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ABSTRACT

The purpose of this report is to document the computer program COAST 4 for the
user/analyst. COAST, COst And Size Tokamak reactors, provides complete and
self-consistent size models for the engineering features of D-T burning tokamak
reactors and associated facilities involving a continuum of performance including
highly beam driven through ignited plasma devices. TNS (The Next Step) devices
with no tritium breeding.or electrical power production are handled as well as

" power producing and fissile producing fusion-fission hybrid reactors. The code
has been normalized with a TFTR calculation which is consistent with cost, size,
and performance data published in the conceptual design report for that device.
Information on code development, computer implementation and detailed user
instructions are inciuded in the text.
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1.0 INTRODUCTION

The COAST code was developed to COst And Size Tokamak reactors so that scoping
studies could be performed on a wide range of plasma sizes, device sizes, oper-
ating scenarios, operating margin, and component geometric and performance con-
straints. The results of analyses in a wide range of mechanical, electrical,
thermal, nuclear, chemical, and plasma disciplines are incorporated into the |
modeling of over fifty-six systems and subsystems in the code.

In a run the code routinely sizes each device with respect to a common set of
plasma conditions and engineering ground rules, taking into account the geometry
and performance constraints of one system on another as the device physical
mode] develops. When the sizing analysis of a device is completed, the signi-
ficant parameters are presented in the output. Then, in addition to evaluating
both direct and indirect plant and capital equipment costs, annual utility and
fuel expenses are predicted.

Among the major options available, four coil technologies are evaluated within the
code; these include 1) copper (both room temperature and liquid nitrogen cooled); -
2) superconducting (S/C) NbTi; 3) S/C Nb,Sn; and 4) a Cu/NbTi nested coil hybrid.
The coil geometry can be constant tension D-shape, circular, or a compact D-

shape.

The PF coils may be copper or superconducting and located either inside or
outside the TF coils. These coils may be fixed with input generated by analysis
outside the code or, based on detailed geometric input, they may be sized for
the device and their electrical performance based on an accurate calculation of
cui1?coi1 and coil-plasma inductance terms all of which is handied routinely

in a consistent manner with respect to the other systems within the code. A
blanket/shield system accounts for fissile fuel, tritium, thermal power, and
‘the possibility of electrical power production. The tokamak support systems
inc]udg options in fuel handling, heat dissipation (LHe, LN2, H20), divertor
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and vacuum pumping, reactor cell ventilation, and electrical power supply
facilities.

Plasma calculations which model energy and particle balance, alpha particle
‘effects, profile effects, and.'ﬁ'erE scaling are performed for beam-driven and
ignition conditions. A neutral beam injection system models the neutralizer,
vacuum pumping, heat loads, and power levels. The fueling system is sized to |
account for divertor operation. While choice of a poloidal divertor only assures
space for its physica1 presence, the bundle divertor system sizes the coil
assembly and burial chamber.

frOm its inception, the code was extended and upgraded; the fourth version is
documented here. Each member of the Fusion Power Systems Department contributed
~to the geometric sizing'and constraint modeling equations for the various com-
ponents according to his discipline. These models were then accumulated and
organized into a logical framework around first the coil technologies considered,
then the plasma conditions to be satisfied, and finally the engiheering ground

- rules to be applied. o

The program that developed was coded ianORTRAN IV to be compf]ed and executed
on a CDC-7600 computer. No attempt was made to take advantage of special com-
puter features. In the programming process, the first and foremost concepts

as guidelines were readability and a clarity of purpose. This not only made -
debugging less difficult but also program maintenance as COAST 1 developed intd
COAST 4. Even with modularization of specific tasks in the form of subroutines,
the main program remains quite large.. However, it is partitioned into sections
related to somewhat less specific but nevertheless easily identifiable tasks.
Fach task is first labeled and then sprinkled with comment cards in the deck.

On océasion, whole sections of code were rewritten to-avoid "patched code,"

and primitive models were replaced as better ones were developed and proven.
Since a great deal of information is required as input, a correspondingly greaf
deal of effort was. expended to identify the I/0 variables and include appropriate
units of measure not only as comments in the program listing but also in the
outpuy‘formats in deference to the user.



- Nevertheless, for its length the code runs rapidly. Approximately 0.4 seconds
| are required to complete a calculation for a single tokamak device. But then,
five devices with minor differences can be compared in 1.1 seconds (0.001 CRU-S)
" on the CDC-7600 by taking advantage.of the variation options available. So, for
~multiple cases a device is sized and costed on the order of 0.2 seconds. '

In the following text, a.descripfion of the tokamak systemé modeled in the codé
will be given and the relationship between systems will be discussed and illus-
trated with logic diagrams. Specific user ins;ructions'wi11 be provided with

~ some discussion of the input variables; and restrictions will be noted. The
flow of the solution process will be followed, and a typical output will be
discussed. .For a summary description of-the COAST code see Appendix A.
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2.0 TOKAMAK SUBSYSTEM MODELS

The version of COAST presently in operation is the fourth and has.evolved out
- of engineering studies of tokamak systems conducted over the last two years by
the Fusion Power Systems Department.

The logic system for COAST is organized in a main program which consists. of
sections dedicated to specific subsystems and linked in a sequential manner.
Subroutines relating to a single subsystem or functional relationship are
called usually by option but are also called in some areas where the main pro-
gram coding became too cumbersome and partitioning was indicated. In each
COAST section or subroutine, all the data which specifies a subsystem is gen-
erated. This includes first the data relevant to a self-consistent description
of that system and second the data required to allow the system to be sized
consistently with each of the other tokamak components. The sequence of .cal-’
bu]ations coded_in‘COAST are organiied as if one were "building" the tokamak
and facility around the plasma core with the components nearest the core modeled
first. As each subsystem is specified, data is generated which allows the next
subsystem to be described consistently with previous calculations in a given
computer run.

The initial section in COAST is the INPUT DATA, and the first section involving
model calculations is PLASMA ENGINEERING. The plasma core is modeled to provide
a description of the transient period starting with the plasma initiation and
current build up and ending in the steady state period of pulsing when temper-
atures, densities, power levels, etc., are time independent, These calcula-
tions, with the engineering data provided as input, form the basis to "buiild"
the tokamak which provides the conditions necessary for the plasma to form and
operate in the manner prescribed in the plasma model. Following the PLASMA
ENGINEERING Section, a series of 'sections and subroutines are linked into a
system, TOKAMAK ENGINEERING, which allows for a complete and detailed descrip-
tion of the tokamak reactor and accompanying facility. This series of models
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forms the bulk of the COAST coding and provides details on the thermal, electri-
' cal, mechanical, magnetic, nuclear, vacuum, and facility engineering design.
After the tokamak is "built," the coding provides COST ESTIMATES for the re-
sulting device and facility. This is the last section in COAST which involves
- model calculations; the final section is the OQUTPUT DATA. The COAST costing
models process each subsystem to be costed while summing the components to pro-
vide a total capital cost (including direct and indirect costs and an estimate
of escalation). An annual cost for the purchasing and selling of electricity
and tritium is then estimated. The OUTPUT DATA Section has been carefully de-
signed to provide calculational results which characterize the features of the
tokamak. systems ranging.from highly detailed edits to an overall summary of
design performance and cost. The length of the printed output is controlled
by option. Data that is printed is carefully labeled to assist the user. A
logic diagram showing the general features of COAST as just described is given

in Figure 2-1.

AS indicated above, the TOKAMAK ENGINEERING portions of COAST form the heart of
the code. With the general logic as shown in Figure 2-1 in mind, a more detail-
ed description of the COAST logic is shown in Figure 2-2 where TOKAMAK ENGINEER-
ING is expanded within the dashed box. Each of the tokamak subsystems indicated
are brieny described below, following the discussion of Plasma Engineering.

2.1 PLASMA ENGINEERING IN COAST

The models for calculating plasma parameters during the steady state operation
of the pu15e have been developed to provide the interface data necessary to
size fhe.accompanying systems required to support the plasma operation. These
-systems include magnetic field coils, neutral beams, nuclear shielding, fuel
supply and exhaust systems, and heat dissipation. The following is a Tist of
features which have been incorporated into the plasma model:

o Calculates both energy and particle balance conditions for either
an ignited plasma or a beam-driven plasma

o Computes the effects of alpha-particle production on the bulk
plasma particle density and the plasma beta
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¢ Incorporates the results from slowing-down theory in obtaining fast
particle populations of alpha- part1c1es and hot ions created by
neutral beam injection

o Calculates fusion reaction rates from both plasma-plasma and beam-
plasma interactions

° Inc]udes'impurity effects and energy losses due to radiation

o Assumes the plasma is composed of seven particle groups: 1) bulk
electrons; 2) bulk deuterium ions; 3) bulk tritium ions;'4)'impurity
ions; 5) bulk alpha-particles; 6) fast alpha particles; and 7) fast
deuterons from neutral beams (if'in beam-driven mode).

¢ Estimates fusion reaction rates, beta values, and ﬁ;rE values

assuming profile effects

e Scales the product n eTE in a generalized manner as a funct1on of
.plasma density, radius, stability factor, field-on-axis, aspect
ratio, and/or plasma temperature.

The above features are incorporated self-consistently in COAST and the results
are obtained through iteration. See Figures 2-3 thru 2-6 and Table 2-1. Based
on the results, one can fix the magnetic field requirements, particle fueling
rates, plasma power and wall loading levels, magnitude of the plasma current,
and neutral beam power and energy requirements. ‘

To complete the modeling of -the plasma, calculations describing the plasma in-
itiation and start-up are carried out in COAST. Figures 2-7 and 2-8 show pulse
scenario. The model provides an estimate of the time profi]és for the plasma
current, inductance, resistence, and voltage, and predicts the volt-seconds
associated with the plasma resistive losses. From these results, the current
and voltage requirements for the various poloidal field coils can be calculated
so that the ratings on power supplies can be obtained.
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2.2 TOKAMAK ENGINEERING IN COAST

The engineering models for the tokamak and facility are incorporated into the
-coding in the?iogic system indicated in Figure 2-2. Each block in that diagram
represents a subsystem (or set of subsystems) which are coded as a COAST sec-
tion or subroutine. A very brief description of each block follows and Table
2-2 provides a summary tabulation of the main engineering features in each
model.

The TF COIL BORE SPACE and SHIELD SIZING models provide the basis for estab-
1ishing the space requirements within the TF coil bore. See Figure 2-9 for a
detailed schematic of one sizing optiom and Figure 2-10 for a schematic of
another. Each figure indicates the bore space and shielding considerations
applied. Space requirements for the vacuum vessel, radiation shielding,
‘equilibrium field (EF) coil, access and maintenance, and TF coil dewar (if
s/C), bes1des, the plasma and ]1m1ter/11ner/scrape -off regions are calculated.
For the SHIELD SIZING, both nuclear heat1ng limits and dose limitations to
conductor insulation are taken into account.

The NEUTRAL BEAMS hode] is coded as a subroutine and involves detailed calcu-
lations for sizing the beam arms, estimating the operating parameters, and
evaluating the power supplies for either direct energy recovery or for operat-
ing without a recovery system. The chérged-partic]e source geometry, gas-
channel neutralizer sizing, ion collector plates, and vacuum pumping are taken
into account in the model. Electrical, heat, and vacuum pumping loads are
astimated for the engineering pardmeters supplies via the INPUT DATA. See
Figure 2-11, which gives the geometry. The models provide a detailed descr1p-
tioﬁ'of the neutral beam system in addition to providing access requirements
to size TF coils, heat dissipation and power consumption requirements, and
size requirements for the reactor cell model. See Figures 2-12 thru 2-17,

The BLANKET SIZING model is in the form of a subroutine and allows for the

engineering of a blanket assembly covering the outer half of the vacuum ves-
sel besides a power conversion system to produce electricity from the blanket
thermal power. The assembly is modeled as consisting of up to six zones where
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each zone is made up of up to six volume fractions of any chosen material.
Production of power, tritium,.and fissile fuel are modeled. The power pro--
'duction'systems include heat exchangers, generators, éoo]ing, and energy
storage. See Figures 2-18, 2-19, and 2-20.

The FUEL SYSTEMS models, as illustrated in Figure 2-21, include one set for
either of two models, a system operating in a batch mode énd a system operat-
ing continuously. Thé,fue1ing of the plasma is a function of the plasma para-
meters and the neutral beam parameters. The continuous mode fueling is based
.on a divertor system exhauéting the plasma during the burn, and includes sys-
tems for tritium storage, deuterium storage, fuel fabrication and injection, °
plasma exhaust processing, and cryodistillation processing. In addition,
tritium clean-up systems are sized for processing the gases in the vacuum
vessel during up-to-air operations and in the reactor cell during maintenance
periods.

The COAST modeling of tokamak divertors involves a detailed system of coding .

. for sizing bundle divertor; and a less elaborate system for sizing po]oida1
divertors (see Figures 2-22 and 2-23). The bundle divertor coil assembly is
modeled in the BUNDLE subroutine, while the bundle divertor burial chamber

and heat dissipation system are sized within the main program. Access require-
ments for each divertor system are evaluated and used in the sizing of the TF:
“coil assembly. '

The section indicated by FIELD AT INNER LEG is a branch point in COAST which
represents a calculation critical to both the plasma engineering and the tokamak
engiheering. The maximum B-field ét the inner leg of the TF coil is constrained
by the mechanical/thermal design of the coil and by the requirement for a given
field on the plasma axis. This section evaluates these constraints and calcu-
lates the field taking any ripple in the TF into consideration. As a result of
the calculation, the coding allows the calculation to continue, to adjust the
plasma field conditions, or to terminate due to a violation of engineering
ground rules set by the input.
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The TF COIL SIZING section of the code is the central link in the "building" of
the tokamak system. Al1l the above models (except for the FUEL SYSTEMS) commu-
nicate at this point and all the subsequent calculations are impacted by the
results of the TF COIL SIZING. The TF coil bore space dimensions are calcula-
ted on the basis of constraints established by: 1) the component and plasma
space requirements within the TF bore; 2) the plasma ripple requirements at the
outer plasma surface; 3) the access requirements for neutral beam injection,
and ‘4) access requirements for the divertor (if sized). The engineering models
allow for the sizing of coils for four different technologies: 1) copper (room
temperature or liquid-nitrogen cooled); 2) S/C NbTi; 3) S/C Nb3Sn; and 4) Cu/NbTi
hybrid. In the sizing of the assemblies, the models allow coil shapes which are
either constant-tension D, circular, or compact D. See Figures 2-24 and 2-25
for schematics. The mechanical design of the coils is accomplished through gen-
eralized descriptions which account for strain limits, cooling requirements,
construction (bolted or welded), and current density in the conductors. See
Figure 2-26 for a schematic showing the main features of the COAST model of the
mechanical design. The coil assembly sizing results impact the design of the-l
poloidal field (PF) coils, the heat dissipation systems, the power supply rat-
ings, the reactor cell size, and is the major element in the resulting tokamak
geometry. The TF coil centering forces are assumed to be handled by wedging in
desiyns where a bucking cylinder is not incorporated. The temperature of the
S/C current element is given in Figure 2-27. The BUCKING CYLINDER Section sizes
| this structure to handle a part or all of the centering forces for D-shaped
coils and to be stable against both compression and buckling modes of fai]ure.;

After the TF coils are sized, COAST evaluates the critical requirements on the.
machine space which is occupied by the OH coil. The section on OH COIL SIZING
addresses the mechanic$ and magnetics associated with the machine bore to first
determine if a coil assembly is possible within the ground rules established

by input data, and second to calculate the coil parameters if a coil assembly
"can be-.accommodated. The model, using an iterative procedure, calculates the
parameters which minimize both the coil stress and the conductor current densify.
The maximum magnetic field is estimated and checked against engineering limits,



The PF SYSTEM GEOMETRY AND RATING subroutine includes a sophisticated model for
a detailed description of the coil assembly geometry (see Figures 2-28 and 2-29
for detaf]s). The time-dependent behavior of the voltages and currents in each
coil set are also modeled to provide the necessary volt-seconds and equilibrium
shaping fields to sustain the plasma. .The sizing models are general and allow
for either normal or S/C coils where the equilibrium shaping field coils can

be located either within the TF coil bore or outside the TF bore. The scaling
approach is i]]Ustkated.in Figure 2-30. The inductance matrix for coil self-
inductances and for coil-coil mutuals and coil-plasma mutuals is calculated by
a unique procedure which is both accurate and fast. The resulting matrix
elements are consistent with the PF coil geometry which in turn is consistent
with the sizing of the remaining tokamak components. From the time-profiles of
the voltages and currents in each coil set, the required instantaneous power
and accumulated energy delivered are estimated for usage in a later COAST cal-
culation to estimate power supply costs. The coil currents are calculated from
~ models which scale a reference set of coil currents and locations. The refer-
ence set isAintroducedAas input data and preferably should result from a plasma
equi1ibrium'and stability calculation.

The code calculations for the POWER SUPPLY SYSTEMS and HEAT DISSIPATION SYSTEMS
account for all the various e]ectricél and thermal'loads generated in the field
coils, neutral beam arms, vacuum vessel, and blanket/shield. A schematic of a
heat dissipation system is shown in Figure 2-31. The various pulsed thermal
]oads associated with heat production are shown schematically in Figure 2-32.
The models have been developed for water-cooled heat dissipation systems except
for those cases in which the magnetic field coils are superconducting. Then,
the system model accounts for a combination of 1iquid helium and liquid nitrogen
coolants. The PF coil power supply models include the detail required to rate
rectifiers, transformers, switches, capacitor banks, and diodes (see Figure
2-33). A schematic of the electrical circuit associated with a neutral beam
ion source is shown in Figure 2-34., For PF coils, copper TF coils, and NB ion
sources, motor-generator-flywheel sets have been modeled. For those tokamaks
which are beam-driven the model includes a substation and a load smoothing
circuit.
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The finé] set of model equations for the TOKAMAK ENGINEERING relate to the
REACTOR CELL AND BUILDINGS. In this model, the reactor cell sizing is obtained
by taking into account the tokamak dimensions and the neutral beam arm sizing
and méneuvering requirementé. The reactor cell is a cylindrical dome-top
structure of concrete with a basement for the containment of the tokamak support
and diagnostic systems. A plane and elevation view of the reactor cell is shown
in Figure 2-35. The remaining buildings are not explicitly sized, but the cost-
ing input data provides a vehicle for estimating the complete facility including
all buildings. A schematic of the facility used in estimating cost data is

" shown in Figure 2-35 and a tabulation of the buildings and structures is given
“in Table 2-3.

The TOKAMAK ENGINEERING ends with a tabulation of the TOKAMAK GEOMETRY TABLE.
Dimensions for regions in the device mid-plane and for corresponding regions in
the vertical direction over the plasma center are listed. The tabulation in-
cludes component region widths and the corresponding outer radius from the
device center or device mid-plane, respectively. The table provides a means to
quickly check out the sizing results and provides data for engineering drawings.

2.3 COST ESTIMATES IN COAST

The COAST code was designed as a tool for tokawak engineering studies, component
design studies, and engineering trade studies, and also for costing of the re-
sulting designs. The modeling system ihcorporated in the COST ESTIMATES sections
of COAST has been carefully constructed to allow for a wide variety of resulting
designs and also to allow costing data to be applied in a form which is essen-
tia]]& device independent. To provide this feature, a system of costing equa-
tions were developed which requireq two types of data: 1) costing data on the
materials and components; and 2) sizing results on amounts of materials required
or on component ratings. The main systems for costing purposes are shown in
Figure 2-37.

The costing data is supplied as input in COAST and consists of the following:

@ unit cost coefficients
e economy of scale parameters



e indirect costing parameters
e escalation percent per year

e operating costs

The unit cost coefficients are in the form of cost per unit size or rating, and
in the case of studies by the Westinghouse FPSD, are the results of a bottoms-
up estimate of the materials and manufacturing costs for a reference year. In
~estimating the costs of several systems, it was found necessary to establish
an economy of scale, and the scaling parameters (exponents and reference ratings).
These are supplied as input allowing data changes without reqniring coding
changes. Indirect costs are handled as percentages of the direct capital costs
and include shipping and handling, installation, EDIA, and contingency factors.
Escalation is handled component-by-component, and is a single rate for all
' components provided as inpnt. Operating costs include nti1ity and tritium
costs. Electrical production and tritium production are calculated and for a
selling price (input data) are subtracted from operating expenses. If costs
are negative in value, the facility is a net producer and not a net consumer,'
as would be the case in costing procedures for a commercial e]ectrie power
plant. ‘

For the second type of data required in the costing equations, i.e., the sizing
results, the TOKAMAK ENGINEERING models calculate all the essential data requir-
ed so that it is available when the cost calculations begin. For exampTe,
masses of magnetic coil assembly components (conduetor and structure), volumes
of radiation shielding material, stainless steel, power supply ratings, and '
thermal loads are all required in the cost estimation. The sizing results are '
strongly device dependent, whereas the cost coefficient daté are, in general,
device independent and are generated as input data from a -separate costing
procedure. '

There -are several forms for the costing equations. The simplest form is a pro-
duct of a unit cost coefficient UCc multiplied by a size or rating S, i.e.,

COST = U__ x S.
cc
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If the costing involves economy of scale, the cost is given by

S E
CQST = UCc X (S/Sr) .
where Sr is the reference unit size, and E is the economy of scale exponent.
For £ =1, and S = 1, the above two equations are identical. For many compo-
nents there are more than one rating or size involved, so that the most general
form of the costing equation is given by
I e
cOST Z; Uee,i % (5475, )

“as an example, the cost of the power supp11es for a neutral beam jon sources is

"~ given by
' IIS 0.8 PIS 0.8
cost = Ucc.l * Ucc.2 qﬂ;' * Ucc,3 Tﬁ;' * Ucc,4 X RNB

where IIS and IR are the currents for the source being costed and the reference
source, PIS and PR are the powers for the source under study and the reference,
and RNB is a multiplier associated with the number of switch tubes per supply.
To obtain the magnitudes of the unit cost coefficients a detailed study was
carried out on power supplies with ratings required for application to neutral
beam ion sources, and .the reference system was the TFTR Neutral Beam System.

Overall, there are approximately 200 unit cost coefficients and 40 economy of
scale parameters required as input data. The costing procedure for evaluating
capital costs include approximately eighty model equations. Some examples of
cost model equations are shown in Tables 2-4-and 2-5. See Reference 8 for
unit cost data developed for earlier versions of COAST.



INPUT -
DATA

! Y

_____,___ PLASMA -
ENGINEERING - f—==—

| a TOKAMAK Y

o | ENGINEERING N

L___ COST Y

|  ESTIMATES —

Figure 2-1.

COAST General Logic

Y

~ QUTPUT

DATA




INPUT DATA

PLASMA PARAMETERS
ENGINEERING DATA

PLASMA ENGINEERING

|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.

T

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

COST COEFFICIENTS START-UP  STEADY STATE |
i Sl Aueva—
i i i
TF COI
NEUTRAL BLANKET BORE" SHIELD
BEAMS SIZING SPACE SIZING
. BUNDLE CALCULATION OF f—s=—
' SYSTEMS DIVERTOR FIELD AT
'INNER LEG
TOKAMAK
ENGINEERING
| TF COIL
! | SIZING
POKER :
 SUPPLY - BUCKING
CELL AND
BUILDINGS
SRR , OH COIL
HEAT | - SIZING
DISSIPATION TOKAMAK
PF SYSTEM TABLE
GEOMETRY
& RATING
w
cosT OUTPUT
ESTIMATES DATA TABLES
- Figure 2-2. COAST Flow Diagram.




SELECTION OF
SIZING OPTIONS

SCALING LAW
BALANCE CRITERIA
PLASMA PROFILE

Fiqure 2-3.

2-13

| SELECTION OF PLASMA |
PLASMA GEOMETRY Ti/Te RATIO
t /te RATIO
RO o PB LIMITs
| Zeff AND q
| .
INITIALIZATION OF VARIABLES |
Ner Te» g2 Prg S
CALCULATION OF TIME CONSTANTS | w
CONFINEMENT AND SLOWING DOWN
" BEAM * DRIVEN - *IGNITION
NB DhiVER'CALcuLATION'I
o QNB AND Py
CALCULATION OF PARTICLE DENSITIES i'
Ngs Mps Nps Nos N b Mgy My l
*‘ |
| CALCULATION OF RADIATION LOSSES é
CHECK ON SELF-CONSISTENCY NO ;
OF PLASMA PARAMETERS I —
* YES
CALCULATION OF PLASMA DATA
FOR TOKAMAK ENGINEERING
Ip’ PF, Jw, Bt, B’ ENB, pNB
The Logic for Plasma Engineering in COAST.



ENERGY LOSSES

o : :> CONDUCTION, CONVECTION
\Q§ PLASMA-PLASMA ,x\ g T f (ng> a, q, B, A, T,)
v A _
A

. o <gvVv>
E RSN \ |
LI G 4 ~ /7 2 |
- D° > X BEAM-PLASMA A -
: = \ BN e /\/\/‘-—» RADIATION
£080 "¢ By N A
" 420 Tan P
NB =0 IGN ~ ENERGY BALANCE fl ?§g3§§¥§égLUNG
‘ | SYNCHROTRON

- SLOWING - PARTICLE LOSSES
e gt DOWN P
FUELING - oun ’
), . /o . 2Ty = T
— "HOT" D WITH | ) —
++ a
BULK o™*
- IMPURLTY 1% |
| PARTICLE
- o 4 - PRESSURE
PARTICLE BALANCE AND CHARGE NEUTRALITY ' I
. _ ’x 0

PROFILE

EFFECTS. pd ‘/ l \\1/:5//

~ ,
\\\\\\\\~‘~_—-__—#’///////BETR LIMITS

Figure'2-4. Plasma Engineering Model in COAST Based on a
Global-Energy Balance (see Reference 1).



EFFECTIVE TEMPERATURE
AVERAGE DENSITY

3| —»
0

Figure 2-5. Schematic of Parabolic Profile Characteristics
for the Plasma Minor Cross Section.



n(r) = nf(r) ' DENSITY FUNCTION
T(r) = T f(r) TEMPERATURE FUNCTION
flr) = (1 +98)Q - (r/a)%)8 PROFILE FUNCTION

§ = 0,1, 2, ... for uniform, parabb]ic, other, ...

