3) = CA

1523: end if

1524: .

1525: if (abs ( DD ) .gt. 1.04-10 ) then

1526:

1527: Fgas_in_txi(i) = ( Bl * Xsto_deu_d{(i-1) - B2 * Xsto_deu_t(i-1)
1528: & ) / DD .

1529: if( Fgas_in_tri(i) .lt. 0.0d0 ) call negfix( Fgas_in_tri(i),
1530: & ‘Fgas_in_tri(i)*, 0.040 )

1531:

1532: Fgas_in_deu(i) = ( B2 * Xsto_tri_t{i-1) - Bl * Xsto_tri_d(i-1)
1533: & ) / DD

1534: if({ Fgas_in_deu(i) .lt. 0.040 } call negfix( Fgas_in_deu(i),
1535: & ‘Pgas_in_deu(i}) ', 0.040 )

1536:

1537: else

1538: write(6,'(A,1Pel2.5)") 'DD=', DD

1539:

1540:c¢c

1541: if( Xsto_tri_t(i-1) .eg. 0.0d0 ) then

1542: write(6, ' (A,1Pel2.5)") 'Xsto_tri_t=', Xsto_tri_t(i-1)

1543: Fgas_in_tri(i) = 0.0d0

1544: else

1545: Fgas_in_tri{i) = ( Fgas_t(i) - ( Fgas_in_deu{i-1) *

1546: & Xsto_deu_t(i-1) + hl * Fpuri_out(i-1) * Xiss_in_t{i-1) +
1547: & mgas_mid_iss * Fiss_mid_{i-1} * Xiss_mid_t + mgas_bot_iss
1548: & * Fiss_bot_(i-1) * Xiss bot_t } ) / Xsto_tri_t{i-1)
1548: endif

1550:

1551: if{ Xsto_deu d(i-1) .eq. 0.040 ) then

1552: write(6,'{(A,1Pel2.5)"') 'Xsto_deu d=', Xsto_deu d(i-1)
1553: Fgas_in_deu(i) = 0.0d0

1554: else

1555: Fgas_in_deu(i) = ( Fgas_d(i) - ( Fgas_in_tri(i-1) *

1556 & Xsto_tri_d{i-1) + hl * Fpuri_out(i-1) * Xiss_in_d(i-1) +
1557: & mgas_mid_iss * Fiss_mid_(i-1) * Xiss_mid_d + mgas_bot_iss
1558 & * Fiss_bot_(i-1) * Xiss_bot_d ) ) / Xsto_deu d{i-1)
1559: endif

1560:

1561: endif

1562:*

1563:* .Overall balance
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1564:*

1565:

1566: F(36) = ABX ( - Fgas_tot(i-1) + hl * Fpuri_out(i-1) +

1567: & mgas_mid_iss * Fiss_mid_(i-1) + mgas_bot_iss *

1568: & Fiss_bot_(i~1) + Fgas_in_tri(i-1) + Fgas_in_deu(i-1) ,
1569: & 0.040 , Ngas_tot(i-1) )

1570: call ABXdelta( - Fgas_tot(i-1) + hl * Fpuri_out(i-1) +

1571: & mgas_mid_iss * Fiss_mid_(i-1) + mgas_bot_iss *

1572: & Fiss_bot_(i-1) + Fgas_in_tri(i-1) + Fgas_in_deu(i-1) ,
1573: & 0.0d0 , Ngas_tot, i, delta_t, 'Ngas_tot', iabxctl)
1574:* .tritium balance

1575:

1576: F(37) = ABX ( - Fgas_t(i-1) + hl * Fpuri_out(i-1) *

1577: & Xiss_in_t(i-1) + mgas_mid_iss * Fiss_mid_(i-1) *

1578: & Xiss_mid_t + mgas_bot_iss * Fiss bot_{i-1) * Xiss_bot_t +
1579: & Fgas_in_tri(i-1) * Xsto_tri_t(i-1) + Fgas_in_deu(i-1) *
1580: & Xsto_deu_t(i-1) , 0.040 , Tgas_{i-1} )

1581: call ABXdelta( - Fgas_t(i-1) + hl * Fpuri_out(i-1) *

1582: & Xiss_in_t(i-1) + mgas_mid_iss * Fiss_mid_(i-1) *

1583: & Xiss_mid_t + mgas_bot_iss * Fiss_bot_(i-1) * Xiss_bot_t +
1584: & Fgas_in_tri(i-1) * Xsto_tri_t(i-1) + Fgas_in_deu{i-1) *
1585: & Xsto_deu_t(i-1) , 0.040 , Tgas_, i, delta_t, ‘'Tgas_',
1586: & iabxectl )

1587:

1588:* mobilizable tritium:

1589:

1590: Tgas_mob(i) = mu_gas * Tgas_{i)

1591:* .deuterium balance

1592:

1593: F(38) = ABX ( - Fgas_d{i-1) + hl * Fpuri_out(i-1) *

1594: & Xiss_in_d(i~1) + mgas_mid_iss * Fiss_mid_(i-1) *

1595: & Xiss_mid_d + mgas_bot_iss * Fiss_bot_{i-1) * Xiss_bot_d +
1596: & Fgas_in_tri(i-1) * Xsto_tri_d(i-1) + Fgas_in_deu(i-1) *
1597: & Xsto_deu_d{i-1) , 0.080 , Dgas_{(i-1) )

1598: call ABXdelta( - Fgas_d(i-1) + hl * Fpuri_out(i-1) *

1599 & Xiss_in_d(i-1) + mgas_mid_iss * Fiss_mid_(i-1) *

1600: & Xiss_mid_d + mgas_bot_iss * Fiss_bot_(i-1) * Xiss_bot_d +
1601 & Fgas_in_tri{i-l) * Xsto_tri_d(i-1) + Fgas_in_deuf{i-1} *
1602: & Xsto_deu_d(i-1) , 0.040 , Dgas., i, delta_t, 'Dgas_',
1603: & iabxctl}

1604:

1605:* mole fraction:

1606:¢c zm=z=== mmme

1607: if( Ngas_tot(i) .eqg. 0.040 )} then

1608: write(6,'(A,1PE12.5)') ‘'Ngas_tot=', Ngas_tot(i)

1609: Xgas_t (i) = 0.0d0

1610: Xgas_d(i} = 0.0d0

1611: else

1612: Xgas_t (i) = Tgas_(i) / Ngas_tot (i}

1613:

1614: Xgas_d(i) = Dgas_(i) / Ngas_tot(i)

1615: endif

1616:

1617: Xgas_p(i) = 1 -~ Xgas_t(i) - Xgas_d(i)

1618:

1619:* .protium balance
1620:

1621: Pgas_(i) = Xgas_p(i) * Ngas_tot(i)

1622:* total flow to plasma

1623:c ===

1624: if( { Xgas_t(i) + Xgas_d{(i) )} .eq. 0.040 ) then

1625: write(6,'(2{A,1PE12.5)}') ‘'Xgas_t=',Xgas_t(i),
1626: & ' Xgas_d=',Xgas_d(i)

1627: Fgas_tot(i) = 0.0d0

1628: else

1629: Fgas_tot(i) = ( Fgas_t(i) + Fgas_d(i) )

1630: & / ( Xgas_t(i) + Xgas_d(i) )

1631: endif

1632:

1633: if{ Fgas_tot{i)} .1lt. 0.040 ) call negfix( Fgas_tot(i),
1634: & ‘Fgas_tot(i)*, 0.0d40 )

1635:+*

1636:* The total flow to be puffered into the plasma includes
1637:* an amount of pellet injector propellant:

1638:*

1639:

1640: Fpuff_plas(i) = Fgas_tot(i) + Fplas_prop_t(i) + Fplas_prop_d(i) +
1641: & Fplas_prop_p(i)

1642: if( Fpuff_plas(i) .1t. 0.0d0 )} call negfix( Fpuff_plas(i),
1643: & ‘Fpuff_plas(i)*, 0.040 )

1644:*

1645 *HHRRERURERNEHIRNRRRRRRRR RN RN RN RRRERRRRRRRR NIRRT

1646:*### ( Storage and external supply)
1647 HANRRHBRAMERRENRNANRN RN RN R BB RN

1648:*

1649:* —~mmmmmee tritium rich storage

1650:*

1651:

1652: Fsto_tri_in{i) = { 1 - linj_bot_iss - mgas_bot_iss ) *
1653: & Fiss_bot_(i-1)

1654: if( Fsto_tri_in(i) .lt. 0.040 ) call negfix{ Fsto_tri_in(i),
1655: & *Fsto_tri_in{i}*, 0.0d0 )

1656:

1657: Fsto_tri_out(i) = Fsto_out_t{i-1) + Fgas_in_tri(i-1)

1658:

1659: if{ PFsto_tri_out(i) .lt. 0.0d0 } call negfix( Fsto_tri_out(i),
1660: & ‘Fsto_tri_out(i}', 0.0d0 )

1661:* overall balance:

1662:

1663: F(39) = ABX ( Fsto_tri_in(i-1) - Fsto_tri_out(i-1) , 0.040 ,
1664: & Nsto_tri_(i~1) )

1665: call ABXdelta( Fsto_tri_in(i~1) - Fsto_tri_out(i-1) , 0.0d40 ,
1666: & Nsto_tri_, i, delta_t, ‘Nsto_tri_ ', iabxctl)

1667:* total tritium:

1668:c=

1669: if( Nsto_tri_(i-1) .eqg. 0.0d0 ) then

1670:¢c write(6,*) ‘Nsto_tri_ ',Nsto_tri_(i-1)

1671: F(40) = ABX ( Fsto_tri_in(i-1) * Xiss_bot_t , 0.0d0,
1672: & Tsto_tri_{i-1) )

1673: call ABXdelta{ Fsto_tri_in(i-1) * Xiss_ bot_t , 0.040,
1674: & Tsto_tri_, i, delta_t, ‘Tsto_tri_', iabxctl)
1675: else

1676: F(40) = ABX ( Fsto_tri_in(i-1) * Xiss_ bot_t ,

1677: & - Fsto_tri_out(i-1) / Nsto_tri_(i-1) ,
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1678: & Tsto_tri_(i-1) ) 1735: F{44) = ABX ( Fsto_deu_in{i-1) * Xiss_bot d , 0.0d0 ,
1679: call ABXdelta( Fsto_tri_in{i-1) * Xiss_bot_t , 1736: & Dsto_deu_(i-1) )

1680: & - Fgto_tri_out(i-1) / Nsto_tri_{(i-1) , Tsto.tri_, i, 1737: call ABXdelta( Fsto_deu_in(i-1) * Xiss_bot_d , 0.040 .,
1681: & delta_t, 'Tsto_tri_‘', iabxctl) 1738: & Dsto_deu_, i, delta_t, °'Dsto_deu_*, iabxctl)

1682: endif 1739: else

1683:* deuterium balance: 1740: F(44) = ABX ( Fsto_deu_in(i-1) * Xiss_bot_d ,

1684: 1741: & - Fsto_deu_out(i-1) / Nsto_deu_ (i-1l) , Dsto_deu_{(i~1) )
1685: if( Nsto_tri_(i-1) .eq. 0.040 ) then 1742: call ABXdelta{ Fsto_deu_in(i-1) * Xiss_bot_d ,

1686: F{41) = ABX ( Fsto_tri_in(i-1) * Xiss_bot_d , 0.0d0, 1743: & ~ Fsto_deu_out{i-1) / Nsto_deu (i-1) , Dsto_deu_, i,
1687: & Dsto_tri_(i-1) } 1744: & delta_t, 'Dsto_deu_', iabxctl)

1688: call ABXdelta( Fsto_tri_in(i-1) * Xiss_bot_d , 0.0d0, 1745: endif

1689: & Dsto_tri_, i, delta_t, 'Dsto_tri_', iabxctl) 1746:*

1690: else 1747:% ~emmemeeme Protium rich storage

1691: F{41) = ABX ( Fsto_tri_in(i-1) * Xiss_bot_d , 1748:*

1692: & - Fsto_tri_out(i-1)/ Nsto_tri_(i-1) , Dsto_tri_(i-1) ) 1749:

1693: call ABXdelta( Fsto_tri_in{i-1) * Xiss_bot_d , 1750: Fsto_pro_in{i}) = ( 1.0 - linj_p )} * Fiss_top_(i)

1694: & - Fsto_tri_out(i-l1) / Nsto_tri_(i-l) , Dsto_tri_, i, 1751: if( Fsto_pro_in{i) .lt. 0.040 )} call negfix{ Fsto_pro_in(i),
1695: & delta_t, 'Dsto_tri_', iabxctl) 1752: & 'Fsto_pro_in(i)', 0.0d0 )}

1696: endif 1753:

1697:* 1754: Fsto_pro_out{i) = Fsto_out_p(i-1)

1698:* -——---mmee Deuterium rich storage 1755: if( Fsto_pro_out(i) .lt. 0.040 ) call negfix( Fsto_pro_out(i),
1699:* 1756: & '‘Fsto_pro_out{i)*, 0.0d40 )

1700: 1757:* overall balance: ’

1701: Fsto_deu_in(i) = ( 1 - kiss_mid_ - linj_mid_iss - mgas_mid_iss } 1758:

1702: & * Figs mid_(i) 1759: F(45) = ABX ( Fsto_pro_in{i-1)} - Fsto_pro_out{i-1) , 0.0d0 ,
1703: if( Fsto_deu_in(i) .lt. 0.0d40 } call negfix{ Fsto_deu_in(i}, 1760: & Nsto_pro_ (i-1} }

