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ABSTRACT

Following the general description of OCLATOR (I},
more thoughts are presented here. It suggests that the
blanket may not be changed for the plant lifetime. Also
miniaturization of OCLATOR, especially if the ripple
turbulence could be improved upon the presently set limit

which applies for a large number of ripples.
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OCLATOR

GENERAL DESCRIPTION II

The previous OCLATOR general descriptionl(called I) out-
lined the concepts of the OCLATOR principle. There were
further developments in the thinking of OCLATOR type toroidal
reactors. A brief description will be given in this summary
and more detailed desciiptions are given ir attached memos
(presently #1—#7 ), Also suggested schedules to implement

the reactor development are given here,

1. OCLATOR as a large, but simple reactor

A conventional tokamak with a plasma-blanket-coil
arrangement as in ETF/INTOR may end up with a convenient power
plant with output in the vicinity of 1 to 2 GWe. The reactor
of ETF/INTOR type, however, is bound to be complex and the
dismantling/reassembly may require considerable cost and
time. The OCLATOR is, by its nature, big, but yet because
of its size, the accessibility is improved (Fig. 1}, The
blanket and shield could be so designed that the lifetime
may be comparable to the normal power plant lifetime or they
could be made from very normal material cutting down the

cost {Memo #1).
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In the future, better understanding of the ripple effect
would probably lead to the less stringent reguirements for
low n mode ripples. Under these circumstances, somewhat
smaller, hence lower total capital cost plant (not necessarily
lower unit power cost) could be constructed (Memo #2}.

The magnetic field configuration could be made with low
ripples. A numerical result (not yet completely optimized)
is shown in Memo #3. It appears that with two ring conductors,
ripples could be reduced to less than $1%. More detailed
optimizations, judicial choices, and use of magnetic materjal
should greatly reduce the unwanted field ripples. In this
regard the use of iron sand, scrap iron, and iron ore is
indicated wherever the stray field length is less than 1
tesla.

Several variations are proposed in Memo #4. At the
increased cost per unit power, smaller coils could be used
for the experimentation. Especially before the full commercial

reactor, "quartet" configuration could be utilized.

For immediate experimental purposes, pulsed copper
conductor coils may be used (Memo #5). It appears that the
experiment could be carried out with the existing power
supplies available in major laboratcries.

The divertor may not be needed for this system in view
of the fact that the plasma volume is a tiny fraction of the

vacuum chamber bordered by the blankets. Conventional diveriors

i
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OCLATOR Desgcription II

(both bundle and poleidal) could he designed and built into,
if necessary (#6).

Some more considerations about the system and siting
were made. Locating power plants in remote areas with satellite
energy-intensive chemical plants is indicated. (Memoc #7)

Yet to be written are memos about TF coil design, plasma
scénarico, and D, D plasmas. A brief description of how the
plasma scenario could be organized is shown in Pig, 2. Near
support stations, OH coils are located., Plasmas with large
major radii are created there and translated and compressed
to the cooking chamber. Neutral beam could be injected either
at the location of OH coils or the location at the ¢ooking
chamber (as shown in Fig. 2}, Both divertors and N.B,
injectors could be moved. (The movement time may be as high
as 24 hours.) The power supplies could be made common to all
the tokamaks.

The TF coil ring could be pulled by the support ring. Since
the distance between the coil and the support ring is perhaps
~30 m, the adequate thermal insulation could be provided to
make the transition of support structures from Lig. He
temperature to ambient temperature.

Finally the suggested schedule for enacting this device
is shown in Fig. 3. Since the tokamak itself is similar to
TFTR/JIT-60/JET, if these devices are successful, a small
extrapolation is only necessary for OCLATOR. Translation/
compression have been experimented in ATC and the capability

is not the necessary prerequisite for the reactor. We note
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OCLATOR Description II

because of the common TF coil, EPR and DEMO could be built with
short time interval between two.