INTEGRAL AVERAGE

a
ra ] f .
f = f(r) 2xrdr
T o= fZRnT auo"s LGNITION cm'ra;moué: "
T_ - fj- T ,,‘om-_ n,T a{t-""42)
. - 2 40’4
Tefr = 9T 7 [
z'éno"-
'clo"‘é -
sno“E ]
6208 | :
auo® - -
20 - ' . -
o ]
AVERAGE [ON TEMPERATURE (xeV)
Mphy <ov> = g npnp <oV (Toge)>
yo=3 -43 . 5/2 =342 - 1/2
Hgpey (MW M) = 4.8 x 107 /% 0 (072 7 T (kev)

The profile is characterized by the magnitudes of ;7, 9ys gé,

and f5/2 |
For uniform ;§}= 9y =9y = ;372 =1
For parabolic ;? = 4/3, 97 ¥ 5/3

g, ¥ 1.12, /8 % 1.62

Figure 2-6. Plasma Engineering Profile Effects Formulated in COAST (see Ref, 1)



v

v

t

ttio

ti

y (end of OH PERIOD)

' (end.of ionization)

(end of ipitiation of current)
DOWN
thuLse

o . .__STEADY-STATE PULSE TIME

XTeer ' |

(theat tyg!
x T

FRNBZ o o

PLASMA CURRENT I,
(with FCT effects)|

NB

T tyg X Tepyg)
|

=1
tsw = 7 (theat * tooun) * teuLse
= effective time of fusion power
production’
%. S T tyg < 0-9 tpoat (theat = total NB heating
i [ including thermal excursion to
steady-state)
| | START-UP . : -
' uP !
HEATING :
ey L]
t] t3 t4 t5 _ t6
t, PULSE TIME
Figure 2-7. Plasma Pulse Behavior as a Function of Pulse Time

(see Figure 2-8). The Various Times are Associated
with the Input Data as Shown-in Table 5-2.




ARBITRARY UNITS -

. | PLASHA

v RESISTIVITY
p INITIATION VOLTAGE

FULL START-UP CURRENT

| PLASMA
{ ~~ VOLTAGE
' |
[}
| PLASMA .
CURRENT FULL RADIUS
| .'
}
' , PLASMA
RADIUS
! ‘ .
| ! | |
’ ——9
¥ START-UP RADIUS
' - LASMA
| -/ RESISTIVITY
| p—
tT t2

- PULSE TIME

Figure 2-8, Plasma Start-Up Calculation in COAST.

2-18




WVICE SWIED
o)

o LMD SHIELD (hpy)

VESSEL AL (apy) \

BUCKING CYLIMDER OF THICKNESS iye
(FOR COPPER TF COILS age = 01

CSTANT-TENSION 0-SHAPED TF COILS

AT TRAPEZDIDAL-SMAPED FACES \

SUPEROOUCTIG TF COIL D0 SPACE (i) / ;
ATERALS 0EMMS— ; /

LINITERMLINR
PRE,

\iﬂﬁ\‘lvﬁ ¥ con ru-—'

AUTIO OF STRUCTURAL AREA T
CONUCTOR MATRIX AREA, Agrhe

£
S

J

T T S e

FEUTIL 300N AR (O % A TOTAL OF ) gim
e
I
2,30 UTRAL 30N POVER Cpge CURRENT /
-——1!‘ / bl PER (0N SUACE ]
N . ; s
i - How = el
: Nt T (e D,
\ MR % SRES
\ R 48 A T
\ [

\
\
ML e wurw
1\, e uct
\\‘».
S0\
Wity
\ -
SAAPING FITLD (SF) COIL SPACE Y LETIENVINA e
(SHOMING A PAIR OF INSITE CJIL3, S ! R o3 i
Sp1e 10 A PAIR OF QUTSIZE 1S, grg\ N\ \ \\\ VACH VESSEL WKL OF THICKNESS &y (1+35M CORSTRICTIONY
Meon 5 an | NN EYICE SHIELD MITHIN R COIL SORE OF TWICKESS ey (SI/SMATED WATER)
SUENID (COPPER) A e - P
I AN \u.u SHIELD LINER OF "wICOESS iy (imy = 0 00 CIMER TF 2OILS)
v TN\ ACESIASSOY P D FUEE SPACE (rgg )

Figure 2-9.

N\ N F 0L J0UR TYICOESS vy (hmy = ) FOR LOPPER CULE)
T8 O30 EUTRAL ATS (CILIFERENCE Coy)

Detailed I1lustration of a Tokamak (TNS) with a
Standard-D TF Coil, PF Coils within TF Rare,
PF Coils all Normal Cu, no Blanket or Divertlor.



BUCKING CYLINDER @ rrs-s %

2 RADIATION SHIELD
BLANKET
&
TF COIL
2 ANeAG o EF/SF COILS
S -y !\’:\
T TN
sl P R
— N TN B RS
AV PRIPAPET S 5 2D
> s NN
X
[} ; .
: 3
s
TF COIL
TRITIUM BR N
OH COIL TUM BREEDING ZONES

Figure 2-10. Illustration of a Tokamak with a Blanket on the
Quter Half of the Vacuum Vessel and all S/C
Coils with all PF Coils Outside TF Coil Bore.

2-20



LZ-¢

VNB’ VOLUME OF NB ARM

CONDUCTANCE

LIMITING WALL

CALORIMETER-

z 2

RECOVE
PLATES

RY

NEUTRALIZER
. CHANNEL

7 | " ION SOURCE —

ELECTRON
<;i:fPRESSOR

\ rsow ‘ A

Sl ‘-\\\\\\\\\\\”‘S&ﬁ“ NN

—

Lne ——

3 "J

lll

| —

|__DUCT TO TORUS,

7

.‘}( 1 n

LENGTH DNB

CRYOFANEL WITH
AREA A

=

COMPACT SPACE-CHARGE CONTROLLED

ENERGY RECOVERY SYSTEM

Figure 2-11.

S

NB Injector Arm Geometry (The Number of Sources is Optimal.

NB

A R |
P W | i

CRYOPANEL WITH

AREA ASNC

Two are Shown for ITlustration Only).



HORIZONTAL WIDTH OF ARRAY -

Y

N || | 7
§\§ ' | ‘ § —Af HEIGHT
N ~ SW2 - oF
TN N
\

VERTICAL 8o
WIDTH OF - |
AREA

A7

VzzzzzZzy zzzzA

) S ) B

WIDTH OF
EMITTING AREA

Figure 2-12. NB Injector Arm Source Geometry. The Number of
Sources and Their Arrangement in Rows and Columns
are set by Input Design Detail (see Figure 2-13
for Another Example). )

2-22.



I, = 56A

IS
NIS = 3
T 0.1 m
g2 0.4 m
Ag = 1.44m-0.1Tm=1.3¢m
bgy = O |

la— 0.67 i~ 0.67  —3]

LA
e,

|

1.48 ——— —

Figure 2-13. NB Injector Arm Source Geometry and Data for TFTR.

2-23



ve-2

beam fons deflector electrode

3 secondary electrons ' suppressor grid gpgrgetic ions
———_repeller grids |
_nheutralizer 1
. K -
] —
B ¢ —T _ _ . __ .
4 ’ P I G ‘ _ energetic
il P 3 - ~ neutral
, -
_electron |
. plasma boundary
—surface

pumping
. recovery electrodes

Figure 2-14. - Geometry Associated with the Compact Space-Charge Controlled
‘ Ion Collector and/or Energy Recovery System for the Neutral
Beam Injection System (see Reference 2).



NEUTRAL BEAM ———=1
DUCT (SHIELDED)  jd——
vsssst'ALLV@ RSNNNS
7
Q \ ‘

!
SANY
| \
\ 4
\

° —

Figure 2-15. Geometrical Considerations for the Access
Requirements Associated with the Neutral
Beam Injector Arm Duct to the Vacuum Vessel.

2-25



92-¢

Figure 2-16.

NB

Detailed Schemztic of NB Injection Geometry Considerations
Showing the Aiming of the Sources.



ELECTRON

TOTAL INPUT | ~ SUPPRESSION

POWER (60 Hz .
+ RECIRCULATING) NEUTRALIZER TON égggiifTOR
CHANNEL ~ DRIFT TUBE
ION POKER RN REGION
Pe | | I' g Pl N oD o Eq
. -— —Gom
I S S X 3 \057-/ G (AN Py
A I+ ey FOR  Mgq | REIONIZATION Py, 1
n for Fup = <2 ACTUAL LOSSES Y,
p 0™ Igr /LN - n
POWER 2 LTy RE
SUPPLY | |
AND - A
ACCEL , S . TRANSMISSION
' UNNEUTRALIZED |, LOSSES
TRANSMISSION ION BEAM TO  |Fsup, nrys M2
P net L0SS nry COLLECTOR ELECTRON
neé SUPPRESSOR
LOAD
» ¥ A:f;vc
"conv "grid "R =
B
‘p- < TRANSMISSION LOSSES
NB - \
'P_E_ - "pFDX”neu x [n “T:I X NgoXNpE
|__ELECTRON SUPPRESSION LOSSES
IF RECOVERY IS ASSUMED
PE - PE - PR,net
S, eVe
Pa,net’Pe * (1= npgy) X np X ngy X Ing X Ngrid * Nconv ~ (1 '“grid) X EE":]‘

LOSSES DUE TO
GRID GEOMETRY

Figure 2-17. Schematic Diagram and Calculations for the
‘Estimation of the Efficiency (Electrical
Power to Injector Beam Power) Assnciated .
with NB Heating. :

2-27



SIX
'VERTICAL GAPS

SIX-ZONE BLANKET/SHIELD REGION
ON OUTER HALF- OF TOROIDAL
VACUUM VESSEL

VACUUM -
VESSEL

REGION i

a; - THICKNESS

g; - GAP WIDTH

EACH REGION HAS A
THICKNESS, VERTICAL
GAP, AND SIX VOLUME
FRACTIONS OF MATERIAL

£, , - VOLUME
15 FRACTIONS

ANY OR ALL
A1' g-i) fij
CAN BE ZERO

‘Figure 2-18. Blanket/Shield Assembly Geometry for the Region
on-the Quter Half of the Vacuum Vessel.

2-28



DIVERTOR FUSION, Pp = Pa * Pleu

Mc = ENERGY MULTIPLICATION
FACTOR IN SHIELD

. NEUTRAL BEAMS .

.‘ u
\&
INNER

A
SHIELD "1S N\] .

' BLI;NKET \\\‘ tf

B \-~\ &

) VACUUM \\ % \‘\$

P \\ s o S
* Prap

Fyy = FRACTION OF P_ ,

v~
TO VACUUM VESSEL

- | Q
OUTER SHIELD AN
; N

0s

OUTER BLANKET WITH

VESSEL ¢
WALL LOAD NC ?thT%ngRAGE
Pyy = Pe x F

vy F vy

NET FUSION NEUTRON POWER
TO BLANKET/SHIELD

Pret = Pney ~ Pefyy

Figure 2-19. Schematic of the Heat Flow Model in COAST.
* Calculational Procedures to Obtain Magnitudes
During a Plasma Burn are Shown,

2-29



0€-2

STORAGE
TANK

HEAT
EXCHANGER

PULSED
HEAT
LOAD

Figure 2-20.

TURBINE

.

NCD
STORAGE '

TANK

PUMP

Thermal to Electrical Power Conversion System

CONDENSER

e COOLING
CONDENSER TONER.
Logn
GENERATOR
v\ .
. PUMP
~ PUMP



Le-2

D-T ' . CRYOGENIC

SUPPLY - DISTILLATION | g
AND 1SOTOPE
STORAGE SEPARATOR
| PELLET
FAB AND
INJECTION ,
DIVERTOR
PRE- TN, .
FILL C , -—-;gg |
: ~ ~ . - | .. EXHAUST
PROCESSING
- | AND
- STORAGE
- [ [
H a < i )
v::::::E' NB | -
-—-b-—ﬂ INJECTOR . . VACUUM

PUMPS

FROM NB VACUUM PUMPS

—

THE DIAGRAM IS GENERALZIZED FOR EITHER OF TWO SYSTEMS (BATCH OR CONTINUOUS). THE SELECTION

OF THE SYSTEM IS DEPENDENT ON ENGINEERING ASSUMPTIONS AND OPERATING SCENARIO SELECTED BY
COAST USER (SEE REFEREMCE 3).

Figure 2-21. Fusile Fuel Systems Schematic.



. WALL RADIUS

ACCESS GAP

DIVERTOR
CoIL

Figure 2-22.

\\
5=
'DIVERTOR ANGLE

L SHIELD
REGION 1

Compact Bundle Divertor Geometrical

:— TF COIL

—_PLASMA
| FLOW

]‘\-SHIELD
REGION 3

i -

DEWAR
REGION

Considerations in COAST (see Ref. 4).

2-32



DIVERTOR CHAMBER WITH

CROSS SECTIONAL AREA ARDIV

l | W1y % - TF COIL ©

. | TN -\ DIVERTOR CoIL

R

PLASMA

Figure 2-23. Compact Poloidal Divertor Geometrical
Considerations in COAST (see Ref. 5).

2-33



COIL TECHNOLOGI

1) NORMAL COP
2) S/C NbTi

3) S/C Nb,Sn

3

PER A |
4) Cu/NbTi "HYBRID"

NOTE: Hm = Hma

Figure 2-24.

ES

N
CONSTANT ~——pmy
TENSION 0 |\ °
BUCKING \

CYLINDER

Hm ’
. - Hm Based on

Bore_Spaz:e—r

BUCKING
CYLINDER

COMPACT
CONSTANT -—»\

TENSION O

X f 1/2 ATF

Schematics of Each of the Three TF Coil Geometries
with-a List of the Four Coil Technologies. Modeled
in COAST (see References 6 and 7)i

2-34



5€-2

7 Bre ~A¢d)
H
max
C
Hoax | A
_ J

v

Figure 2-25. Detail Schematic of the Cu/NbTi "HYBRID" TF Coil Geometry Option (TNS-5).



9c-¢

=
|

= TURNS PER COIL

CONDUCTOR SPECIFICATIONS

TURNS
NSLDTS = CONDUCTOR-TURNS PER COIL CD = CURRENT DENSITY OVER METAL,
= COOLANT CONNECTION PER COIL COOLANT, AND INSULATION
3 NTURNS/TFTPB PF = RATIO OF COOLANT PLUS INSULATION
: TO TOTAL CONDUCTOR AREA
INSULATION TFCUR = CURRENT PER CONDUCTOR
DEWAR (CONDUCTOR AREA = TFCUR/CD)
VACUUM
OH COILS

BUCKING CYLINDER

(COPPER)

BOBBINS (PLATES)

BBBNS  pep corIL =
TFrpg 2 6 s Nrurns
T T TFoe X TR
Froe = 3 I TN I P8 2 "ees
Tops = 3 Kol Pt
SR I i e i o
(NS =—an
P e o
Ve | NEE I ) )
R EE=t=a=ma=s
___fﬁ,nﬁ;tiﬁiirtﬁt;%ipf_. _ e
Sag i e S
gl B I e e i e () LG
N | o S R o e g i s il et
5% O (o L e B oy e b g b
A4 P k] ey | S
AN i, O W 5 e | | 2
7 - Brod CLTT T
&
\/\>
&% e A TFpg = CONDUCTOR TURNS
{;:$A~ * ' ?ER BOBBIN (PLATE)
. S # OF PARALLEL
A _._,.\ —TF colL COOLANT CHANNELS
DM PER PLATE)
4o b Nb35" CONDUCTOR TFepg = CONDUCTOR PER SLOT
(# INDIVIDUAL
oy ——>{le— STRUCTURE CONDUCTORS PER
GROUPING)

Figure 2-26. TF/OH Coil Cross Section for S/C Nb

3

Sn TF Coil and a Cu OH Coil.



S/C Nb3Sn

TEMPERATURE (K)

S/C NbTi

ANOTHER

THE USER HAS THE OPTION OF SPECIFYING
VALUE, IF DESIRED

1 - o I i ! 1 J

8 10 12 14
MAXIMUM FIELD, By (T).

Figure 2-27. S/C Conductor Temperature as a Function of
Maximum B-Field at the Conductor Modeled
in COAST.

2-37



DIVERTOR-LIKE

-<:::><:::> <:::> | . ; leoil 1

TF COIL
OUTER SURFACE- -

INSIDE VESSEL OUTER

| /ag:) SURFACE ‘. Z,
ALL COILS ~0 O
OUTSIDE
" TF BORE | ,‘\Nt:> | | OUTSIDE
{
[)
ALL COILS ! |
INSIDE | RRi REFERENCE
TF BORE IR ) UATUEs o

Gy ps Dot
LRi Ri’ Zi, o 4

COIL i IS SPECIFIED BY Ri’ Zi’ and a

S5 and 8, ARE CALCULATED

IN THE UPPER HALF INDIVIDUAL EF COILS ARE OUTSIDE THE
TF BORE. 1IN THE LOWER HALF INDIVIDUAL EF COILS ARE
LOCATED WITHIN THE TF BORE."

Figure 2-28. Two PF Coil Geometrical Configurations
' Modeled in COAST.

2-38



.
DIVERTOR-LIKE
EF-D COIL
INSIDE e OUTSIDE
EF-1 COIL SET— | F-0 COIL SET
¢ - ero
o REFO © T

— M
5 '\"1‘ PLASMA
REFI - , |
BFL L, {d

ALL COILS INSIDE
TF BORE

THE MODEL ALLOWS THE INSIDE AND OUTSIDE COILS TO BE GROUPED INTO A
SHORT SOLENOID FOR PURPOSES OF CALCULATING THE INDUCTANCE MATRIX.

Figure 2-29. Schematic of a Geometrical Model Option for an
EF Coil System with Coils Located Inside the
TF Bore.

2-39



SECTION)

o y— - R-]_ .
d. (RADIUS OF
< ’//// T "croSS =~ -

OUTER
BOUNDARY
OF TF COIL

[ NEW o BASED ON:

1) VERTfCAL FIELD CONSERVATION
2) NULL POINT SCALING
(DIVERTOR-LIKE COIL)

THE EXAMPLE IS FOR A COIL OUTSIDE THE TF BORE. SIMILAR ADJUSTMENTS ARE
MADE FOR INSIDE EF COIL LOCATIONS. AN OPTION IN WHTCH NO ADJUSTMENTS
ARE MADE IS AVAILABLE. FOR COIL CURRENTS VARIOUS SCALING OPTIONS ARE

AVAILABLE.

Figure 2-30. The EF Coil Locations are Adjusted from the Reference
Locations Consistent with Sizing Changes.
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Figure 2-31. A Simplified Schematic Diagram Showing the Basic Features of the Heat
Dissipation System Associated with. a Pulsed Heat Load Characterized by
a Peak Power, an Average (over the pulse) Power, and a Total Energy
Production During the Pulse (also see Figure 2-32).
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Thermal Loads for Which a Heat Dissipation System
Represented in Figure 2-31 is sized in COAST.
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Figure 2-33. Schematic of the Basic Circuits Associated with
the PF Coil Power Supplies Sized in COAST.
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Figure 2-34. Typical Power Supply Circuit for Neutral Beam Source.
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COAST DATA ON THE FACILITY COSTS AS CATAGORIZED IN TABLE 2-3 ARE REQUIRED. THE ACTUAL LAYOUT
AND BUILDING DIMENSIONS ARE NOT -CONSIDERED IN THE PRESENT VERSION OF COAST.

Figure 2-36. A Schematic Representation of a Tokamak Reactor Facility.
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Figure 2-37. The Main Systems for which COAST Calculates Costs.
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INDICATED IN THE LOGIC DIAGRAM, FIGURE 2-3

TABLE 2-1
PLASMA ENGINEERING ASSUMPTIONS FOR THE ITERATION CALCULATIONS

-

OPTION

PLASMA VARIABLE OPTION OPTION OPTION |. OPTION
_ : 1 - 2 3 4 5
CONFINEMENT TIME, T¢ - v ForC ForC ForC ForcC
NB PQWER, PNB F Vv F F F
neTE C ForC v C ForC
ELECTRON DENSITY, ﬁ; ForC ForcC C v ForC
ELECTRON TEMPERATURE, Te F F F F v

LAW FOR n_tp

FIXED MAGNITUDE BASED ON INPUT DATA

NB 0 IF IGNITION CONDITIONS ARE ASSUMED
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VARIED MAGNITUDE BASED ON OPTION SELECTED

CALCULATED MAGNITUDE BASED ON THE SELECTED SCALING




TABLE 2-2 .
SUMMARY OF COAST MODELS FOR TOKAMAK ENGINEERING

- TCORE (TOKAMAK CORE- CALCULATION)

SETS COMPONENT SPACE REQUIREMENTS WITHIN TF COIL BORE. SPACE

COMPONENTS INCLUDE: VACUUM VESSEL, RADIATION SHIELDING,
EF COILS (IF INSIDE), ACCESS GAPS, TF COIL DEWARS (IF S/C),
AND VERTICAL SPACE REQUIREMENTS (SEE FIG. 2-9 AND 2-10)

THE PLASMA -CROSS SECTION AND THE LIMITER/LINER/SCRAPE-OFF
SPACE ARE TAKEN INTO ACCOUNT

SHIELD (SHIELD SIZING FOR THE TOKAMAK AND REACTOR CELL)

THE DEVICE SHIELDING THICKNESSES ARE CALCULATED BASED ON:
1) MAXIMUM PERMISSIBLE FLUENCE TO THE COIL; 2) NUCLEAR
HEATING RATES IN SC COILS; AND 3) NEUTRON ATTENUATION IN
SHIELD MATERIAL

THE REACTOR CELL SHIELDING THICKNESSES FOR THE FLOOR AND
WALL ARE CALCULATED ASSUMING ORDINARY CONCRETE AND BASED ON
RADIATION DOSE LIMITS TO PERSONNEL

NBEAM'(ﬂﬁUTRAL BEAM INJECTION SYSTEM SIZING AND RATING)

SIZING CALCULATIONS TAKE INTO ACCOUNT THE ION SOURCE GEOMETRY

'AND BEAM SCRAPC-OFF ASSUMPTIONS

GAS NEUTRALIZERS ARE SIZED AND THE ACTUAL NEUTRALIZATION
EFFICIENCY (NOT THE ASYMPTOTIC VALUE)

CALCULATES HEAT LOADS, AND VACUUM SYSTEM OPERATING DATA

CALCULATES THE PERFORMANCE OF AN ION COLLECTOR SYSTEM BASED
ON A COMPACT SPACE-CHARGE CONTROLLED ENERGY COLLECTOR AND
RECOVERY (IF DESIRED) SYSTEM

CALCULATES NB DUCT ACCESS REQUIREMENTS TO THE TOROIDAL VACUUM
VESSEL :

CALCULATES THE ELECTRICAL-TO-BEAM POWER EFFICIENCY BASED ON
INPUT DATA FOR POWER SUPPLY EFFICIENCIES, TRANSMISSION LOSSES,
DIRECT RECOVERY EFFICIENCIES, SECONDARY ELECTRON PRODUCTION,
AND THE ATOMIC FRACTION OF THE SOURCE BEAM

BANDS (BLANKET AND SHIELD SIZING, RATING, AND COSTING)

A BLANKET/SHIELD ASSEMBLY COVERING THE OUTER HALF OF THE
VACUUM VESSEL IS SIZED FOR UP TO SIX RADIAL ZONES, e.g.,
STRUCTURAL ZONE, FISSILE FUEL OR NEUTRON MULTIPLICATION

BLANKET, TRliIUM PRODUCING BLANKET, REFLECTOR, RADTATION
SHIELDING ZONE, AND A COOLING MANIFOLD
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e EACH ZONE IS COMPOSED OF UP TO SIX DIFFERING MATERIALS
SPECIFIED AS VOLUME FRACTIONS (SEE FIG. 2-18)

o PERFORMANCE IN TERMS OF FUEL (BOTH FISSILE AND FUSILE) AND
THERMAL PRODUCTION ARE CALCULATED TAKING INTO ACCOUNT WALL
COVERAGE FRACTION, NEUTRON FLUX DISTRIBUTION, AND THE TOTAL
FUSION POWER GENERATED BY THE PLASMA ‘

e THE THERMAL AND ELECTRICAL RATINGS AND PERFORMANCE CHARACTERISTICS
ARE ESTIMATED FOR SIZING A POWER PRODUCTION FACILITY (IF DESIRED)
INCLUDING HEAT EXCHANGERS, GENERATORS, AND HEAT DISSIPATION AND
ENERGY STORAGE EQUIPMENT

e THE BLANKET/SHIELD ASSEMBLY, THERMAL POWER HANDLING, AND POWER
- PRODUCTION SYSTEMS ARE COSTED

FUELS (PLASMA FUEL SYSTEMS SIZING, RATING, AND COSTING)

e  FOR ON-SITE BATCH MODE FUELING (USED ON TNS), CALCULATIONS
ESTIMATE THE ANNUAL TRITIUM CONSUMPTION AND SIZE THE FUEL
STORAGE, DELIVERY, AND CRYOGENIC DISTILLATION SYSTEMS TAKING
INTO ACCOUNT THE PLASMA VOLUME AND THE RATIO OF THE VESSEL
SURFACE TO PLASMA SURFACE

e . FOR ON-SITE CONTINUOUS MODE FUELING (USED ON DTHR) PLASMA,
NEUTRAL BEAM, AND DEVICE OPERATIONS DATA ARE USED TO CALCULATE
FUELING RATES, ON-SITE QUANTITIES, EXHAUST RATES, AND URANIUM
TRAP SIZES

o THE CONTINUOUS MODE FUELING IS BASED ON DIVERTOR EXHAUSTING
AND INCLUDES STORAGE, DELIVERY, EXHAUST PROCESSING, AND
CRYOGENIC DISTILLATION SYSTEMS (SEE FIG. 2-21)

BUNDLE (BUNDLE DIVERTOR MAGNETIC COIL SIZING)

e CALCULATES COIL GEOMETRY, ACCESS CONDITIONS FOR DIVERTOR
'PLASMA FLOW (SEE FIG. 2-22)

SIZES RADIATION SHIELDING SPECIFIED FOR COIL

e CALCULATES COIL CURRENT BASED ON FORMULAE DERIVED FROM
DETAILED ANALYSES

BMAX (B-FIELD MAXIMUM AT TF COIL INNER LEG)

e THE FIELD AT THE INNER LEG IS CONSTRAINED BY BOTH ENGINEERING
ASSUMPTIONS AND PLASMA REQUIREMENTS

e IF ENGINEERING REQUIREMENTS ARE NOT MET, THE CALCULATION IS
TERMINATED :

o IF THE MAXIMUM FIELD DIFFERS FROM THAT REQUIRED BY PLASMA, THE
PLASMA CURRENT IS RECALCULATED (Ip « Bt)
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TFCOIL
.