1704: & ‘Fsto_deu_in(i)*, 0.040 } 1761: call ABXdelta( Fsto_pro_in(i-1) - Fsto_pro_out{i-1} , 0.040 ,
1705: 1762: & Nsto_pro_, i, delta_t, ‘'Nsto_pro_', iabxctl)

1706: Fsto_deu_out{i} = Fsto_out_d{i-1) + Fgas_in_deu{i-1) + 1763:* total tritium:

1707: & Fin_st_d{i-1) 1764:c

1708: 1765: if( Nsto_pro_(i~-1) .eq. 0.0d0 ) then

1709: if{ Psto_deu_out{i) .1it. 0.0d0 ) call negfix{ Fsto_deu_out{i}), 1766: write(6, ' (A,1Pel2.5)') 'Nsto_pro_=',Nsto_pro_{i-1)

1710: & ‘Fsto_deu_out(i}*, 0.0d40 ) 1767: F(46) = ABX ( Fsto_pro_in(i-1) * Xiss_top_t , 0.040
1711:* overall balance: 1768: & , Tsto_pro_{i-1) }

1712: 1769: . call ABXdelta( Fsto_pro_in(i-1) * Xiss_top_t , 0.0d40
1713: F{42) = ABX ( Fsto_deu_in{(i-1) - Fsto_deu_out{i-1) , 0.0480 , 1770: & . Tsto_pro_, i, delta_t, 'Tsto_pro_', iabxctl)

1714: & Nsto_deu_{i-1} } 1771 else

1715: call ABXdelta{ Fsto_deu_in(i-1} - Fsto_deu_out(i-1) , 0.0d0 , 1772: F(46) = ABX ( Fsto_pro_in{i-1) * Xiss_top_t ,

1716: & Nsto_deu_, i, delta_t, ’'Nsto_deu_ ', iabxctl) "1773: & - Fsto.pro_out(i-1) / Nsto_pro_{i-1l) , Tsto_pro_{i-1) )
1717:* total tritium: . 1774: call ABXdelta( Fsto_pro_in(i-1l) * Xiss_top_.t ,

1718:¢ ==== EECES 1775: & - Fsto_pro_out(i-1) / Nsto_pro_{i~l1l) , Tsto_pro_, i,
1718: if{ Nsto_deu_{(i-1) .eq. 0.0d0 } then 1776: & delta_t, 'Tsto_pro_', iabxctl)

1720: write(6,'{A,1Pel2.5}"') ‘Nsto_deu_=',Nsto_deu_(i~1) 1777: endif

1721: F{43) = ABX ( Fsto_deu_in(i-1) * Xiss_mid_t , 0.0d0 1778:* deuterium balance:

1722: & , Tsto_deu_(i~1} ) 1779:

1723: call ABXdelta( Fsto_deu_in(i-1) * Xiss_mid t , 0.0d0 1780: if( Nsto_pro_{i~l) .eq. 0.040 )} then

1724: & , Tsto_deu_, i, delta_t, 'Tsto_deu_*', iabxctl) 1781: F(47) = ABX ( Fsto_pro_in(i-1) * Xiss_top_d , 0.040 ,
1725: else 1782: & Dsto_pro_{i-1) }

1726: F{43) = ABX ( Fsto_deu_in(i-1) * Xiss_mid_t , 1783: call ABXdelta{ Fsto_pro_in(i-1) * Xiss_top_d , 0.040 ,
1727: & -~ Fsto_deu_out(i-1) / Nsto_deu_(i-1) , Tsto_deu_(i-1) ) 1784: & Dsto_pro_, i, delta_t, ‘Dsto_pro_', iabxctl )

1728: call ABXdelta( Fsto_deu_in(i-1) * Xiss_mid_t , 1785: else

1729: & ~ Fsto_deu_out({i-1) / Nsto_deu_{i-1) , Tsto_ deu_, i, 1786: F{47) = ABX { Fsto_pro_in(i-1) * Xiss_top_d ,

1730: & delta_t, ‘Tsto_deu ', iabxctl) 1787: & - Fsto_pro_out(i-1} / Nsto_pro_{i-1) , Dsto_pro_{i-1) )
1731: cendif ’ 1788: call ABXdelta{ Fsto_pro_in(i-1) * Xiss_top_d ,

1732:* deuterium balance: 1789: & - Fsto_pro_out(i-1) / Nsto_pro_(i~l) , Dsto_pro_, i,
1733: 1790: & delta_t, 'Dsto_pro_', iabxctl )

1734: if{ Nsto_deu_(i-1) .eqg. 0.0d0 ) then 1791: endif

3pod/ereq-14ave
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1792:

*

1793:
1794:
1795:
1796:
1797:
1798:

1799:
1800:
1801:
1802:
1803:
1804:
1805:

. Ksto_tri_ : accumulated inventory change in storage
Ksto_tri_ (i) = Ksto_tri_(i-1) + ( Tsto_tri_(i-1) - Tsto_tri_(i) )
Ksto_deu {i) = Ksto_deu_(i-1) + { Tsto_deu_(i-1) - Tsto_deu_ (i) )

Ksto_pro_(i) = Ksto_pro_(i-1) + ( Tsto_pro_(i-1l) - Tsto_pro_(i) )

B e o 1 4 O 7" 320 Y. St T T T P P T 1 . 2 e o7

* Reset inventories in storage when power level changes

1806:*

»

H
Hd
Hokd

:c* Mole fraction in tritium rich storage
ic*

ttstep = 2040 / 360040
. add T/D/P on every 20 seconds

if ( Initial_step .eq. 0 .and. abs ( tcycle / ttstep - nint (
& tcycle / ttstep ) )} .1lt. 0.00001 ) then

write(6,*) '======= power level changed’

Tsto_ tri_(i) = Tsto_tri_(i) + Burn_t(i) * ttstep / fbu
Nsto_tri_(i} = Nsto_tri_(i) + Burn_t (i) * ttstep / fbu
Dsto_deu_(i) = Dsto_deu_(i) + Burn_d(i) * ttstep / fbu
Nsto_deu_ (i) = Nsto_deu_ (i) + Burn d(i) * ttstep / fbu

Psto_pro_{(i) Psto_pro_(i} + Reac_p(i) * ttstep / fbu

Nsto_pro_{i) = Nsto_pro_(i} + Reac_p(i} * ttstep / fbu

Tsto_tri_(i}

Tsto_tri_(i) + Burn_t(i) * ttstep

Nsto_tri_ (i)

Nsto_tri_ (i) + Burn_t(i) * ttstep

+

Dsto_deu_ (i) Dsto_deu_ (i)} Burn_d(i) * ttstep

Nsto_deu_ (i) Nsto_deu_(i) + Burn_d(i) * ttstep

]

Psto_pro_(i)} Psto_pro_(i) + Reac_p(i) * ttstep

L

Nsto_pro_(i)
endif

Nsto_pro_(i) + Reac_p(i) * ttstep

if ( Nsto_tri_ (i) .ne. 0.0d40 ) then
Xsto_tri_t(i) = Tsto_tri_(i) / Nsto_tri_(i)
Xsto_tri_d(i) = Dsto_tri_(i) / Nsto_tri_{i)

Xsto_tri_p(i) = 1.0 - Xsto_tri _t(i} ~ Xsto_tri_d(i)

1849:

1850: else

1851: write(6, ' (A,1Pel2.5)') 'Nsto_tri_=',Nsto_tri_ (i)
1852:

1853: Xsto_tri_t({i) = 0.040

1854:

1855: Xsto_tri_d(i) = 0.0d40

1856:

1857: Xsto_tri_p{i) = 0.040

1858:

1859: endif

1860:

1861: Psto_tri_{i) = Xsto_tri_p(i} * Nsto_tri_ (i)
1862:* mobilizable tritium:

1863:

1864: Tsto_tri.m{i) = mu_sto * Tsto_tri_ (i}

1865:*

1866:* Mole fraction in deuterium rich storage

1867:*

1868:

1869: if ( Nsto_deu_(i) .ne. 0.0d40 ) then

1870:

1871: Xsto_deu_t (i) = Tsto_deu_(i) / Nsto_deu_(i)
1872:

1873: Xsto_deu_d(i) = Dsto_deu_{i) / Nsto_deu (i)
1874:

1875: Xsto_deu_p(i) = 1.0 ~ Xsto_deu_t(i) - Xsto_deu d(i)
1876:

1877: else

1878: write(6,'(A,1Pel2.5)') ‘Nsto_deu_=',6Nsto_deu_ (i)
1879:

1880: Xsto_deu_t (i) = 0.040

1881:

1882: Xsto_deu_d(i) = 0,040

1883: ’

1884: Xsto_deu_p(i) = 0.040

1885:

1886: endif

1887: .

1888: Psto_deu_(i) = Xsto_deu_p(i) * Nsto_deu_ (i)
1889:* mobilizable tritium:

1890:

1891: Tsto_deu_m(i) = mu_sto * Tsto_deu_(i)

1892:* Mole fraction in deuterium rich storage

1893:

1894: if ( Nsto_pro_{(i) .ne. 0.0d40 ) then

1895:

1896: Xsto_pro_t(i) = Tsto_pro_(i) / Nsto_pro_(i)
1897:

1898: Xsto_pro_d(i) = Dsto_pro_(i) / Nsto_pro_{i)
1899:

1500: Xsto_pro_p(i) = 1.0 - Xsto_pro_t(i) - Xsto_pro_d(i)
1901:

1902: else )
1903: write(6,' (A,1Pel2.5)') 'Nsto_pro_=',Nsto_pro_(i)
1904:

1905: Xsto_pro_t (i) = 0.0d0
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1906: .

1907: Xsto_pro_d(i) = 0.040

1908:

1909: Xsto_pro_p(i) = 0.0d0

1810:

1911: endif

1912:

1913: Psto_pro_(i) = Xsto_pro_p(i) * Nsto_pro_(i)

1914:* mobilizable tritium:

1915:

1916: Tsto_pro_m(i) = mu_sto * Tsto_pro_{i)

1917:*

1918:* --- Tritium/Deuterium/Protium requirements

1919:*

1920:

1921: Fsto_tri_out_t(i) = Fsto_tri out(i) * Xsto_tri_t(i)
1922:

1923: Fsto_deu_out_d4(i) = Fsto_deu_out{i) * Xsto_deu_d(i)
1924:

1925: Psto_pro_out_p{i) = Fsto_out_p(i) * Xsto_pro_p(i)
1926:*

1927:* ... Fueling ........c.iiiiiiiiiiiiann

1528:*

1529:

1930: Fuelf_t{i) = Fuel_t(i) - Fplas_nb_t{(i-1) - Fplas_prop_t({i-1)
1931: if( Fuelf_t(i) .1t. 0.040 ) call negfix( Fuelf t(i),
1932: & ‘Puelf_t(i)', 0.0d40 )

1933:

1934:

1935: retum

1936: end

1937 :Cermmsszmrommsssz = = ==

1938:C== Funtions ===z==

1939:Cre==zozzaz=s

1940 subroutine negfix({ X , name, fix )

194110 mm e o e e e e e
1942:C negative value fixup with a message

194310 mmmm o o e e e e e
1944: double precision X, fix

1945: character*(*) name

1946: if( X.1t.0.040 ) then

1947:c write(6, ' {2A,2(A,1PE15.8))") '!!! negative value of °,
1948:c & name, ' {=',X,') is fixed to ', fix

1949: X = fix

1950: end if

1951: return

1952: end

1953:¢

1954: subroutine ABXdelta{ AO,B0,X,i,delta_t, xname, iabxctl )

1956:C time promotion from X(i-1) to X(i) when
1957:C dx/dt = A + B*X

195810 oo o e e e e e
1959: implicit double precision(a-h,o0-z)

1960:c

1961:  double precision a,b,delta_t,A0,BO

1962: integer i

1963: double precision X{0:*)

1964: character* (*) xname

1965:C

1966: factor = 3600.40

1967: if( iabxctl .eq. 0 ) then

1968: A= AO/FACTOR

1969: B= BO/FACTOR

1970: else

1971: A= A0

1972: = BO

1973 endif

1974:C

L9750 o o e o e e e e e e e e e e e
1976:C analytic form

1977 50 m e o e
1978:C

1979:* if{ abs{B) .gt. 1.04-10*abs(A) ) then

1980:* AB = A/B

1981:* X{i) = { X({i-1) + AB ) * exp( B*delta_t ) - AB
1982:* else

1983:* X(i) = X(i-1) + (A + B*X{(i-1l))*delta_t

1984:~ endif

1985:C

1986:C mmmmmm o e
1987:C explicit Euler

1988:C mmmmmm e e e e e e e ———————
1985:C

1990:* X(i) = X(i-1) + ( A + B*X(i-1) )} * delta t

1991:C :

1992:C ~m e e e e e e e e
1993:C implicit Euler

1994 :C ~mmmm e e e e ——— - ——
1995:Ccccee X(1) = X(i-1) + ( A + B*X(i) } * delta t

1996:C

1997:* BB = 1.0d0 - B*delta_t

1998:* if( abs(BB) .gt. 1.04-30 ) then

1999:* X(i) = (X{i-1) + A* delta_t) / BB

2000:* else .