The structure problem associated with the ring coil
should not be too difficult as to render this concept
impossible. Mechanically and thermally this coil design
should be less complex than conventional superconducting
toroidal field coils. We note that the poloidal field is

almost always parallel to the TF coil current.

Ref. l. S. Yoshikawa, OCLATOR, PPPL-1632, 1980.
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FIGURE CAPTIONS

OCLATOR of permanenily located blanket.

Enlargement of a sectinn between two support stations.
The plasma is formed near the OH ceils and translated and
compressed to the site where (in this case) the

poloidal divertor is installed.

Suggested schedule for OCLATOR. The total cost using

"quartet” concept should be between 5 to 10 billion

dollars.

L g Rt s



B LU

-11-

To Steam Turbine

} y

e ANk LS a2 v O mabiate MG T T v

Blanket

l'—‘ I50m —!

Fig. 1. (General Description IT)




T Tt bt e L

-12-

+
3| |l gl

Coil
& 82
—— —
|
Pelier X ! X
|
ill-——Conduclinq Wall
X {IX (Not Vacuum Tight)
|
|
I
i
& R

OH Coil

&\\

Fig. 2 (II)



1980

TFTR
JT80

ETF

Sei.
Assess.
Prel.

International
Agriement

Proto
QCLATOR

OCLATOR
(EPR)

OCLATOR
(DEMO)

~13-

SUGGESTED SCHEDULE FOR OCLATOR

1985 1990 1995

L r AR TR T

2000

Int, Agreamant
— L)

Site Selaction
i R |
I 1
1

- = ==




A e YT A e S————— e .

1/28/80

-14-

OCLATOR #1

BLANKET AND SHIELD DESIGN

If the blanket or shield need not be serviced during the
plant life time (which “or the sake of argument, set at 30
years), then the problems associated with remote handling and
assembly would be removed. On the other hand, looking for very
specialized material to withstand large neutron doses ends up,
most likely, a very expensive solution. The cor~ept of OCLATOR
hopefully will solve this problem by reducing the annual neutron
dose to the blanket surface to the order of 0.4 Mw/m2 so that
for the plant lifetime total dose is approximately 1¢ Mw Y/m2
It is hoped that very common material such as magnetic stainless
steel, water (could be DZO)' common lithium compound are only
ingréd.ents for the ! "anket, The more complex blanket is needed,
of course, if one has to construct a hybrid reactor. By locat-
ing the blanket farther away from the toroidal plasma, the
temperature excursion in the blanket for non-steady tokamak
operation may be reduced. The design of shield around the
toroidal field coil requires more considerations. We shall

discuss these in separate sections,

1) Neutron locading \

The blanket configuration is shown in Fig. 1. The
blanket need not occupy the total volume as shown in Fig. 1.
Especially near the support station, there will be some radia-
tion barriers and access doors. So pvasumably the blanket

area may be 80% of the total area, which is 4ﬂ2RbRc. The
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location of burning toroidal plasma could be located along the

TF coil. Hence, to the first order, we expect the blanket is

uniformly expcsed to neutron dose.

Then the neutron dose would be given by

4
3 PNE

P =Z—-z————
N w .G.BRcRb

Here P is the thermal output of a toroidal D,T plasma, £ is
the duty factor, N is the averagz number of toruses. Suppose

Pf = 2GW, N = 10, Rc = 150. Then

N R
b
So if Rb = 15 m, PN= 0.22 MW/mz. Here even allowing for the

spatial variation of neutron loadiag, 0.4 Mw/m2 could be
achieved. We note that the instantaneous power load could be

higher by a factor of up to 5.