BUCKCY
¢

OHCOIL
0

PFCOIL
¢

(TOROIDAL FIELD COIL GEOMETRY CALCULATIONS)

FOUR COIL TECHNOLOGIES CONSIDERED: 1) Cu; 2) S/C NbTi;
3) s/C NbBSn; AND 4) NbTi/Cu COMBINATION

THREE COIL SHAPES CONSIDERED: 1) STANDARD CONSTANT TENSION D;
2) COMPACT .CONSTANT TENSION D; AND 3) CIRCULAR (SEE FIG. 2-24)

COIL BORE SIZING BASED ON: 1) SPACE REQUIREMENTS FOR SHIELDING,
BLANKET, ETC.; 2) PLASMA RIPPLE REQUIREMENTS; 3) NB DUCT
CONSTRAINTS; AND 4) DIVERTOR ACCESS REQUIREMENTS

THE AREA OF STRUCTURE REQUIRED TO CARRY LOADS IN A FUNCTION OF
COIL TENSION AND ENGINEERING ASSUMPTIONS ON BOLTING AND DESIGN
CONSTRAINTS

REQUIREMENTS FOR POWER SUPPLIES, AND HEAT DISSIPATION SYSTEMS
ARE CALCULATED

(BUCKING CYLINDER SIZING)

ANY FRACTION OF THE LOAD DUE TO CENTERING FORCES CAN BE ASSUMED
IN CALCULATING THE REQUIRED WALL THICKNESS

WALL THICKNESS IS BASED ON BOTH BUCKLING AND COMPRESSIVE MODES

CYLINDER HEIGHT IS BASED ON COIL SHAPE ASSUMPTION (STANDARD D
OR COMPACT D)

(OHMIC HEATING COIL ASSEMBLY SIZING)

A LONG SOLENOID WITH AN AIR CORE IS SIZED FOR A GIVEN RADIUS
SET BY THE TF COIL ASSEMBLY

BOTH COPPER AND S/C ARE CONSIDERED

CURRENT DENSITY LIMITS, MAX OH FIELD AT CONDUCTOR, AND HOOP
STRESS LIMITS MUST BE SATISFIED

THE COTL BUILD IS MINIMIZED FOR THE ASSUMED ENGINEERING
GROUND RULES (INPUT)

(POLOIDAL FIELD COIL SIZING RATING)

GENERALIZED SIZING FOR EF COILS LOCATED EITHER INSIDE OR OUTSIDE
TF COIL BORE IS INCORPORATED FOR EITHER NORMAL OR S/C ASSEMBLIES

EF COIL CURRENT SCALING BASED ON A REFERENCE INPUT CURRENT SET
IS MODELED USING EQUILIBRIUM CRITERIA FOR THE CONSERVATION OF
THE VERTICAL FIELD AS WELL AS THE ESTABLISHMENT OF POLOIDAL
NULL POINTS (SEE FIG. 2-30)

COIL/COIL AND COIL/PLASMA INDUCTANCES ARE CALCULATED FOR THE
RESULTING COIL SIZES AND LOCATIONS AND USED TO OBTAIN REQUIRED
COIL VOLTAGES FOR POWER SUPPLY RATINGS
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e ~ TEMPORAL PROFILES ALLOW INSTANTANEQUS POWERS, AND ACCUMULATED
ENERGY DELIVERED PER COIL SET TO BE OBTAINED AND ARE BASED ON

THE TIME BEHAVIOR OF THE PLASMA CORE AS CALCULATED FROM
ASSUMPTIONS (INPUT) FOR PLASMA START-UP

HEATD (HEAT DISSIPATION SYSTEMS SIZING AND RATING)

o COPPER COIL COOLING, HELIUM REFRIGERATION, AND LIQUID NITROGEN
REFRIGERATION SYSTEMS .ARE SIZED (SEE FIG. 2-31)

e ELECTRICAL LOADS ARE OBTAINED FOR THE COOLING OF MAGNETIC FIELD
COILS, VACUUM VESSEL, SHIELD/BLANKET, DIVERTOR, AND NEUTRAL -
BEAM INJECTORS

o EXPERIMENTAL AREA VENTILATION AND THE PLANT CIRCULATING WATER
SYSTEMS ARE SIZED AND RATED

POWSYS (TOKAMAK POWER SYSTEMS SIZING AND RATING)

e _PF COIL POWER SUPPLIES (RECTIFIERS, SWITCHES, CAPACITOR BANKS,
DIODES, AND TRANSFORMERS) ARE SIZED AND RATED (SEE FIG. 2-33)

e TF COIL SUPPLIES FOR EITHER CHARGING THE S/C COILS AND/OR THE
M-G-F-R FOR THE NORMAL COILS ARE RATED

o M-G-F RATINGS FOR BOTH PF COILS AND NB'S ARE OBTAINED

e FOR THE NB'S EITHER AN M-G-F SET OR A SUBSTATION IS CONSIDERED
AS WELL AS A LOAD-SMOOTHING CIRCUIT IN THE CASE OF A BEAM-
DRIVEN DEVICE

FACSYS (FACILITY SYSTEMS SIZING) .

e THE REACTOR CELL IS A CYLINDRICAL STRUCTURE WITH A DOME-TOP
AND A BASEMENT FOR THE TOKAMAK SUPPORT SYSTEMS (SEE FIG. 2-35)

e THE FACILITIES INCLUDE: 1) SITE IMPROVEMENT AND SERVICES;
2) REACTOR OPERATIONS BUILDING; 3) REACTOR SUPPORT STRUCTURE;
4) THE ELECTRICAL PLANT; AND 5) OTHER STRUCTURES

TGEOM (TOKAMAK GEOMETRY TABLE FOR THE DEVICE MIDPLANE AND IN THE VERTICAL
DIRECTION)

o TABLES SUMMARIZE DATA FOR ENGINEERING DRAWINGS

e MIDPLANE DIMENSIONS INCLUDE ALL COMPONENT WIDTHS AND OUTSIDE
RADII FROM DEVICE CENTER TO OUTSIDE OF TF COIL OUTER LEG

o VERTICAL DIMENSIONS INCLUDE ALL COMPONENT WIDTHS AND HEIGHTS
ABOVE MIDPLANE TO THE TOP OF THE TF COIL AT ITS HIGHEST POINT
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TABLE 2-3

TABULATION OF THE VARIOUS TOKAMAK FACILITIES FOR WHICH COAST
COST DATA IS REQUIRED TO COMPLETELY COST ALL SYSTEMS

1. SITE, IMPROVEMENT, AND SERVICES

LAND PURCHASE
ACCESS RAIL FROM MAIN LINE
BASIC UTILITY SERVICE

2. REACTOR OPERATIONS BUILDING

REACTOR CELL

BASEMENT FACILITY BELOW CELL
NEUTRAL BEAM TEST CELL
REMOTE SYSTEMS OPERATION
CONTAINMENT AREAS

3. REACTOR SUPPORT STRUCTURES

DEUTERIUM/TRITIUM PROCESSING FACILITY

MAGNETIC FIELD COILS CRYOGENIC PLANT BUILDINGS
RADWASTE PROCESSING BUILDING

CONTROL AND MECHANICAL EQUIPMENT BUILDING

4. ELECTRICAL PLANT STRUCTURES

MOTOR-GENERATOR BUILDING & FOUNDAT1ON
FIELD COIL POWER CONVERSION BUILDING
NB POWER CONVERSION BUILDING -
CAPACITOR YARD

SWITCH YARD STRUCTURE

UTILITY TUNNEL '

SUBSTATION BUILDING

STAND-BY GENERATOR BUILDING
CRANE-MOTOR GENERATOR BUILDING.

5. OTHER STRUCTURES

ENGINEERING LABS/OFFICES
TECHNICAL SHOPS
MAINTENANCE BUILDING
COOLING WATER PUMP HOUSE
COOLING TOWERS

6. MISCELLANEOUS

CRANES
CRANE ERECTIONS

2-53



TABLE 2-4
“COAST COST MODEL EQUATIONS FOR A NUMBER OF THE ELECTRICAL SYSTEMS

STEAM GENERATOR COST -

PE E

c - ) C,sG
S$,SG

(U U X TC) x (

sG ¢,s61 T Yc,sa2

WHERE THE COAST INPUT PARAMETERS ARE:

U
UC’SG‘ } UNIT COST COEFFICIENTS
C,SG2 .
Rs sg REF. STEAM GENERATOR RATING (MW)
Ec.og = ECO.-OF-SCALE FOR STEAM GENERATORS
Te = OPERATING TEMPERATURE (K) OF GENERATOR

COAST CALCULATES P. (MW) = POWER PRODUCTION DURING PLASMA BURN

£

MOTOR-GENERATOR-FLYWHEEL COST

P E P E
4 C1 G, C2
C = X (__ﬂ_g, + U x (z—=)
*Ue,rLy X EF

WITH A MAXIMUM OF THREE MFG SETS, IF REQUIRED, TO SUPPLY:

| 1) TF COILS (if Cu);
2) PF COILS; AND/OR
3) NB INJECTORS (IF NO SUBSTATION).

COAST INPUT DATA IS:

UC’MOT, Ue ens AND Up by UNITS COSTS BASED ON A
REFERENCE RATING FOR THE MOTOR AND GENERATOR AND IN THE
ENERGY STORAGE OF THE FLYWHEEL.
Rg w» Rg,g = REFERENCE RATINGS (MW) FOR THE WATER AND
GENERATOR SETS, RESPECTIVELY. '

E, = ECONOMY-OF-SCALE FACTORS

cre Eeo
COAST CALCULATES THE RATINGS:
P (M) FOR THE MOTOR SET
Pg (M) FOR THE GENERATOR SET
Pp (MJ) FOR THE FLYWHEEL SET
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o TABLE 2-4 (continued)
- RECTIFIER-COST (FOR FIELD COIL POWER SUPPLY SYSTEMS)

Cocr = U (.L)EC’W f U, . (LX .VA)‘EC,VZ
REC C,R RS,V] | C,R1 RS,VZ

HUc o X (Y x A -5)

WHERE CREC CAN BE FOR TF'COILS (Cu), OH COILS, AND EACH SET OF
"EF COIL SYSTEMS..

COAST INPUT DATA IS:
Ug,a1» U, rz» AND Ug gy = UNIT COST COEFFICIENTS BASED ON
REFERENCE RATINGS AND A CURRENT RATING

RS NE Rs V2 REFERENCE RATINGS ON- THE MEGAVOLT-AMPERE
CAPABILITY OF A "STANDARD" UNIT

E ECONOMY-OF-SCALE FACTORS

c,v1* Ec,v2

COAST CALCULATES: = B
VA (MVA) VOLT-AMPERE RATING REQUIRED
A (KA) AMPERE RATING REQUIRED

Y = [TOTAL PULSE TIME/PULSING RATE]]/Z
' THE RESTRICTION THAT 1 < vy < 0.444

WITH
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* TABLE 2-5

COAST COST MODEL EQUATIONS FOR THE TRITIUM
STORAGE SYSTEM AND THE HEAT DISSIPATION SYSTEM

TRITIUM STORAGE SYSTEM COST

TR 2/3 , /3,
Urss = Yo T P2 X st P ¢ s X Qqg” *+ Ug g X
' 2/3 |
- Qig/Prsr * Ug g X (@/0r7)
WHERE U, 15 s Ug g = UCTSS(1), ..., UCTSS(6)
""" = UNIT COST COEFFICIENTS INPUT INTO COAST
Drer = INPUT VALUE FOR NUMBER OF DAYS OF TRITIUM
© STORED ON SITE ASSUMING A NORMAL PULSING
PERIOD FOR THOSE DAYS
Qyg - = NUMBER OF MOLES OF TRITIUM INJECTED IN EACH
PULSE TIMES THE NUMBER OF PULSES IN Drcr DAYS

OF PULSING. COAST CALCULATES Q
CONSISTENT WITH THE PLASMA"
VOLUME, DENSITY, AND PARTICLE CONFINEMENT TIME.

HEAT DISSIPATION SYSTEMS COST

P E

PEAK) C,HDI P

E
] Paverace, Ec,Ho2
‘o = Ye,nmn + U =)

E. .o

x { C,HD2 *

E E
+ Ug yps X (<PULSE, “C,HD4

WHERE
c = CVVC, FOR THE VACUUM VESSEL.

HD
= CDVC, FOR THE DIVERTOR
= CNBC, FOR THE NEUTRAL BEAM ION COLLECTOR
= CVSC, FOR THE DEVICE SHIELD

R = Ry

DV RESPECTIVE COOLANT TEMPERATURE
NBS RISE (K) (INPUT VARIABLES)

SH’

~ O X

ARE THE RESPECTIVE UNIT COST COEFFICIENTS
(INPUT VARIABLES), AND

AND EPULSE ARE THE RESPECTIVE PEAK POWER,
AVERAGE POWER, AND ENERGY PER PULSE .
LOADS AS CALCULATED IN COAST

U Uc,Hpa

C,HD1? ***?

Poeak® Paverace’

SEE FIGURES 2-31 and 2-32.
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3.0 DEVELOPMENT AND VERIFICATION

COAST was originally developed as a tool for comparison of TF coil concepts and
their implications in the TNS trade studies conducted by the ORNL/Westinghouse
study team. Version 3 of the code was used in the final stages of that study
(see Reference 9). For the TNS work, four ignition tokamak point designs were
selected and an extensive series of parametric trade studies were performed to
consistently evaluate the relative costs and perfofmance parameters of various
designs over a wide range of plasma sizes. Four different types of TF coil
technologies were investigated: water-cooled copper coils, superconducting
NbTi and Nb3Sn coils, and a "hybrid" coil arrangement consisting of a normal
conducting Cu coil nested with a superconducting NbTi coil. From the study,
which extensively used COAST, it was concluded that the superconducting option
was more attractive than copper, and of the superconducting technologies, the
Nb3Sn is more attractive than both the NbTi and the hybrid Cu/NbTi options. '

During the final stages of coding, COAST 3 was applied to the sizing and costing
of the conceptual design of TFTR. The code predicted the main featureé of that
device and estimated the capital costs to within 5% of the costs determined
during the conceptual design study. In addition, the GA/ANL TNS reactor. system
was examined. The GA/ANL reactor involved a doublet plasma which the COAST

code could not model in detail, but the code calculations were consistent with
both the sizing and costing results reported by that study team.

Development of COAST 4 began following the decision by DoE to fund the study of
fission/fusion hybrids by the Westinghouse team. A1l of the features of COAST
3 were maintained or upgraded during COAST 4 development so that all the THNS
options and TFTR could still be modeled - in many areas more effectively. In
fact, the fourth version of COAST sizes TFTR with more accuracy since upgraded
models were added to account for beam-driven operation as well as ignition
cperation. As COAST 4 was being completed, the code was applied to the results
of the design study of a fusion-driven tokamak hybrid reactor for fissile fuel

3-1



production conducted for EPRI by Westinghouse (Reference 10). This study was
carried out by a team of Westinghouse engineers‘who, for the most part, were
different from the team that provided the calculational models coded in COAST
4. Thus, the EPRI study provided an excellent check of the models incorporated.
The code qesults were very compatible with the EPRI design; the main features
and opérating parameters of the hybrid device were similar and the capital cost
estimates were in good agreement. Considerabie.effort was applied to the study
of any differences between the code results and the study design. In every
case, the basic models were found to be correct and accurately predicted size
and cost. In general, differences were found to be more closely associated
with engineering assumptions and ground rules.

Since the models and logic in COAST have been generalized to allow a wide range
of variation in tokamak systems required to conduct the various Westinghouse
studies (from TFTR through a commercial hybrid reactor, CTHR), the input is
difficult to formulate. A considerable amount of time and effort is required
to produce an input deck which satisfactorily describes a specific tokamak
design. For this reason, it has been convenient to set-up a library of input

" data decks for typical tokamak designs and modify these reference decks in
various studies. The example given in this report is one deck developed as
part of the COAST library used at Westinghouse.
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4.0 RESTRICTIOMS

4.1 USER RESPONSIBILITY

Two approaches can be taken by the user of this code. First, he can assume thét
the engineering and programming that went into producing the code reasonably re-
presents a typical demohstration hybrid tokamak reactor with a fissile fuel
.breeding blanket, bundle divertor, and possibly power conversion capabilities.
He can then proceed to use it as a "black box," more or less, inputting the
~recommended parameter values in the text and sample case with minor perturba-
tions and proceed from there, On the other hand, where "significant" design
ghanges from the example are to be mode]ed. or innovative subsystem designs are
to be incorporated in his tokamak, he should check the coding directly to assure
himself that the system he has is reasohab]y represented by COAST. That is,

the system is not beyond the range of validity implicit in the program. This

is particularly true if the user anticipates exploring plasma start-up options
~and parameters., Unfortunately, this level of understanding may require a great
deal of time, but the investment is highly recommended by the authors to avoid
the possibility of generating inconsistent, even nonsense, data. Although many
inconsistencies are recognized by the code where flags are set to advise the
user, the simplist tokamak is a very complex device and there is a limit to

how general any system model can be made. Should such studies te undertaken,
the authors would be interested in positive feedback on the results so that
future versions of COAST may be improved and the capabilities extended.

4.2 PROGRAM LIMITATIONS

In the present form, COAST version 4, there are a number of limitations which
should be kept in mind when using the code. As the models have evolved and are
updated, COAST has moved a long way in becoming a general description of a
tokamak reactor, but only during its application to various reactor design
studies does one appreciate model limitations. The code has been applied to a
variety of designs and the various models have been updated as the need was
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identified. - Such updates are anticipated as the code is utilized in the future.

The most fundamental limitation of COAST 4 is that it is generic to. tokamaks
as opposed to fusion devices in general (mirrors, laser, etc). Next would be
thét the D-T reaction is implicit in the plasma modeling as opposed to the
possibility of advanced fuels such as D-D, D-He3, D-B. Finally, there is an
inherent 1imit to the degree of detail incorporated in each system model. As
a design becomes more specific, the effects of design details are diluted in
the generalized models and are not necessarily reflected in the output of
COAST 4. In addition to these basic limitations, some system dependent limit-
ations ‘are also present. '

While a doublet plasma may be approximated, it is not presently included as a
design choice in the code. Neither has the option for RF heating nor negative
ion source neutral beams been allowed, although the effects ¢f negative ion
sources have been approximated in computer runs by "fudging" the NB system

nput values. When the focus shifted to a bundle divertor, the poloidal divertor
model remained incomplete except to allow space for its presence in the vertical
geometry calculation.

Theré arc also a few limitations which can affect the sizing of the TF coils. -
First, a simple first order approximation to field ripple can set the location
of the outer TF leg. Possibly, a model for evaluating alpha particle transport
losses in the plasma as a criterion to establish ripple constraints should be
incorporated. Then, the blanket is only modeled between the outside leg of the
TF coils and the plasma while future tokamak designs may incorporate inner
blanket regions also. Another factor is the structure-to-conductor ratio,
which is sensitive to design details. While it can be fixed by input, a rou-
tine in COAST 4 which models the required area of structure is based on coil
tension. Other loads such as compression due to centering forces are not ex-
plicitely modeled, but the user has a multiplication-factor parameter to account
for "unknowns." Considerations associated with the structural details of the
coil cross section have not been incorporated so that the user must pay parti-
cular attention to-the arrangements of bobbins, plates, and bolting.



Other areas to be reviewed include the power conversion system, effects of

remote“maintenance,‘vacuum containment, and the annual operating costs. The
power. conversion system model was designed to handle water and steam-cooling.
It needs to.be reviewed to determine if it is general enough to also handle

the possibility of helium gas cooling. With respect to remote maintenance,
while the cost of a RM system is included as a fixed cost, the impact of a
remote maintenance system on the size and cost of those tokamak components on
which it operates has not been addressed. A vacuum containment building has
not been eliminated as a poésibi]ity for tokamaks and should be included by
option in future versions of the code. Finally, the annual operating costs
must be reviewed because they are incomplete. Items such as personnel salaries,
utilities, plant services, maintenance, safety equipment, spare parts, supplies
(demineralized water, 1iquid He/N coolant) etc, should be taken into account

in future versions of COAST.

The code has a number of convenience features to facilitate the use of COAST

in parametric studies. The print options are particularly tailored for conven-
ience; detailed information for "one-shot" calculations may be chosen or short,
1imited output edits for scoping and exploratory runs. Controls and options
are set-up for running comparison cases based on different engineering ground
rules applied to a single design basis. The number of combinations of design
features possible using COAST is enormous and WFPSD studies have not completely
explored all of the possibilities. As new designs are considered, weaknesses
in models and the code logic have been-identified; consequently, an upgraded
version of COAST is presently under consideration.
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5.0 USER INSTRUCTIONS

5.1 COMPUTER REQUIREMENTS

| Since the program was not designed to take advantage of any special computer
features, the requirements are simple. On a CDC-7600, about 106,300 octal
locations in small core memory are used of which about 14,700 octal are in
labelled and blank COMMON'S. Compilation takes about 14.2 seconds and about

0.4 seconds are required for a complete calculation of a single tokamak-device.
Five devices with minor differences can be compared in 1.1 seconds (0.001 CRU-S)
by taking advantagé of the variation options available. The relocatable binary
object code is catalogued and is available to WARD and WAESD personnel on the
CDC-7600 at the Monroeville Nuclear Center with the following parameters:

Permanent file name - ANEMICOAST4C
Ident - ANEMI -
Main frame - MFA

5.2 TYPICAL PROBLEM DECK SETUP

The deck setup is straight forward and follows conventions in Reference 11. A
binary relocatable file was catalogued when the program was last compiled and
continues to be available.

To use the binary relocatable file in the CDC-7600 system, this setup can be
employed and is recommended.

CARD TYPE EXAMPLE
JOB AN1__, P4000,T10, STMFA, UAN__.
ACCOUNT ACCOUNT (AN __ )

DESTINATION DEST(OUTPUT, ,AN,YURNAME)

ATTACH FILE ATTACH (A ,ANEMICORSTAT, TOSANEMI ,MF=MFA)
EXECUTE A

END OF SECTION  7/8/9
<INPUT DECK>

END OF INFORMATION 6/8/9

0 O W —
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As each device is processed, certain paramefers are stored on file (see
Section 5.2) for use in statist1¢a1 analyses or for automatic plotting. If
the user chooses to use this file, he may'do so by cataloging the local file,
IPLOT, after execution of the program. '

5.3 INPUT DECK DESCRIPTION

The structure and content of the input deck is presented in the following text.
The input deck is basically composed of three sections. In the first section,
a series of integer flags are set to define which coil technologies are to be
analyzed for how many coil sets and whether certain optional features are to

be incorporated in the sizihg analysis. "The second section contains almost ex-
clusively real data which describe the constraints on the various subsystems

of the device to be sized and reflect the engineering ground rules. In the
third and final section, unit cost data for each subsystem is input besides
economy of scale parameters for certain subsystems where applicable. The

input is described card by card-in the various tables of Section 5.0.
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- TABLE 5-1
COAST INPUT DECK -- CONTROLS AND OPTIONS

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4).

VARIABLE  DESCRIPTION/COMMENTS

CARD TYPE - FORMAT

1 I
1-6.

13-18

19-24 .

J VARIES FROM 1
ENTRIES ON EACH

2 I

ISCA . ANALYSIS OPTION
0-SIZE DEVICE ONLY
1-SIZE DEVICE AND PERFORM COST ANALYSIS

IEDIT PRINTED OUTPUT OPTION
0-FULL EDIT FOR EACH DEVICE
1-DELETE DETAILED ELECTRICAL PARAMETERS TABLES
2-ALSO DELETE POLOIDAL FIELD COIL OUTPUT TABLES
OF TRANSIENT CURRENT AND VOLTAGE DATA
3-ALSO DELETE DETAILED COST TABLE
4-SUMMARY TABLE ONLY

JT NUMBER OF INPUT DATA SETS TO PROCESS BELOW
(MAXIMUM OF 5). MOTE THAT EACH INPUT DATA SET
RESULTS IN A DEVICE FOR EVERY ITFS(I) COIL OPTION
CHOSEN AND ITFN(K) NUMBER OF COILS.
THEREFCRE (5X5X6)=150 DEVICES CAN BE PRODUCED IN
ONE RUN (SEE CARDS 27 AND 28).

JEDIT INPUT EDIT O - FULL LISTING OF INPUT VARIABLES
1 - PARTIAL LISTING THROUGH CARD 40

TO JT IN CARDS 2 THROUGH 263 SO THERE WOULD BE 1 TO 5
CARD.

ISCLO(J)  NTAU SCALED/OPERATING MODE OPTION
1-YES/BEAM DRIVEN" -
2-YES/IGNITED
3-NO/IGNITED
4-NO/BEAM DRIVEN .
SEE CARD 44 FOR NTAU SCALING MODEL INPUT. IF
NTAU IS NOT SCALED, IT IS EITHER FIXED BY INPUT
(SEE CARD 42) OR IT IS ADJUSTED FCR ENERGY BALANCE.

IPLAO(J)  PLASMA PARAMETER VARIED TO OBTAIN ENERGY BALANCE
(SEE CARD 6).
1-TAU
2-NEUTRAL BEAM POWER
3-NTAU
4-NE
5-TE

SEE FIGURE 2-4 AND TABLE 2-1

[$2)
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- DESCRIPTION/COMMENTS

CARD TYPE  FORMAT  VARIABLE
' 4 1" " IPROO(J) PLASMA TEMPERATURE AND DENSITY PROFILE
1-UNIFORM
2-PARABOLIC
3-0THER .
SEE CARD 43 FOR INPUT, IF OTHER. SEE FIG. 2-5
5 I IBALO(J)  PLASMA PARTICLE FLOW BALANCE
- 0-D* FUEL WITH NEUTRAL BEAMS ONLY
1-Dt/(D*+T+) SET BY INPUT (SEE CARD 33 AND 41)
2-0+/(D++T+)=0.5 _
6 I IONEO(J)  ENERGY BALANCE OPTION
0-BALANCE ACCORDING TO CARD 3 OPTION CHOSEN
1-BALANCE ACCORDING .TO TAU REQUIRED, ALL
ELSE FIXED
2-NO BALANCE, ONCE-THRU WITH INPUT VALUES
IF IONEO#0,IPLAQ IS SET AT 1.
7 I IDIVO(J)  DIVERTOR OPTION (SEE FIGS. 2-22 and 2-23).
0-MO DIVERTOR
1-BUNDLE
2-POLOIDAL
8 I IECSO(J)  NEUTRAL BEAM DIRECT ENERGY CONVERSION OPTION
0-NO |
1-YES
9 I INBMGO(J) NEUTRAL BEAM MOTOR-GENERATOR-FLYWHEEL
0-YES g
1-NO (AC SWITCH AND RESISTIVE LOAD DUMP)
10 I IFUELO(J) OPERATION MODE FOR TREATING PLASMA EXHAUST,
SEE FIGURE 2-21.
0-BATCH
1-CONTINUOUS
1 I IPOWCO(J) ELECTRIC POWER CONVERSION FROM HIGH GRADE HEAT
PRODUCED
0-NO
1-YES
12 I INBVIO(J) NEUTRAL BEAM VERTICAL INJECTION MODE (FOR
| INFORMATION ONLY)
0-NO, HORIZONTAL IMPLIED
1-YES, SEE CARD TYPE 112
13 I ICVPWO(J) WASTE HEAT TREATMENT OPTION FOR BLANKET, ALL

ELSE TO COOLING TOWER
0-COOLING TOWER
1-OMCE-THRU WITH DISPOSAL IN RIVER, LAKE......
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CARD TYPE

FORMAT  VARIABLE

DESCRIPTION/COMMENTS

14 .

15

16

17

18

19

20

1 ILSCO(J)

I ISHPO(J)

I IFLDO(J)

I ISTRCTO(J)
I IFLTFO(J)
I INBAO(J)

I IREFO(J)

LOAD SMOOTHING CIRCUIT FOR NEUTRAL BEAM
0-NO
1-YES
FOR IGNITION OPERATION, ILSCO=0 IS STANDARD.
FOR HIGHLY BEAM DRIVEN, ILSCO=1 IS STANDARD.