2001:* X(i) = X(i~1l) + ( A + B*X(i-1) ) * delta_t
2002:* endif

2003:C

2004 :C mmmm i e e e e e e
2005:C like 4'th order Runge-Kutta

2006:C —=mmmm o e e e e e e e
2007:C

2008: Rl = delta_t * ( A+ B* X(i-1) )

2009: R2 = delta_t * ( A+ B * ( X(i~1) + 0.5d0*R1 ) )
2010: R3 = delta_t * ( A+ B * ( X(i-1) + 0.5d0*R2 ) )
2011: R4 = delta_t * (A + B * { X{i-1) + R3 ) )

2012: X(i) = X{i-1) + (140/6d40) * ( Rl + 2*R2 + 2*R3 + R4 )
2013:C

2014: return

2015: end

2016:atﬁiﬁtﬁtiitiit‘*tttt1Qttﬁit't‘t'i'i'cit&i'i’."tﬂiﬁ't’ti‘iﬁtittttit’wi*
2017:* function FPPOWER : Fusion power profile { 0 < fppower <= 1 )

2018:*
2019:* Rump up & rumpdown are given in steps of 5 sec width.
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2021: double precision function FPPOWER(TCYCLE,T_BURN,T_P_RU,T_P_RD
2022: & , T_DWELL )

2023:

2024: double precision TCYCLE, T_BURN, T_P_RU, T_P_RD, T_DWELL
2025: double precision TSTEP, DNU, DND

2026:

2027:¢ parameter ( TSTEP = 5d0/3600d40 )

2028: TSTEP = T_P_RU/1040

2029:c DNU = nint( T_P_RU / TSTEP )

2030: DND = nint{ T_P_RD / TSTEP )

2031: DNU = 10.0d0

2032:

2033: if ( TCYCLE.1lt.T_P_RU*0.999 ) then

2034: FPPOWER = int((TCYCLE+1.0d-9)/TSTEP} / DNU

2035: else if ( TCYCLE.lt.(T_P_RU+T_BURN)*0.999 ) then
2036: FPPOWER = 1.0D0O

2037: else if ( TCYCLE.lt.(T_P_RU+T_BURN+T_P_RD)*0.999 ) then
2038: FPPOWER = int((T_P_RU+T_BURN+T_P_RD-TCYCLE-1.0d-9}
2039: & /TSTEP) /DND

2040: else

2041: FPPOWER = (.0D0

2042: end if

2043: return

2044: end

P R A A R e R R Y s

2046:* function FPWIDTH
2047:* Step width when rump up & rumpdown are given in steps

L PR A R A e e e R e e s

2049: double precision function FPWIDTH(TCYCLE,T_BURN,T_P_RU,T_P_RD)
2050:

2051: double precision TCYCLE, T_BURN, T_P_RU, T_P_RD
2052: double precision TSTEP

2053: parameter { TSTEP = 2040/360040 )

2054:

2055: if ( TCYCLE.lt.T_P_RU*0.999 ) then

2056: FPWIDTH = TSTEP

2057: else if { TCYCLE.lt.({T_P_RU+T_BURN)*0.999 )} then
2058: FPWIDTH = T_BURN

2059: else

2060: FPWIDTH = TSTEP

2061: end if

2062: return

2063: end

P R R e e L R R R R e s

2065:* function FPPOWERO
2066:* rump up & rumdown are continuous.

P YRRAARAAA R AR R A S R R e e e e e e R e R et e

2068;: double precision function FPPOWERO (TCYCLE,T_BURN,T_P_RU,T_P_RD
2069: & . T_DWELL )

2070:

2071: double precision TCYCLE, T_BURN, T_P_RU, T_P_RD, T_DWELL
2072:

2073: if ( TCYCLE.lt.T_P_RU*0.999 ) then

2074: FPPOWERO = TCYCLE/T_P_RU

2075: else if ( TCYCLE.lt.(T_P_RU+T_BURN)*0.399 ) then

2076: FPPOWERO = 1.0D0

2077: else if ( TCYCLE.lt.(T_P_RU+T_BURN+T_P_RD)*0.999 ) then
2078: FPPOWERO = (1.0D0 - (TCYCLE-(T_P_RU+T_BURN))}/T_P_RD)
2079: else

2080: FPPOWERQ = 0.0DO0

2081: end if

2082: return

2083: end

2084»!"*ﬁtﬁttt’ittﬁttti"tttttttt*tﬂi't'iiit"'tQttittiaini‘)tit#'tttt*tnti

2085:* function fnbpower : neutral beam injection profile.
2086~'.i"!ttt'iitiQi!lﬁ***i'viitti'**'ttt.i*)t**i'wﬁiwttik'tiﬂttitﬁtttﬁ**tt

2087: double precision function FNBPOWER({TCYCLE,T_BURN,T. P_RU,T_P_RD,
2088: & T_NB_RU, T_NB_RD)

2089:

2090: double precision TCYCLE, T_BURN, T_P_RU, T_P_RD, T_NB RU, T NB_RD
2091:

2092: if { TCYCLE.lt.(T_P_RU-T_NB_RU) )} then

2093: FNBPOWER = 0.0D0

2094: else if ( TCYCLE.1lt.T_P_RU ) then

20985: FNBPOWER = (TCYCLE~-({T_P_RU-T_NB_RU)} /(T_P_RU-T_NB_RU)

2096: else if ( TCYCLE.lt.(T_P_RU+T_BURN) )} then

2097: FNBPOWER = 1.0D0

2098: else if ( TCYCLE.lt.(T_P_RU+T_BURN+T_NB_RD} )} then

2099: FNBPOWER = 1.0D0 - (TCYCLE-(T_P_RU+T_BURN)) /(T_P_RD-T_NB_RD)
2100: else ’

2101: FNBPOWER = (.0D0

2102: end if

2103: return

2104: end

2105-*aihtxttii'*'ﬁ'ittfﬁ'ti'nt:ﬂtt'*iﬁﬁi'**‘ii*ti'!ﬁi'tﬁ*tt,ttaﬁﬁtﬁiitttktt

2106:* function Sigma_tend : return sum of tend(Jj)

2107.ta-ainanactittﬁtinﬁ*wﬁtﬁtt‘atnt;'tnt'ttt*u&tt!t.a*hvutw*ntrﬁ*-natt*n*tt

2108: double precision function SIGMA_TEND{(T, tend)

2109:

2110: double precision T, tend

2111:C* .

2112:C* ... Sigma_tend(j) is always zero for 1997 case ( t <1000 sec)
2113:C*

2114: SIGMA_TEND = tend

2115: return

2116: end

2117.*tt'tiki*ti’.*ﬂﬁﬁtt**"iu"ii'iitniﬁﬁiit*ﬂﬁw*#ini**'ttiﬁt*tatt&i'*"'ti

2118:* function £(M) : 0.1 if Be is used, otherwise 1.0

2119-*i't.i'tﬁ*tta*!iﬁﬁitt"t'atti.thittﬁﬁ*it'*.Qtt'ﬁtbti,ﬁ'ti*’ti'tﬁwt*tﬁ*'

2120: double precision function FM(M)
2121:

2122: double precision M
2123:c integer NINF

2124: -

2125:cccce if ( M.eqg.'Be’ ) then
2126: if ( M.eq.2 ) then
2127: M = 0.1D0

2128: else

2129: . FM = 1.0d40

2130: end if

2131: return

2132: end

2133-i'*ﬁi*’i'atﬁi"itt'ﬁt.ttﬁtta*it'*ﬁ’*i*"ii’w**itiiit.ﬁﬁitiﬁ"*t«ﬁaitﬁ'*
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2134:+ function rho(M) : material density (kg/m3)

2L kN kAR A R R R AN A AR R A AN A A R A AR R RN R AR AR AR R RN AR IR AR R AR NI N

2136: double precision function RHO(M)
2137:

2138: double precision M

2139: integer NINRHO

2140:

2141: NINRHO = 1

2142:cccec if ( M.eq.'C' ) then

2143: if ( M.eq.1 ) then

2144: RHO = 2.303

2145:cccec else if ( M.eq.'Be' ) then
2146: .else if { M.eg.2 ) then
2147: RHO = 1.8D3

2148:cccce else if { M.eq.'W' ) then
2149: else if { M.eq.3 ) then
2150: RHO = 19.3D3

2151: else

2152: NINRHO = 0

2153: end if

2154:

2155: if ( NINRHO.eq.0 } then
2156: write(6,*) ‘'»ox({function rho) no matching meterial °*, ' <*, ¥,
2157: & Tyt

2158: stop 888

2159: end if

2160: return

2161: end

PNy ER A AR AR e S e R R R A e R e R LS AR AR d iR st e it

2163:* function Re(M,T) : codeposition rate (kg tritium/burn*year)

DL kR R kA A R A IR Ak A R AR AR R R R IR AN AR R AR AR S A AN AR A AR A AR R AR IR SRR RSN

2165: double precision function RC(MEDGE, TEDGE)
2166:

2167: double precision MEDGE, TEDGE
2168:

2169: NINRC = 1

2170:cccec if (Medge.eq.'C') then

2171: if ( MEDGE.eq.1l ) then

2172 if { TEDGE.eq.150 ) then
2173: RC = 155 .

2174: else if ( TEDGE.eq.100 ) then
2175: RC = 135

2176: else if ( TEDGE.eq.60 ) then
2177: RC = 88

2178: else if ( TEDGE.eg.130 ) then
2179: RC = 130

2180: else

2181: NINRC = 0

2182: end if

2183:cccccec else if{Medge.eq.'Be') then
2184: else if { MEDGE.eqg.2 ) then
2185: if { TEDGE.eq.150 ) then
2186: RC = 40

2187: else if ( TEDGE.eq.60 ) then
2188: RC = 33

2189: else if ( TEDGE.eqg.30 ) then

2190: RC = 18

2191: else

2192: NINRC =0

2193: end if

2194 :cccc else if (Medge.eq.'W') then
2195: else if ( MEDGE.eq.3 ) then
2196: if ( TEDGE.eq.40 ) then
2197: RC = 0.005

2198: else

2199: NINRC = 0

2200: end if

2201: else

2202: NINRC = 0

2203: end if

2204: :

2205: if ( NINRC.eq.0 ) then

2206: write(6,*) ‘*>xox(function Rc) no matching meterial or°,
2207: & ' temperature <', MEDGE, ‘> T= ', TEDGE
2208: stop 888

2209: - end if

2210: return

2211: end

PR R A e e

2213:* function Ed(M,T)

P A PR L R e e e T S 2y

2215: double precision function ED(MEDGE, TEDGE)
2216:

2217: double precision MEDGE, TEDGE
2218: NINED =1

2219:

2220:cccecc if (Medge.eq.'C’') then

2221: if ( MEDGE.eq.l ) then

2222: if { TEDGE.eq.150D0 } then
2223: ED = 0.27D0

2224 else if ( TEDGE.eq.100D0 ) then
2225: ED = 0.28D0

2226: else if ( TEDGE.eq.60D0 ) then
2227: ED = 0.23D0

2228: else if ( TEDGE.eq.30D0 ) then
'2229: ED = 0.17D0

2230: else

2231: NINED = 0

2232: end if

2233:cccce else if (Medge.eq. 'Be') then
2234: else if ( MEDGE.eq.2 ) then
2235: if ( TEDGE.eq.150D0 ) then
2236 ED = 0.46D0

2237: else if ( TEDGE.eq.60D0 ) then
2238: ED = 0.73D0

2239; else if ( TEDGE.eq.30D0 ) then
2240: ED = 0.49D0

2241: else

2242: NINED = 0

2243: end if

2244:cccce else if(Medge.eq.'W') then
2245: else if ( MEDGE.eqg.3 ) then
2246 if ( TEDGE.eq.40D0 ) then
2247: ED = 0.007D0
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2248: else 2305: if{ (TI(II+1)-TI(II) )} .eq. 0.0d0 ) then

2249: NINED = 0 2306:¢ write(6,*) 'AI ‘', (TI{II+1)-TI(II})

2250: end if 2307: AI = EXP{ LOG(IV(II,X))} )

2251: else 2308: else

2252: NINED = 0 2309: Al = EXP((LOG{IV(II+1,K))-LOG(IV(II, K)))/(TI(II+1)-TI(II))*
2253: end if 2310: & (T-TI(IX))+LOG(IV(II,K)}))

2254 2311: endif

2255: if ( NINED.eq.0 ) then 2312:¢C

2256: write{6,*) *xxx(function Ed) no matching meterial or', 2313: returmn

2257: & * temperature: M = <*, MEDGE, '> T= ‘', TEDGE 2314: end

2258: stop 888 2315:¢

2259: end if 2316:¢

2260: return 2317: double precision function condvar( i, j, A, PP )
2261: end 2318:C ~ e e LS S mesm e e
2262 2319:C conddition value of A’
2263:tatl)t‘,tti'ttt'tittti't.ﬁti*itt.tt*ﬁ'iﬁnttitt-tttﬂit*t'tﬁt'ittﬂtit'*t!i 2320:(: --------------------------------------------------------
2264:* function I(T,t) 2321: implicit double precision(a-h,o0-2z)

2265:* 2322:c

2266:* Tritium inventry from diverter by log-linear interpolation. 2323: double precision A(j,j}, B(3,3)

P R R R L 2324:C i : used size j : dimension size
2268: double precision function AI(TEMP,T) 2325:¢ norm (A)

2269: 2326: ANORM = 0.40

2270: double precision TEMP, T 2327: © do ii = 1,1

2271 parameter{ NUMT = 6 ) 2328: do jj = 1,1

2272: parameter( NTEMP =3 ) 2329: if( abs(A(ii,3jj)) .gt. ANORM ) ANORM = abs(A(ii,Jj3j))
2273: double precision TI(NUMT) 2330: end do