2) Temperature excursion nf blanket

The temperature variation in the blanket for non-steady
tokamak will be discussed here. We assume a rather conservativ:
example that the heat removal rate is constant in time, then

the temperature excursion may be expressed as

W

o n To B
AT("C) = —=2 — —_
CJd K TB+TD
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here YW, is the wall loading (Wn) multiplied by the factor, v,
due to nuclear reaction in the blanket. CJ is 4.2 Joules/Cal.
d is the e~folding depth of neutrons to the blanket, g is the

burn time, T, is the down time, and K is the heat capacity of

D
the blanket. We take YWn at the plasma surface ZMW/mZ, & = 25 om,
Ty = 200 sec., T, = 50 sec., XK = 1 cal/em?/deg. Then the tempera-
ture excursion of a blanket at the plasma surface will be ~75%,
If the blanket wall radius, Rb, is increased, the temperature
excursion will be reduced. 1If the neutron source is extended

in the direction #f toroidal major axis, the temperature
excursion is l/Rb, and if the neutron source is located at the
toroidal minor axis, then AT« (Rg - R;)'l. Both cases are

shown in Fig. 2. The actual curve, which depends on (among

other things) the prcperty of TF coil shield, should lie between

the two curves.

3) TF coil shield design

The neutren wall loading is probabkly 2Mw/rn2 at the
immediate vicinity of the plasma. The average dose, however,
could be reduced by locating plasmas at different axial

position. = Hence the average power load, PN, for the shield is

b =
N .

‘ . 1
where o is the fraction of neutron bombarding on the shield

where 60% of the shield surface is exposed to plasmas. Choosing
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a = 22%, b = 3.5m, we get P = 0.37 Mw/m2 = 0.28 Mw/mz.

Thus again the neutron loading could be low enough so that the
shield could last 30 years. However, the thermal cycling
prohably necessitates the change in 15 years which are deemed
not too difficult.

The temperature excursion is expected to be about
75°C with the constant cooling flow. It is hoped, however,
by lowering the shield temperature, and aiming for simpler
construction (small or no hreeding), the lifetime of the shield

could be prolonged.

Ref. 1 See "OCLATOR" General Descriptions.
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FIGURE CAPTIONS

Fig. 1. Scaematic drawing of blankets.

Fig. 2. Graph of temperatvre excursions, AT, vs

location of the blanket suritace.

the
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OCLATOR #2

RIPPLE EFFECTS

In ETF workshop reports on ripple, there is a set of
figures. These figures are very useful to arrive at the
design of a conventional tokamak reactor. However, when the
number cf ripples in the azimuthal directions is reduced to
n=1, 2,,..10, the simple criterion may not suffice. 1In fact
even in the aforementioned report, an allowance was made for
thé local ripple produced by the bundle divertor. We shall
here re-examine the underlying assumptions for ripple and
bring an argument which suggests (but does not prove) that the

ripple effect is important only if

AB 1 (1) ;

where ¢ is r/R, g = q{r) and r is the minsr radius at the

location of the magnetic surface and AB is the field ripple

AL T AT, T d o e AT

(peak to 0) at the location, The number of modes, n, has
a strong impact on allowable ripple AB/BO.
Along the magnetic field line, the field variation will

be given by
B-B = f(¢) = B e cosb + AB c.:/ng + §) (2)

where 0 is the angle around the minor axis, ¢ is the angle
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around the major axis, § is the arbitrary angle (0 <8 < 27)

depending upon where the field line originates. (Fig. 1) Also

-2
® =g (3)

In qgeneralg, &£, 4B, and Bo are functions of ¢, but for the
first order approximation, we may let these quantities constant.
Then the conditions that £(¢) has more than one minimum and
maximum (for arbitrary §) is £'(4) should have more than 2 0's

in 0 < ¢ < 2m7g. The condition is satisfied if

B ¢ 2
- —%» + AB n“ > 0 (4
q 2

orx

AB/Bn > E/nzq2 (5)

recovering Eq. (1).

If inequality (5) is not satisfied, there will be only ©One
mipimum, that is there is no local trapping of particles. oUnder
that condition, the ripple loss due to the locally trapped
particle disappears. Of course for any AB ¢+ 0, the azimuthal
symmetry is violated. Hence canonical angular mementum is not
conserved, Thus we no longer have iron-clad guarantees that 2
particle is absolutely trapped. However the reverse, that the
particles (especially trapped par:icles by toroidal =ffect)
will egcape in rather fast pace, is not guaranteed. One may
compare with the trapping of a particle in simple mirror geometry

whose pLarmor radius is comparable with the linear dimension of
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symmetric axis, is not necessarily lost from the mirror,
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The particle, whose orbit does not include the

More

detailed calculation is necessary to follow the orbit of the

particle under ripple and some numerical experiment must be

conducted to estimate the loss for small field error [reverse

of {(5)] with the inclusion of collision.