TF COIL SHAPE, SEE FIGURE 2-24.
0-D-SHAPE ACCORDING TO MOSES AND YOUNG (Ref 6)
1-CIRCULAR
2-COMPACT-D ACCORDING TO BRENNER (Ref 7)

TF COIL MAGNETIC FIELD OPTION
0-SIZE TO MAXIMUM FIELD SET BELOW (CARD 83) :
IMPLIES POSSIBLE FIELD MARGIN ON PLASMA AXIS
1-SIZE TO MINIMIZE FIELD AT COIL YET ACCOMMO-
DATE REQUIRED FIELD ON PLASMA AXIS

TF COIL STRUCTURE

0-NORMAL , STRUCTURE/CONDUCTOR RATIO FIXED
ACCORDING TO INPUT ON CARDS 85 AND 86

1-BOLTED,ST/CD RATIO CALCULATED BY SUBROUTINE
INCORPORATING RESULTS OF DETAILED ANALYSIS
OF BOLTED TFC (NO USERS' INFORMATION AVAIL.)

2-GENERAL,ST/CD RATIG CALCULATED TO ACCOMMODATE
STRAIN LIMIT AND EFFECTIVENESS FACTOR OF
STRUCTURAL MATERIAL. SEE CARD 96 FOR
SPECIFICATIONS.

REQUIRED COPPER TFC CURRENT TIME PROFILE IMPACTS
CHARGING TIME AND MGF SIZING. MODELS ACCOUNT
FOR CURRENT IN COILS TO INCREASE FROM 0.0 TO
RATED AMPERES IN THIS MANNER

0-EXPONENTIALLY

1-LINEARLY

2-LN2 COOLED TFC, THEREFORE, LITTLE RESISTIVE

HEATING TO ACCOUNT FOR

EVALUATE NEUTRAL BEAM ACCESS REQUIREMENT IN
SIZING OQUTER LEG OF TFC

0-YES

1-NO
IF NO, NB ACCESS IS IGNORED IN TF SIZING.

POLOIDAL FIELD COIL OPTION (FIGS. 2-28 and 2-29)
1-INSIDE PFC, SCALE REF SOLENOIDAL APPROXI-
MATION WRT OTHER DEVICE COMPONENTS
2-REF PFC SYSTEM SPECIFIED BY INDUCTANCES
AND RESISTANCES, NO SCALING AT ALL
3-GENERAL, READ COIL LOCATIONS OF REF (SEE
CARD -23,24).
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CARD TYPE FORMAT ~ VARIABLE  DESCRIPTION/COMMENTS _

4-GENERAL, READ COIL LOCATIONS AND EVALUATE
SYSTEM WITH NO SCALING OF CURRENT RATIO
EF/PLASMA

) I ICURO(J)  EQUILIBRIUM FIELD COIL CURRENTS
' 0-BALANCE, VECTOR SUM OF POLOIDAL AND PLASMA
CURRENTS = 0.0

1-RATIO THE INSIDE, DIVERTOR, AND OQUTSIDE EF
COIL CURRENT PROFILES TO THE PLASMA CURRENT
(SEE CARD 105).

22 I ISELFO(J)  EF SOLENOID HEIGHTS (EFFECTIVE)
0-CALCULATE (USE INTERNAL MODEL)
1-RATIO BY FRACTION OF DIVERTOR COIL HEIGHT
ABOVE MIDPLANE FOR INSIDE AND OUTSIDE EF
(SEE CARD 106).
ISELFO USED OMLY WHEN IREFO=1(SEE FIG. 2-29).

23 I ILOCO(J) EF COIL LOCATION WRT POSITION OF OTHER DEVICE
COMPONENTS (FOR IREF=3 OR 4) BLANK CARD
OTHERWISE (SEE FIG. 2-28)
C-INSIDE TFC
1-0UTSIDE TFC
2-FIXED LOCATION AND CURRENT

24 I ISCEFO(J)  SUPERCONDUCTING EF
. 0-YES
1-NO, COPPER ASSUMED
25 1 ISCOHO(J)  SUPERCONDUCTING OH
‘ ‘ . 0-YES

1-NO, COPPER ASSUMED

26 1 IDC00(J) DIVERTOR TYPE COIL SCALING FOR EF COILS IN "D"
GROUP (FOR IREF=3)
0-NO, ONLY PRESERVE VERTICAL FIELD :
1-YES, ALSO PRESERVE SPECIFIED DIVERTOR NULL

I VARIES FROM 1 TO 5 WRT TF COIL SYSTEM IN THE FOLLOWING CARD.

27 I ITFS(1) DEVICE AND TF COIL SYSTEMS TO BE SIZED IN THIS
RUN FOR
I=1 TNS WITH COPPER TFC
2 TNS WITH NbTi TFC
3 TNS WITH Nb3Sn TFC
4 TNS WITH HYBRID TFC (COPPER INSIDE TFC,
NbTi QUTSIDE TFC)
5 DEVICE WITH A BLANKET AND WITH Nb3Sn TFC
SET FLAG ITFS(I) TO CHOOSE
0-NO ANALYSIS .
1-YES, ANALYZE THIS TYPE DEVICE AND COIL
SYSTEM (See Reference 9)
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CARD TYPE  FORMAT  VARIABLE  DESCRIPTION/COMMENTS

K VARIES FROM 1 TO 6 .WRT THE NUMBER OF COILS IN TF SYSTEM IN THE FOLLOWING -
CARD ‘ : ' '

28 I ITFN(K) NUMBER OF TF COILS TO BE CONSIDERED IN SIZING
| | TOKAMAK
FOR K=1 12 TF COILS
. 14 TF COILS
16 TF COILS
18 TF COILS
20 TF COILS
6 24 TF COILS :
SET FLAG ITFM(K) TO CHOOSE
0-NO ANALYSIS OR
1-YES, ANALYZE THIS COIL SYSTEM

2
3
4
5

37-42 ITFNP OVERRIDE NUMBER OF TF COILS IN MODEL
0-USE ITFN CHOICES MADE
P-OVERRIDE ONE TOKEN ITFN(K)=1 WITH P COILS
e.g., 21 COILS MAY BE CHOSEN TO BE SIZED
AS COMPACT-D USING THE GENERAL CRITERIA
FOR STRUCTURE-TO-CONDUCTOR RATIO TO
ACCOMMODATE STRAIN LIMIT, ETC.

29 I

1-6 ~ NINO NUMBER OF TIME INTERVALS TO BE USED DURING
IONIZATION PERIOD OF START-UP IN EVALUATING
PFC CURRENT AND VOLTAGE PROFILES WRT TIME
(SEE FIGURES 2-7 AND 2-8)

7-12 NIN NUMBER OF TIME INTERVALS DURING IMITIATION
PERIOD. USE 9

13-18 NSU NUMBER OF INTERVALS DURING START-UP PERIOD
: WHERE NINQ + NTN + NSU + 6 < 50.
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TABLE 5-2

COAST INPUT DECK -- PLASMA AND PLASMA OPERATING DATA

Only two input formats are used.

An I is entered in the format column of the

table for (1216); while an E indicates (6E12.4). For the COAST logic and cal-
culational considerations see Figures 2-3 thru 2-6. '

CARD TYPE  FORMAT

VARIABLE

DESCRIPTION/COMMENTS

J VARIES FROM 1 TO JT IN CARDS

30 E
31 E

CARD TYPE 32 ONLY REPEATED FOR

COIL SYSTEM.

32 E
33 E
34 E
35 E
36 E
37 - - E
38 E
39 E
40 E
41 . E

=12

13-24

25-36

37-48

A{J)

BT(J)

ASP(1,J)
EDEN(J)

ELG(J)
TPL(J)
PLP(J)
PLR(J)
PNBM(J)
NA(J)
ABSQ(J)
TE

TI

NE

ND

"BETA LIMIT CONSTANT SUCH THAT g=(ABSQ/ASP)/Q

30 THROUGH 40.
PLASMA MINOR RADIUS (M)

FIELD ON AXIS(T)
EACH ITFS(I)-= 1 IN ASCENDING I,I=1,5 WRT TF

ASPECT RATIO(-)

MULTIPLICATIVE COEFFICIENT FOR VARYING PLASMA
ELECTRON DENSITY AND CORRESPONDING ION DENSITY

~ FOR EACH J CASE. 1IN GENERAL, USE 1.0 FOR EACH J.

VARY ELONGATION ACROSS J. IN GENERAL, USE1.0's.

VARY PLASMA TEMPEPATURE ACROSS J. IN GENERAL,
USE 1.0"s.

VARY PULSE LENGTH ACROSS J. IN GENERAL, USE
1.0's,

VARY REPETITION INTERVAL ACROSS J. IN GENERAL,
USE 1.0's. .

VARY NEUTRAL BEAM POWER IN BEAM-DRIVEN OPTIONS
(SEE CARD 2) ACROSS J. IN GENERAL, USE 1.0's.

SCALING LAW PROPORTIONALITY CONSTANT (SEE CARD
44).

2
(0 IS INPUT IN CARD 42)

EFFECTIVE ELECTRON TEMPERATURE (KeV)
TYPICALLY 5. TO 15.

EFFECTIVE ION TEMPERATURE (KeV)
TYPICALLY 5. TO 15.

AVERAGE ELECTRON DENSITY (PARTICLE-m—3) (~1.E20)
AVERAGE DEUTERON DENSITY (PARTICLE-m-3)



CARD TYPE FORMAT  VARIABLE DESCRIPTION/COMMENTS

49-60  NT 'AVERAGE TRITON DENSiTY (PARTICLE-m™3)
61-72 - DEL - PLASMA ELONGATION(-) 1.6 FOR TNS,DTHR.
42 - E : -
1-12  NTAU INITIAL VALUE OF ELECTRON DENSITY TIMES ELECTRON
CONFINEMENT TIME,ORDER OF 1.E+20. (s-m-3)
13-24 Q PLASMA STABILITY FACTOR (-) USED IN DEFINING

PLASMA CURREMT, ENERGY LOSSES, AND BETA.
TYPICALLY 2.5 TO 3.

25-36 BCON " BETA LIMIT CONSTANT(-) IF BCON IS NEGATIVE, BETA
. IS SET TO |BCON|; OTHERWISE JUST AS INDICATED
‘ FOR CARD 40.
37-48 ZEFF EFFECTIVE PLASMA ION CHARGE(-) TYPICALLY 1 FOR

PURE PLASMA. IMPACTS NEUTRAL BEAM REQUIREMENTS
AND PLASMA EMERGY RADIATION LOSSES.

49-60 1l IMPURITY ION CHARGE STATE(-), e.g., 26 FOR IRON,
IMPACTS PLASMA ENERGY LOSSES.
61-72 QNBO NEUTRAL BEAM Q FOR BEAM-PLASMA FUSION

0-CALCULATE
P-SET TO POSITIVE VALUE INPUT HERE

43 £
1-12 XPR(1,3 PROFILE FACTOR ON TEMPERATURE

)

13-24  XPR(2,3) PROFILE FACTOR ON NE-TE

25-36  XPR(3,3) PROFILE FACTOR ON SIGV
)

37-48 ° XPR(4,3 PROFILE FACTOR ON BREM
1.0 IMPLIES CONSTANT DISTRIBUTION ACROSS PLASMA
(SEE CARD 4) (SEE FIGURE 2-6)

49-60 EPS STEP SIZE ON PLASMA EMERGY BALANCE iTERATION.
TYPICALLY 0.01
61-72 PCON PARTICLE CONFINEMENT MULTIPLICATIVE CONSTANT

GENERALLY 1.0, USE TO ALTER.RATIO PARTICLE ‘
CONFINEMENT TIME RELATIVE TO ENERGY CONFINEMENT

TIME.
44 E
1-12  ESCI ESC1 THROUGH ESC6 ARE EXPONENTS ON VARIABLES
13-24  ESCO IN DEFINING SCALING LAW FOR neTe SUCH THAT
nt = NA(J) - PROPORTIONALITY CONSTANT
25-36  ESC3 €& NF**£SC1  ELECTRON DENSITY
3748 ESCA *(A(J)*S)**ESC2 EFFECTIVE MINOR RADIUS
* Q**ESC3  SAFETY FACTOR
49-60  ESCS * BTF**ESC4 B FIELD ON PLASMA AXIS
61-72  ESCE *ASP(1,J)**ESC5 ASPECT RATIO
» * - TE**ESC6  ELECTRON TEMPERATURE

WHERE S IS SHAPE FACTOR=0.5(1.+ELONGATION)
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CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS
P - :
1-12 TTIO TIME TO COMPLETE PLASMA IONIZATION(s)
SEE FIGURES 2-7 AND 2-8
13-24 TTI TIME TO COMPLETE PLASMA INITIATION(s)
25-36 TTSU TIME TO COMPLETE PLASMA' START-UP(s)
37-48 THEAT TIME FROM START OF NB TO STEADY STATE(s)
49-60 PULSE STEADY STATE BURN TIME(s)
61-72 TDOWN PULSE DOWN TIME(s)
46 E - ,
1-12 TINB MAXIMUM TIME TO OPERATE NB FOR POWER ADVANTAGE
) GENERALLY TINB=TNB (CARD 47)
13-24 TFRNB1 RATIO OF FIRST TIME SEGMENT OF NEUTRAL BEAM
INJECTION OVER TOTAL TIME OF NBI. SEE FIGURE 2-7
25-36 TFRNB2 - RATIO OF INTERMEDIATE TIME SEGMENT OF NEUTRAL
BEAM INJECTION OVER TOTAL TIME OF NBI. IMPLIES
THAT RATIO FOR FINAL TIME SEGMENT OF NBI IS
(1.-TFRNB1-TFRNB2)
37-48 TFCT RATIO OF START TO TOTAL EXCURSION TIME. SEE
FIGURE 2-7
49-60 EFR TOTAL ENERGY RELEASE PER FUSION EVENT ACCOUNTING
A FOR SECONDARY REACTIONS IN SHIELD (MeV)
61-72 RLI PLASMA INTERNAL INDUCTANCE TERM USED TO REFLECT
‘ GEOMETRIC PROFILE OF CURRENT
0.0-SKIN CURRENT
0.5-UNIFORM DISTRIBUTION
0.9167-PEAKED DISTRIBUTION
47 E
1-12 PRV1 PLASMA RESISTIVITY DURING HEATING (uq-m)
13-24 PRV2 PLASMA RESISTIVITY DURING STEADY STATE BURN (nQem)
25-36 PNB NEUTRAL BEAM POWER FACTOR (MW) (COUPLED WITH PNBM
IN CARD 38, THE NEUTRAL BEAM POWER CAN BE VARIED
ACROSS J DEVICES AND IS FOR BEAM-DRIVEN OPTIONS
ONLY)
37-48 ENB REFERENCE NEUTRAL BEAM ENERGY (keV) IF ENB IS
ENTERED AS A NEGATIVE NUMBER, THE NEUTRAL BEAM
ENERGY IS FIXED TO THE ABSOLUTE VALUE OF THAT
MEGATIVE NUMBER
49-60 TNB PULSE DURATION FOR NEUTRAL BEAM DURING PLASMA
START-UP(s) (SEE FIGURE 2-7)
61-72 NAZCON NEUTRAL BEAM ENERGY SCALING IS DIRECTLY PROPOR-

TIONAL TO ION DENSITY, MINOR RADIUS AND Zeff OF
PLASMA, e.g., ne a Zeff=3.E+20 FOR 350 keV,

- WHERE ENB=350

5-10



"CARD TYPE

FORMAT

VARIABLE

DESCRIPTION/COMMENTS

48

49

1-12

13-24

25-36

37-48

49-60

61-72

1-12

13-24

25-36
37-48
49-60

61-72

TEIL

TCONST

FIDR

TEIN

FCTR

PNBH

QIN
AK

RESTY
EO
IPSU

IPSU2

PLASMA STARTING TEMPERATURE LIMIT (eV). MESSAGE
PRINTED IF TEMPERATURE NOT ACHIEVED BY PLASMA .
DURING IONIZATION.

STARTING CONFINEMENT FACTOR(-). FACTOR IN DETER-
MINING PLASMA TEMPERATURE DURING IONIZATION, '

FRACTION OF IZR LOST DURING IONIZATION. THE
BALANCE CONTRIBUTES TO HEATING OF PLASMA.

PLASMA INITIATION TEMPERATURE (eV) AT THE END OF

-OHMIC HEATING PERIOD

FLUX CONSERVING TOKAMAK CURRENT RATIO TO MOW-FCT
MODE(-) SCALED BY B TO GET EFFECTIVE RATIO OF
FCT/NON-FCT CURRENT, i.e., FCTR g-0.012

: 0.15-0.012

NEUTRAL BEAM POWER REQUIRED FOR HEAT-UP OF
PLASMA (MW). IF ENTERED AS. NEGATIVE. NUMBER, THE
ABSOLUTE OF THE VALUE ENTERED WILL OVERRIDE

~ START-UP BEAM POWER CALCULATED DURING HEAT-UP

PHASE; OTHERWISE, NB POWER IS PROPORTIONAL TO
R0°T,i AND PNBH IS A PROPORTIONALITY CONSTANT

STABILITY FACTOR DURING INITIATION(-). IMPACTS
PLASMA INITIATION CURRENT AND PLASMA TEMPERATURE

RATIO OF START-UP PLASMA RADIUS TO FINAL RADIUS,
a(J), DURING STEADY STATE(-). AK=1 IMPLIES A
FULL RADIUS START-UP

SPITZER RESISTIVITY CONSTANT (ﬁQ-m-eV
PLASMA BREAKDOWN FIELD (V-m-])

PLASMA CURRENT RATIO (NON-FCT/CURRENT AT END OF
START-UP PERIOD) (-)

RATE OF CHANGE IN PLASMA CURRENT DURING NEUTRAL
BEAM INJECTION (IPSU+IPSU2=1.0) DUE TO FLUX CON-
SERVATION AT HIGH-BETA, THE PLASMA MAY UNDERGO
A CURRENT CHANGE DURING NB HEATING. IPSU+IPSU2
ALLOW THE CHANGE TO BE TAILORED (SEE FIG. 2-7).
GENERALLY IPSU=1, IPSU2=0
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TABLE 5-3

COAST INPUT DECK -- DEVICE OPERATING DATA

Only two -input formats are used.

An I is entered in the format column of the

~ table for (1216); while an E indicates (6£12.4).

CARD TYPE ~ FORMAT ~ VARIABLE  DESCRIPTION/COMMENTS
50 E
1-12  REP 'PULSING CYCLE LENGTH(s)
"13-24  PULST FLAT-TOP TIME FOR Cu TF(s)
25-36  AFPP ANNUAL NUMBER OF FULL D-T POWER PULSES(-)
. 37-48  TFPP TOTAL NUMBER OF FULL D-T POWER PULSES DURING
| DEVICE LIFETIME(-) USED TO CALCULATE THE
RADIATION DOSE TO COILS
51 E 4
1-12  OHRD OPERATING HOURS PER DAY
13-24  ODAYW OPERATING DAYS PER WEEK
25-36

DTIM

FRACTION OF SCHEDULED OPERATING HOURS IN
DOWN TIME '



TABLE 5-4

COAST INPUT DECK -- TOKAMAK SIZING PARAMETERS

- Only two input fofmats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4).

CARD TYPE FORMAT

VARIABLE

DESCRIPTION/COMMENTS

5-4.1 VACUUM VESSEL SYSTEMS

52 E
1-12

13-24

25-36
37-48

49-60

61-72

53 E

25-36

37-48

49-60

61-72

VWO
VWE

DLL

SLL
SFVV

EF

PPER
SPUMP
SPS
DDIV

WDIV

ARDIV

VACUUM VESSEL THICKNESS COEFFICIENT(m)

VACUUM VESSEL THICKNESS EXPONENT TERM(-),
i.e., VV ZONE THICKNESS = VWO*A(J)**VWE

PLASMA LINER/LIMITER SPACE(m)

FRACTIONS OF VACUUM VESSEL SURFACE OCCUPIED BY
LINER/LIMITER STRUCTURE AND/OR MATERIAL(-),
e.g., SLL=0.25 FOR TNS

SOLID FRACTION OF VACUUM VESSEL(-).  USED TO
ACCOUNT FOR COOLANT CHANNEL, ETC AND IN EVALUAT-
ING MASS OF VACUUM VESSEL.

COEFFICIENT -FOR CALCULATING EFFECTIVE VACUUM
VESSEL SURFACE AREA(-), e.g., ACCOUNT FOR
BELLOWS.EF =1, IMPLIES NO BELLOWS. .

FRACTION OF TOTAL FUSION POWER DEPOSITED IN THE
VACUUM VESSEL(-) BY NEUTRONS. BALANCE HANDLED
IN BLANKET AND SHIELD COMPONENTS.

VACUUM VESSEL AREA PER HIGH VACUUM PUMP UNIT
(m). USED IS ESTIMATING NUMBER OF PUMPING
STATIONS.

SPECIFIC PUMPING SPEED AT THE TORUS QF HIGH
VACUUM PUMPS PER UNIT AREA (L-s-1.m=2). USED
IN COSTING THE VACUUM SYSTEM.

POLOIDAL DIVERTOR VERTICAL SPACE REQUIRED (m)
USED IF IDIVO(J) =2 FOR SOME J; OTHERWISE,
VARIABLE IGMORED. TMPACTS TFC VERTICAL SIZING.

DIVERTOR HORIZONTAL SPACE REQUIRED(m). USED IF
IDIVO(J) =2 FOR SOME J; OTHERWISE IGNORED.

USED TO CALCULATE APPROXIMATE SURFACE AREA OF
POLOIDAL DIVERTOR COMPONENT. (SEE FIG. 2-13)

DIVERTOR CROSS-SECTIONAL AREA (mz). USED TO
CALCULATE VOLUME OF POLOIDAL DIVERTOR.



CARD TYPE FORMAT VARIABLE DESCRIPTION/COMMENTS .

5-4.2 BUNDLE DIVERTOR PARAMETERS (SEE FIGURE 2-22)

54 E IF IDIVO(J)=1 FOR SOME J, THEN COMPLETE CARD 54,
OTHERWISE, BLANK CARD
1-12 DVCRO COMPOUND PUMP AREA FOR BUNDLE DIVERTOR (m2)
HANDLES HYDROGEN AND INERT He GASES

13-24 DVZA "TARGET PUMP AREA OF BUNDLE DIVERTOR (mZ.MW-1)
i HANDLES THERMAL LOAD IN BUNDLE DIVERTOR

25-36° - DVSV SECONDARY VACUUM SYSTEM PUMPING SPEED (g2-s-1)
PUMP EMPLOYED IN VACUUM START-UP AND REGENERA-
TION OF COMPOUND PUMPING SYSTEM

55 E A IF IDIVO(J)=1 FOR SOME J, COMPLETE CARD 55,
: OTHERWISE, BLANK CARD
1-12 DVHT BUNDLE DIVERTOR CHAMBER HEIGHT(m)

13-24  DVWT . BUNDLE DIVERTOR CHAMBER WIDTH(m)

25-36 pvoT BUNDLE DIVERTOR CHAMBER DEPTH(m)

37-48 DVWA BUNDLE DIVERTOR CHAMBER WALL THICKNESS(m)
56 E : :

- 1-12 PPERA PERCENTAGE OF ALPHA POWER TO WALL TO BE HANDLED

BY DIVERTOR (%) (OBSOLETE VARIABLE)
13-24 Fdw WALL LOADING FACTOR(-) USED TO ACCOUNT FOR

INCREASED WALL LOADING IN DTHR DUE TO BACKSCATTER
FROM BLANKET INTERACTIONS. FOR DTHR ESTIMATED TO
BE 1.1. IMPACTS SIZING OF SHIELD COMPONENTS
NEAREST THROAT OF TORUS.

IF IDIVO(J) = 1 FOR SOME J INCLUDE FOLLOWING CARDS; OTHERWISE, SKIP TO
CARD TYPE 65. (SEE FIGURE 2-22 FOR GEOMETRY)

57 I |
‘ 1-6 I0PR BUNDLE DIVERTOR DEFINITION OPTION
0-DETAILED MODEL, IMPACTS CARDS 60,61,62
1-GENERAL MODEL (USE IOPR=1)

7-12 IBOP - BUNDLE DIVERTOR PRINT OPTION (OBSOLETE VARIABLE)

13-18 ICBD CLEARANCE OPENING OPTION
0-NO MINTIMUM- REQUIREMENT
1-DOPR MINIMUM CLEARANCE (SEE CARD 64)
(USE ICBD=0)
58 E

1-12 BTNR REFERENCE NULL B-FIELD(T) TO BE CANCELLED BY
DIVERTOR FIELD



CARD TYPE  FORMAT - . VARIABLE  DESCRIPTION/COMMENTS :
- © 13-24  CBDR REFERENCE BUNDLE DIVERTOR COIL CURRENT(MA-TURN)
25-36  DNULL RADIAL DISTANCE FROM NULL TO VACUUM VESSEL(m)
37-48  CDEN CONDUCTOR CURRENT DENSITY(MA-m-2)
49-60  DDWB 'BUNDLE DIVERTOR DEWAR SPACE(m)
61-72  DDWBT BD DEWAR WALL THICKNESS(m)
59 E
1-12 - DSH1 THICKNESS OF BD SHIELD 1 FACING DIVERTED PLASMA
' EXHAUST(m). SEE FIGURE 2-22
13-24  DSH2 THICKNESS OF BD SHIELD 2
25-36  DSH3 THICKNESS OF BD SHIELD 3
37-48  DELBD BUNDLE DIVERTOR COIL ELONGATION(-).
49-60  DAGBD ACCESS GAP THICKNESS(m). SEE FIGURE 2-22
61-72  TBD ANGLE OF DIVERTOR COIL(DEG). SEE FIGURE 2-22
IF I0PR = 1, CARDS 60,61,62 CAN BE BLANK BUT MUST STILL BE INCLUDED IN DECK
60 E (WBD(L),  COIL BOBBIN LENGTH(m)
L=1,5)
61 I (NBD(L)  NUMBER OF BOBBINS PER SECTION(-)
L=1,5) -
62 I (NTPB(L),  NUMBER OF TURNS PER BOBBIN(-)
L=1,5) |
63 3 |
1-12 WBOB BOBBIN WIDTH(m) ,
13-24  WEDI COIL THICKNESS AT ERONT END(m)
25-36  WBD2 COIL THICKNESS AT BOL2(m)
37-48  BDL2 COIL RADIAL THICKNESS(m)
49-60  TARBD CROSS-SECTIONAL AREA OF EACH TURN(m2)
61-72  SCBD BD COIL STRUCTURE TO CONDUCTOR RATIO(-)
64 3 »
1-12  DOPR DIVERTOR CLEARANCE REQUIRED FOR PLASMA

CHANNEL (m)



CARD TYPE FORMAT

VARIABLE

DESCRIPTION/COMMENTS

5-4.3 SHIELDING SYSTEM (SEE REFERENCE 12)

€5 E

1-12 -

13-24

25-36 -

37-48

49-60

66 - E

13-24

25-36

37-48

49-60

61-72

SHLDCI

SHLDC?2

SHLDC3

SHLDC4

DST2

DPB

WLL
PNTF

DEF

DENSH

DENB

FNEUI

MULTIPLICATIVE CONSTANT IN SIZING THICKNESS OF
INNER SHIELD REGION(ASI). SEE REFERENCE 12,
PAGE 3-9 FOR MODEL. USE 0.08095.. IF A NEGATIVE

- VALUE IS ENTERED, THE SIZING CALCULATION IS

IGNORED AND AST IS FIXED TO THE ABSOLUTE VALUE

. OF THE NEGATIVE ENTRY.