2274: double precision IV(NUMT,K NTEMP) 2331: end do

2275: double precision TEMPS{NTEMP) 2332:c¢

2276 10— e 2333:c norm (1/A)

2277: data TI /278D0, 417D0, 694D0, 1.39D3, 2.78D3, 4.86D3/ 2334: if( 1 .eq. 2 } then

2278: 2335: B(1,1) = A{2,2)

2279: data TEMPS{1) /1000.D0/ 2336: B(2,2) = A(1,1)

2280: data(IV(I,1),I=1,NUMT) /14D0, 260D0O, 400DO, 420D0, 440DC, 460D0/ 2337: B(2,1) = -A{2,1)

2281: data TEMPS(2) /1400.D0/ 2338: B(1,2) = -A(1,2)

2282: data(IV(I,2),I=1,NUMT} /14D0, 260D0O, 360D0, 380D0, 400D0, 410D0/ 2339: else

2283: data TEMPS(3) /1800.D0/ 2340: B(1,1) = A(2,2)/(A(1,1)*A(2,2)-A(1,2)*A(2,1))
2284: data({IV(I,3),I=1,NUMT) /T4DO, 260DO, 360D0, 380DO, 400D0, 410D0/ 2341: B(1,2) = A(1,2)/(A(1,2)*A(2,1)-A(1,1)*A(2,2))
228 mm e e e e 2342; B(1,3) = A(2,2)/(A(2,2)*A(3,1)-A(2,1)*A(3,2))
2286: 2343: B(2,1) = A(2,1)/(A(1,2)*A(2,1)-A(1,1)*A(2,2))
2287: if ( TEMP.eq.TEMPS(1) ) then 2344: B(2,2) = A(1,1)/(A(1,1)*A(2,2)-A(1,2)*A(2,1))
2288: X =1 2345: B(2,3) = A(2,1)/(A(2,1)*A(3,2)-A(2,2)*A(3,1))
2289: else if { TEMP.eq.TEMPS(2) ) then 2346: B(3,1) = 0.d¢0

2290: K = 2 2347: B(3,2) = 0.40

2291: else if ( TEMP.eq.TEMPS(3) ) then 2348: B(3,3) = 0.d0

2292: K =3 . 2349: end if

2293: else 2350: CANORM = 0.d0

2294: write(6,*) "ox(function ai) no matching temperature *, TEMP 2351: do ii = 1,1

2295: stop 888 2352: do jj = 1,1

2296: end if 2353: if( i .eq. 2 5 B(ii,jj) = B(ii,33) /7 PP
2297: 2354: if( abs(B(ii,3jj)) .gt. CANORM ) CANORM = abs(B(ii.3jj))
2298: do II = 1, NUMT 2355: end do .
2299: if ( TI(II).ge.T ) go to 100 2356: end do

2300: end do 2357: condvar = ANORM * CANORM

2301: II = NUMT - 1 2358:¢

2302: 100 continue 2359: return

2303:C 2360: end

2304 :c======== nna===m

apoD/ered-TdavI
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® _output.f

1: subroutine output { ic, nstartp )
2:c== == sesm==ss=ssozszssss
3:c Fusion reactor tritium inventory evaluation system
O o e e e e e — o —
S:c output calculated results
B 1 G m = = e e e

9:c

10:c ic : cycle no.
11: integer ic

12:ccce implicit real*8 (a-h,o0-z)

13:c

14: include ‘_sizes.h’

15: include '_commonsl.h'

16: include 'varconst.h’

17:c

18: logical opd

1910 mmmemm e e e e e e e e =
20:c

2l:c .... one file per variable output
22:c

23: write(6,*) ‘======= Output results of simulation on files ===',
24: & ‘ nvarout= ‘, nvarout
25:c

26: iunit =10

27: inquire( unit=iunit, opened=opd )
28: if( opd ) close (iunit)

29:c

30: if (OUTPUTALL.eq.0) then

31l:c

32: do i=l,nvarout

33: call fileoutput{ ic, varout (i}, ivarout(i), iunit, ierr,
34: & nstartp )

35: end do :

36:c

37: else

38:c

39: do i=1,nvar

40: kk = index{varname(i), ‘'(t}'}
41: if( kk.ne.0 ) then

42: kk =kk -1

43: else

44: kk = len{varname(i))

45: endif

46: call fileoutput( ic, varname(i){:kk), i, iunit, ierr,
47: & nstartp )

48: end do

49:c

50: end if

51:¢c

52: return

53: end

55:c
56:¢c
57:

subroutine fileoutput( ic, outvar, ivaro, iunit, ierr, nstartp

58:c
59:c
60:c
6l:c

output results of variable named outvar and seguentian # ivaro
on I/0 unit iunit.

62:
63:
64:c
65:
66:
67:
68:¢c
69:
70:c
71:
72:
73:
74:
75:
76:
17
18:
19:c

88:

character*(*) outvar
integer ic, ivaro, nstartp

include '_sizes.h'
include ‘'_commonsl.h'
include ‘varconst.h'

character*32 unit

"do i=len{(outvar),1,-1

if{ outvar(i:i).ne.*' * ) then
v = i
goto 110
end if
end do
lv = len{outvar)

110 continue

call fileopen{ ic, result(:1llr}, outvar(:lv), iunit, ierr )}
if(ierr.ne.0) then
write{6,*) 'XXX failed to open output file *',outvar{:lv)
if( sysname.eq.'Macintosh' } pause 'PAUSE'
stop 888
end if

unit = *
if{ outvar(l:1).eq.'F' .or.
& outvar(l:1l).eq.'R' ) then
unit = ‘Mole/hour’
else if( outvar(l:1).eq.'T' .or.
outvar{l:1).eq.'D' .or.
outvar(l:1).eq.'P’ .or.
outvar(l:1).eq.'N' .or.
outvar(l:1).eq.‘'C*' .or.
outvar(l:1}.eq. 'H* .or.
outvar{l:1).eq.'A' ) then
unit = 'Moles’
else if{ outvar(l:4).eq.'Burn' )} then
unit = 'Mega Watts'
else if( outvar(1l:5).eq.‘'res_N' ) then
unit = ‘em-3°
else
unit = ‘arbitrary unit’
end if

D RRRR

do i=len(unit),1,-1
if( unit(i:i).ne.* ' } then
lu = i
goto 130
end if
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112: end do

113: lu = len(unit)

114: 130 continue

115:

116:¢c

117:c ... char(9) is ASC II Tab character ...

118:c¢c

119: if({mode(l:3) .eg. 'RUN' .or. mode(l:3) .eq. 'RES') .and.
120: & ic .le. nstartc ) then

121: if(sysname.eq. 'UNIX') then

122: write(iunit,'(5a)') ‘'#Time(sec)',char(9),outvar(:lv),
123: & char (9),unit(:1lu)

124: else

125:cc write(iunit, ‘(5a)') ‘'Time(sec)',char(9),outvar(:1lv),
126:cc & char(9),unit (:1u)

127: write(iunit,'(5a)') ‘Time(sec)',char(9),outvar(:1lv)
128: endif

129: if( ivaro .eg. 999 ) then

130: write(iunit, 7100} (tmax*{ic-l}+times_r{l1))*3600,

131: & char(9),res_N(1)

132: else

133: if( ivaro .gt. 900 .and. ivaro .le. 9Q0+NT_PUMP } then
134: if( mode(1:3) .eq. 'RUN' .and. nstartc .eq. 1 ) then
135: write{iunit,7100) (tmax*(ic-1)+times(0))*3600,
136: & char(9),Tpv_i (0, ivaro~900)

137: else if( mode(1:3) .eq. ‘RES' ) then

138: write(iunit,7100) (tmax*(ic-1)+times_xr(1))*3600,
139: & char(9},Tpv_i(1, ivaro-900)

140: endif

141: else

142: if( mode{1:3) .eq. ‘RUN' .and. nstartc .eq. 1 ) then
143: write(iunit,7100) (tmax*(ic-1)+times{0})*3600,
144: & char (9) ,XVARS (0, ivaro)

145: else if( mode(1:3) .eq. 'RES' ) then

146: write(iunit,7100) (tmax*(ic~1)+times_xr(1))*3600,
147: & char (9) ,XVARS (1, ivaro)

148: endif

149: endif

150: endif

151: endif

152: if( ivaro .eq. 999 )} then

153; if( mode(1:3) .eq. 'RRR' } then

154: do it=nstartp,ntimes

155: write(iunit,7100) (tmax*(ic-1)+times(it))*3600

156: & ,char{9),res_N(it)

157: end do

158: else

159: do it=2,ntimes_r E

160: write(iunit,7100) (tmax*(ic-1)+times_x(it))*3600
161: & ,char(9),res_N(it)

162: end do

163: end if

164: else

165: if( ivaro .gt. 900 .and. ivaro .le. 900+NT_PUMP ) then
166: . if( mode(l:3) .eq. 'RUN‘ .or. mode(l:3) .eqg. 'RRR’' ) then
167: do it=nstartp,ntimes

168: write(iunit,7100) (tmax*(ic-1l}+times(it))*3600

169:

189:
190:
191:
192:c¢c
193:
194:
195:
196:c
197:¢
198:¢

201:¢
202:c
203:c
204:c
205:¢c
206:
207:
208:c
209:
210:
211:c
212:
213:c
214:
215:c¢c
216:
217:c
218:
219:
220:
221:c
222:c
223:c
224:c
225:c¢c

& ,char(9),Tpv_i{it, ivaro-900)
end do
else
do it=2,ntimes_r
write(iunit,7100) (tmax*(ic-1)+times_x(it))*3600
& ,char{9),Tpv_i(it, ivaro-900)
end do
end if
else
if( mode(1:3) .eqg. 'RUN' .or. mode(1:3) .eq. ‘RRR' } then
do it=nstartp,ntimes
write(iunit,7100) (tmax*(ic-1)+times(it))*3600
& ,char(9),XVARS(it, ivaro)
end do
else
do it=2,ntimes_xr
write(iunit,7100) (tmax*(ic-1)+times_r{it))}*3600
.char(9) ,XVARS(it, ivaro)

Ld

end do
end if
end if
endif
7100 format(lpel2.5,a,1x,el2.5)

close(iunit)
return
end

fileopen routine opens file under specified directory/folder

subroutine fileopen{ ic, path, fname, iunit, ierr )
Open a file named as *"PATH + <derectory separator> + FNAME® on
I/0 unit IUNIT.

Return open error code on IERR
integer ic
character*{*) fname, path

include '_sizes.h'
include *_commonsl.h'

character*256 ff

ierr = 0

f£ = *

if( path .eq. ' * ) then
£f = fname

else
lp = index(path,' ") - 1

if(lp.1t.0) 1lp = len(path)

... add directory separator ...
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226:c  *:* for Macintosh, */* for UNIX, *"¥* or char(92) for MS-DOS/Windows

227:c

228: if( sysname.eq.'Macintosh'.or.index(sysname, ‘Mac').ne.0
229: & .or. index{sysname, ‘MAC').ne.0 )} then

230:

231: ff = path(:len(path))//':*//fname

232:

233: else if{ sysname.eq.'UNIX' .cor. index({sysname, 'UNIX').ne.0)
234: & then

235:

236: ff = path(:len(path))//'/'//fname

237:

238: else if( sysname.eq.'Windows’

239: & .or. index(sysname, 'Win').ne.0Q

240: & .or. index(sysname, 'WIN').ne.0

241: & .or. index({sysname, 'DOS'}.ne.0

242: & ) then

243:

244: ff = path(:len{path))//char(92)//£fname

245:

246: else

247:

248: write(6,*) ‘XXX cannot compose file pathname because of',
249: & * unknown system <',sysname, '> is specified.’

250: stop 888

251:

252: end if

253: end if

254:¢c

255:¢c 1f = index(ff,' ') - 1

256:¢c if¢1£.1.0) 1f = len(ff)

257: do lf=len(ff),1,-1

258: if( fE(1f:1E).ne.' ' )} goto 200

259: end do

260: 1f = len({ff)

261: 200 continue

262:c

263:cH*x write(6,*) ‘'--- opening a file <*,ff(:1£),'> on I/O unit *,
264:crn & iunit

265:c .