Short of these calculations,

it appears to the author that

if the inequality (5) is not satisfied, the ripple loss may

not be severe.

It is instructive to calculate the inequality (5), The

result is

1/5
1/5
1/5
1/4

Inc

given below:

n q AB/B (%)

18 2 0.015

12 2 0.034
8 2 0.078
2 2 1.56

TABLE 1. Allowable field

identally the ineguality (5) is

more than a single mirror closely placed

radius.

Therefore the effect of locally

Comment
PLT
ETF-design I
ETF-design IIX

OCLATOR

ripple

the condition of having

near the maximum major

trapped particles may

not be significant until AB/B 2xceeds the guantities of Table 1

by a factor of 3 or so.

PR A oy
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FIGURE CAPTION

Fig. 1, Variation of the magnetic field strength following

a magnetic field lina. Both toroidal field and

ripple variations are shown.

S e i R el



~25-

CONDITION FOR RIPPLE TO CAUSE TRAPPING

2

~ield Variation{€<<|) €=a/R

f(¢)=By€Cos@+ABCos{n¢ +8)
=By €Cos ¢/q+ ABCos(n¢+3)

AB Cos{ng +3)

2mq

Bo € Cos(9/q)

AB ; Ripple { peak to zero)
§; Constant

n ; Number of Coils

Fig. 1 - {Memo #2)

g
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OCLATOR #3

S. Yoshikawa and M. Pelovitz

MAGNETIC FIELD CONFIGURATION

A jimple, single circular coil produces the field which

is not copcenisic circles. In order to reduce the field

ripple ta less than 1%, perhaps the aspect ratic should be as
high as 1p0 or more. But field configurations of a high aspect
ratio coil could be made nearly concentric by applying a
suitable verticel field. Figure 1 shows the Gifference between
‘i simple field configuration of a circular coil, without and with
a vertical field. In what folluws we shall analytically
calculate two-dimensional straight conductor geometry and then
present numerical results of realistic geometry of circular
conductors, Finally, possible variations of the design by
means af the use of magnetic material such as iron ore,
magnetic steel, etc., and the use of the ripple reducing coils
to double up as bundle divertors will be discussed.

1) Two dimensional, straight conductor configurations.

In (x,y) coordinates, there are three pairs of straight

(in the z-direction) conductors located. They are symme. rically

located at x - % b =1 % b, & % b, and * b, Also y=0. The

4

second pair, i.e. located at x = 0 and x = b is the equivalent

ii
:

S e s T T L S T T R B T T W s
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of the circular toroidal field coils and the remaining two

pairs carry current to adjust the field at x = 0, so that the

ripple is minimized. By the symmetry, field ripple at x = b
is also minimized. :

The current strength in order of increasing x is then ;
(-2, 1, v, =¥, -1,a), where 0o and Yy are the positive numbers to

be determined. The two dimensional magnetic surface functions

are given by

6 I. i I,
p = E-—zllnrz.=—llnr§+ ZI —z;l-lnrz. (1)
j=1 b2 i (#£3) J
with
2 _ 2 2 2 2 _
rj z tx—xj) +yLr, ExT 4y = r? (2)

Expanding near origin in [x/xjf (i # 2), we get

I I, I. I

- 2 2 ' 2 ' 2 2 ' j
lp~21nr +Z—-211nxj—xz ;{;.L"'(Y'X)E—‘J—z'

J 2x.

2

2 , I. 4
rmyt -k U e e () (3)
X. 3

J

Using ¢, y, the first order and second order in [x/xj] expansion

can be eliminated if:

.
!