MULTIPLICATIVE CONSTANT IN ARGUMENT-OF NATURAL
LOG FUNCTION IN SIZING MINIMUM SHIELD THICKNESS
OF SHIELD (AST) FOR SUPERCONDUCTING TFC.

USE 14.6. :

MULTIPLICATIVE CONSTANT IN ARGUMENT OF NATURAL

LOG FUNCTION IN SIZING OF INNER SHIELD(ASI).
USE 5.6E+5.

MULTIPLICATIVE CONSTANT IN SIZING MINIMUM SHIELD
THICKNESS AST FOR SUPER CONDUCTING TFC. USE
0.08095. IF A NEGATIVE VALUE IS ENTERED, THE
SIZING CALCULATION IS IGNORED AND AST IS FIXED
TO THE ABSOLUTE VALUE OF THE NEGATIVE ENTRY.

TOTAL SHIELD THICKNESS(m). ACCOUNTS FOR DIS-
CONTINUITY IN OQUTER SHIELD DUE TO ENGINEERING
DESIGN IN CALCULATING SHIELD VOLUME. SETS MIN-
IMUM THICKNESS FOR SHIELD BETWEEN TF COILS

LEAD SHIELD THICKNESS(m)

WALL LOADING LIMIT(MW-m=2) MESSAGE PRINTED IF
EXCEEDED.

TF MAXIMUM TIME AVERAGED NUCLEAR HEATING RATE
(kW) USED IS CALCULATING SHIELDING THICKNESS.

EF COIL INSULATION MAXIMUM ALLOWABLE DOSE(RAD).
USED IN CALCULATING SHIELDING THICKNESS.

SHIELD DENSITY(kgem-3) USED IN CALCULATING
SHIELD MASS.

BLANKET DENSITY(kg-m-3) USED IN CALCULATING

BLANKET MASS.

FRACTION OF NEUTRON POWER DEPOSITED IN INNER
SHIELD(-) APPLIES IF I=5, TYPICALLY 0.333.

IF ITFS(5) =1 INCLUDE THE FOLLOWING CARDS; OTHERWISE, SKIP TO CARD TYPE 79.



CARD TYPE - FORMAT - VARIABLE

" DESCRIPTION/COMMENTS

5-4.4
67

68

69-74

75

76

BLANKET SYSTEM (SEE

E

1-12
13-24

25-36

37-48

49-60

61-72

(TOUT(L

AMU
FAPFN

WCFF

TAPFN

WCFT

PPM

)
L=1,6)

FIGURES 2-18 AND 2-19)

REGIONlTHICKNESS(m) FOR UP TO SIX REGIONS IN
OUTER BLANKET/SHIELD LOCATION. IN GENERAL,

SPACE IS ALLOWED FOR THE FOLLOWING SIX GENERAL

REGIONS, BUT THESE ARE SUBJECT TO THE USER'S
REDEFINITION. '
L=1-STRUCTURE

2-FUEL BREEDING

3-TRITIUM BREEDING

4-REFLECTOR

5-SHIELD

6-MANIFOLD
SEE FIGURE 2-18

"REGION VERTICAL GAP ALLOWED(m). IMPACTS SIZING

OF TFC WITHOUT CONTRIBUTING TO VOLUME (AND MASS)
OF ZONE IN COSTING MODEL (SEE FIG. 2-18)

VOLUME FRACTION OF BLANKET/SHIELD MATERIALS.

MAXIMUM OF SIX MATERIALS PER REGION. ENTER ONE
CARD PER REGION FOR SIX REGIONS. SEE CARD TYPE

151 FOR COSTS. MAINTAIN CONSISTENCY IN MATERIAL
ASSIGNMENT WITH RESPECT TO COST COEFFICIENTS.

POWER MULTIPLIER BY B/S REGION(-). ENTER 1.0 .
IF NONPOWER PRODUCING; ENTER >1.0TO REFLECT

MULTIPLICATION IN BREEDING BLANKETS AND RAD-
IATION SHIELDING.

ATOMIC WEIGHT OF FISSILE FUEL(AMU)

NUMBER OF FISSILE ATOMS PRODUCED PER FUSION
NEUTRON ENTERING BLANKET(-)

WALL COVERAGE FRACTION OF FISSILE ZONE(-). IF
WCFF=1, THE FRACTION OF NEUTRONS ENTERING THE
BLANKET IS (1-FNEUI)

NUMBER OF TRITONS PRODUCED PER FUSION NEUTRON
ENTERING BLANKET(-)

WALL COVERAGE FRACTION OF TRITIUM BREEDING
ZONE(-), IF WCFT=1, THE FRACTION OF NEUTRONS
ENTERING THE TRITIUM BREEDING BLANKET IS FNEUI.

PEAK-TO-AVERAGE POWER MULTIPLIER(-). USED IN
SIZING THE BLANKET HEAT EXCHANGERS AND HEAT
DISSIPATION SYSTEMS. NOT USED IN OBTAINING
ELECTRICAL OUTPUT FROM BLANKET. .



CARD TYPE = FORMAT  VARIARLE DESCRIPTION/COMMENTS
77 I . -
; 1-6 IB ZONE NUMBER OF FISSILE BLANKET(1<IB<6)
7-12 ISH ZONE NUMBER OF SHIELD REGION(IB<ISH<6)
78 E
1-12 TCVEFF FOR BLANKET TURBOGENERATOR POWER CONVERSION
EFFICIENCY(-), e.g., 0.9.
13-24 - TCEFF1 FOR BLANKET, CONSTANT IN LINEAR EQUATION FOR
: OVERALL THERMODYNAMIC CYCLE EFFICIENCY FOR
STEAM GENERATOR AS IN
1o = TCEFF1+TCEFF2*TC
WHERE TC IS WORKING FLUID TEMPERATURE FOR
_ | BLANKET. SEE REFERENCE 13 |
25-36 TCEFF2 FOR BLANKET, COEFFICIENT. DESCRIBED ABOVE
37-48 TEMPC TEMPERATURE OF WORKING FLUID IN BLANKET(K)
49-60 QLTH HEAT EXCHANGED IN PREHEATERS (kW)
79 E | ‘
1-12 TCET ALL OTHER SYSTEMS, TURBOGENERATOR POWER CON-
VERSION EFFICIENCY( )
13-24 TCE1 ALL OTHER SYSTEMS, CONSTANT IN LINEAR EQUATION
' FOR OVERALL THERMODYNAMIC. EFFICIENCY FOR STEAM
GENERATORS AS IN
no = TCET+TCE2*TCMIN (OR TC,system)
25-36 TCE2 ALL OTHER SYSTEMS, COEFFICIENT DESCRIBED ABOVE
37-48 TCMIN MINIMUM TEMPERATURE OF WORKING FLUID FOR USE
IN ELECTRIC POWER CONVERSION SYSTEM(K) USED IF
IPOWC.EQ.1; IGNORED OTHERWISE.
80 3 o 4
1-12 TCDIV TEMPERATURE OF DIVERTOR COOLANT(K)
13-24 TCVV TEMPERATURE OF VACUUM VESSEL COOLANT(K)
25-36 TCSH TEMPERATURE OF SHIELD COOLANT(K)
37-48 TCSHB TEMPERATURE OF QUTER SHIELD COOLANT(K)
49-60  TCNB TEMPERATURE OF NEUTRAL BEAM DUMP COOLANT(K)



CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

' 5-4.5 TF COIL SYSTEM (SEE FIGURE 2-26)

éAXARIES FROM 1 TO 5 WRT TF COIL SYSTEM IN THE FOLLOWING CARDS THROUGH
D 95. :

81 . E PF(I1) TF COIL PACKING FACTOR(-) FOR THE TF COILS TO
' ' ACCOUNT FOR INSULATION AND COOLANT HOLES IN .
CONDUCTOR MATRIX AND USED IN CALCULATING THE
CONDUCTOR MASS AND VOLUME

82 E EP(I) PERCENT RIPPLE (% PEAK TO AVERAGE) ON INNER
LEG OF S/C TFC TO ACCOUNT FOR DISCONTINUITY OF
CONDUCTOR DUE TO DEWAR, ETC.
IMPACTS TFC SIZING SINCE THE MAXIMUM FIELD AT
THE TFC -INNER SURFACE IS ADJUSTED TO ACCOUNT
FOR THIS FACTOR.

61-72 EPCU PERCENT RIPPLE ON INNER LEG OF HYBRID COPPER
COIL OF TNS-5.
83 E BCM(TI) MAXIMUM ALLOWABLE FIELD AT INNER SURFACE OF
: INNER LEG OF TFC(T)

61-72 BCUP MAXIMUM ALLOWABLE FIELD OF INNER SURFACE OF
INNER LEG OF COPPER HYBRID TFC OF TNS-5(T).

84 E co(I) CURRENT DENSITY IN TFC OVER CONDUCTOR AREA
. (MA+m~2)
61;72 CcDCU CURRENT DENSITY IN TFC FOR COPPER HYBRID COIL

OF TNS-5 (MA-m=2)-

85 E SuP(1) FOR Cu TFC: RATIO OF AREA OF INSULATION PLUS
COOLANT HOLES TO AREA OF CONDUCTOR(-). IF
(ISTRUCT-EQ.0) FOR S/C TFC: RATIO OF AREA OF

STRUCTURE TO AREA OF CONDUCTOR WHERE INSULATION
AND COOLANT HOLES ARE INCLUDED IN STRUCTURE

AREA(-)

61-72 SUPCU RATIO OF AREA OF INSULATION PLUS COOLANT HOLES
T0 AREA)OF CONDUCTOR FOR COPPER HYBRID COIL O
TNS-5(- :

86 E SUP1(I)°  COEFFICIENT IN EXPRESSION TO CALCULATE AREA OF
. STRUCTURE TO CONDUCTOR FOR COPPER COILS.
ACCOUNTS FOR COIL DIMENSION AND HOOP STRESS.



CARD TYPE  FORMAT  VARIABLE  DESCRIPTION/COMMENTS
SEE REFERENCE 1, p. 3-26. USE 0.594
FOR S/C TFC, USE 0.0
61-72  SUPCUI COEFFICIENT FOR COPPER HYBRID TFC OF TNS-5
USE 0.594.
87 E PRIP(I) PERCENT RIPPLE (% PEAK-TO-PEAK) ON OUTER EDGE
OF PLASHA - '
88 £ TFCUR(I)  CURRENT PER TFC TURN (MA-Turn-1)
89 £ TFTPB(I)  NUMBER OF TURNS PER BOBBIN FOR TFC (-)
90 E TFCPS(I)  NUMBER OF CONDUCTORS PER SLOT FOR TFC(-)
91 E APLN2(1)  LIQUID NITROGEN REFRIGERATION LOAD (MW-m-2)
92 E PP(I) ~  IDEAL He PUMPING POWER (kW-CONDUCTOR-!.m~!)
93 E DTBATH(I)  TEMPERATURE DIFFERENCE BETWEEN TFC AND BATH (K)
94 £ QACKJ(I) - SUPERCONDUCTING AC LOSSES PER PULSE (KJ) FOR
Cu, USE 0.0
95 E ASACF(I) .  STRUCTURE TO CONDUCTOR MULTIPLICATIVE MODIFIER
: (-). USUALLY 1.0 FOR S/C TFC
96 3
1-12  FHMAX RATIO OF HEIGHT OF STRAIGHT SECTION OF INSIDE
LEG TO MAXIMUM HEIGHT OF COMPACT BRENNER COIL
(-) USUALLY 0.0 (i.e., NO STRAIGHT SECTION)
13-24  STLIF STRAIN LIMIT FRACTION FOR S/C TFC(-). IMPACTS
CALCULATION OF AREA OF STRUCTURE TO CONDUCTOR
RATIO IF INSTRCTO(J).EQ.2; SEE CARD 17.
25-36  EASAC EFFECTIVENESS FACTOR FOR S/C TFC STRUCTURE TO
HANDLE STRAIN(-). FUNCTION OF STRUCTURAL WEB
THICKNESS. IF EASAC=1.0, STRUCTURE IS 100%
EFFECTIVE; GENERALLY EASAC<1.0
37-48 M YOUNG'S MODULUS FOR TFC CONDUCTOR (MN.m~2)
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VARIABLE

“CARD TYPE FORMAT DESCRIPTION/COMMENTS
49-60 EPSTF e, INCREMENTAL STEPS IN ROUTINE OF SIZING
COMPACT BRENNER COIL. USE 0.005 '
61-72 TCLM S/C TF COIL TEMPERATURE(K)
0-CALCULATE (SEE FIGURE 2-27)
P-SET EQUAL TO POSITIVE ENTRY
97 E ‘ .

1-12 DDW TOTAL WIDTH OF DEWAR STRUCTURE OUTSIDE TFC(m)
13-24 DDWS 'SPACE BETWEEN DEWAR VACUUM SHELL AND TFC(m)
25-36 DDWT THICKNESS OF DEWAR VACUUM SHELL WALL{m)

37-48 STLIM DESIGN STRESS FOR COPPER TFC(MPa)

: 49760 RFREQM MOTOR-GENERATOR SET MAXIMUM RATED FREQUENCY (HZ)

61-72 RFIX MIN%M?M RADIUS OF NEUTRAL AXIS OF TFC OUTER
LEG(m )
IF RFIX IS NEGATIVE, IT REPRESENTS THE MINIMUM
RADIAL DISTANCE FROM THE PLASMA CENTERLINE TO
THE NEUTRAL.AXIS OF TFC OUTER LEG(m)

98 E 9

1-12 G I°R DROP/FORCING VOLTAGE FOR COPPER TFC(-) WITH
THE INDUCTIVELY STORED ENERGY, G, DETERMINES
THE ENERGY LOSS DURING CHARGING OF TFC (EXPON-

- ENTIALLY). THIS LOSS IS ONE COMPONENT OF THE

ENERGY DEMAND ON THE FLYWHEEL.

13-24 F MINIMUM FLYWHEEL SPEED OVER MAXIMUM RATED
SPEED(-) | <

25=36 TCS CHARGING TIME FOR S/C TFC(S)

37-48 TCC CHARGING TIME FOR Cu TFC(S)

49-60 PULSM PULSE RATING MULTIPLIER TO EVALUATE FLYWHEEL
EFFECT SUPPLIED BY GENERATOR FOR COPPER TFC, .
FOR DTHR, USE 2.0

61-72 SPMUL SPEED MULTIPLIER FOR OQVERSPEED TO EVALUATE

FLYWHEEL EFFECT SUPPLIED BY GENERATOR FOR Cu
TFC. FOR DTHR, USE 1.3
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CARD TYPE

FORMAT

5-4.6 PF COIL SYSTEM

99

100

101

102

25-36
37-48
49-60
61-72

13-24
25-36
37-48
49-€0

13-24
25-36
37-48

VARIABLE DESCRIPTION/COMMENTS
(INCLUDE CARDS- 102, 103, AND 104 ONLY IF IREF0=2 (ON CARD 20)

DEFI INSIDE EF COIL REGION THICKNESS FACTOR(-).
S IF.DEFI NEGATIVE, SEE DEFO DESCRIPTION

DEFO QUTSIDE EF.COIL REGION THICKNESS FACTOR(-).
SEE REF 12, USE 0.285. [IF DEFQ IS NEGATIVE,
OUTSIDE EF REGION THICKNESS EQUALS |DEFO].
IF ILOCO(J) EQUALS 1, DEF0=0.0. THE SAME
USAGE ALSO APPLIES TO DEFI.

HSLIM  OH COIL HOOP STRESS LIMIT(MPa).

JLIM OH CURRENT DENSITY LIMIT(MA.m-2)

OHCUR OH CURRENT PER TURN(MA)

EFCD . EF CURRENT DENSITY(MA-m-2)

BOHMAX  MAXIMUM ALLOWABLE OH FIELD(T)

ABLIM MAXIMUM RATIO OF OH INSIDE RADIUS TO OH OUTSIDE
RADIUS ALLOWED(-). CONTROLS HOW THIN THE COILS
MAY STZE

RBLL LOWER LIMIT ON OH INNER BORE RADIUS(m)

POTS POISSON'S RATIO FOR OH COIL MATERIAL, USE 0.3

DOWSP IF EF IS S/C, EF COIL DEWAR SPACE(m)

DDWTP IF EF IS S/C, EF DEWAR WALL THICKNESS(m)

IF IREF#2 SKIP TO CARD 105

OHL OH SELF-INDUCTANCE (uHeN-2) WHERE N IS THE
-NUMBER OF TURNS

OHM OH MUTUAL INDUCTANCE WITH PLASMA(uHN-2)

OHR OH COIL RESISTANCE(uQ:N-2)

OHI OH-EFT MUTUAL(uH-N-2)
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CARD TYPE  FORMAT  VARIABLE  DESCRIPTION/COMMENTS
49-60  OHD OH-EFD MUTUAL (uH-N-2)
61-72  OHO ‘OH-EFO MUTUAL (wH-N-2)
103 £ | ,
‘ 1-12  EFIL EFI SELF-INDUCTANCE (uH-N-2)
- 13-24 EFIR EFT RESISTANCE(ug-N-2)
25-36  EFDL EFD SELF-INDUCTANCE (yuH+N-2)
37-48  EFDR EFD RESISTANCE(u@-N-2)
49-60  EFOL EFO SELF-INDUCTANCE (uH-N-2)
61-72  EFOR EFO RESISTANCE (un-N-2)
104 ° E )
1-12 EFM(1) - EFI-EFD MUTUAL(uH-N"2)
13-24  EFM(2) EFI-PLASMA MUTUAL (uH-N-2)
25-36  EFM(3) EFI-EFO MUTUAL (uH-N-2).
37-48  EFM(4) EFD-PLASMA MUTUAL (uH-N-2)
49-60  EFM(5) EFD-EFO MUTUAL (uH-N"2)
61-72  EFM(6) PLASMA-EFO MUTUAL (uH-N"2)
105
1-12  OHFAC NORMALIZATION FACTOR FOR OH RESISTANCE(-)
ALLOWS FOR UNCERTAINTY OR MARGIN, OHFAC>1.0
13-24  BIAS OH CURRENT BIAS WRT TO SWING THROUGH 0.0
CURRENT. 0.5 IMPLIES THAT DURING A PULSE .
THE MAXIMUM ABSOLUTE MAGNITUDE OF THE OH
NEGATIVE CURRENT IS EQUAL TO THE MAXIMUM
POSITIVE CURRENT.
25-36  CREFI RATIO OF INSIDE EF COIL GROUP CURRENT TO THE.
PLASMA CURRENT(-) (SEE FIGURE 2-29)
37-48  CREFD RATIO OF POLOIDAL DIVERTOR REGION EF COIL GROUP
CURRENT TO THE PLASMA CURRENT(-)
CREFO IF ICURO(J) FQUALS 1, RATIO OF OUTSIDE EF COIL

49-60

GROUP CURRENT TO THE PLASMA CURRENT(-)
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VARIABLE

CARD TYPE  FORMAT " DESCRIPTION/COMMENTS
61-72  EFFAC NORMALIZATION FACTOR FOR EF COIL GROUP, SELF-
: INDUCTANCE CALCULATION, USE 1.0
106 E
1-12 - FHEFI IF ISELFO(J) EQUALS 1, FOR SOME j, HEIGHT
FRACTION OF EF INSIDE COIL.EFFECTIVE SOLENOID
HEIGHT TO DIVERTOR EF COIL GROUP HEIGHT(-)
13-24  FHEFO IF ISELFO(J) EQUAL 1, FOR SOME j, HEIGHT
FRACTION OF EF QUTSIDE COIL EFFECTIVE SOLENOID
HEIGHT TO DIVERTOR EF COIL GROUP HEIGHT(-).
25-36 ° PVFG PF PEAK VOLTAGE FROM GROUND(V)
37-48  FPF POLOIDAL FIELD COIL FLYWHEEL SPEED RATIO(-)
49-60  TAREA CROSS-SECTIONAL AREA PER EF COIL TURN(m2)
61-72  SAPF 'STRUCTURE FOR ACCESS IN PF COILS(-)
107 E .
1-12  SFEF STACKING FACTOR FOR EF
13-24  SCEF IF ISCEFO(J)=1, FOR SOME j, STRUCTURE FACTOR
FOR EF
25-36  SFOH STACKING FACTOR FOR OH
37-48  SCOH IF ISCOHO(J)=1, FOR SOME j, STRUCTURE FACTOR
FOR OH(-)
49-60  RRR REFERENCE PLASMA RADIUS FOR SCALING PF COIL
CURRENTS, IF IREFO(j)=3 FOR SOME J.
61-72  DEFOS CLEAR SPACING BETWEEN EF AND TF COILS OUTER
EDGE(m) (SEE FIGURE 2-30)
108 E
1-12  RBETA REFERENCE POLOIDAL BETA FOR USE IN SCALING PF
COIL CURRENTS IF IREFO(J)=3 FOR SOME j
13-24  RASP REFERENCE ASPECT RATIO FOR USE IN SCALING PF
CURRENTS IF IREFO(J)=3 FOR SOME j
125-36  RNULP RADIUS OF REFERENCE NULL OUT OF MIDPLANE FOR

USE IN SCALING DIVERTOR-LIKE PF COILS, IF
IREFO(J)=3, AND IDC0O(J)=1, FOR SOME J
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FORMAT

-

CARD TYPE  VARIABLE DESCRIPTION/COMMENTS _
37-48 - RPLH PLASMA HEIGHT FOR REFERENCE PF SYSTEM (m)
49-60 EFDS EF DIVERTOR-LIKE COfL EXPONENT IN SCALING
EQUATION IF IDCOO(J)=1 FOR SOME ¢
109 I IF IREFO(J)#3 OR 4 SKIP TO CARD 112
1-6 =~ NC NUMBER OF EF COILS ON OR. ABOVE MIDPLANE(-)
7-12 N1 NUMBER OF EF INSIDE COILS IN REFERENCE CASE(-)
13-18 N2 NUMBER OF EF DIVERTOR-LIKE COILS IM REFERENCE(-)
19-24 N3 NUMBER OF EF OUTSIDE COILS IN REFEREMCE(-) .
25-30 NS1 LOCATION IN LINEAR ARRAY WHERE FIRST EFI COIL
IS DEFINED BELOW. TYPICALLY 1
31-36 NS2 LOCATION IN LINEAR ARRAY WHERE FIRST EFD COIL
IS DEFINED BELOW. TYPICALLY > NSI
37-42 NS3 LOCATION IN LINEAR ARRAY WHEN FIRST EFO COIL
. IS DEFINED BELOW. TYPICALLY > NSZ2
110 E * REPEAT CARD TYPE 110 I=1 TO NC NUMBER OF TIMES
1-12 RR(I) RADIAL DISPLACEMENT OF EF COIL IN REFERENCE
SYSTEM(m) (SEE FIGURE 2-28)
13-24 ZR(I) VERTICAL DISPLACEMENT OF EF COIL IN REFERENCE
SYSTEM(m) .
25-36 ALR(1) EF COIL CURRENT TO PLASMA CURRENT RATIO IN
REFERENCE SYSTEM(-)
1 I (NTR(I), NUMBER OF TURNS PER EF COIL(-)
I=1,NC) : » '
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TABLE 5-5
COAST INPUT DECK -- NEUTRAL BEAM SYSTEM

Only two input formats are used. An 1 is entered in the format column of the
table for (1216); while an E indicates (6E12.4).

CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS . .

1V £ T
- 1-12 SNB LENGTH OF NEUTRAL BEAM ARM(m) (SEE FIG. 2-11)
13-24  TH NEUTRAL BEAM INJECTION ANGLE WITH RESPECT TO
: THE PLASMA MAJOR RADIUS VECTOR AT THE PLASMA
CENTER(m) (SEE FIGS. 2-15 AND 2-16)
25-36 RNNBE NUMBER OF NEUTRAL BEAM ARMS _
IF RNNBE IS NEGATIVE, THE REQUIRED NUMBER OF
ARMS IS CALCULATED
113 E ;
1-12 FSRNB NEUTRAL BEAM POWER SUPPLY FLYWHEEL SPEED
RANGE(-) USE 0.707
©13-24 PFNB NEUTRAL BEAM GENERATOR POWER FACTOR(-) USE 0.9
25-36 OTNB - NEUTRAL BEAM GENERATOR OVERTORQUE(-) USE 2.5
114 E , - .
1-12 11S TOTAL CURRENT PER ION SOURCE -AND ACCELERATOR
ASSEMBLY INCLUDING MOLECULAR COMPONENTS(A)
13-24 NIS NUMBER OF SOURCES PER NEUTRAL BEAM ARM(-)
25-36 DSW1 WIDTH OF SOURCE EMITTING AREA(m) SEE FIGURE 2-12
37-48 DSW2 HEIGHT OF SOURCE EMITTING AREA(m)
49-60 DS SOURCE ARRAY HORIZONTALANIDTH(m)
61-72 ps2 SOURCE ARRAY VERTICAL HEIGHT(m)
115 E L4
1-12 FDP FRACTION OF D” IONS(-) (THE REMAINDER ARE
ASSUMED TO BE 02+)
13-24 TG SOURCE GAS TEMPERATURE (K)
25-36 GE GAS TO ION CONVERSION EFFICIENCY(-) GE ~ 0.4
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- CARD TYPE  FORMAT VARIABLE . DESCRIPTION/COMMENTS
. 37-48 CNBE NEUTRAL BEAM -ENERGY CONSTANT(KeV m 2)
USE 1.E-18
49-60 DN NUMBER OF MOLECULES DESORBED PER ION IMPINGING
' ANY SURFACE INSIDE THE ARM(-)
61-72 - GAM2 DIRECT ENERGY CONVERSION SECONDARY ELECTRON
PRODUCTION PARAMETER(-) GAM221.0
116 E
1-12 T TRANSMISSION COEFFICIENT THROUGH ION DEFLECTION
PLATES(-) (SEE FIGURE 2-17)
13-24 T2 TRANSMISSION COEFFICIENT THROUGH ELECTRON
: SUPPRESSORS(-)
25-36 T3 TRANSMISSION COEFFICIENT THROUGH NEUTRALIZER
DUCTS(-)
37-48 TS TRANSMISSION COEFFICIENT OF IONS THROUGH
ELECTRON SUPPRESSOR GRIDS (-)
49-60 PCE POWER CONVERSION EFFICIENCY IN RECOVERY SYSTEM
POWER CONVERSION EQUIPMENT(-)
61-72 P1 CONVERSION EFFICIENCY IN NEUTRAL BEAM POWER
SUPPLY(-)
117 E . '
1-12.  LNE LENGTH OF NEUTRAL BEAM DUCT(m)
13-24 DSOW DUCT SCRAPE-QFF WIDTH(m)
25-36 PNEL PRESSURE LIMIT IN NEUTRALIZER DUCT(TORR)
37-48 ASNC VACUUM PUMP AREA IN SOURCE-NEUTRALIZER-
COLLECTOR REGION(M3)
49-60  ACD VACUUM PUMP AREA IN THE DRIFT TUBE REGION(m2)
61-72 SSP SPECIFIC PUMPING SPEED(g-s™!.m~2)
118 E
- 1-12 VNB VOLUME OF NEUTRAL BEAM VACUUM VESSEL(m3):
13-24 DSNC DRIFT LENGTH IN SOURCE-NEUTRALIZER-COLLECTOR

"REGION(m)
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DESCRIPTION/COMMENTS

CARD TYPE  FORMAT VARIABLE
. 25-36 DCD DRIFT LENGTH IN CALORIMETER-DUCT (FROM NB ARM
TO TOROIDAL VACUUM VESSEL) REGION(m)i
. 37-48 ONB SEPARATION BETWEEN NEUTRAL BEAM ARM AND TF
COIL DEWAR(m) ‘ '
49-60 DSH. NEUTRAL BEAM DUCT SHIELD THICKNESS(m)
61-72 DSOWD DUCT SCRAPE-OFF THICKNESS(m)
119 E
1-12 FNE NEUTRALIZATION EFFICIENCY ASSUMED(-) (IF FNE=0.0,
- THE NEUTRALIZATION EFFICIENCY IS CALCULATED USING
CODE MODELS)
13-24 FA INJECTION CROSSOVER PARAMETER(-). IF FA=0 THE’
BEAMS CROSS AT THE PLASMA CENTER. IF FA=1, THE
BEAMS CROSS AT THE PLASMA OUTER EDGE
. 25-36.  FVS FRACTION OF ACCELERATION VOLTAGE ON ELECTRON
SUPPRESSOR(-) FVS=0.2 SUGGESTED
37-48 FvC FRACTION OF ACCELERATION VOLTAGE ON ION COLLECTOR
PLATES, FVC< 1.0 AND 0.85 IS SUGGESTED
49-60 cP PUMP CAPACITY(g-s™1.m~2)
61-72 PEX

EXPLOSIVE PRESSURE LIMIT(TORR) USE 13.