266:c*** if (sysname.eq. '‘Macintosh'} then

267:cH*r write(*,*) '--- opening a file «<',£ff(:1f),'> on I/0 unit °*,
268:cr** & iunit

269:c** end if

270:c

271:c

272: if((mode(1:3) .eq. 'RUN' .or. mode(1:3) .eg. 'RES') .and.
273: & ic .le. nstartc ) then

274: open{ iunit, file=£ff(:1f), status='UNKNOWN', form='FORMATTED',
275: & iostat = ios )

276: else

277: open{ iunit, file=ff(:1£), status='UNKNOWN', form='FORMATTED',
278: & iostat = ios , access = 'APPEND' )

279: end if

280:c

2Bl:c

282: if{ ios.ne.0 ) then

283:
284:
285:
286:
287:
288:
289:
290:
291:c
292:
293:
294:
295:c
296:c¢c
297:
298:
299:c
300:c
301:c
302:c
303:c
304:c
305:c¢c
306:¢c
307:c¢
308:
309:
310:
311:c
312:c
313:
314:
315:
316:
317:
318:
318:
320:

a

321:

322:
323:
324:
325:
326:
327:
328:
329:
330:
331:
332:
333:
334:
335:
336:
337:
338:
339:

write(6,*) '~--- failed to open a file <*,ff(:1f),'> code="',ios

jerr = ios

if (sysname.eq. ‘Macintosh'} then

write(*,*) '--- failed to open a file <',ff{:1f),'> code="',
& ios
end if
end if
return

End

response file output routine

subroutine rstoutfst( )

I/0 unit 20.

output items
TMAX, TEND, -Tmp_tend
&QUTPUT( if OUTPUTALL=0)
nvarout, varout(l:nvarout), ivarout(l:nvarout)
&CONSTANT
include '_sizes.h’
include ‘'_commonsl.h’
include ‘'varconst.h'

e first
kout = 20
open(kout, file=response, status='UNKNOWN',
& form='FORMATTED', iostat = ios )
if( ios .ne. 0 ) then

write(6,*) 'XXX failed to open response file °*
if( sysname.eq.'Macintosh' ) pause 'PAUSE'
stop 888

endif

write(kout, ‘' (AS5) ')
& ‘Tritium Inventory Evaluation System Step Response Input'

write(kout, ' (Al1l) ') 'Version 1.0’
write(kout, ' (A12,1PE12.5,A5)"') ‘'TMAX ‘.
& tmax*360040, ' sec'

write(kout, ' (A7,A128) ') 'RESULT=', result

if( QUTPUTALL .eq. 0 ) then
write(kout, ' (A20,1I5) ')} ****QUTPUT VARIABLES °‘,nvarout
do i=1,nvarout

write(kout, * (I5,3X,A32)"') ivarout(i),varout{i)
end do
else
write(kout, ' (Al3) ') '***OUTPUT ALL'
endif

write(kout, ' (A20,I5) ') '***CONSTANT VALUES ', nconst
do i=l,nconst

write(kout, ' (A32,1PE15.8) ‘) constname(i), C(i)
end do
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340:
341:
342:
343:
344:
345:
346:
347:
348:
349:
350:
351:
352:
353:
354:
355:
356
357:
358:
359:
360:
361:
362:
363:
364
365
366:
367:
368:
369:
370:
371:
372:
373:
374:
375:
376:
377:
378:
379:
380:
381:
382:
383:
384:
385:
386:
387:
388:
389:
390:
391:
3%2:
393:
394:
395:
396:

write(kout, ' (A20,I5)"') '***VARIABLES ', NVAR

close ( kout )

He

c
retumm
End
C SIS ISSSRTISSSERTT -t -t 2
subroutine rstoutput{ ip )
o ot e o e e e e
c I/0 unit 20.
C
¢ output items
c tend, Timp_tend
c nbreakc(ip), nbreakp{ip)
c XVARS (nbreakp (ip), 1:NVAR)
:C Tpv_i{(nbreakp{ip), 1:NT_PUMP)
c Dpv_i(nbreakp(ip), 1:NT_PUMP)
c Ppv_i (nbreakp(ip), 1:NT_PUMP)
c Hepv_i (nbreakp(ip}, 1:NT_PUMP)
c Rt_rem_i (nbreakp{ip), 1:NT_PUMP)
c RA_rem_i(nbreakp(ip), 1:NT_PUMP)
c Rp_rem_i(nbreakp{ip), 1:NT_PUMP)
c Rhe_rem_i (nbreakp(ip), 1:NT_PUMP)
L o e e
include ' _sizes.h'
include '_commonsl.h*
include ‘'varconst.h’
c
kout = 20
open(kout, file=response, status='UNKNOWN',
& form="FORMATTED', access='APPEND', iostat = ios )
if{ ios .ne. 0 ) then
write(6,*) ‘XXX failed to open response file '
if({ sysname.eq.'Macintosh' ) pause 'PAUSE’
stop 888
endif
(o}
write{kout, ' (Al12}"') ‘'+m-m--menoa- '
write{kout, ' {A12,15,A6)') ‘'Break point ',nbreakc(ip), ' cycle'
write(kout, ' (Al12,I5,a4)") * time °,

& int {(dbreakp {ip) *360040), ‘' sec'
write(kout, ' (Al2,1PE12.5,A5) ') 'TEND Y.

& tend*3600d40, ' sec'
write(kout, *{A12,1PE12.5,A5) ) *Trp_tend 'y
& Timp_tend, ' Moles'

do i= 1, NVAR
write(kout, ' (A32,1P2E12.5)') VARNAME(i),XVARS(0,i),
& XVARS {nbreakp{ip), i)
end do
write(kout, * (A20) ') ****PUMP VARIABLES '
write(kout, ‘(A8)') 'Tpv_i '
write(kout, ' (1P24E12.5) ") (Tpv_i(0,i),i=1,NT_PUMP)
write(kout, ' {1P24E12.5) ') (Tpv_i{(nbreakp(ip),i),i=1,NT_PUMP)
write(kout, '(A8)‘) ‘Dpv_i
write (kout, ' (1P24E12.5) ") (Dpv_i(0,1i),i=1,NT_PUMP)

write(kout, ' {1P24E12.5)') (Dpv_i(nbreakp{ip),i),i=1,NT_PUMP)
write(kout, * (A8)')} ‘'Ppv_i '

write{kout, ' (1P24E12.5)") (Ppv_i(0,i),i=1, NT_PUMP)

write(kout, ' (1P24E12.5) ') (Ppv_i(nbreakp(ip),i),i=1,NT_PUMP)
write{kout, '(A8)') ‘Hepv_i °*

write(kout, ' (1P24E12.5)') (Hepv_i(0,i),i=1, NT_PUMP)
write{kout, ' (1P24E12.5) ') (Hepv_i(nbreakp(ip),i),i=1,NT_PUMP)
write(kout, ‘ (A8)') 'Rt_rem i’

write(kout, ' (1P24E12.5) ') (Rt_rem_i(0,i},i=1,NT_PUMP)
write(kout, ' (1P24E12.5) ") (Rt_rem_i (nbreakp(ip),i),i=1,NT_PUMP)
write(kout, ' (A8)') ‘'Rd_rem i’

write(kout, ' (1P24E12.5) ') (RA_rem_i(0,1),i=1,NT_PUMP)
write(kout, ' (1P24E12.5) ') (Rd_rem_i (nbreakp(ip},i),i=1, NT_PUMP)
write(kout, ' (A8)') ‘'Rp_rem i’

write (kout, ' (1P24E12.5) ‘) (Rp_rem_i(0,i),i=1,NT_PUMP)
write(kout, ' ({1P24E12.5)') (Rp_rem_i(nbreakp(ip),i),i=1,NT_PUMP)
write{kout,'(A9)') 'Rhe_rem i®

write(kout, ' (1P24E12.5) ') (Rhe_rem i(0,1i),1i=1,NT_PUMP)

write (kout, ' (1P24E12.5) ') (Rhe_rem_i (nbreakp (ip),i),i=1,NT_PUMP)

close { kout )

return
End

@® _stepresp.f

subroutine respinit

.

Step response -- S0+deltaS -- data prepare
made 1998.02.09

input problem control DATA mode = ‘RES'
calculate SO0+deltas, res_N() for NRESPTIME(1)

S WW W R R

s

17:C

18:c.

19:
20:
21:

implicit real*8 (A-H,0-Z2)
include *_sizes.h’
include '_commonsl.h'
include ‘'varconst.h'

.+... calculate delat_t
sgmT = 2*4.d4-16

dntauP = 1,0d14
A_Burn_t_sec = Burn_t(l) * No / 360040

22:ceeccccceccececeee sgmT * n * n * volume = A_Burn_t_sec

23:
24:

res_N(0) = sqrt( A_Burn_t_sec /{ volume * sgmT ) )
res_N{1l) = res_N(0)

i
"
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25: 82: times_r{i) = times_r(i-1)+delta_t

26: if{ res_N{(0) .eg. 0.040 ) then 83: atimes = times_xr{i) - times_r(1) + 1.04-10
27: tauP = 0.0d40 84: write(6, ' (I5,3(A,1PE12.5))') i,' N=', res_N{(i},
28: else 85: & * 8=',81,' times=',times_r(i)

29: tauP = dntauP / res_N(0) 86: if( atimes .ge. drespe ) goto 120

30: endif 87: end do

31: if( tauP .eq. 0.0d0 ) then 88:c

32: S0 = res N(0) * res_N{(0) * sgmT 89: 120 continue

33: else . ) 90: ntimes_r = i

34: S0 = res_N{0) / tauP + res_N{0) * res N{(0)} * sgmT 91: do i = 0, ntimes_r

35: endif 92: times_r(i) = times_r(i) / 3600d0

36: write(6, ' {4(A,1PE12.5}) ') ‘tauP=',tauP,' Burn_t=',Burn_t(l), 93: end do

37: & > A_Burn_t_sec=',A_Burm_t_sec,' volume=',volume 94:

38:c 95: dnsgmT = Burn_t(l) / res_N{1)

39: drespe = NRESPTIME(1) 96: write{6, ' (A, I5,2(A,1PE12.5)) ') ‘ntimes_r=',ntimes_r,
40:c DELTAS (%) 97: & ' last times_r=',times_r(ntimes_r),*' dnsgmT=",dnsgmT
41: DELTAS = SO * DELTAS R 98:

42: S1 = SO + DELTAS $59:

43:c 100: return

44: times_r(0) = 0.d0 101:

45: times_r(l) = nstartsec 102: end

46: : 103:

47: write(6,*{3(A,1PE12.5))") 1 N=',res_N{1), 104: subroutine respdown

48: & t 8=',81,’ times=',times_r(1) 105:C

49:c 106:C Step response -- SO -- data prepare

50: do i = 2, MAXTIMES 107:C made 1998.02.09

51: delta_t = drespe / 5040 08 1 G m e m o e e o e e e e e e e e e
52: if( res_N(i-1) .eq. 0.040 } then 109:C calculate S0, N() for NRESPTIME(2)

53: tauP = 0.0d0 110:C

54: else 111:C==

55: tauP = dntauP / res_N(i-1) 112: implicit real*8 ({(A-H,0-Z)

56: endif 113:C

57: if( tauP .eq. 0.0d0 )} then 114: include '_sizes.h’®

58: alamda = 0.40 ' 115:C

59: else 116: include ‘_commonsl.h'

60: alamda = (1.0d0 + res_N{O)*sgmT*tauP) / tauP 117:C

61: endif 118: include ‘'varconst.h®

62: omgk = Sl/res.N{i-1) - alamda 119:C .

63: 120:c...... calculate delat_t

64: 110 ee = exp{omgk*delta_t) 121:

65: em = exp({-omgk*delta_t) 122: sgmT = 2*4.d-16

66: dnll = ee * res_N(i-1) 123: dntauP = 1.0d14

67: if{ omgk .eg. 0.d0 ) then 124:

68: - dnl2 = ee * { res N{i-l) - S1 * delta_t ) 125: DNLast = res_N(1)

69: else 126: res_N(0) = res_N(ntimes_r)

70: dnl2 = ee * ( res_N(i-1) 127: res_N{l) = res_N(0}

71: & + 81 * ((1.080 - em)/omgk - delta_t)) 128:c

72: end if ) 129: drespe = NRESPTIME(2)

73: 130:c

74: Ret = abs{{ dnll -~ dnl2 )} / dnll) 131: times_r(0) = 0.d0

75: if( Ret .gt. EPS ) then 132: times_r(l) = nstartsec + NRESPTIME({1l)

76: delta_t = delta t * 0.5d0 133:

77: gote 110 134: write(6, '(4(A,1PE12.5))") ' 1 N=',res_N{1),
78: else 135: & ' 8=',81,' times=',times_r(1l),' Burn_t=',Burn_t(1)
79 res_N(i) = dnl2 136:

80: end if 137: do i = 2, MAXTIMES

81: _ 138: delta_t = drespe / 5040

spoD/ere -TYH V[
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139: if( res_N(i-1) .eq. 0.040 ) then 196:C====z=== == == =REEsIEs
140: tauP = 0.0d0 197: implicit real*8 (A-H,0-Z)

141: else 198:C

142: tauP = dntauP / res_N(i-1} 199: include '_sizes.h’

143: endif 200:C

144: if( tauP .eq. 0.0d0 ) then 201: include '_commonsl.h®

145: alamda = 0.d40 202:C

146: else 203: include ‘varconst.h'

147: alamda = (1.0d0 + DNLast*sgmT*tauP} / tauP 204:C

148: endif 205:

149: omgk = SO/res_N{i-1) - alamda 206; dstartsec = ( nstartsec + NRESPTIME(1) + NRESPTIME(2)) / 360040
150: 110 ee = exp(omgk*delta_t) 207 do i = 1, MAXTIMES

151: em = exp(-omgk*delta_t) 208: if( times(i) .gt. dstartsec ) then

152: dnll = ee * res_N{i-1} 209: nstartp = i

153: if( omgk .eq. 0.40 ) then 210: goto 100

154: dnl2 = ee * ( res_N{i-1) - S0 * delta_t } 211: end if

155: else . 212: end do

156: dnl2 = ee * ( res_N(i-1) 213: 100 continue

157: & + 80 * ({1.040 - em)/omgk - delta_t}) 214: write(6, ' (A, 1Pel2.5,7,1i5)"') ‘dstartsec=',dstartsec,
158: end if 215: & ' nstartp=‘,nstartp

159: Ret = abs({( dnll - dnl2 )} / dnll) . 216: do ivar = 1, NVAR

160: if( Ret .gt. EPS ) then 217: XVARS (nstartp-1,ivar) = XVARS({1,ivar)
161: delta_t = delta t * 0.540 218: end do )