§
§

8(a + v) =~ 3
} (%)
128y = 320 + 9

A Al BV S L
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or
_ 39 _ 21
@ = qggr ¥ = 160 . (5)
The change in the magnetic surface away from circle
near the origin is then given by .

Ar 3 2 v I x3~-x3 2
=== (xT - 3xyT) ] Ly = g.97 22X
r 3 3

xJ b

3
8,97 £§ cos36 . {6)
b

The fieid ripple is proportional to Ar/r, so the field ripple
{maximum to average) is 8.97 (r3/b3). If we let r = 7.5 m
(outer edge of plasma) and b = 150 w, then the ripple is

1.12 = 1073,

2) Numerical calculation of circular geometry

Numerical calculation with a vertical field applied is
shown in Fig. 2. The field ripple is of the order of 1%.
For removing the second moment, realistic geometry is
constructed by using two additional rings located at R = 40 m, .
R = 150 m. The result is shown in Fig. 3. This roughly
corresponds to the analytical result of the previous section.
For practical application, the largest coil radius should be

about 1206 m,
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3) Other ideas

The location of ripple reducing coils could be varied for
a practical reactor. A big, force-transfer coil of Fiq. 2 of ;
Ref. 1 is probably needed. But the third coil to reduce thu
second ordasr ripple effect may be located clc .e to the TF coil

and could be used as the coil for the bundle divertor.

The field ripple could be corrected by means other than
additional coils t» the force-transfer coil. 1In fact by
making the blanket magnetic as well as the use of iron sand for
concrete etc., one should be able to provide adequate magnetic
shielding to the reactor. 1In separate articles of OCLATOR
memns, these considerations were used to minimize the size of
OCLATOR so that EPR, DEMO, first commercial reactor could be

produced for less total capital investment.

Ref. 1. "OCLATOR" General Description I.

G N A s 1
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FIGURE CAPTIONS

Effects of vertical field to make the magnetic
surface nearly concentric, {la) without vertical

field, (lb) with vertical field.

{(or Table 2). Table of field strengths for the

case of Fig. 1b., Rad:al and vertical field strength
are shown as a function of position on a given
magnetic surface. The magnitude of B and the
deviation, (B-B)/B where B = (Bmax + Bmin)/z in

% form is also shown. X corresponds to radial

variable, R, and y corresponds to 2z in the text.

Partial optimization of field ripples for two

outer rings shown in Pig. 3a, Currents are

adjusted to make the zipple minimum for the

magretic surface originating R =69 m, 2 = 0 nm.

Table of field variations are also attached. 1In table

X correspoads to R, y corresponds to z.

e e 4 o g T VT T ST e
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OCLATOR #4

VARIATIONS

Although the author feels that the original OCLATOR
configuration with 150 m diameter is probably ideal for the
future energy needs of the world in the early twenty-first
century, it is conceivable that, for demonstration purposes,
a smaller version may be needed. 1In here we discuss the
smaller version of the devices with superconducting torecidal
field coils. In the following article (#5), devices with

copper conductors will be discussed.

l, variation I "QUARTET"

For designing experiments for the EPR and DEMO, it is
rather cumbersome to build a ¢oil which can have 10 tokamaks.
The configuration in Fig. 1 (or modification of it) should be
able for experimental purposes of two to four tokamaks or
other toroidal devices. An advantage of this configuration is
the additional toroidal device could be constructed even when
the first torus is in the experimental stage. The magnetic

field could be pulsed off for the construction phase when the

i
.
H
¥
:
|

access to the chamber is needed,
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The field ripple could be smoothed out by applying adeguate
field correction loops. Obviously this addition is cumbersome but i

the price must be paid for reducing the total capital investment.