SEE FIGURES 2-11 THRU 2-17 FOR CLARIFICATION
OF MANY OF THE NEUTRAL BEAM SYSTEM INPUT DATA
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TABLE 5-6 :
~ COAST INPUT DECK -- TRITIUM SYSTEM

Only two input formats are used. An I is entered in fhe format column of the
table for (1216); while an E indicates (6E12.4) ‘ '

CARD TYPE  FORMAT ~ VARIABLE  DESCRIPTION/COMMENTS

120 E
1-12 T2DIS . TRITIUM HELD UP IN CRYODISTILLATION COLUMNS(g)
13-24  GASEF GAS TO ION CONVERSION EFFICIENCY IN PRODUCING
THE .TOROIDAL PLASMA(-)
25-36  PRES . AVERAGE NUMBER OF RESERVE PULSES OF T2 HELD
' | UP ON SITE(-)
37-48 - TLOSS TRITIUM LOSS FACTOR AS A RESULT OF ON-SITE
PROCESSING DUE TO PERMEATION ETC.(-)
121 E |
1-12 DDST DAYS OF -D2 INVENTORY ON-SITE(DAYS)
13-24  DTST DAYS OF T2 INVENTORY ON-SITE(DAYS)
25-36  TMCRO T2 MASS HELD IN CRYOSTILLS(kg)
37-48  UTRAP VOLUME TO MASS RATIO IN U-TRAPS(m3-kg-1)
122 E
. 1-12 OUTGAS H2 OUTGASSING OF VESSEL(TORR.L.cm~2)
13-24  TEMPO TEMPERATURE OF VESSEL WALLS(K)

- 25-36 | TEMPY TEMPERATURE OF ON-SITE GAS(K)
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TABLE 5-7
COAST INPUT DECK -- COOLING SYSTEM

: Only'twovinput formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4)

CARDATYPE FORMAT VARIABLE DESCRIPTION/COMMENTS
123 E '
1-12 TAUTF COPPER TF COIL COOLING TIME CONSTANT(s)
13-24 .TAUPF' . COPPER PF COIL COOLING TIME CONSTANT(s)
25-36. FFTF . COOLANT VOLUME PER SECOND OVER COPPER TF COIL
| VOLUME (s-1)
37-48 FFPF COOLANT VOLUME PER SECOND OVER COPPER PF COIL
© - VOLUME(s-1) ‘
49-60 QHL HEAT LEAK PER UNIT SURFACE OF S/C TF COIL
(kW-m=2)
61-72 QJLJd HEAT LOSS PER JOINT OF S/C TF COIL (kW)
124 E _ :
1-12 RVV VACUUM VESSEL COOLANT TEMPERATURE RISE(K)
13-24 RSH SHIELD COOLANT TEMPERATURE RISE(K)
25-36 RNBS NEUTRAL BEAM COOLANT TEMPERATURE RISE(K)
37-48 RDV BUNDLE: DIVERTOR COOLANT TEMPERATURE RISE(K)
49-60 RSHB BLANKET REGION SHIELD COOLANT TEMPERATURE
RISE(K)
61-72 RBLK BLANKET COOLANT TEMPERATURE RISE(K) (SEE FIGURE
2-31 FOR SCHEMATIC OF TYPICAL HEAT DISSIPATION
SYSTEM)
125 E
1-12 TCOMP - HELIUM COMPRESSOR AFTERCOQOLER TEMPERATURE(K)
13-24 ETAM HELIUM REFRIGERATION MECHANICAL EFFICIENCY
(FRACTION OF CARNOT)
25-36 TEMP AVERAGE TEMPERATURE OF COPPER TF COILS(K)
37-48 TEMPP AVERAGE TEMPERATURE OF COPPER PF COILS(K)
49-60

TEMPO AVERAGE TEMPERATURE OF COPPER OH COILS(K)
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CARD TYPE  FORMAT VARIABLE' ”DESCRIPTION[COMMENTS

61-72 CTC COOLING TOWER CONSTANT (RATIO OF ELECTRICAL
‘ POWER TO OPERATE TOWER TO THE THERMAL POWER
REMOVED BY TOWER) -

126 E : :
' 1-12 WNCPQR N2 COMPRESSOR POWER OVER REFRIGERATION LOAD(-)
13-24 PMPEFF HELIUM PUMP EFFICIENCY RATING(-)
25-36 - PPFAC HELIUM PUMP POWER FACTOR(-)
37-48 EFLNTF - COPPER TF LIQUID NITROGEN EFFICIENCY FACTOR(-)
USE 0.9
49-60 . APMC AVERAGE MISCELLANEQUS HEAT LOAD(MW)
127 E
o 1-12 PPOHH IDEAL HELIUM PUMP POWER FOR S/C OH COILS
(kW<CONDUCTOR"1.m=1) -
13-24 TOHC TEMPERATURE OF SUPERCONDUCTING OH COIL(K)
25-36 PNOH OH COIL MAXIMUM TIME AVERAGED HEAT LOAD DUE
. TO NUCLEAR EFFECTS(kW) PNOHZ 0.0
37-48 EAQH SUPERCONDUCTING OH AC LOSSES(KJ)
49-60 RNTJ NUMBER OF TURNS PER OH CONNECTIONS(-)
128 E .
1-12 PPEFH - EF COIL IDEAL HELIUM PUMP POWER
- (kW-CONDUCTOR-1. m-1)
13-24 TEFC TEMPERATURE OF SUPERCONDUCTING EF COIL(K)
25-36 PNEF EF MAXIMUM TIME AVERAGED.HEAT LOAD DUE TO
' NUCLEAR EFFECTS(kW)
37-48 EAEF SUPERCONDUCTING EF AC LOSSES(KJ)
49-60 CIRPJ LENGTH OF EF CONDUCTOR PER JOINT(m)
129 E

1-12 HDEL1 COEFFICIENT FOR HEAT DISSIPATION CONVERTED TO
© ELECTRICAL LOAD RATED ON PEAK POWER OVER
COOLANT TEMPERATURE RISE(-)
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CARD TYPE ~ FORMAT  VARIABLE DESCRIPTION/COMMENTS

- 13-24 HDEL2 - - COEFFICIENT FOR HEAT DISSIPATION CONVERTED
- : - TO ELECTRICAL LOAD RATED ON AVERAGE POWER
OVER COOLANT TEMPERATURE RISE(-)
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TABLE 5-8

COAST INPUT DECK -- DEVICE STRUCTURE |

Only two input formats are used. An I is entered in ihe format column of the
table for (1216); while an E indicates (6E12.4)

" CARD TYPE . FORMAT  VARIABLE DESCRiPTION/COMMENTS
130 E '
1-12 E MODULUS OF. ELASTICITY FOR BUCKING CYLINDER(MPa)
13-24  SBCB SAFETY FACTOR ON BUCKING FOR BUCKING CYLINDER
25-36  SBCC SAFETY FACTOR ON COMPRESSION FOR BUCKING
CYLINDER
37-48  BCBM MAXIMUM B-FIELD BUCKED(T)
49-60  EC COMPRESSIVE YIELD STRESS(MPa) FOR BUCKING
CYLINDER SIZING
131 E .
1-12 DAGI ACCUMULATED ACCESS GAP ALLOWANCES BETWEEN DEVICE
SHIELD REGION AND INNER TFC LEG DEWAR(m)
13-24  DAGO ACCUMULATED ACCESS GAP ALLOWANCES BETWEEN THE
DEVICE SHIELD REGION AND TFC OUTER LEG DEWAR(m)
25-36 DAGC ACCUMULATED ACCESS GAP ALLOWANCES BETWEEN COPPER.
: HYBRID TFC (IF ITFS(I)=4). LOCATED BETWEEN EF
AND COPPER TF FOR BOTH INNER AND OUTER LEGS(m)
37-48 DAGY ACCUMULATED ACCESS GAP ALLOWANCE BETWEEN THE
DEVICE SHIELD REGION AND THE POINT OF TFC
MAXIMUM HEIGHT(m) -
49-60  PER RATIO OF SUPPORT STRUCTURE (STRUCTURAL STEEL,

ETC.) TO DEVICE COMPONENT MASS(-)
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TABLE 5-9
COAST INPUT DECK -- REACTOR CELL AND FACILITIES

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4)

CARD TYPE FORMAT  VARIABLE DESCRIPTION/COMMENTS

132 E - | -
, 1-12  SWAL CLEAR SPACE FROM DEVICE COMPONENTS (e.g.,
| NEUTRAL BEAM ARM) TO CELL WALL(m)
SEE- FIGURE 2-35
13-24  FA MULTIPLICATIVE CLEARANCE FACTOR TIMES LENGTH
OF NEUTRAL BEAM ARM FOR MANEUVERING(-)
© 25-36  HSUB FREE VERTICAL CLEARANCE FROM FLOOR TO SPRING-
LINE MINUS MAXIMUM HEIGHT OF TFC(m)
37-48  HBAS REACTOR CELL BASEMENT HEIGHT(m)
133 E
1-12  COPEAV COEFFICIENT OF PERFORMANCE FOR EXPERIMENTAL -
. ~ AREA VENTILATION(-) FOR TNS, DTHR, USE 2.0
13-24  EAVCI EXPERIMENTAL AREA VENTILATION SIZING COEFFICIENT
(-) FOR TNS, DTHR, USE 1.645E-4
| 25-36  EAVC2 . EXPERIMENTAL AREA VENTILATION SIZING COEFFICIENT
| FOR TNS, DTHR, USE 5.071E-5
134 E | |
1-12  SITE 'ESTIMATED SITE AREA(m2)
13-24  RAIL LENGTH OF RAIL FOR ACCESS(m)
25-36  UTILP - BASIC UTILITY SERVICE(KWE)
135 E -
1-12  YRST REFERENCE YEAR FOR COST COEFFICIENT ENTRIES
(YEAR) FOR EXAMPLE, ENTER 1978.75 FOR
_SEPTEMBER 1, 1978
13-24  YRSP YEAR AT WHICH COSTS ARE EVALUATED(YEAR)
25-36  ESCY % ESCALATION PER YEAR
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TABLE 5-10

COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
TOKAMAK- SYSTEM

Only two input formats are used. An I is entered in the format co]umn of the
table for (1216); while an E indicates (6E12.4)

CARD TYPE  FORMAT . VARIABLE DESCRIPTION/COMMENTS

136 £ .
1-12 UCVVA UNIT COST PER KG FOR VACUUM VESSEL ($-kg~1)
137 1-12 ucLL UNIT COST PER AREA OF LINER LIMITER ($-m-2)
138 . 1-12  UCDIVI CONSTANT - IN COST OF POLOIDAL DIVERTOR($)
13-24  UCDIV2 ?gLOID§L DIVERTOR COST PER VOLUME OF DIVERTOR
“m-
25-36  UCDIV3 POLOIDAL DIVERTOR COST PER SURFACE AREA OF
' DIVERTOR($-m-2)
139 E . '
. 1-12 UCBDP1 BUNDLE DIVERTOR COST PER COMPOUND PUMP AREA
($+m=2)
13-24 UCBDP2 ?UNDLE)DIVERTOR COST PER TARGET PUMP AREA
$om-
© 25-36 UCBDP3 BUNDLE DIVERTOR UNIT COST FOR BACKING REGEN-
ERATION PUMP ($ (2 -s-1!)"1)
37-48  UCBDP4 BUNDLE DIVERTOR COST FOR VACUUM CHAMBER PER
'MASS($-kg-1)
49-60  UCBDPS . BUNDLE DIVERTOR COST FOR CRYOGENIC SYSTEM
PER AREA OF CRYOPUMP ($-.m-2)
140 3
1-12 UCBDC1 BUNDLE DIVERTOR COIL COST FOR CONDUCTOR PER
MASS($-kg-1)
13-24 UCBDC2 BUNDLE DIVERTOR COIL COST FOR STRUCTURE PER
' MASS($-kg-1)

25-36 ucsoC3 ?UNDLE]?IVERTOR COIL COST FOR DEWAR PER MASS
. $<.kg*“_

5-35



CARD TYPE .

FORMAT

DESCRIPTION/COMMENTS

VARIABLE
147 E o :
~ -12 ueMs UNIT COST OF MACHINE STRUCTURE PER MASS($-kg=!)
142 E - N
1-12 UCBCT BUCKING CYLINDER COST.PER MASS($-kg=1)
UCBC2 BUCKING CYLINDER COST PER TF COIL PER LENGTH

I IS INDEX ON DEVICE COIL TYPE

- (UCTFAI(I),
1=1,5)

143
144
145°

146

147

148

E

1-12

13-24

 25-36

1-12

- 13-24

(UCTFA2(I),
1=1,5)

~ (UCTFA3(1),

I=1,5)
UCFABC
UCFABS

UCFABD

UCEFA
UCEFA1

UCEFA2

UCOHA
UCOHA1

OF TF COIL HEIGHT ($-m=2). THIS COST ACCOUNTS
FOR WELDING

UNIT COST ON CONDUCTOR MASS OF TFC($-kg~1!)
UNIT COST ON STRUCTURE MASS OF TFC($-kg™1)

UNIT COST ON DEWAR MASS($-kg~1)

UNIT COST FOR FABRICATION OF CONDUCTOR COPPER
TFC PER MASS($-kg~!)

UNIT COST FOR FABRICATION OF STRUCTURE OF
COPPER TFC PER MASS($-kg~1)

UNIT COST FOR FABRICATION OF DEWAR FOR S/C
TFC PER LENGTH OF TFC($-m-1)

UNIT C??T FOR EF COIL FOR CONDUCTOR PER MASS
($-kg-

UNIT COST FOR FABRICATION OF EF CONDUCTOR, IF
S/C, PER MASS($-kg-1)

UNIT COST FOR FABRICATION OF EF STRUCTURE AND
NDEWAR PER MASS, IF S/C($-kg~1)

ALSO USED AS UNIT COST FOR EF STRUCTURE PER
MASS, IF NOT S/C($+kg~!)

UNIT COST FOR OH COIL CONDUCTOR PER MASS($-kg~?)

UNIT COST FOR FABRICATION OF CONDUCTOR PER MASS
IF S/C($-kg-1)
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FORMAT

CARD TYPE VARIABLE ~ DESCRIPTION/COMMENTS
' 25-36  UCOHA2' “UNIT COST FOR FABRICATION OF OH STRUCTURE
. AND DEWAR, PER MASS, IF S/C($-kg-1)
ALSO USED AS UNIT COST FOR OH STRUCTURE PER
MASS, IF NOT S/C($ kg’l)
149 3 _ . ' \
1-12 - UCWST” IF S/C TFC, UNIT COST FOR A WINDING STATION
ASSUMING ONE STATION NEEDED FOR EACH SET OF
| 4 TF COILS ($-STATION-!)
13-24 .. UCWS2 . . IF S/C TFC, UNIT PRICE OF COIL WINDING PER
- | - TF COIL ($-#TFC1)
150 3
. 1-12 . UCDST UNIT COST PER DEVICE AND NEUTRAL BEAM SHIELD
‘ PER VOLUME ($-m=3)
ucDS2 UNIT COST FOR LEAD SHIELD PER MASS ($.kg-!)

13-24

IF ITFS(5)#1

,. SKIP TO CARD TYPE 156
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TABLE 5-11

COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
"DTHR OUTER BLANKET/SHIELD REGIONS

Only two input formats are used.

An I is entered in the format column of the

table for (1216); while an E indicates (6E12.4)

FORMAT

VARIABLE

DESCRIPTION/COMMENTS

THERE ARE A TOTAL OF SIX CARDS FOR CARD TYPE 151

CARD TYPE
157 E
152 - E
1-12
153 E
1-12
13-24
154 - E
1-12
13-24
25-36
37-48

~ ((ucOBS(L,M), UNIT COST OF ASSIGNED MATERIAL IN BLANKET/

M=1 ,6)L=1,6) SHIELD REGION BY MATERIAL AND ZONE ($-.m~3)

UCBTFA

UCHXT

UCHX2

UCsGl

HCSG2

UCSTG

UCGTG

REFER TO CARD TYPE 69-74 AND MAINTAIN CONSIS-

- TENCY OF MATERIAL UNIT COST w/ASSIGNMENT

FIXED -ESTIMATE FOR BLANKET TOOLING, FABRICATION

AND ASSEMBLY IF NOT INCLUDED IN MATERIAL COST

($)

UNIT COST OF PRIMARY HEAT EXCHANGERS RELATED
TO THE THERMAL LOAD ($-Mw-1)

UNIT COST OF RECUPERATORS, PREHEATERS, ETC.
RELATED -TO HEAT EXCHANGED THEREIN ($-kW<1)

THE COST OF STEAM GENERATORS HAS BEEN RELATED

TO THE THERMODYNAMIC CYCLE PEAK WORKING FLUID
TEMPERATURE (T¢,IN K), AND THE ELECTRIC POWER
PRODUCED (Pe,IN MW) UCSG1 IS THE CONSTANT TERM
IN A LINEAR FUNCTION OF COST FOR A STEAM GENER-
ATOR IN A REFERENCE MW PLANT ($-(RSSG MW UNIT)-1)
SEE CARD 211 (SEE FIGURE 2-38)

COEFFICIENT OF VARIABLE (Te.IN K) IN LINEAR
FUNCTION OF COST FOR A STE M GENERATOR IN A

REFERENCE MW PLANT ($«(K)=1+(RSSG MW UNIT)-1)

COST COEFFICIENT OF VARIABLE (Te,IN K) IN
LINEAR FUNCTION. OF COST FOR A STEAM TURBINE
GENERATOR IN A REFERENCE MW PLANT ($-(K)-!-
(RSSG MW UNIT)-1)

~NOTE: EITHER UCSTG OR UCGTG SHOULD BE ZERO

SINCE A PLANT DESIGN WOULD INCLUDE ONE
OR THE OTHER
SEE CARD 211

UNIT COST COEFFICIENT OF GAS TURBINE GENERATOR

WHICH IS DIRECTLY PROPORTIONAL TO ELECTRIC
POWER PRODUCED BY PLANT ($-Mw-1)
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:CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

49-60  UCAE UNIT COST COEFFICIENT OF ACCESSORY ELECTRICAL
' | . EQUIPMENT RELATED TO BLANKET THERMAL POWER
4 ($.Mw-1) . )
61-72  UCE1 COST OF PRIMARY COOLANT EXTERNAL TO THE
| _ BLANKET ($)
155 E | |
‘ 1-12 UCE2 COST OF SECONDARY COOLANT EXTERNAL TO THE
BLANKET ($)
13-24  UCCP COST OF COOLANT PROCESSING PLANT (§)
25-36  UCTS COST OF ENERGY STORAGE SYSTEM ($)

(SEE FIGURE 2-20 FOR SCHEMATIC OF THERMAL-TO-
ELECTRICAL CONVERSION SYSTEM)
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TABLE 5-12
COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
ELECTRIC POWER AND CONTROL SYSTEM

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4)

CARD TYPE FORMAT  VARIABLE

156 .

1-12 -

13-24

25-36

157 E

13-24

25-36

158 E
1-12

159 E
1-12

ucMOoT

UCGEN

UCFLY

UCLSCY

UcLSC2

UCLSC3

UCPSD

UCTFPS

DESCRIPTION/COMMENTS

UNIT COST OF MOTOR IN MFG SET FOR TF, PF, OR
NB BASED ON A REFERENCE MW UNIT AND MODIFIED
WITH AN ECONOMY-OF-SCALE EXPONENT INPUT BELOW,
(MW/MWpa s ) ECT

($- (RSTFM MW UNIT)-1)

SEE CARD 199, 206, 208 (SEE FIGURE 2-38)

UNIT COST OF GENERATOR IN MFG SET FOR TF, PF,
OR NB BASED ON A REFERENCE MW UNIT AND MODIFIED
WITH AN_ECONOMY-OF -SCALE EXPONENT (MW/MWpo £ ) EC2
($- (RSTFG MW UNIT)-1)

SEE CARD 199, 206, 208

UNIT COST OF FLYWHEEL IN MFG SET FOR TF, PF,
OR NB $ATED ON ENERGY STORAGE REQUIREMENT
($-M3-1)

UNIT COST FOR TERM IN COST MODEL FOR LOAD
SMOOTHING CIRCUIT PER REF UNIT MODIFIED WITH
AND ECONOMY-OF-SCALE EXPONENT, (MW/MWy.g¢)ECLSCI
($-(RSLSC MW SYSTEM)=1) |
SEE CARD 210

UNIT COST FOR TERM IN COST MODEL FOR LOAD
SMOOTHING CIRCUIT PER UNIT POWER ($-MW-1)

UNIT COST FOR TERM IN COST MODEL FOR LOAD
SMOOTHING CIRCUIT PER REF UNIT MODIFIED BY
SECOND Eco§8vv QF-SCALE EXPONENT,

(MW /MW,

($- (RSL?E MW SYSTEM)=1)

UNIT COST FOR PRIMARY AND SECONDARY DISTRIBUTION

"SYSTEMS RATED ON PEAK THERMAL POWER, ALL SYSTEMS

($-Mw™1)

UNIT COST FOR S/C TF POWER CONVERSION EQUIPMENT
BASED ON TF POWER REQUIREMENTS MODIFIED WITH

AN ECONOMY-OF-SCALE EXPONENT, MWECTF1

($+(Mw)-1)

SEE CARD 207
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CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

160 E
‘ 1-12  UCTFP UNIT COST FOR FIRST* TERM IN COST OF Cu TF
RECTIFIER BASED ON REF UNIT MODIFIED WITH AN
ECONOMY-OF -SCALE EXPONENT, (MVA/MVAref) CTA
($+ (RSTFR1 MVA SYSTEM)~1)
~ SEE CARD 207
*2ND AND 3RD TERMS BASED ON UNIT COSTS UCR1
AND UCR2 INPUT BELOW
SEE CARD 165
161 - E o |
1-12  UCRT UNIT COST OF RECTIFIER TRANSFORMER FOR OH, EF
‘ BASED ON A REF UNIT MODIFIED WITH AN ECONOMY-
OF-SCALE" EXPONENT, (MYA/MVA, of JECRT
($+(RSRT MVA SYSTEM)~1)
SEE CARD 198
62 E
1-12 UCBUS UNIT COST OF BUSHORK BASED ON OH CURRENT
($-(MA)~1)
163 E |
1-12  UCOHDR  UNIT COST IN FIRST* TERM OF COST OF OH DUAL

RECTIFIER BASED ON A REF UNIT MODIFIED WITH

AN ECONOMY-OF-SCALE EXPONENT, (MVA/MVApgs)ECORVI
($-(RSDRV1 MVA SYSTEM)-1) |

SEE CARD 200 '
*2ND AND 3RD TERMS BASED ON UNIT COSTS UCR1

AND UCR2 INPUT BELOW

SEE CARD 165 (SEE FIGURE 2-38)

13-24  UCOHIS UNIT COST OF OH INITIATION SWITCH BASED ON A
REF UNIT MODIFIED wITH AN_ECONOMY-OF -SCALE (EOS)
EXPONENT, (MVA/MVA
($+ (RSOHIS MVA svs?EM 1)
SEE CARD 201

164 E
1-12 UCEF3R UNIT COST IN FIRST* TERM OF COST OF EF 3-PHASE
RECTIFIER BASED OM A REF UN éT ODIFIED HITH
AN EOS EXPONENT VA/MVAref)
($+ (RS3RV1 MVA SYSTEM)-1
SEE CARD 202
*2ND AND 3RD TERMS BASED ON UNIT COSTS UCR1 AND
UCR2 INPUT BELOW
SEE CARD 165 (SEE FIGURE 2-38)

13-24  UCEFS UNIT COST OF EF SWITCHING BASED ON A REF UNIT
MODIFIED WITH AN EOS EXPONENT, (MVA/MVApef)ECEFS
($+(RSEFS MVA SYSTEM)-1)
SEE CARD 203
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CARD TYPE  FORMAT  VARIABLE  DESCRIPTION/COMMENTS
25-36  UCEFC UNIT COST OF PFC CAPACITOR BANK BASED ON
L ENERGY REQUIRED ($ (MJ)=1)
37-48  UCEFD UNIT COST OF PFC DIODE ELEMENT BASED ON A
: REFERENCE UNIT MODIFIED WITH AN EOS EXPONENT
(MVA/MVA o5 )ECEFD
($- (RSEFD MVA SYSTEM)-1)
SEE CARD 204
49-60  UCEFCS UNIT COST OF PFC CHARGING SUPPLY BASED ON A
REFERENCE UNIT MODIFIED WITH AN EOS EXPONENT
(MVA/MVApef)ECPCT
($- (RSPCT MVA SYSTEM)=1)
SEE CARD 205 .
165 E '
1-12  UCRI UNIT COST IN SECOND TERM OF COST FOR RECTIFIERS
BASED ON A REFERENCE UNIT MODIFIED WITH AN EOS
EXPONENT (MVA/MVA, f)EC3RV2
($+ (RS3RVZ MVA SYSTEM) 1)
SEE CARD 202 (SEE FIGURE 2-38)
13-24  UCR2 UNIT COST OF THIRD TERM OF COST FOR RECTIFIERS
BASED ON AVERAGE KILOAMP INCREMENT ABOVE 5 kA
($-(kA)-1)
166 E . ‘ -
1-12 - UCPCS UNIT COST OF DEVICE CONTROL, HANDLING AND
SAFETY ($)
167 E UCPD UNIT COST FOR PLASMA DIAGNOSTIC EQUIPMENT ($)
168 E UCSES * UNIT COST FOR STAND-BY OR EMERGENCY SYSTEM ($)
169 E :
1-12 Ucsst UNIT COST FOR FIRST TERM IN COST EQUATION FOR
SUBSTATION BASED ON REFERENCE UNIT MODIFIED BY
EQS EXPONENT (MW/MW e f;ECS
($+ (RSSUB MW SYSTEM)=
SEE CARD 212
13-24  UCSS2 UNIT COST FOR SECOND TERM IN COST EQUATION FOR

SUBSTATION BASED ON REFERENCE UNIT MODIFIED BY
EQS EXPONENT (MW/MW ef; ECSUB2
($+ (RSSUB MW SYSTEMS
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TABLE 5-13
COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
TOKAMAK SUPPORT SYSTEMS

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4)

CARD TYPE  FORMAT = VARIABLE DESCRIPTION/COMMENTS

170 E
: 1-12 UCRSS . UNIT COST FOR REMOTE SERVICING SYSTEM ($)
17 - E
1-12 UCFH1 . UNIT COST CONSTANT FOR COSTING THE FUEL HANDLING
SYSTEM IN BATCH MODE ($)
SEE REFERENCE 1, p 4-7
13-24 UCFH2 UNIT COST PER AREA FOR COSTING THE FUEL HANDLING
SYSTEM IN BATCH MODE ($-m~2)
SEE REFERENCE 1 p 4-7
25-36 UCFH3 UNIT COST PER LENGTH FOR COSTING THE FUEL
~ HANDLING SYSTEM IN BATCH MODE ($-m-1)
SEE REFERENCE 1 p 4-7
A37-48 UCFH4 LIMIT COST SCALED BY DIMENSIONLESS NUMBER WRT

PLASMA VOLUME FOR COSTING THE FUEL HANDLING
SYSTEM IN THE BATCH MODE ($)
SEE REFERENCE 1, p 4-7

IF IFUELO.EQ.O0, SKIP TO CARD 177. CARD TYPES 172 THROUGH 176 ARE INPUT FOR
SYSTEMS DEFINED IN THE CONTINUOUS FUEL HANDLING MODE.