162: goto 110 219: do ip = 1, NT_PUMP

163: else 220: Tpv_i (nstartp-1, ip) = Tpv_i{1,ip)
164: res_N{i) = dnl2 221: Rt_rem_i (nstartp-1,ip) = Rt_rem i(1,ip)
165: end if - 222: Dpv_i {nstartp-1, ip) = Dpv_i(1,ip)
166: 223: RA_rem_i{nstartp-1,ip) = Rd_rem_i(1,ip)
167: times_r(i) = times_r(i-1)+delta_t 224: Ppv_i {nstartp-1, ip) = Ppv_i(1l,ip)
168: atimes = times_r(i) - times_r{1) + 1.0d-10 225: Rp_rem_i (nstartp-1,ip) = Rp_rem_i(1,ip)
169: write(6, ' (I5,3(A,1PE12.5))') i,' N=',res_N(i}, 226: Hepv_i(nstartp-1,ip) = Hepv_i(1,ip)
170: & ' 8=',80,' times=’,times_r(i} 227: Rhe_rem_i (nstartp-1,ip) = Rhe_rem_i(1,ip)
171: if{ atimes .ge. drespe ) goto 120 228: end do

172: end do ' 229:c

173:¢c . 230: mode = ‘RRR'

174: 120 continue 231:¢c

175: ntimes_r = i . 232: return

176: do i = 0, ntimes_r 233:¢

177: times_r(i) = times_r(i) / 360040 ™ 234: end

178: end do 235:

179:

180:c dnsgmT = Burn_t(l) / res_N({(1)

181: write(6, ‘ (A, I5,A,1PE12.5)') ‘ntimes_r=',ntimes_r,

182: & ' dnsgmT=', dnsgmT

183:

184: mode = 'R--'

185:

186:  return @ varconst.h

187:

188: end 1:C ---- varconst.h

189: 2:C

190: subroutine respreset { nstartp ) 3.C === variables and constants ===

191 :Cz=cz==cz=zz=x= Sprsmsomsssssans m=a 4:C

192:¢C Static data after Step_response 5.C Creation date : << Tue May 6 14:21:39 1997 >>
183:¢C made 1998.02.09 6:C

18 G oo e e o S mnmeseoseoeeeos 7:C ... variables ...

195:C 8.
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9:
10:¢C

double precision XVARS (0:MAXTIMES,0:0)

. XVARS can be used to refer variables with variable sequential no.

if necessary.
common /VARIABLES/ XVARS

. variable No. 1 to 20 ...

double precision

Pfusion(o :MAXTIMES), Fuelf_t (0:MAXTIMES),

Fuel_t {0:MAXTIMES), Fuel_d(0:MAXTIMES),
Fuel_p(0:MAXTIMES}, Burn_t{0:MAXTIMES),

Burxn_d (0:MAXTIMES), Reac_p (0:MAXTIMES),
Efusion(0:MAXTIMES), Fex_t (0:MAXTIMES),
Fex_d(0:MAXTIMES), Fex p(0:MAXTIMES), Fhe_ex(0:MAXTIMES),
i_t{0:MAXTIMES), i_d(0:MAXTIMES), i_p(0:MAXTIMES),
Adiv_t (0 :MAXTIMES), Afw_t{0:MAXTIMES),

d_Adiv_t {0:MAXTIMES), & _Afw_t (0:MAXTIMES)

common /VARIABLES/

BRI R

& Pfusion, Fuelf_t, Fuel_t, Fuel_d, Fuel_p, Burn_t, Burn_d,
& Reac_p, Efusion, Fex_t, Fex_d, Fex_p, Fhe_ex, i_t, i.d,

& i_p, Adiv_t, Afw_t, 4 _Adiv_t, d_Afw_t

variable No. 21 to 40 ...
double precision

& C_t{0:MAXTIMES), d_C_t(0:MAXTIMES), D_t(0:MAXTIMES),

& d_D_t(0:MAXTIMES), Adiv_d{0:MAXTIMES), Afw_d{0:MAXTIMES)},
& d_Adiv_a(0:MAXTIMES), d_Afw_d(0:MAXTIMES),

& C_d{0:MAXTIMES), d_C_d{0:MAXTIMES), D_d(0:MAXTIMES),

& d_D_d{0:MAXTIMES), Adiv_p(0:MAXTIMES), Afw_p{0:MAXTIMES),
& d_Adiv_p(0:MAXTIMES), & _Afw_p(0:MAXTIMES),

& C_p{0:MAXTIMES), Ad_C_p(0:MAXTIMES), D_p(0:MAXTIMES),

& d_D_p (0 :MAXTIMES)

common /VARIABLES/

& C.t, dCt, D_t, d_D_t, Adiv_ 4, Afw d, d Adiv_d, 4 Afw_d,
& c.4d, d.¢c.4, D4, dnd, Adiv_p, Afw_p, d_Adiv_p, d_Afw p,
& Cp, dCp, Dp, dDp

. variable No. 41 to 60 ...

double precision .
Tpfc_(0:MAXTIMES), Tpfc_m(0:MAXTIMES), Dpfc_(0:MAXTIMES),
Ppfc_(0:MAXTIMES), Tpv(0:MAXTIMES), Tp_reg(0:MAXTIMES),
Tp_tot (0:MAXTIMES), Tp_tot_m{0:MAXTIMES),
Rt_rem{0:MAXTIMES), Dpv{0:MAXTIMES), RJ4_rem{0:MAXTIMES),
Dp_reg(0:MAXTIMES), Dp_tot{0:MAXTIMES),
Rp_rem(0:MAXTIMES), Pp_reg(0:MAXTIMES),

Pp_tot (0:MAXTIMES), Ppv{0:MAXTIMES), Rhe_rem(0:MAXTIMES),
Hepv (0:MAXTIMES), Hep_reg{0:MAXTIMES)

common /VARIABLES/

RO R

& Tpfc_, Tpfc_m, Dpfc_, Ppfc_, Tpv, Tp_reg, Tp._tot,
& Tp_tot_m, Rt_rem, Dpv, Rd_rem, Dp_reg, Dp_tot, Rp_rem,
& Pp_reg, Pp_tot, Ppv, Rhe_rem, Hepv, Hep_rey

. variable No. 61 to 80 ...

double precision

Hep_tot (0:MAXTIMES), Fv_out(0:MAXTIMES),
Fpuri_in{0:MAXTIMES), it_{0:MAXTIMES), id_(0:MAXTIMES),
ip_ (0:MAXTIMES), xnhydro_(0:MAXTIMES),
xh_imp{0:MAXTIMES), Fadj_puri(0:MAXTIMES),

R R

93:

96:C
97:
98:

100:
101:
102:
103:
104:
105:

107:
108:
109:
110:
111:
112:
113:

114:C ...

115:
116:
117:
118:

120:
121:
122:

Fhydro_pure(0:MAXTIMES), Fhydro_inmp (0:MAXTIMES),
Fnhydro_imp (0:MAXTIMES), Ft_pure(0:MAXTIMES),
Fd_pure{0:MAXTIMES), Fp_pure(0:MAXTIMES),

Feqd_imp (0:MAXTIMES), Fng3_imp(0:MAXTIMES),
Fqg2o_imp(0:MAXTIMES), Fhydro_imp_w(0:MAXTIMES),
£_hydro_imp_w (0 :MAXTIMES)

common /VARIABLES/

Hep_tot, Fv_out, Fpuri_in, it_, id_, ip_, xnhydro_,
xh_imp, Fadj_puri, Fhydro_pure, Fhydro_imp, Fnhydro_imp,
Ft_pure, Fd_pure, Fp_pure, Fcqd_imp, Fng3_imp, Fgq2o_imp,
Fhydro_imp_w, f_hydro_imp_w

R R R R

R R R R

.. variable No. 81 to 100 ...

double precision

Nimpt (0 :MAXTIMES), Nhydro_imp(0:MAXTIMES),

Nnhydro_imp (0 :MAXTIMES), Neqd_imp (0:MAXTIMES),
Nng3_imp{0:MAXTIMES), Nq2o_imp (0:MAXTIMES),
Timp_ (0 :MAXTIMES), Dimp_(0:MAXTIMES), Pimp_(0:MAXTIMES),
Fh2_puri_in(0:MAXTIMES), Ft2_sub_in(0:MAXTIMES),
Fd2_sub_in(0:MAXTIMES), Fp2_sub_in{0:MAXTIMES),
Fh2_sub_in(0:MAXTIMES), Ns(0:MAXTIMES),

xt_sub (0:MAXTIMES), xd_sub (0:MAXTIMES),
xp_sub{0:MAXTIMES), T2_sub{0:MAXTIMES),
D2_sub (0 :MAXTIMES)

common /VARIABLES/

Nimpt, Nhydro_imp, Nnhydro_imp, Negd_imp, Nng3_imp,
Nq2o_imp, Timp_, Dimp_, Pimp_, Fh2_puri_in, Ft2_sub_in,
Fd2_sub_in, Fp2_sub_in, Fh2_sub_in, Ns, xt_sub, xd_sub,
xp_sub, T2_sub, D2_sub

RORRPRRRPORERR

R R

variable No. 101 to 120 ...

double precision

P2_sub{0:MAXTIMES), Nhydro_sub(0:MAXTIMES),

Ft_sub_out (0:MAXTIMES), Fd_sub_out {0:MAXTIMES),
Fp_sub_out (0:MAXTIMES), Fh_sub_out (0:MAXTIMES),

Treg_out (0:MAXTIMES), Ecqd_reg(0:MAXTIMES),

Eng3_reg (0:MAXTIMES), EqQ20_reg(0:MAXTIMES),

Ncgéd_reg (0:MAXTIMES), Nng3_reg(0:MAXTIMES),

Nq2o_reg (0:MAXTIMES), Fhydro_pmem(0:MAXTIMES),
Tpmem{0:MAXTIMES}, Dpmem(0:MAXTIMES), Ppmem{(:MAXTIMES),
it_endj (0:MAXTIMES), id_endj(0:MAXTIMES),

ip_endj (0 :MAXTIMES)

common /VARIABLES/

P2_sub, Nhydro_sub, Ft_sub_out, Fd_sub_out, Fp_sub_out,
Fh_sub_out, Treg_out, Ecqd_reg, Enq3_reg, Eqlo_reg,
Neqgd_reg, Nngd_reg, Nq2o_reg, Fhydro_pmem, Tpmem, Dpmem,
Ppmem, it_endj, id_endj, ip_endj

RPN R RR

R R

variable No. 121 to 140 ...

double precision

Ft_puri_out (0:MAXTIMES), Fd_puri_out (0:MAXTIMES),
Fp_puri_out (0:MAXTIMES), Fpuri_out (0:MAXTIMES),
Xiss_in_t (0:MAXTIMES), Xiss_in_d(0:MAXTIMES),
Xiss_in_p(0:MAXTIMES), Fpure_(0:MAXTIMES),
Fimp_(0:MAXTIMES), Timp_m{0:MAXTIMES),
Treg_out_m(0:MAXTIMES), Fiss_in(0:MAXTIMES),
Fiss_nb{0:MAXTIMES), Fiss_in_t (0:MAXTIMES),

RROoRR R
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123: & Xiss_t(0:MAXTIMES), Xnb_t (0:MAXTIMES),

124: & Xinj_t{0:MAXTIMES), Fiss_in_d(0:MAXTIMES),

125: & Xiss_d(0:MAXTIMES), Xnb_d(0:MAXTIMES)

126: common /VARIABLES/

127: & Ft_puri_out, Fd_puri_out, Fp_puri_out, Fpuri_out,

128: & Xiss_in_t, Xiss_in_d, Xiss_in_p, Fpure_, Fimp_, Timp_m,
129: & Treg_out_m, Fiss_in, Fiss_nb, Fiss_in_t, Xiss_t, Xnb_t,
130: & Xinj_t, Fiss_in_d, Xiss_d, Xnb_d

131:

132:C ... variable No. 141 to 160 ...

133: double precision

134: & Xinj_d(0:MAXTIMES), Fiss_in_p(0:MAXTIMES),

135: & Niss_(0:MAXTIMES), Tiss_(0:MAXTIMES), Tiss_m(0:MAXTIMES),
136: & Diss_(0:MAXTIMES), Piss_(0:MAXTIMES), Xiss_p{0:MAXTIMES},
137: & Fiss_top_{0:MAXTIMES), Fiss_mid_(0:MAXTIMES),

138: & Fiss_bot_{0:MAXTIMES), Fiss_inj(0:MAXTIMES),

139: & Fplas_nb_d(0:MAXTIMES), Fin_st_d(0:MAXTIMES),

140: & Fin_rec_{0:MAXTIMES), Fin_iss_mid(0:MAXTIMES},

141: & Xcryo_d(0:MAXTIMES), W_nb(0:MAXTIMES),

142: & Ncryo_ (0:MAXTIMES), Fbk_nb_ {0:MAXTIMES)

143: common /VARIABLES/

144 & Xinj_d, Fiss_in p, Niss_, Tiss_, Tiss_m, Diss_, Piss_,
145 & Xiss_p, Fiss_top_, Fiss_mid_, Fiss_bot_, Fiss_inj,
146 & Fplas_nb_d, Fin_st_d, Fin_rec_, Fin_iss_mid, Xcryo_d,
147 & W_nb, Necryo_, Fbk_nb_

148:

149:C ... variable No. 161 to 180 ...