2. Variation II "“RONDO"

Still reducing che size is possible, if the ripple
requirement is less restrictive than hitherto assumed, especially
for n = 2, 3. (See memo #2). Under that condition the configura-
tion shown in Fig. 2 may be possible. The size of the ring :
is determined by the fact that the blanket should be located
about 15 m from the ring, Thus reducing the ring diameter to
less than 40 m does not make too much sense. The center
pole which reminds one the configuration of the spherator,not
only supports the ceiling, but also allows the current to flow. :
If the center pole's diameter is made about 1/5 of the TF coil
diameter and the superconducting coil in the vole has 1/2 of

the pole's diameter, then the coil is capable of providing the

P e LRo

vertical (to the plasma in conventicnal sense} field for

toroidal equilibrium. i

H

. 3. variation III "FANTASIES"

. These are variations which have marginal chance of success,
but may result in greatest simplifications if successful.
For example, in Fig., 3, two tokamaks are proposed to be
made in two legs of a single, racetrack TF coil, The direction

of the ohmic heating current is opposite for two legs. Then at
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the center, the poloidal field (in a conventional sense) of

tokamak plasma is zero. Thus the plasma will stream out along

the toroidal field to the separatrice which work as natural

bundle divertors.

H. P.Furth proposed an elongated tokamak in the z-direc-
tion (again in conventional sense). Two of these could be
draped very nicely around the racetrack orsmall circular TF
coil.

It appears very important to know experimentally what
kind of ripples are more damaging than others and to design

the device accordingly.
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FIGURE CAPTIONS

"Ouartet” configuration, Four tokamaks could he
located in this arrangement. Convenient for test-

ing purposes such as EPR, NDEMO etc.

"Rondo" configuration. I1f ripples are not so
serious, tokamaks surrounding a smaller diameter

TF coil might be more advantageous.

"Fantasy"” - I. A race-track TF coil could maintain
twins of tokamaks. The plasma could be led away
through the natural separatrix to the divertor

chambers.

Lo
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VARIATION IT REACTOR WITH LARGE
FIELD VARIATION

Fig. 2 = {Memo #4)
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1/31/80 51—

OCLATCR #5

PROPOSED EXPERIMENTS

Whether OCLATOR works or not, it appears that the allow-
able ripple affects the cos* consideration of toroidal reactors
enormously. Ripples with low mode numbers n=1,2,3,4 may not
be s¢ seriocus as ripples of the higher mode numbers. The experi-
ment and theoretical estimate will probably be carried out in
ISX, PLT and other tokamaks. However some experimental versions
of OCLATOR might have a certain attractiveness in testing the

idea of plasma scenarios and the effect of ripples in realistic

geometry.

Three experiments are considered useful for the eventual
realization of OCLATOR type reactors, as well as testing low n

number ripples.

1. Copper large aspect ratio coil experiment

Some advantages of OCLATOR comes from the theoretical
(and reasonable in view of ATC) expectations that the tokamak
plasmas could be compressed and translated along the toroidal
field coil. A copper coil hoop with minor radius 14 cm, major
radius 300 cm may be constructed as the miniature version of

OCLATOR. (See OCLATOR general description I). The current in
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the ring coil is pulsed with the total current of 4.5 MA
corresponding to the magnetic field 30 kG at minor radius of

30 cm. Several experiments (say 4) could be conducted
simultaneously around this ring, We can test ideas of divertor,
translation, compression, OH start-up, etc. Of course, if
necessary, a part of the 6 m diameter hoop could be constructed
in place of the total ring, but the total ring could be
considered as the scale model of the eventual reactor: hence,
from the engineering point of view, the construction of the
total ring will bring up the salient engineering difficulties
and understandings.

Some of the engineering parameters Aare given below:

Rc 300 cm
a 14 cm

c

I (max) 4.5 MA

2 -6
RI 91 MW (n = 3 x 10 ohm-cm)
L 11.6 pat
% L1l 117 mgt
Table Design Parameters of Ring.

The rest of the designs shcild not require large power reguire-
ment. The existing PPPL motor generator sets for PLT/PDX is

capable of 200 MW x 2sec. (nominal).