172 E : '

1-12 ucTss(1) UNIT COST CONSTANT FOR COSTING THE TRITIUM
STORAGE SYSTEM IN THE CONTINUOUS FUEL HANDLING
MODE ($) (SEE FIGURE 2-39)

13-24 UCTSS(2) UNIT COST PER MASS OF T ON-SITE IN STAND-BY
INVENTORY FOR TRITIUM STORAGE SYSTEM

($-(g-atom)-1)

25-36 UCTSS(3) " UNIT COST PER MASS OF T ON-SITE IN STAND-BY
INVENTORY TO THE 2/3 FOR TRITIUM STORAGE SYSTEM

($-(g-atom)-2/3)
37-48  UCTSS(4)  UNIT COST PER MASS OF T ON-SITE IN STAND-BY

INVENTORY TO T7E 1/3 FOR TRITIUM STORAGE SYSTEM
($-( g-atom)
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CARD TYPE

FORMAT

VARIABLE

DESCRIPTION/COMMENTS

173

178

175(1)

49-60

61-72

25-36

1-12

13-24

25-36

1-12

13-24

25-36

UCTSS(5)

UCTSS(6)

UCDSS(1)

UCDSS(Z)

UCDSS(3)

UCFFIS(1)

UCFFIS(2)

UCFFIS(3)

UCEPPS(1)

UCEPPS(2)

UCEPPS(3)

UNIT COST PER MASS OF T USED.IN ONE DAY'S
OPERATION FOR TRITIUM STORAGE SYSTEM
($+(g-atom-day-1)-1)

UNIT COST PER MASS OF T USED IN ONE DAY'S

OPERATION TO THE 1/3 FOR TRITIUM STORAGE SYSTEM
($+(g-atom-day-1)-1/3)

UNIT COST CONSTANT FOR COSTING THE DEUTERIUM

- STORAGE SYSTEM ($)

UNIT COST PER MASS OF D ON-SITE IN STAND-BY
INVENTORY TO THE 2/3 FOR DEUTERIUM STORAGE

"SYSTEM

($-(g-atom)=2/3)

UNIT COST PER MASS OF D USED IN ONE DAY'S
OPERATION TO THE 2/3 FOR DEUTERIUM STORAGE

- SYSTEM

($-(g-atom-day-1)-2/3)

UNIT COST CONSTANT FOR COSTING THE FUEL
FABRICATION-INJECTION SYSTEM ($)

UNIT COST PER MASS OF T INJECTED PER PULSE FOR

FUEL FABRICATION-INJECTION SYSTEM

($+(g-atom-pulse-1)-1)

UNIT COST PER AVERAGE MASS OF T INJECTED PER
SECOND DURING PULSING FOR FUEL FABRICATION-
INJECTION SYSTEM

($-(g-atomes~1)-1)

UNIT COST CONSTANT FOR COSTING THE EXHAUST
PLASMA PROCESSING SYSTEM ($)

UNIT COST PER MASS QF H-D-T FROM PLASMA EXHAUST
PER DAY FOR EXHAUST PLASMA PROCESSING SYSTEM
($-(g-atom H-D-T-day-1)-1)

UNIT COST PER MASS OF H-D-T FROM PLASMA EXHAUST
PER DAY TO THE 2/3 FOR THE EXHAUST PLASMA PRO-
CESSING SYSTEM

($-(g-atom H-D-T-day=1)-2/3)
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CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

37-48 UCEPPS(4) UNIT COST PER MASS.- OF H-D-T FROM PLASMA EXHAUST
4 PER DAY TO THE 1/3 FOR THE EXHAUST PLASMA PRO-
CESSING SYSTEM .
($-(g-atom H-D-T-day-1)-1/3)

-49-60  UCEPPS(5) UNIT COST PER MASS OF CONTAMINATED D FROM THE
NEUTRAL BEAMS PER DAY FOR THE.EXHAUST PLASMA
PROCESSING SYSTEM
($-(g-atom D¢ yg-day-1)-1)

61-72 UCEPPS(6) UNIT COST PER MASS OF CONTAMINATED D FROM THE
' NEUTRAL BEAMS PER DAY TO THE 2/3 FOR THE EXHAUST
PLASMA PROCESSING SYSTEM '
($-(g-atom DC'NB~day'1)-2/3)

175(2) E
1-12 UCEPPS(7)  UNIT COST PER MASS OF CONTAMINATED D FROM THE.
NEUTRAL BEAMS PER DAY TO THE 1/3 FOR THE EXHAUST
PLASMA PROCESSING SYSTEM
($-(g-atom D¢, ng-day=1)-1/3)

176(1) E '
1-12 -ucens(1) UNIT COST CONSTANT FOR COSTING THE CRYOGENIC
" DISTILLATION SYSTEM ($)

13-24 UceDns(2) UNIT COST PER MASS OF H-D-T FROM PLASMA EXHAUST
PER DAY FOR THE CRYOGENIC DISTILLATION SYSTEM
. ($-(g-atom H-D-T-day-1)-1)

25-36 uccDs(3) UNIT COST PER MASS OF H-D-T FROM PLASMA EXHAUST
PER DAY TO THE 2/3 FOR THE CRYOGENIC DISTILLA-
TION SYSTEM ‘
($+(g-atom H-D-T-day=1)-2/3)

37-48 ucecos(4) UNIT COST PER MASS OF CONTAMINATED D FROM THE
' NEUTRAL BEAMS PER DAY FOR THE CRYOGENIC DIS-
TILLATION SYSTEM
($-(g-atom D¢ ng-day-!)-1)

49-60 UCCDS(5) UNIT COST PER MASS OF CONTAMINATED D FROM THE
, NEUTRAL BEAMS PER DAY TO THE 2/3 FOR THE
CRYOGENIC DISTILLATION SYSTEM
($-(g-atom D¢, np-day-!)-2/3)

61-72  UCCDS(6)  UNIT COST PER MASS OF URANIUM IN CRYODISTILLA-
TION TRAPS FOR THE CRYOGENIC DISTILLATION SYSTEM
($-(kg U)~1)
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CARD TYPE ~ FORMAT

VARIABLE

176(2) E
1-12

13-24

177 E

25-36

178 E

I VARIES FROM 1 TO
179 E

180 E

13-24

UCCDS(7)

uccDs(8)

UCTCST

UcTCs2

UCTCS3

UCTVPS

DESCRIPTION/COMMENTS

UNIT COST PER MASS OF URANIUM IN CRYODISTILLA-
TION TRAPS TO THE 2/3 FOR THE CRYOGENIC DIS-
TILLATION SYSTEM

($- (kg U)-2/3)

UNIT COST PER MASS AT URANIUM IN CRYODISTILLA-
TION TRAPS TO THE 1/3 FOR THE CRYOGENIC DIS-
TILLATION SYSTEM

($- (kg U)-1/3)

UNIT COST CONSTANT IN COSTING THE TRITIUM
CLEAN-UP SYSTEM ($)

UNIT COST PER VOLUME OF THE VACUUM VE
AN ECONOMY OF SCALE EXPONENT,(VVV)ECT

($:(m3)-1)
SEE CARD 215

SSEL TO
c1

UNIT COST PER VOLUME OF REACTOR CELL PLUS
BASEMENT TO AN ECONOMY OF SCALE EXPONENT,
(VOLRC + VOLBS)ECTC2

($+(m3)=1)

UNIT COST PER LITER PER SECOND FOR TORUS VACUUM
PUMPING SYSTEM

($:(2-s71)"1)

5 WRT THE TF COILS

UCHR(I)

UCLN2

UCLNCU

He REFRIGERATION REQUIREMENT FOR S/C TF COILS
WHERE THE POWER 19 RA&BED TO AN ECONOMY OF
SCALE EXPONENT

($- (kw)-1)

-SEE CARD 216

LIQUID NITROGEN REFRIGERATION REQUIREMENT FOR
S/C WHERE THE POWER IS RAISED TO AN ECONOMY
OF SCALE EXPONENT (kw)ECHR

($-(kw)-1)

LIQUID NITROGEN REFRIGERATION REQUIREMENT FOR
Cu TF

($(kw)-1)

SEE CARD 216
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VARIABLE

DESCRIPTION/COMMENTS

CARD TYPE  FORMAT

181 E
- 1-12

13-24°

25-36

182 E
1-12

13-24

25-36

Ucvvel

ucvve2

UCcvvC3

ucovcel

ucovcz

UCDVC3

UNIT COST FOR VACUUM VESSEL COOLING SYSTEM
BASED ON THE PEAK POWER PER PULSE OVER THE
COOLANT TEMPERATURE RISE TO AN EXPONENT
(PEAK MW~ (Kpef)=-1)ECHDI

($+(1 MW+ (RVV K)=1 SYSTEM)-1)

SEE CARD 213 (SEE FIGURE 2-39)

UNIT COST FOR VACUUM VESSEL COOLING SYSTEM
BASED ON THE AVERAGE PCWER PER PULSE OVER THE
COOLANT TEMPERATURE RISE TO AN EXPONENT THEN
MODIFIED BY THE COOLANT TEMPERATURE RISE.TO A
SECOND EXPONENT, (Kpef)ECHD3 '
(AVERAGE MW/ Kref)ECHDZ .

($-(1 MW-(RVV K)-1 SYSTEM)-1)

SEE CARD 213

UNIT COST FOR VACUUM VESSEL COOLING SYSTEM
BASED ON THE ENERGY DISSIPATED PER PULSE IN
THE VV OVER THE COOLANT TEMPERATURE RISE TO
AN EXPONENT, (MJdis-Kref)-1)ECHD4

($-(1 MJ-(RVV K)-1 SYSTEM)-1)

SEE CARD 213

UNIT COST FOR DIVERTOR COOLING SYSTEM BASED ON
THE PEAK POWER PER PULSE QVER THE COOLANT TEMP-
ERATURE RISE TO AN EXPONENT,

($-(1 Mw-(RDV K)-1 SYSTEM)-1)

SEE CARD 213 (SEE FIGURE 2-39)

UNIT COST FOR DIVERTOR COOLING SYSTEM BASED ON
THE AVERAGE POWER PER PULSE OVER THE COOLANT
TEMPERATURE RISE TO AN EXPONENT THEN MODIFIED

BY THE COOLANT TEMPERATURE RISE TO A SECOND
EXPONENT, (AVERAGE MW-(Kref)=1)ECHD2.(Kyef)ECHO3
SEE CARD 213

UNIT COST FOR DIVERTOR COOLING SYSTEM BASED ON
THE ENERGY DISSIPATED PER PULSE IN THE DIVERTOR
OVER THE COOLANT TEMPERATURE RISE TO AN EXPO-
NENT, (MJdiS'(Kref)'l)ECHD4

($+(1 MJ-(RDV K)-! SYSTEM)-1)

SEE CARD 213
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CARD TYPE

FORMAT VARIABLE DESCRIPTION/COMMENTS
183 E
1-12 UCNBC1 UNIT COST FOR NEUTRAL BEAM COOLING SYSTEM BASED
ON THE PEAK POWER PER PULSE OVER THE COOLANT
TEMPERATURE- RISE TO AN EXPONENT .
(PEAK Mw.(Kref)-I?ECHD1
($-(1 MW-(RNB K)=! SYSTEM)-1)
SEE CARD 213 (SEE FIGURE 2-39)
13-24 UCNBC2 UNIT COST FOR NEUTRAL BEAM COOLING SYSTEM BASED
: ON THE AVERAGE POWER PER PULSE OVER THE COOLANT
TEMPERATURE RISE TO AN EXPONENT THEN MODIFIED
BY THE COOLANT TEMPERATURE RISE TO A SECOND
EXPONENT, (AVERAGE MW- (Kref) 1)ECHD2. (Kpef)ECHD3
($-(1 MW-(RNB K)~1 SYSTEM)-1)
SEE CARD 213
25-36 UCNBC3 UNIT COST FOR MEUTRAL BEAM COOLING SYSTEM BASED
- . ON THE ENERGY DISSIPATED PER PULSE IN THE
NEUTRAL BEAM OVER THE COOLANT TEMPERATURE RISE
TO AN EXPONENT, (MJdis<Kpef)=!)ECHD4
($-(1 'MJ-(RNB K)-! SYSTEM)-1)
SEE CARD 213
184 E '
. 1-12 UCFCC1 UNIT COST FOR THE COPPER TF COIL COOLING SYSTEM
BASED ON THE PEAK POWER PER PULSE OVER THE
COOLANT TEMPERATURE RISE TO AN EXPONENT THEN
MODIFIED BY THE COOLANT TEMPERATURE RISE TO A
SECOND EXPONENT,
(PEAK Mw-(Kref)'leCHD7 ?f YECHDS
($+(1 MW-(RTF K)-! SYSTEM)-
SEE CARD 214
13-24 UCFCC2 UNIT COST FOR THE COPPER PF COIL (EF/OH) COOLING
SYSTEM BASED ON THE PEAK POWER PER PULSE QVFR
THE. COOLANT TEMPERATURE RISE TO AN EXPONENT THEN
MODIFIED BY THE COOLANT TEMPERATURE RISE TO A
SECOND EXPONENT, B%ECHDS
(PEAK MW« (Kpef) 'I)EEﬁ
($-(1 MW-(REF K)-! SYSTEM)-1)
FOR THE OH COILS, REF IS REPLACED BY ROHC AND
HANDLED SIMILARLY
SEE CARD 214
25-36 UCFCC3 UNIT COST FOR TF, EF, OH COIL COOLING SYSTEM

BASED ON THE AVERAGE POWER PER PULSE TO AN
EXPONENT, (Mw)ECHD6

($-(Mw-1))

SEF CARD 214
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'CARD TYPE  FORMAT

VARIABLE

DESCRIPTION/COMMENTS

37-48

185 E

1-12.

13-24

25-36

186 E

187 E

UCFCC4

UCvsSCl

UCvscz

UCVSC3

ucGpPC

UCEAV

UNIT COST FOR TF, EF, OH COIL COOLING SYSTEM

. BASED ON ONE-TENTH OF THE ENERGY DISSIPATED

PER PULSE TO AN EXPONENT,(MJ*0.1)ECHD4

($-(W-1))

SEE CARD 213

UNIT COST FOR VESSEL SHIELD COOLING SYSTEM
BASED ON THE PEAK POWER PER PULSE OVER THE
COOLANT TEMPERATURE RISE TO AN EXPONENT
(PEAK MW (Kref)“leCHD]

($+(1 MW-(RSH K)-! SYSTEM)-1)

SEE CARD 213 (SEE FIGURE 2-39)

UNIT COST FOR THE VESSEL SHIELD COOLING SYSTEM
BASED ON THE AVERAGE POWER PER PULSE OVER THE
COOLANT TEMPERATURE RISE TO AN EXPONENT THEN
MODIFIED BY THE COOLANT TEMPERATURE RISE TO A
SECOND EXPONENT,

(AVERAGE MW« (Kpef)~1)ECHD2. (Kpof)ECHD3

($+(1 MW-(RSH K)-1 SYSTEM)-1)

SEE CARD 213

UNIT COST FOR VESSEL SHIELD COOLING SYSTEM
BASED ON THE ENERGY DISSIPATED PER PULSE IN
THE VESSEL SHIELD OVER THE COOLANT TEMPERATURE
RISE TO AN EXPONENT,(ENERGY. (Kpref)~!)ECHDA
($-(1 MJ-(RSH K)-! SYSTEM)-1)

SEE CARD 213

UNIT COST FOR GENERAL PLANT COOLING SYSTEM
BASED ON THE TOTAL AVERAGE POWER OF ALL SYSTEMS
FEEDING THE COOLING TOWER TO AN EOS EXPONENT,
(MW)ECGPC

($(Mu-1))

SEE CARD 217

UNIT COST FOR EXPERIMENTAL AREA VENTILATION
BASED ON THE SUM OF THE REACTOR CELL AND BASE-
MENT VOLUMES TO AN EOS EXPONENT,
2VOLRC-V0LBS)ECEAV

$-(M-3))

SEE CARD 218
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CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS
188 E-
1-12 UCRWH1 UNIT COST CONSTANT TERM FOR RADIOACTIVE WASTE

HANDLING SYSTEM ($)

13-24 UCRWH2 4.UNIT COST FOR RADIOACTIVE WASTE HANDLING SYSTEM
'BASED ON THE SQUARE ROOT OF THE PLASMA VOLUME
($-(M)=3/2)

25-36 UCRWH3 UNIT.COST FOR RADIOACTIVE WASTE HANDLING SYSTEM
BASED ON THE PLASMA VOLUME RAISED TO AN EOS
EXPONENT (M3)ECRW
($-(M-3)) o
SEE CARD 219

37-48  UCRWH4 UNIT COST FOR RADIOACTIVE WASTE HANDLING SYSTEM
BASED ON THE PLASMA VOLUME
($-(M-3))

49-60 UCRWHS UNIT COST FOR RADIOACTIVE WASTE HANDLING BASED

ON THE SUM OF THE REACTOR CELL AND BASEMENT
VOLUMES TO AN EQS. EXPONENT,
§V0LRC-+V0LBS)E RW
$-(M-3))
SEE CARD 219
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TABLE 5-14

COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
STRUCTURES AND SITE SERVICES

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4) '

CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

189 E :
1-12 UCSRUT UNIT COST PER METER SQUARE OF SITE ($-(M-2))
13-24 UCSRU2 UNIT COST PER METER OF RAIL ACCESS ($-(M-1))
25-36 UCSRU3 UNIT COST PER SERVICE ($-(Kwg-1))
190 - £ '
1-12 UCROB1 UNIT COST CONSTANT FOR REACTOR QPERATIONS
BUILDING ($)
SEE REFERENCE 7
13-24 UCROB2 UNIT COST FOR REACTOR OPERATIONS BUILDING
BASED ON VOLUME ENCLOSED INCLUDING CELL,
~ FLOOR, AND BASEMENT (§-(M-3)) 4
25-36  UCROB3 UNIT COST FOR REACTOR OPERATIONS BUILDING
BASED ON TWICE THE FLOOR AREA ($-(M-2))
37-48 UCROB4 UNIT COST FOR REACTOR OPERATIONS BUILDING
BASED ON THE VOLUME OF THE BASEMENT ($-(M-3))
49-60  UCROB5 UNIT COST CONSTANT ADDER FOR REACTOR OPERATIONS
BUILDING IF DTHR REACTOR HOUSED (%)
191 E
1-12 UCRSUP UNIT COST CONSTANT FOR REACTOR SUPPORT
STRUCTURE ($)
13-24 UCRSC UNIT COST CONSTANT ADDER FOR REACTOR SUPPORT
o STRUCTURE IF DTHR REACTOR IS SIZED (%)
192 E
1-12 UCEPS UNIT COST CONSTANT FOR ELECTRICAL PLANT
STRUCTURES ($)
13-24 UCEPS2 UNIT COST CONSTANT ADDER FOR ELECTRICAL PLANT

STRUCTURES IF DTHR IS SIZED ($)
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VARIABLE

. DESCRIPTION/COMMENTS

CARD TYPE FORMAT

193 ¢
| 1-12
13-24
194 E
o112
13-24

UCOTH

“UCOTH2

UCMISC

UCMSC

UNIT COST CONSTANT TO COVER OTHER STRUCTURES
(5 | |

UNIT COST CONSTANT ADDER TO COVER ADDITIONAL |

STRUCTURES IF DTHR IS SIZED ($)

“UNIT COST CONSTANT TO COVER MISCELLANEOUS

PLANT EQUIPMENT ($)
UNIT COSTVCONSTANT ADDER TO COVER MISCELLANEOUS
PLANT -EQUIPMENT IF DTHR IS SIZED (%)

(SEE FIGURES 2-36 AND 2-37 FOR COSTING
CONSIDERATIONS ASSOCIATED WITH THE FACILITIES,
BUILDINGS, AND STRUCTURES)
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TABLE 5-15

COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
: NEUTRAL BEAM SYSTEMS

Only two input formats are used An I is entered in the format column of the
table for (1216); while an E indicates$(6E12.4)

CARD TYPE ~ FORMAT 'VARIABLE "DESCRIPTION/COMMENTS

195 E
- 1-12 UCNBA UNIT COST FOR THE NEUTRAL BEAM ARMS PER MAX-
' IMUM ‘NEUTRAL BEAM POWER REQUIREMENT
($-(Mw=1))
196 E

1-12 UCNBP(1) UNIT COST CONSTANT FOR NEUTRAL BEAM POWER
SUPPLY SYSTEM ($) (SEE SECTION 2.3)

13-24 UCNBP(2) . UNIT COST FOR NEUTRAL BEAM POWER SUPPLY BASED
ON THE CURRENT PER SQURCE DIVIDED BY THE CUR~
RENT IN A REFERENCE SYSTEM THEN RAISED TO AN

EQS EXPONENT, (A/Aref)ECNB]
93 (RETDLENT {1 ERs 1)

SEE CARD 209

25-36  UCNBP(3)  UNIT COST FOR NEUTRAL BEAM POWER SUPPLY BASED
ON THE VOLT-AMP REQUIRED DIVIDED BY THE VOLT-AMP
PROVIDED IN A REFERENCE SYSTEM THEN RAISED TO AN
EOS EXPONENT, ( MVA/MVAY £)ECNB2
($+ (RSPPC MVASYSTEM) y
SEE CARD 209

37-48 UCNBP(4) UNIT COST FOR NEUTRAL BEAM POWER SUPPLY BASED
ON THE COSTS RELATED TO A SINGLE SOURCE
($+ (SOURCE)-1)

1-12  UCNBPE ~  UNIT COST OF NEUTRAL BEAM ENERGY CONVERSION .
SYSTEM BASED ON POWER PRODUCED DIVIDED BY POWER
PRODUCED IN A REFERENCE SYSTEM RAISED FOR AN
EOS EXPONENT, (MW/ereT)E NB3

($+ (RSNBC MW SYSTEM)-

SEE CARD 209

L]
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. TABLE 5-16
COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
REFERENCE UNITS AND ECONOMY-OF-SCALE. (EOS) EXPONENT

Only two input formats are used. An I is entered in the format column of the
table for (1216); while an E indicates (6E12.4)

CARD TYPE . FORMAT  VARIABLE - DESCRIPTION/COMMENTS

198 E ‘ ‘
1-12  RSRT REFERENCE UNIT FOR SCALING PFC RECTIFIER-
TRANSFORMER COST (MVA)
SEE CARD 161
13-24  ECRT EOS EXPONENT IN COSTING PFC RECTIFIER TRANS-
' ‘ FORMER (-) .
199 E L S S , .
1-12  RSMOPF REFERENCE UNIT FOR SCALING PFC MOTOR SET AT
COST (Mw)
, SEE CARD 156 |
13-24  RSGEPF REFERENCE UNIT FOR SCALING PFC GENERATOR SET
COST (MwW)
SEE CARD 156
200 E ‘ o .
1-12  RSDRV1  REFERENCE UNIT FOR SCALING OH DUAL-RECTIFIER
COST RATED ON VOLT-AMPERE (MVA)
| SEE CARD 163
13-24  ECDRVI EOS EXPONENT IN COSTING OH DUAL-RECTIFIER
RATED ON VA (-)
25-36  RSDRV2 REFERENCE UNIT FOR SCALING OH DUAL-RECTIFIER
COST RATED ON GAM*VOLT-AMPERE (MVA)
37-48  ECDRV2 EOS EXPONENT IN COSTING OH DUAL-RECTIFIER
RATED ON GAM*VA(-)
201 E 4
1-12  RSOHIS “REFERENGE UNIT FOR SCALING OH SWITCHING COST
' (MVA) |
| SEE CARD 163
13-24  ECIS EOS EXPONENT IN COSTING OH SWITCHING (-)
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CARD _TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

202 E ‘
' 1-12 RS3RVI REFERENCE UNIT FOR SCALING EF 3-PHASE RECTIFIER
COST (MVA)
- SEE CARD 164
13-24  EC3RV1 - EOS EXPONENT IN COSTING 3-PHASE RECTIFIER (-)
25-36 . RS3RVZ ~ REFERENCE UNIT FOR SCALING EF 3-PHASE RECTIFIER
COST RATED ON GAM*VOLT AMPERE- (MVA)
SEE CARD 165
37-48  EC3RV2 EOS EXPONENT IN COSTING EF 3-PHASE RECTIFIER
| COST RATED ON GAM*VA (-)
203 E |
1-12 RSEFS ?EFE?ENCE UNIT FOR SCALING EF SWITCHING COST
MVA : )
SEE CARD 164
13-24  ECEFS EOS EXPONENT IN COSTING EF SWITCHING(-)
204 E ' |
1-12 RSEFD - REFERENCE UNIT FOR SCALING EF DIODE ELEMENT
COST (MVA)
SEE CARD 164
13-24  ECEFD EOS EXPONENT IN COSTING EF DIODE ELEMENT (-)
205 E
1-12 RSPCT REFERENCE UNIT FOR SCALING EF CHARGING SUPPLY
| COST (MVA) -
SEE CARD 164 |
13-24  ECPCT EOS EXPONENT IN COSTING EF CHARGING SUPPLY (-)
206 E
1-12  RSTFM ~ REFERENCE UNIT FOR SCALING TF MOTOR-SET COST
’ (MW)
SEE CARD 156
13-24  ECI EOS EXPONENT IN COSTING TF MOTOR-SET (-)
25-36  RSTFG REFERENCE UNIT FOR SCALING TF GENERATOR SET