150: double precision

151 & Deryo_ (0 :MAXTIMES), Dnb_reg. {0:MAXTIMES),

152: & Tnb_cryo {0:MAXTIMES), Fbk_nb_t (0:MAXTIMES),

153: & Rnb_reg_t (0:MAXTIMES), tnb_(0:MAXTIMES),

154: & Tnb_reg_(0:MAXTIMES), Tnb_cryo_tot (0:MAXTIMES),

155 & Tnb_cryo_mob(0:MAXTIMES), Dnb_cryo(0:MAXTIMES),

156: & Fbk_nb_d(0:MAXTIMES), Rnb_reg_d(0:MAXTIMES),

157: & Inb_cryc_tot (0:MAXTIMES), Xnb_cryo t (0:MAXTIMES),
158: & Xnb_cryo_d(0:MAXTIMES), Xnb_cryo_p(0:MAXTIMES),

159: & Pnb_cryo (0:MAXTIMES), Tnb_wall{0:MAXTIMES),

160: & Tnb_wall_mob(0:MAXTIMES), Tnb_tot(0:MAXTIMES)

161: common /VARIABLES/

162 & Dcryo.., Dnb_reg_, Tnb_cryo, Fbk_nb_t, Rnb_reg t, tnb_,
163: & Tnb_reg_, Tnb_cryo_tot, Tnb_cryo_mob, Dnb_cryo, Fbk_nb_d,
164: & Rnh_reg_d, Dnb_cryo_tot, Xnb_cryo_t, Xnb_cryo_d,

165: & Xnb_cryo_p, Pnb_cryo, Tnb_wall, Tnb_wall_mob, Tnb_tot
166:

167:C ... variable No. 181 to 200

168: double precision

169: & Tnb_tot_mob(0:MAXTIMES), Fnb_cryo(0:MAXTIMES},

170: & Crec {0 :MAXTIMES), Fplas_nb_(0:MAXTIMES),

171: & Fplas_nb_t (0:MAXTIMES), Fplas_nb_p{0:MAXTIMES),

172: & ncycle_p(0:MAXTIMES), Nnb_cryo (0:MAXTIMES),

173: & Rnb_reg_(0:MAXTIMES), Rnb_reg_p(0:MAXTIMES),

174 & Fgas_t (0:MAXTIMES), Fgas_in_tri(0:MAXTIMES),

175: & Fgas_in_deu(0:MAXTIMES), Fgas_d(0:MAXTIMES),

176: & Ngas_tot (0:MAXTIMES), Fgas_tot(0:MAXTIMES),

177: & Tgas. (0 :MAXTIMES), Dgas_{0:MAXTIMES), Xgas_t(0:MAXTIMES),
178: & Xgas_d(0:MAXTIMES)

179: common /VARIABLES/

180: & Tnb_tot_mob, Fnb_cryo, Crec, Fplas_nb_, Fplas_nb t,
181: & Fplas_nb p, ncycle_p, Nnb_cryo, Rnb_reg _, Rnb_reg p,
182: & Fgas_t, Fgas_in_tri, Fgas_in_deu, Fgas_d, Ngas_tot,
183: & Fgas_tot, Tgas_, Dgas_, Xgas_t, Xgas_d

184: i

185:C ... variable No. 201 to 220 ...

186: double precision

187: & Xgas_p(0:MAXTIMES), Pgas_(0:MAXTIMES),

188: & Fpuff_plas(0:MAXTIMES), Tgas_mob(0:MAXTIMES),

189: & Fplas_in_t (0:MAXTIMES), Fplas_in_d(0:MAXTIMES),
190: & Fplas_in_p(0:MAXTIMES), Fsto_out_t (0:MAXTIMES),
191: & Fsto_out_d(0:MAXTIMES), Fsto_out_p(0:MAXTIMES),
192: & Next_12 (0:MAXTIMES), Text_12(0:MAXTIMES),

193: & Dext_12 (0 :MAXTIMES), Pext 12(0:MAXTIMES},

194: & Xext 12 _t{0:MAXTIMES), Xext_12_d(0:MAXTIMES),

195: & Xext_12_p(0:MAXTIMES), Next_tot(0:MAXTIMES),

196 & Text_tot (0:MAXTIMES), Dext_tot(0:MAXTIMES)

197: common /VARIABLES/

198 & Xgas_p, Pgas_, Fpuff_plas, Tgas_mob, Fplas_in_t,
199 & Fplas_in_d, Fplas_in_p, Fsto_out_t, Fsto_out_d,
200 & Fsto_out_p, Next_12, Text_12, Dext_12, Pext_ 12,
201: & Xext_12_t, Xext_12_d, Xext 12 p, Next_ tot, Text_tot,
202: & Dext_tot

203:

204:C ... variable No. 221 to 240 ...

205: double precision

206 & Pext_tot(0:MAXTIMES), Text_m{0:MAXTIMES),

207: & Vinj_t(0:MAXTIMES), Vinj_d{(0:MAXTIMES),

208: & vinj_p(0:MAXTIMES), Xextru_t (0:MAXTIMES),

209: & Xextru_d(0:MAXTIMES), Xextru_p(0:MAXTIMES),

210 & Nextru_(0:MAXTIMES), Vinj_tot (0:MAXTIMES),

211 & Dpellet (0:MAXTIMES), Hpellet (0:MAXTIMES),

212: & npellet_t(0:MAXTIMES}, npellet_d(0:MAXTIMES),
213: & npellet_p(0:MAXTIMES), Rinj_(0:MAXTIMES),

214: & Finj_in_tot (0:MAXTIMES), Fbk_plas_(0:MAXTIMES),
215: & Fbk_plas_t (0:MAXTIMES), Fbk_plas_d{0:MAXTIMES)

216: common /VARIABLES/

217 & Pext_tot, Text_m, Vinj_t, Vvinj_d, Vinj_p, Xextru t,
218 & Xextru_d, Xextru p, Nextru_, Vinj_tot, Dpellet, Hpellet,
219 & npellet_t, npellet_d, npellet_p, Rinj_, Finj_in_tot,
220 & Fbk_plas_, Fbk_plas_t, Fbk_plas_d

221:

222:C ... variable No. 241 to 260 ...

223: double precision

224 & Fbk_plas_p(0:MAXTIMES}, Fplas_prop(0:MAXTIMES),

225 & Fplas_prop_t (0:MAXTIMES), Fplas_prop_d{0:MAXTIMES),
226: & Fplas_prop_p(0:MAXTIMES), Finj_exh(0:MAXTIMES),

227 & Finj_exh_t(0:MAXTIMES), Finj_exh_d(0:MAXTIMES),

228 & Xinj_p(0:MAXTIMES), Finj_prop(0:MAXTIMES),

229 & Xprop_t (0:MAXTIMES), Xprop_d(0:MAXTIMES),

230: & Xprop_p (0 :MAXTIMES), Finj_rec(0:MAXTIMES),

231 & Fsto_tri_in(0:MAXTIMES), Fsto_tri_out(0:MAXTIMES},

232 & Nsto_tri_(0:MAXTIMES), Tsto_tri_(0:MAXTIMES),

233: & Tsto_tri_m(0:MAXTIMES}, Dsto_tri_(0:MAXTIMES)

234: common /VARIABLES/

235: & Fbk_plas_p, Fplas_prop, Fplas_prop_t, Fplas_prop_d,
236: & Fplas_prop_p, Finj_exh, Finj_exh_t, Finj_exh d, Xinj_p,
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237: & Finj_prop, Xprop_t, Xprop_d, Xprop_p, Finj_rec,
238: & Fsto_tri_in, Fsto_tri_out, Nsto_tri_, Tsto_tri_,
239: & Tsto_tri_m, Dsto_tri_

240:

241:C ... variable No.. 261 to 280 ...

242; double precision

243: & Psto_tri_(0:MAXTIMES), Xsto_tri_t(0:MAXTIMES),
244: & Xsto_tri_d(0:MAXTIMES), Xsto_tri_p(0:MAXTIMES),
245: & Fsto_deu_in{0:MAXTIMES}, Fsto_deu_out (0:MAXTIMES),
246: & Nsto_deu_ (0:MAXTIMES), Tsto_deu_(0:MAXTIMES),

247: & Tsto_deu_m{0:MAXTIMES), Dsto_deu_{0:MAXTIMES),
248: & Psto_deu_(0:MAXTIMES), Ksto_tri_(0:MAXTIMES),

249: & Ksto_deu_{0:MAXTIMES), Ksto_pro_(0:MAXTIMES),

250: & Xsto_deu_t (0:MAXTIMES), Xsto_deu_d{0:MAXTIMES),
251: & Xsto_deu_p{0:MAXTIMES), Fsto_pro_in(0:MAXTIMES),
252: & Fsto;pro,out(O:mXTIms), Finj_sto_pro{0:MAXTIMES)

253: common /VARIABLES/ .
Psto_tri_, Xsto_tri_t, Xsto_tri_d, Xsto_tri_p,

254: &

255: & Fsto_deu_in, Fsto_deu_out, Nsto_deu_, Tsto_deu_,

256: & Tsto_deu_m, Dsto_deu_, Psto_deu_, Ksto_tri_, Ksto_deu_,
257: & Ksto_pro_, Xsto_deu_t, Xsto_deu_d, Xsto_deu_p,

258: & Fsto_pro_in, Fsto_pro_out, Finj_sto_pro

259:

260:C ... variable No. 281 to 291 ...

261: double precision

262: & Nsto_pro_(0:MAXTIMES), Tsto_pro_(0:MAXTIMES),

263: & Tsto_pro_m(0:MAXTIMES), Dsto_pro_(0:MAXTIMES),

264: & Psto_pro_ (0 :MAXTIMES), Xsto_pro_t (0:MAXTIMES),

265: & Xsto_pro_d(0:MAXTIMES), Xsto_pro_p({0:MAXTIMES),

266: & Fsto_tri_out_t(0:MAXTIMES), Fsto_deu_out_d(0:MAXTIMES),
267: & Fsto_pro_out_p{0:MAXTIMES)

268: common /VARIABLES/

269: & Nsto_pro_, Tsto_pro_, Tsto_pro_m, Dsto_pro_, Psto_pro_,
270: & Xsto_pro_ t, Xsto_pro d, Xsto_pro_p, Fsto_tri_out_t, !
271: & Fsto_deu_out_d, Fsto_pro_out p

272:

273: common /VARIABLES/ VARNAME (MAXVAR), VARDESC (MAXVAR]),

274: & IVARFLAG {MAXVAR}

275:

276: integer NVAR

277: common /NVARIABLS/ NVAR

278:

279: character*32 VARNAME

280: character*64 VARDESC

281: integer IVARFLAG

282:

283:C

284: double precision C(0:0)

285:C ... C can be used to refer constants with sequential no.

286:C ... if necessary.

287: common /CONSTANTS/ C

288:

289:C ... constants ...

290:

291: double precision ap

292; common /CONSTANTS/ ap

293: double precision fbu

294:
295:
296:
297:
298:
299:
300:
301:
302:
303:
304:
305:
306:
307:

309:
310:
311:
312:
313:
314:
315:
316:
317:
318:
319:
320:
321:
322:
323:
324:
325:
326:
327:
328:
329:
330:
331:
332:
333:
334:
335:
336:
337:
338:
339:
340:
341:
342:
343:
344:
345:
346:
347:
348:
349:
350:

common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common

/CONSTANTS/ fbu
precision fin_pellet
/CONSTANTS/ fin_pellet
precision fin_gas
/CONSTANTS/ fin_gas
precision Temperature
/CONSTANTS/ Temperature
precision Tedge
/CONSTANTS/ Tedge
precision Medge
/CONSTANTS/ Medge
precision mu_A
/CONSTANTS/ m_A
precision mu_C
/CONSTANTS/ mu_C
precision mu D
/CONSTANTS/ mu D
precision dc
/CONSTANTS/ dc
precision Vdiv
/CONSTANTS/ Vdiv
precision Vfw
/CONSTANTS/ Viw
precision Ad
/CONSTANTS/ AQ
precision lambda_T
/CONSTANTS/ lambda_T
precision npump
/CONSTANTS/ npump
precision treg
/CONSTANTS/ treg
precision tpump
/CONSTANTS/ tpump
precision emr
/CONSTANTS/ emr
precision Rs
/CONSTANTS/ Rs
precision Area p
/CONSTANTS/ Area_p
precision mu_v
JCONSTANTS/ mu_v
precision mu_mob
/CONSTANTS/ mu_mob
precision Lhydro
/CONSTANTS/ Lhydro_.
precision Limp_
/CONSTANTS/ Limp_
precision Ns_max
/CONSTANTS/ Ns_max
precision treg_msieve
/CONSTANTS/ treg _msieve
precision mu_reg._m
/CONSTANTS/ mu_reg_m
precision tau_pmem
/CONSTANTS/ tau_pmem
precision wl
/CONSTANTS/ wl
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351:
352:
353:
354:
355:
356:
357:
358:
359:
360:
361:
362:
363:
364:
365:
366:
367:
368:
369:
370:
371:
372:
373:
374:
375:
376:
377:
378:
379:
380:
381:
382:
383:
384:
385:
386:
387:
388:
389:
390:
391:
392:
393:
394:
395:
396:
397:
398:
399:
400:
401:
402:
403:
404:
405:
406:
407:

double
common
double
common
double
cormmon
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
commorn
double
common
double
common
double