*The force transfer coil redices this stored energy and
inductance.
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2. Experiment.to prepare for variation I, "QUARTET"

In Memo #4 (Variations), a smaller version of OCLATOR
called quartet was propesed for EPR, DEMO and first commercial
reactor. To prepare for it, a copper coil, quartet type device
could be constructed with the aim of studying the reactor grade
plasmas in the quartet geometry, which may be called "Proto-

Quartet,"

The parameters of the coil are given in the Table below:

Coil Parameters for Proto-Quartet

Minor Radius lm

One Side of Quartet 10 i

Total Resistance (nQ) 0.38 (n =3 x 1078 qem)
Inductance (uH)} 14.8

Total Current (MA) 30

3 11’ (a7) 6.7+

R (vw) 342

Field 2m from the center
of coil (KG) 2.

e . : ;
With force-transfer ceil or iron core, this energy could be
reduced significantly.
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3. Ignition experiments

It may be useful to conduct an experiment of the ETF
size device to test the ignition. If the ignition experiments
to be conducted are few (say 1,000 shots) considerable reduc-
tion in shielding could resul:, Also the copper conductor
will improve the neutron dose requirement. Thus it is quite
conceivable to construct a conventional tokamak with 4 coils
to test the main points of the OCLATOR concept such as tokamak

preparation, translation, compression, divertors, etc.

4. Other experiments

In addition to these experiments, other experiments
described in the previous memc (#4, Variations) could be
conducted in small scales. These ideas, if successful, could
end up with better utilization of the TF coils to the point,
Also

the capital cost per power generated could be reduced,

these advanced versions should make D, D or advanced fuel

reactors more realizable.
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ON DIVERTORS

Both poloidal and bundle divertors could be placed in
this configuration. However it is conceivable that the
divertor may not be needed. The rezson 1s the vacuum chamber
volume is much larger than the plasma volume. Hence by
adequately providing exhaust channels in the blanket (but
still stopping neutrons by adeguate channel designs) the loss
of recycled particles through these channels could be made
20 . 30% or even more. The design is not difficult. The
concept is similar to the idea of limiter + vacuum hole.

{See Ref.l.)

Ref. 1. J. F. Schivell, PPPL-1342 (June, 1977).
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SYSTEMS CONSIDERATIONS AND SITING

In General Description I, the OCLATOR system and siting
requirements were discussed. Further thoughts on that sub-
ject are given here.

The thermal output from the reactor will be of the order
of 20 GW. Unfortunately the continuous supply of 20 GW is
not expecied because of the plant shutdown etc. Nonetheless
storing the lLieat in a large water reservior for a menth
(2 km x 2 km x 150 m depth) seems not too outrageous. Then
hopefully except for major shutdown (for which chemical fuel
must be substituted) the excess heat could be used as space
heating. The thermal output is equivalent to 1/4 to 1/2
million barrels/day of oil. This heat should be sufficient for
space heating of a city with a population of one to two million.

The electric output may be too large for general consumer
power distribution systems, as the back-up power stations may
reguire too high capital investments and chemical fuel reserve.
The main output of this power plant should then either couple
to national grid of enormous power rating (say 200 GWe total
output), or else primarily used for the industrial use. The
latter use could he assisted by the use of thermal output as

process heat. Chemical plants such as fertilizer, refineries
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of metal, synthetic fuel plants,etc., may be conveniently
powered by one or two of these fusion power plants.

The total power shutdown of one OCLATOR site comes about
only if the coil fails. Thus the design of the ring must bhe
perfected to the point it is almost fail-safe. Alternatively
if the ripple considerations are not so serious as presently
envi.aged, then smaller diameter versions such as "Rondo” or
"Quartet" types may be used. These decisions could be made
later and the optimum choices are decided upon the political,
economical situations of energy supplies as well as the
environmental and other considerations.