COST (Mw)
SEE CARD 156
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CARD TYPE ' FORMAT  VARIABLE DESCRIPTIONL@OMMENTS
37-48 EC2 EOS EXPONENT IN COSTING TF GENERATOR-SET(-)
207 E o :
1-12 - RSTFRI REFERENCE UNIT FOR SCALING TF RECTIFIER COST
, (MVA)
"SEE CARD 159
13-24.  ECTFI EOS EXPONENT IN COSTING TF RECTIFIER (-)
25-36 RSTFR2 . REFERENCE UNIT FOR SCALING TF RECTIFIER COST
(GAM-MVA)
37-48 ECTF2 EOS EXPONENT IN COSTING TF RECTIFIER RATED
' ON (GAM*MVA) (-) .
208 E : . , ‘
1-12 RSMONB REFERENCE UNIT FOR SCALING NB INJECTION SYSTEM -
MOTOR-SET COST (MW) -
SEE CARD 156
13-24 RSGENNB REFERENCE UNIT FOR SCALING NB GENERATOR SET
(MW)
209 E :
1-12 RSIPC REFERENCE UNIT FOR SCALING NEUTRAL BEAM POWER
SUPPLY €0ST (A)
SEE CARD 196
13-24 ECNB1 EOS EXPONENT IN COSTING NB POWER SUPPLY BASED
ON CURRENT (-)
25-36 RSPPC . REFERENCE UNIT, VOLT-AMPERE, FOR COSTING
NEUTRAL BEAM POWER SUPPLY (MVA)
SEE CARD. 196
37-48 ECNB2 EOS EXPONENT IN COSTING NB POWER SUPPLY BASED
‘ "ON VOLT-AMPERES (-) .
49-60  RSNBC REFERENCE VOLT-AMPERE FOR COSTING THE NB POWER
.CONVERSION SYSTEM (MVA)
SEE CARD 197
61-72 ECNB3 EOS EXPONENT IN COSTING NB POWER CONVERSION

SYSTEM (-)
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CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS
210 E | -
: 1-12 RSLSC REFERENCE UNIT FOR LOAD SMOOTHING CIRCUIT
‘ COST (MW)
SEE CARD 157 |
13-24 ECLSCI %o§ EXPONENT IN COSTING LOAD SMOOTHING CIRCUIT
25-36 ECLSC2 - SECOND EOS EXPONENT IN COSTING LOAD SMOOTHING
CIRCUIT (-) '
211 £
1-12 RSSG REFERENCE UNIT FOR STEAM GENERATORS COST (MW)
| ' SEE CARD 154
13-24 ECSG EOS EXPONENT IN COSTING STEAM GENERATORS (-)
25-36 ECSTG EOS EXPONENT IN COSTING STEAM TURBINE
GENERATORS (-) .
212 £ »
1-12 RSSUB REFERENCE UNIT FOR COST OF SUBSTATION (MW)
SEE CARD 169
13-24 ECSUBT EOS EXPONENT IN COSTING OF SUBSTATION (-)
25-36 ECSUB2 SECOND EOS EXPONENT IN COSTING SUBSTATION (-)
213 E
1-12 ECHD1 EOS EXPONENT IN COSTING COOLING SYSTEM FOR
VACUUM VESSEL, DIVERTOR, NEUTRAL BEAM, DEVICE
SHIELD, SCALES (PEAK POWER/TEMPERATURE RISE)
- .
SEE CARD 181, 182, 183, 185, REFERENCE 6
13-24 ECHD2 EOS EXPONENT IN COSTING COOLING SYSTEM FOR
VACUUM VESSEL, DIVERTOR, NEUTRAL BEAM, DEVICE
SHIELD. SCALES (AVERAGE POWER/TEMPERATURE
RISE)(-) _
SEE CARD 181, 182, 183, 185
24-36  ECHD3 EOS EXPONENT IN COSTING COOLING SYSTEM FOR

VACUUM VESSEL, DIVERTOR, NEUTRAL BEAM, DEVICE
SHIELD. SCALES TEMPERATURE RISE(-)
SEE CARD 181, 182, 183, 185
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CARD TYPE

FORMAT

" VARIABLE

DESCRIPTION/COMMENTS

214

215

216

217

37-48

13-24

25-36

37-48

13-24

ECHD4

ECHDS
ECHD6 -

ECHD?

ECHD8

ECTCY

ECTC2

ECHR

ECGPC

EOS EXPONENT IN COSTING COOLING SYSTEM FOR
VACUUM VESSEL, DIVERTOR, NEUTRAL BEAMS, Cu
COILS. SCALES TEMPERATURE RISE AND/OR 0.1 OF
THE Cu COIL ENERGY(-)

SEE CARD 181, 182, 183, 184

EOS EXPONENT IN COSTING COOLING SYSTEM FOR Cu
COILS. SCALES TEMPERATURE RISE(-)
SEE CARD 184 ‘

EQOS EXPONENT IN COSTING COOLING SYSTEM FOR Cu
COILS. SCALES AVERAGE POWER PER PULSE(-)
SEE CARD 184 ”

EOS EXPONENT IN COSTING COOLING SYSTEM FOR Cu
TF COILS. SCALES (PEAK POWER/TEMPERATURE
RISE)(-) ' ’

SEE CARD 184

EOS EXPONENT IN COSTING COOLING SYSTEM -FOR Cu
TF COILS. SCALES (PEAK POWER OVER TEMPERATURE
RISE)(-)

SEE CARD 184

EOS EXPONENT IN COSTING TRITIUM CLEAN-UP
SYSTEM. SCALES VOLUME OF VACUUM VESSEL(-)
SEE CARD 177

EOS EXPONENT IN COSTING TRITIUM CLEAN-UP
SYSTEM. SCALES VOLUME OF REACTOR CELL AND
BASEMENT(-)

SEE CARD 177

EOS EXPONENT IN COSTING HEAT REMOVAL SYSTEM

(-) .
SEE CARD 179, 180

EOS EXPONENT IN COSTING OF GENERAL PLANT
COOLING SYSTEM (-)
SEE CARD 186

(%))
'
[8)]
o



NOTE:

CARD TYPE FORMAT  VARIABLE - DESCRIPTION/COMMENTS
218 - E o
1-12 = ECEAV EOS EXPONENT IN COSTING EXPERIMENTAL AREA
VENTILATION SYSTEM(-)
SEE CARD 187
219 E : :
1-12 ECRW EOS EXPONENT IN COSTING RADIOACTIVE WASTE
HANDLING SYSTEM(-)
SEE CARD 188 -
IF DETAILED COST ESTIMATES ARE NOT AVAILABLE

USE EC=1 FOR ALL EXPONENTS (THOSE PARAMETERS
IN TABLE 5-16 BEGINNING WITH EC)
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TABLE 5-17

COAST INPUT DECK -= UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
INDIRECT COST

Only two input formats are used. An I is entered in the format column of the
table for (1216); whﬂe an E indicates (6£12.4)

CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

220 E - | ‘
1-12 SAH % OF BUILDING AND EQUIPMENT COST FOR SHIPPING
| AND HANDLING
13-24 INSTAL . % OF BUILDING AND EQUIPMENT COST FOR
| INSTALLATION
25-36  EDIA % OF BUILDING AND EQUIPMENT COST FOR ENGINEER-
ING, DESIGN, INSPECTION, AND ADMINISTRATION
(EDIA)
37-48  CONTIN % OF BUILDING AND EQUIPMENT, SAH, INSTAL, AND

EDIA COSTS FOR CONTINGENCY

5-60



TABLE 5-18
COAST INPUT DECK -- UNIT COST COEFFICIENTS FOR REFERENCE YEAR, YRST
OPERATING COST

0n1y two 1nput formats are used. An I is entered in the format column of the
" table for (1216); while an E indicates (6E12. 4)

CARD TYPE  FORMAT  VARIABLE DESCRIPTION/COMMENTS

221 E
1-12 0COST COST OF ELECTRICITY FOR OPERATIONS
‘ ($-Kwh=1)
13-24 . UCTOT UNIT COST OF TRITIUM
($+(M CURIE)™!)
25-36  UCT02 %2§T'COST CONSTANT FOR ANNUAL Tp OPERATION
222 E . .
- 1-12  PRICE NET PRICE OF ELECTRICITY PRODUCED FOR SALE
($-Kuh-1) |
13-24  UCTO3 NET PRICE OF T, BRED FOR SALE

($+(M CURIE)"1)
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6.0 DISCUSSION OF OUTPUT

6.1 DESCRIPTION OF PRINTED OUTPUT

. The printed output from COAST can be partitioned into three basic blocks of
information. First, before any calculations are performed, the input data is
printed with definitions and units of measure in the order in which the input
cards were read. This not only documents the device parameters but also facili- 1
tates debugging the input if a run failure occurs.. The next major block con-
tains the output for each device sized. The order followed considers device
and TF coil system first (index on I); then for each device the JT set of para-
meters are systematically processed (index on J), and finally the variations
in the number of TF coils (index on K) in the toroidal field coil system are
handled for each of the JT parameter sets as it is processed. When all the
device specific output is completed, a set of summary tables are printed. The
tables are patterned in the same indexing order described above, but they con-
tain only basic device parameters to facilitate comparisons of specific device
performance and cost with respect to the range over which these vary. Since
the 1/0 edit is for the most part self-explanatory in the following text the
device specific output and the summary tables will be examined.

The output for each device sized starts at the top of a page with a label iden-
tifying the device and TF coil system, the major and minor radii {(m), the max-
imum field (T) at the conductor and the maximum field (T) at the conductor
corresponding to no field margin on the plasma axis. Then the field (T) on

the plasma axis is printed with the available field margin, if any. The basic
plasma engineering options chosen are recounted at this peint in deference to.
the user. (Paging back to check the input choices by data set is time consum-
ing.) Two supp]ementary edits for additional information are provided at this
point. If the TCT mode of plasma operation is chosen, the basic output corres-
ponding to ignition is provided for comparison and the plasma parameters in the
TCT mode for balance on neutral beam power are provided in most cases. The
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plasma output parameters include particle densities, temperatures, time con-
stants, energy and power densities, betas, and Q-values besides other basic
plasma data. The output continues with information on.each physical subsystem
as it is sized. If an error condition is encountered (see Section 5.3), a
message is immediately printed so these may occur anywhere in the device output.

Extensive edits on the neutral beam system, the fuel system sizing, the blanket/
shield for hybrid DTHR devices, and the bundle divertor follow here if these
systems are incorporated into the device design. At this point, a message is
given to indicate the factor constraining the TF coil outer leg (percent ripple,
neutral beam access, machine space, minimum fixed radius, or bundle divertor
access). Also, the minimum OH bore required (including the space for the OH
coils) is printed. '

Detailed plasma and PFC time scenarios follow. For the plasma, current, induc-
tance, resistance, volt-seconds, and voltages are tabulated as a function of
time. For the PFC, corresponding currents, voltages, instantaneous powers,

and accummulated energies are given. Additional PFC parameters include megamp-
turns, volts/turn, energy from f]ywhee], stored energy, number of turns, number
of circuits, resistances, self-inductances, and mutuals. The results of scaling
the EF geometry are also tabulated.

A TF coil edit gives coil circumference; cross-sectional area; volume and mass
for the conductor, structure and dewar; the structure-to-conductor ratio, coil
tension, and centering force. Electrical parameters for the TF coils in terms
of current power and stored energy follow. The next two edits give the heating
and cooling parameters. Heat and electrical power generation in terms of power
and energy are tabulated per pulse. For the cooling system, the peak and
average thermal powers are compared to electrical load for each subsystem.

Sizing of the physical dimensions“of the tokamak has been completed now, so the
device radial geometry and vertical geometry by zone follows. Zone thickness
and radial-vertical location are tabulated sequentially from the center of the
torus/device midplane, respectively. Since the zone description is comprehen-
sive, null zones for certain devices have 0.0 thickness. A few additional



plant parameters, which follow, include maximum field in OH bore, number of
neutral beam arms, NB duct width and height, number of pumps, reactor cell
dimensions and the estimated mass of the tokamak in tonnes.

With basic sizing calculations completed, three pages of detailed electrical

i parameters are tabulated for the various subsystems. This edit is frequently
deleted in scoping studies as is the next table. Component costs in M$ are
tabulated for over 56 subsystems. Besides the building and equipment costs,
shipping and handling, installation, EDIA, and contingency costs are estimated
for a total PACE cost in M$. A short edit then gives annual utility and fuel
costs.

When the variation.in the number of coils in the TF coil system has been ex-
hausted (index on K), an additional short edit compares the D-shape geometry
parameters for each set evaluated. The device specific output is complete.

6.2 DESCRIPTION OF THE IPLOT FILE

When sizing and costing of each device is complete, a binary record containing

23 pieces of data is written on the IPLOT file describing the essential features
of the device. A single record is written for each device successfully sized

in @ run. This file can then be read by another program for production of plots,
for statistical analyses, or for regression analysis to determine what basic
functional relationships exist. Table 6-1 1ists the variables in the order in
which they are stored on tape with definitions. '

6.3 DESCRIPTION OF ERROR FLAGS

In earlier versions of COAST a flag (GO/NO GO=0/1) was set if some inconsis-
tency was detected during the computer run. This flag has been expanded in
COAST 4 to a system ot tlags tu identify the inconsistencies that were encoun-
tered. Some flags are infarmative and do not stop the sizing process; others
are fatal so the program continues with the next device after having printed

all the information generated to that point. Sixteen flags apply to the device,
five to the iterative calculations for plasma sizing, and four to the resulting
plasma density requirements.
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VARIABLES STORED ON -IPLOT TAPE FOR EACH DEVICE

TABLE 6-1

VARIABLE DEFINITION
I TF COIL ‘TECHNOLOGY (-)
RO(I,J) _ PLASMA MAJOR RADIUS (m)
A(J) PLASMA MINOR RADIUS (m)
ASP(I,J) . ASPECT RATIO (-)
TFN(K) NUMBER OF TE COILS (-)
IW(1,J) NEUTRON WALL LOADING (MW-m~%)
TAUT(I,J)
BTT(I,J) FIELD ON PLASMA AXIS (T)
BCMM(L,J) FIELD AT TF CONDUCTOR (T)
BETAH(I,J) FULL FIELD BETA (%)
RANB(I,J) MAXIMUM REQUIRED NB POWER (MW)
GMFA(1,J) PULSE AVERAGE FISSILE PRODUCTION (Kg)
TRITP(I,J) PULSE AVERAGE T, PRODUCTION (Kg)
TRITC(I,J) PULSE AVERAGE T, CONSUMED -(Kg)
FPA(I,J) AVERAGE FUSION POWER (MW) )
PAVE(I,J) AVERAGE TOTAL HEAT PRODUCED (MW)
AHG(T,J) ~ AVERAGE TOTAL HIGH GRADE HEAT: (MW) '
APE(I,J) AVERAGE ELECTRICAL PRODUCTION (MW)
OPEC(I,J) AVERAGE ELECTRICAL CONSUMPTION (MW)
EPCON(I,J) PULSE. AVERAGE ELECTRICAL CONSUMPTION (MW)
APTOT(I,J,K) COOLING TOWER RATING (MW)
COST(I,J,K) BUILDING AND EQUIPMENT COST (M$)
ANNCST(I,J,K) ANNUAL OPERATING COST (M$)
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- In the program, flag condition numbers are concatenated in two character units
so that as many as five can be detected by one integer number of ten digits in -
the summary table. Of these five, one can be a plasma flag and one can be a

density. If more than five flags are genefated for a device, stars will print
~in the summary table indicating that a number has been produced‘which is too
large for the field of ten digits.- Table 6-2 identifies the range of error
conditions detected by COAST-4. |
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TABLE 6-2

ERROR CONDITIONS RECOGNIZED BY COAST-4

FLAG REFERENCE
NUMBER AREA ERROR CONDITION. |
o1 DEVICE OH COIL CURRENT DENSITY AND/OR HOOP STRESS LIMITED,
| i.e., NOT ENOUGH BORE LEFT AFTER SIZING TF COILS

02 OH MAXIMUM FIELD LIMIT EXCEEDED

03 TF COIL VERTICAL SIZING INADEQUATE TO ALLOW FOR
REQUIRED COMPONENTS

04 HYBRID COPPER TF COIL VERTICAL SIZING INADEQUATE TO
ALLOW FOR REQUIRED COMPONENTS

05 HYBRID SUPERCONDUCTING TF COIL VERTICAL SIZING
INADEQUATE TO ALLOW FOR REQUIRED COMPONENTS

06 CENTER BORE SPACE INADEQUATE FOR TF COIL INNER LEGS

07 FIELD AT CONDUCTOR EXCEEDS LIMIT

08 WALL LOADING EXCEEDS LIMIT

09 CENTER BORE SPACE INADEQUATE FOR BUCKING CYLINDER

10 NO BORE AVAILABLE FOR OH |

n BORE AVAILABLE FOR OH IS LESS THAN MINIMUM REQUIRED

12 OH COILS ARE DRIVING EF COIL CURRENT THROUGH MUTUAL
COUPLING

13 HYBRID COIL SYSTEM DEGRADED TO SINGLE COIL SYSTEM FROM
TNS-5 TO A TNS-3

14 PLASMA TEMPERATURE TOO LOW FOR IGNITION

15 APPLIED FIELD AT PLASMA INITIATION TOO LOW

16 OH CURRENT PROFILE NOT TYPICAL

21 PLASMA NO CONVERGENCE IN ATTEMPT TO BALANCE PLASMA PARAMETERS

22 To¢e GREATER THAN 70 keV

23

ALPHA POWER LESS THAN OR EQUAL TO ZERO



FLAG REFERENCE

NUMBER _AREA - . ‘ERROR_CONDITION
J © TRITON PLUS DEUTERON DENSITY LESS THAN OR EQUAL TO
- ~ . ZERO'IN ATTEMPT TO EBALANCE PLASHMA
25 - © NEUTRAL BEAM POWER NOT REQUIRED
31 DENSITY TOO MUCH NEUTRAL BEAM
2 RATIO H/D+T GREATER THAN 0.5
33 © RATIO (H+D)/(D+T) GREATER THAN 0.5
w D OR T DENSITY SHOULD BE LESS THAN O
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' - APPENDIX A
COAST COMPUTER CODE ABSTRACT

Program Identification: COAST, a code for the COsting And Sizing of
Tokamaks ~

Description.of Physical Problem Solved: COAST produces a generalized
description of a D-T burning tokamak reactor and facility. In each

complete calculation, the geometry, dimensions, and ratings of
approximately fifty subsystems are determined. In addition, performance
data associated with the tokamak and facility operation and a detailed
cost estimate, subsystem-by-subsystem, are provided. The cost estimates
include the evaluation of direct capital costs, indirect capital costs,
time-related costs, and operating costs (Ref. 1). Devices which can be
sized and costed include: TFTR (Tokamak Fusion Test Reactor), The Next
Step (TNS) type of devices, fusion-fission hybrids, engineering
demonstration reactors, power producing reactors, and commercial (power
and fissile fuel breeding) reactors. Both the ignition mode and the
neutral-beam-driven mode of plasma operation are modeled. The plasma
engineering calculations involve zero-dimensional models which account
for energy balance, particle balance, alpha-particle effects,
slowing-down theory, plasma-plasma and beam-plasma fusion reaction ratés,
impurity effects, profile effects, and Netg scaling. The tokamak
engineering calculations account for poloidal ‘and toroidal magnetic field
coil assemblies (both superconducf1ng and copper conductors are |
‘passible), neutral beam injectors, blanket/shield assemblies, plasma
fueling, divertors, heat dissipation systems, and related power

supplies. The modeling for the shaping field coils includes the
positioning of each coil relative to the other device components, as well
as scaling the coil currents from a reference set of current magnitudes
and positions (which are supplied as input and should be consistent with
a.coil set providing equilibrium and stability conditions for the
plasma). The reactor cell containing the tokamak device, the
turbine-generator plant and facility, and balance-of-plant systems are
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taken into account. ‘Figuré 1 .displays a flow diagram of the COAST code
logic. Variations on the amount of output produced are a11owed by input
options. The output data may consist of simply a summary table of the
main plasma, engineering, and cost data, or may be expanded to include a
complete set of results characterizing the plasma (during burn as well as
start-up); the neutral beam system; the fusile fuel system loads;
blanket/shield assembly sizing; divertor parameters; poloidal field coil
geometry, electrical data, self and mutual inductances,. and time profiles
of currents, voltages, powers, .and energy utilization; toroidal field
coil assembly and power supply data; heat and electrical power generation
data; device radial and vertical géometry tables; detailed electrical
data; component costs; annual operating costs; and a summary of the
Fusion Reactor Economic Evaluation. The output also includes a listing
of the input data. The output tables printed are clearly labeled with
descriptive titles and appropriate units of measure. A complete output
listing for a single case (one device, one size) produces up to 40
printed pages, while a summary output produces only 4 pages. ‘The input
data is composed of up to 250 cards. The input is lengthy since all of
the numerical data (except for physical constants) must be supplied by
the user.

Method of Solution: The COAST code "builds" the tokamak around the
plasma and calculates the engineering features of the plasma support

systems which allow the plasma to operate as parameterized in the plasma
engineering calculations. Since the plasma engineering models include
the time-dependent behavior of the plasma during pulse start-up, a
complete description of the plasma is provided. As each component is
added to the tokamak it is specified to be consistent with the plasma
requirements, the components previously sized, and the engineering ground
rules and assumptions supplied as input data. The ground rules and .
assumptions include magnetic field limits, mechanical stress limits,
current density 1imits, geometry limits, etc. Messages are printed when
ground rules are violated and depending on the violation the calculation
continues or is terminated. The sizing of the device involves a number
of iterative calculations to provide a self-consistent solution, and
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Figure 1, COAST Fiow Diagram
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requires one set of numerical integration calculations. Those
calculations allow the mutual couplings between individual poloidal field
coils and the plasma, as well as between the different coils themselves,
to be accurately estimated. The sizing calculations are completed prior
. to the estimate of costs calculations. Costing involves the summation of
component costs where sizé dependencies, unit cost data, and the .sizing
results are taken into account. Linear scaling with dimensions, masses,
volumes, or ratings, as well as non-linear effects and economy-of-scale
factors are involved. The COAST code allows up to five device types
(defined by the toroidal field coil assembly and blanket/shield system),
five device sizes. per device type,-and six different values for the
number of toroidal field coil sets per size and type per calculation to
be handled in a single run. The code is orijented toward both trade-off
calculations invoiving the variation of key plasma and device parameters,
as well as toward detailed calculations for a specific device type, size,
and engineering features. The detailed calculations are designed to
provide self-consistent, component-by-component data for lay-out work,
the determination of space and geometric allocations and allowances, and
values for the various power supply and cooling ratings.

Related Material: The COAST code presently in operation is the fourth

version. Previous versions have been used in the study of TNS

(Refs. 2-5). The present version has been employed in establishing the
reference designs for DTHR (Refs. 6, 7), SLPX-III (Ref. 8), CTHR

(Ref. 9), and CHR (Ref. 10). 1In addition, economic and engineering
trade-off studies have been performed (Refs. 7, 11) with the aid of COAST.

Restrictions: The code calculations are limited to the sizing and

designing of D-T burning tokamak devices. In order to generalize the
description of the various subsystems and to provide the logic for
various combinations of these subsystems in a given calculation, the
sizing models are not detailed to the extent possible in a code modeling
each individual system. The detail to which a subsystem is modeled has
been dictated by the importance of that system in the various studies
(see the reference list) and the effect the system has on the capital
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cost associated with the device and facility. The present version of
COAST has the following tokamak reactor sizing and engineering limita-
tions: 1) neutral beam heating only, no RF heating modeled; 2) poloidal
shaping field coils must be either completely within the toroidal field
coil bore or completely outside of it and the turns must be completely
superconducting or normal copper; 3) the blanket assembly used for energy
multiplication and/or fissile fuel breeding is located on the outer half
of the torus only; 4) the mechanical design of the magnetic field coils

is limited and explicitly accounts for coil tension due to fields only;

5) the models do not explicitly account for remote maintenance considera-
tions or features associated with the modularization of the device; 6) the
turbine-generator plant and the various heat transfer loops associated
with the balance-of-plant are not modeled in- enough detail to provide self-
consistent mechanical and thermal engineering data; 7) the modeling for
pellet fueling is not incorporated; 8) a completely generalized operating
cost model is not incorporated. A number of existing models in COAST have
been identified as requiring an update incorporating existing calculational
models; i.e., 1) refined mechanical design model for the toroidal field
coil assembly, 2) upgraded models for magnetic ffe]d coil power supplies,
3) a more generalized fuel handling system model, and 4) a generalized
model accounting for all operating costs.

Computer: CDC-7600 and the National Magnetic Fusion Energy Computer
(also a CDC-7600) at Lawrence Livermore Laboratory, Livermore, CA.

Rgnning_Time: Up to one second of CDC-7600 time is required for a calcula-

tion involving a single device for a given size and one set for toroidal
field coils. For multiple device sizing and costing calculations in a
single run, this time is greatly reduced; e.g., five device sizes (vary
major and minor radius) for a single device type and one toroidal field
coil set (fixed number of TF coils — e.g., 12) will require approximately
two seconds of CDC-7600 time, Compilation requires times between 11 and
14 seconds. '
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10.

11.

12.

13.

Programming Lanquages: The code is written in FORTRAN IV and requires no
special computer features.

Operating System: The code runs under SCOPE 2.1.5, Level 270.70 with the

FTN 4.6 Compiler, Level 452 at the Westinghouse Power Systems.Computer
Center using a CDC-7600. To compile the code on the CDC-7600 at MFECC,
it was necessary to employ a LASL privately supported version of SLOPE2
and FTN compiler with ancillary routines, some of which were modified to
handle the enormous table of variable names used in COAST. Extensive
private communication with, and support from, Kirby Fong at MFECC was
required to eventually compile the code. An executable file is presently
available for COAST-4 on the CDC-7600, both at PSCC and MFECC.

Machine Requirements: One additional output file is defined in addition

to two standard input/output files. The small core memory storage'
requirement on the Westinghouse CDC-7600 is 106500 octal words and on the
MFECC is 143100 octal words.

Material Available: Source deck, test cases, and the results of executed

test cases are available for COAST-3 upon request. Upon completion of
the user's manual, the COAST-4 deck, test cases, results, and the manual
will be available upon request.

Acknowledgement: This work was supported by the U.S. Department of

Energy and the Westinghouse Electric Corparation.
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