precision w2
/CONSTANTS/ w2
precision w3
/CONSTANTS/ w3
precision xcqd_
/CONSTANTS/ xcqgd_.
precision xng3_
/CONSTANTS/ xnqg3_
precision xg2o_
/CONSTANTS/ xq2¢._
precision Fbl_cool
/CONSTANTS/ Fbl_cool
precision Fbl_
/CONSTANTS/ Fbl_
precision hi
/CONSTANTS/ hl
precision h3
/CONSTANTS/ h3
precision Fragnb
/CONSTANTS/ Fragnb
precision Fragiss_inj
/CONSTANTS/ Fragiss_inj
precision Xc_t
/CONSTANTS/ Xc_t
precision Xbl_t
/CONSTANTS/ Xbl_t
precision Xc_d
/CONSTANTS/ Xc_d
precision Xbl d
/CONSTANTS/ Xbl_d
precision tau_iss_
/CONSTANTS/ tau_iss_
precision mu_iss_
/CONSTANTS/ mu_iss_
precision Xiss_top_t
/CONSTANTS/ Xiss_top_t
precision Xiss_top.d
/CONSTANTS/ Xiss_top_d
precision Xiss_top_p
/CONSTANTS/ Xiss_top_p
precision Xiss_mid_t
/CONSTANTS/ Xiss_mid_t
precision Xiss_mid_d
/CONSTANTS/ Xiss_mid. d
precision Xiss_mid_p
/CONSTANTS/ Xiss_mid p
precision Xiss_bot_t
/CONSTANTS/ Xiss_bot_t
precision Xiss_bot_d
/CONSTANTS/ Xiss_bot_d
precision Xiss_bot_p
/CONSTANTS/ Xiss_bot_p
precision eta_nb_tot
/CONSTANTS/ eta_nb_tot
precision kiss_mid_
/CONSTANTS/ kiss_mid_
precision fecryo_

common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common

double

common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common
double
common

/CONSTANTS/ fcryo_
precision tnb_reg
/CONSTANTS/ tnb_reg
precision tnb_pump
/CONSTANTS/ tnb_pump
precision nnb_
/CONSTANTS/ mnb_
precision mu_nb_mob
/CONSTANTS/ mu_nb_mob
precision fnb_wall
/CONSTANTS/ fnb_wall
precision mu_wall_
/CONSTANTS/ mu_wall
precision tcycle_p
/CONSTANTS/ tcycle_ p
precision t_p_ru
/CONSTANTS/ t_p_ru
precision t_p_rd
/CONSTANTS/ t_p_rd
precision t_nb_ru
/CONSTANTS/ t_nb_ru
precision t_nb_rd
/CONSTANTS/ t_nb_rd
precision t_burn
/CONSTANTS/ t_burn
precision tcycle nb
/CONSTANTS/ tcycle nb
precision E_nb
/CONSTANTS/ E_nb
precision No
/CONSTANTS/ No
precision nedge_tot
/CONSTANTS/ nedge_tot
precision nedge_t
/CONSTANTS/ nedge_t
precision nedge_d
/CONSTANTS/ nedge_d
precision nedge p
/CONSTANTS/ nedge_p
precision mgas_mid_iss

/CONSTANTS/ mgas_mid_iss

precision mgas_bot_iss

/CONSTANTS/ mgas_bot_iss

precision mu_gas
/CONSTANTS/ mu_gas
precision Vpellet
/CONSTANTS/ Vpellet
precision finj_err
/CONSTANTS/ finj_err
precision linj_mid_iss

/CONSTANTS/ linj_mid_iss

precision linj_bot_iss

/CONSTANTS/ linj_bot_iss

precision mu_ext
/CONSTANTS/ mu_ext
precision kpellet_t
/CONSTANTS/ kpellet_t
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465: double precision kpellet_d 522: common / IPUMPVAR / iabxctl

466: common /CONSTANTS/ kpellet_d 523:

467: double precision kpellet_p 524:C ... condition check

468: common /CONSTANTS/ kpellet p 525: integer mcycle(3)

469: double precision fcap_prop 526: double precision stime(3), scondvar(3)

470: common /CONSTANTS/ fcap_prop 527: common / NORM / stime, scondvar

471: double precision fnon_iss 528: common / MNORM / mcycle.

472: common /CONSTANTS/ fnon_iss 529:

473: double precision liss_p 530:¢ step response

474: common /CONSTANTS/ liss_p 531: double precision res_N{({:MAXTIMES), S0, Sl

475: double precision nprop 532: common / STEPR / res_N, 80, S1

476: common /CONSTANTS/ nprop 533:

477: double precision mu_sto 534:c .... tend

478: common /CONSTANTS/ mu_sto 535: double precision tend, Timp_tend

479: double precision linj_p 536: common / FCLEAN / tend, Timp_tend

480: common /CONSTANTS/ linj_p 537:

481: double precision t_dwell 538:C ---- end of varconst.h

482: common /CONSTANTS/ t_dwell

483: double precision volume

484: common /CONSTANTS/ volume

485: double precision Namsb_max

486: common /CONSTANTS/ Namsb_max

487: double precision Nemsb_max

488: common /CONSTANTS/ Nemsb,

189! e ® _commonsl.h

490: integer NCONST .

491: 1:0

492: common /NCONSTANT/ NCONST 2 0 o e e e
jgi common /CONSTANTS/ CONSTNAME {MAXCONST) , CONSTDESC (MAXCONST) 3:C Problem control variables

495: character*32 CONSTNAME gg _____________________________________________________________________
:zs character*64 CONSTDESC 6:C $1d: _commonsl.h,v 1.6 1997/04/21 08:53:12 sasaki Exp sasaki $
498:C ... dx/dt 'Zf:

499: 9: character*128 print

500: parameter ( NDFVAR = 47) 10: character*128 result

501: 11: character*128 result_o

502: common /BLOCK3/ IDFVAR(NDFVAR) 12: character*32 sysname

503: . . 13: character*128 response

504: integer IDFVAR, iabxctl 14: common /FILES/ print, result, sysname, response

505: 15: common /FILESI/ 1llp, llr

SOG:C . p“m 16:C*ttitti*(‘*tiiti'ﬁ'ﬁ*’ki*k'i***'!it'ﬁ***'*i’*iﬁﬁitit*ii’i'i'ik*tiiﬁttﬁt
507: 17:C* file names

508: parameter { NT_PUMP = 24) 18:C*

509: o 19:C*  PRINT : standard output { I/O unit 6 )

510: double precision 20:C* RESULT : directory for result output (I/0 unit 10)
511: & Tv(NT_PUMP), . 21:C* SYSNAME : system type on which this program is running
512: & Tpv_i{0:MAXTIMES,NT_PUMP), Rt_rem_i{0:MAXTIMES,NT_PUMP}, 22.C% (Machintosh/UNIX/Windows/....)

513: & Dpv_i(0:MAXTIMES,NT_PUMP), Rd_rem_ i{0:MAXTIMES, NT_PUMP), 23.C* RESPONSE : response file name

514: & Ppv_i{0:MAXTIMES,NT_PUMP), Rp_rem_ i(0:MAXTIMES,NT_PUMP), 24.0%

515: & Hepv_i(0:MAXTIMES,NT_PUMP), Rhe_rem_i(0:MAXTIMES, NT_PUMP) 25:C* LLP: length of effective part as name in PRINT

516:C & , Tv_s{NT_PUMP), Tp_reg_i(NT_PUMP), Dp_reg_i (NT_PUMP), 26:C* LLR: length of effective part as name in RESULT

517:C & Pp_reg_ i(NT_PUMP), Hep_reg_i(NT_PUMP) 27.0%

518: common / PUMPVAR / Tv, Y R i R L L R
519: & Tpv_i, Rt_rem i, Dpv i, Rd_rem i, 29: character*32 METHOD

520: & Ppv_i, Rp_rem_i, Hepv_ i, Rhe rem i 30: character*8 MODE

521:¢ & , Tv.s, Tp.reg i, Dpreg i, Pp_reg i. Hep reg i 31: integer JDEBUG, OUTPUTALL, JDISP
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32:

common /OPTION/ METHOD, JDEBUG, OUTPUTALL, MODE, JDISP
:C*iﬁt*ﬁt*tttt't*ti'lii**ﬁiwt*'*ttﬁ’itii*iii'ﬁ’ﬁ'it‘i'ﬁt'tttt'ﬁ’*ﬁ**
:C* ... optiocns
1C*
:C*  METHOD : method of solution
:C* ‘RK’ or ' ' : 4th order Runge-Kutta method.
:C* ‘EULER' : Explicit euler method.
C* JDEBUG : debug output if nonzero.

:C* JDISP : display to screen cycle,step

:C MODE : 'RUN' or °RES®

:C*
:cttttﬂtilﬁit‘!ttwi(Qitt'tttii(titt.ﬁ't'tﬁ*’tt'*ﬁtt'tt"ttiﬁ'iiiiﬁﬁ'

:CCC  parameter ( MAXTIMES = 1500, MAXTZONE = 32 )

He
integer ntimes, ntimezone, nsteps,nsubsteps, ncycle,
& nstartc, nstartsec, nbreakc, nbreakp, ntimes_r
common /CONTROL/ ntimes, ntimezone, nsteps(MAXTZONE},
& nsubsteps (MAXTZONE), ncycle,
& nstartc, nstartsec,
& nbreakc (MAXRES) , nbreakp (MAXRES),
& ntimes_r
:C
:c*ttlit'tiitn'ttt'iﬁt*tttittii’QtttﬁiQQtttiwit'ﬁﬁii*tt!tt*t".tﬁit
:C* ... number of time steps etc.
C*
:C*  NTIMES : total number of calculation time steps.
Hoad
:C*  NTIMEZONE : total number of time zones.
:C* “Time zone* is a time range during which time steps
:C* have the same witdh.
:C* when ntimezone=0, all time meshs have the same width
C* from t=0 to TMAX,
C*
:C*  NSTEPS(NTIMEZONE) : number of time steps of each time zone.

:C* NSUBSTEPS(NTIMEZONE) : number of sub-time steps of each time zone.
:C* NSTARTC : start point cycle No.

:C* NSTARTP : step No.
:C* NBREAKC : break point cycle No.
:C*  NBREAKP : sec ~---> step No.
C*
:Cit*ir‘i"i**t*'ﬁ*.ﬁ*iﬁtfitiitﬁ’iﬁttttti**t’#Qt**’itkﬁtﬁwi'tﬁkitt*
:C

double precision t, tmax,delta_t,times,tzbound,

& times_r, dbreakp, dnsgmT

common /DCONTROL/ t, tmax,delta_t,times(0:MAXTIMES),

& tzbound (0 :MAXTZONE) , times_x (0 :MAXTIMES),

& dbreakp (MAXRES), dnsgmT
:C
:C*t*iﬁﬁ*tiitt*t!*tt*itiitit&!t'iﬁttfﬁ*ﬁ*ﬁiﬁ***i'titﬁitiﬁtii*‘.!tiﬁ
:C* ... floating point data
Hed
iC* T : current time
:C*  TMAX : max simulation time

:C* DELTA_T : current time step width

:C* TIMES(0:NTIMES) : time step boundaries
:C* TZNOUND(O:NTIMES) : time zone boundaries
:C*

e A R LA T AL R AL RS A AR RS R L RS L SR A L AR AR AR AR R bbbl

90:C

91: parameter (maxvarout = 300)

92: character*32 varout

93: common /NMONITOR/ varout (maxvarout)

94: integer nvarout, ivarout

95: common /VMONITOR/ nvarout, ivarout{maxvarout)
gstcﬁﬁiﬁiaﬁ.’**'i*ttt*#**tﬁt'tii'itt'itit't*ﬂttttiﬁ'iwhﬂttﬁtii***t'*ﬁ
97:C* ... Variables name of monitored variables etc.

98:C*

99:C* NVAROUT : number of variables whose value on each time step
100:C* are output as results.,

101:C* VAROUT (NVAROUT) : name of variable whose value is output.
102:C* IVAROUT (NVAROUT) : variable position no. in varname (nvar)

R e i A R R R R R R e A R R e R R R R AR SRS SRS S AR AR AL AL LAl

104:C

105: integer nrespst, nresptime

106: double precision deltas, eps

107: common /DRESP/ deltas, eps

108: common /NRESP/ nrespst(2), nresptime(2)

O L S AL S S R RS AR R A RS AR AR AR bbbl

110:C* NRESPST (1) :step response start cycle

111:C* (2): sec

112:C* NRESPTIME {1):continuous time power S1 (sec)
113:C* (2): SO0 after (1)
114:C* DELTAS

115:C* EPS

S STea i i R R AR R R A R AR A AR A R SRR E AR AL RS b A bl

@® _storage.h

1y parameter (MAXSTORAGE= 50000)

2: double precision D

3: common /STORAGE/ D(MAXSTORAGE), LIMIT

G 2 o o
5:C $Id: _storage.h,v 1.3 1997/04/06 05:51:58 sasaki Exp sasaki $

6 Ci*Q*i*‘t:ﬁt*ittii*'ﬁiftitti***i*it*tﬁ**ittttﬁ*tt**tt*'iwri*t*itt.

7:C* ... data area to store calculated variable values etc.

8:C*

9:C* D(*) : double precision memory area
10:C* LIMIT : size of arry D(*)

11:c*

el i AR R R TR A R R L AR R R R SRR R R LA AR A A LA bbb

13:C
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® _sizes.h

. Problem size parameters

$Id: _sizes.h,v 1.3 1997/04/07 04:35:29 sasaki Exp sasaki $

parameter ( MAXTIMES = 2000 )
parameter ( MAXTZONE =
parameter { MAXRES = 10 }
parameter ( MAXCONST = 100 )
parameter ( MAXVAR = 291 }

PN R T PN I e

oy
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