The OCLATOR plant could also be used as the manufacturing
plant for tritium and (if needed) fissile material. If the
future experiments show that low n mode ripples are not toc
serious, a large minor radius, D-D reactors could he built

around the standard 150-200 m diameter TF coil.

i
H
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APPENDIX

Main Factors for Increasing Cost in ETF/INTOR
{Prepared for Workshop for Advanced Tokamaks held in Princeton
February 6-~7, 1980)

1. Energy Cost

I would like to discuss the cost problem of reactor
designs. As you know, usually any discipline has its guiding
principle and if you know what it is, it is not difficult to
figure out why a particular peoint is made, For example,
politics is concerned with the control of resources, while
economy is concerned with allocation of rescurces. Please
compare with the special relativity which is based on the
fact that light velocity is constant.

Economical cost, i.e., dollars, is usually divided into
labor and economical rent. This i1s true for almost all the
manufacturing such as cleothing, cars, and =0 on, In making
power-plants, this simplistic division suffers from the fact
that to produce the product (i.e. energy) reguires its own
energy for construction of the plant, Thus the cost of

energy production must be given by

Energy + Labor + Ecconomical Rent,

Obviously the requirement for any energy

producing system is that the product is larger than the

energy input,




=50

of course, I am not including the energy content of

fuel. The fuel won't be used unless the power plant can
utilize it. Thus the energy cost is composed of the capital
energy required to construct the plant and the operating

energy required to operate the plant. In macroeconomic sense,
for example, the capital energy cost for coal-fired power

plants includes the opening of mines, railroad-lines, as well

as the power generating plant. The operating cost inecludes the
energy needed at mines, and transportation. The integrated
energy need of a plant and the energy production may look-

like fig. 1.

The unfortunate part is any alternative energy
system tends to have a long energy repayment time (Fig. 1),

It is stated that the fission reactor is 6 ~ B yrs, and the
breeder could be as long as 15 years.

There is a rough proporticnality between the energy
cost and economical cost for any society. That is partly due to
the optimization mechanism where the optimum reaches when the
ratio of labor manhours divided by the energy BTU's becomes
the norm of a given society. For example, this ratio is high
in China and very low in the U.S.

So unless we make the reactor cheap, the energy
repayment time becomes too long for a reactor to be of any
use to a society, unless the society depends on very cheap

labor and unless the power plant could be made with material

such as stones, soil, etc. (g, 4., hydroelectric plant )\

e it i i

FCT P
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Thus for a fusion reactor to be successful we must

pay serious attention to reducing the cost.

2. Critigues of INTOR/ETF.

INTOR/ETF is probably the best design attempt ever

undertaken, given the constraints, they are:

i) D,T reactor, no hybrid
ii) .~ lGWe reactor
iii) Quasi-steady(no bomb)

iv) Toroidal.

, B, K influences the cost. For

example the cost is approximately proportional to B 2°°%,

It is well-known that Bmax

Somewhat subtler but we know relatively well at
this point is the effect of allowable ripple to the cost. The
ETF workshop at MIT gave us the guideline which in return
determines the cost.
Now for the remaining time I would like to address
' one of the two complicated cost~push factors of a toroidal

reactor.
The prohlem is machine integration and remote handling/
maintenance. There is ne question that this subject determines

the main part of the cost. As we know very well, that, if we

f
b
}
i."

could somehow increase the size of the toroidal field coil,
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A

there will be no or very little problem with the remote handling/

e bt

maintenance and the physics problems such as locating divertors,

etc. Also, once the TF coil diameter is large, the blanket

could be recessed, so that the neutron loading per unit areas
could be lowered to the point and the MWY/m2 criterion could

be lowered.

Of course increasing the size of the TF coil increases
the cost. But it looks like an ETF design with 8 TF coils
with larger diameter seems to us, ETF design people, to be
better than 12 coils originally proposed by ORNL TNS studies.

The idea of increasing the TF coil size of course
increases the size of the total reactor, hence aERarentlz it
increases the cost. But we must distinguish between the
increase without reducing complexity and the one with the
reduction in complexity. I discussed this in relationr to TMI
incident. ™2

I1'11 talk about a still more avant-garde idea in

Topic II of this workshop. The idea is called OCLATOR.

o 1 0 BRI
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