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III. FUSION SYSTEMS ENGINEERING

A. Fusion Reactor Systems Studies

M. A. Abdou, App?.ied Physics Division

Significant prog^ec? has been made in this quarter in achieving the
goals of the fusion reactor systems studies for FY 1978. Among these goals
are: (1) upgrading the ANL systems code for tokamak power plants in both
areas of performance and costing analyses, and (2) documenting the code and
issuing a user's manual.

The executive routine of the systems program was converted from PL-1 to
the FORTRAN programming language. This was found necessary to ensure the
"expertability" of the code to other interested organizations. While the
PL-1 language offers unique features for parameter sweep and optimization
capability, it is not acceptable by some computers such as the CTR-Livermore
machine.

Significant revisions were made in the various performance and costing
models of the system code for tokamak power plants. A summary of the develop-
ments for the vacuum, tritium and neutral beam injectors subsystems is given
below.

1. Tritium and Vacuum Subsystems

R. G. Clemmer, Chemical Engineering Division

The principal objective of this study for FY 1978 is to adapt the
tritium and vacuum subsystems code (TCODE) to the ANL systems code for tokamak
power plants. TCODE was originally put together to support "The Next Step"
(TNS) design studies conducted during FY 1977.^ During the first quarter
of FY 1978, the earlier version of TCODE was upgraded to include additional
parametric functions and more detailed costing algorithms. Further, the
upgraded form of TCODE (version III) is applicable to commercial reactors
with breeder blankets and divertors as well as to near-term experimental
devices. A selected sample of the 60 input parameters and 100 output param-
eters for some near-term (ITR,^»3 TNS,2,3 EPR^) and commercial (UWMAK

C. C. Baker, et al*, "Fusion Power Program Quarterly Progress Report:
July-September, 1977," Argonne National Laboratory, ANL/FPP-77-4 (1977),

2
C. C Baker, et al., "TNS Scoping Studies, Interim Status Report: October
1976-March 1977," General Atomic Company Report GA-A14412, and Argonne
National Laboratory Report ANL/FPP-77-2 (May, 1977).

ANL Project Staff, "GAC-ANL TNS Scoping Studies: Volume V, Support
Engineering, Tritium and Neutronics," Argonne National Laboratory,
ANL/FPP-77-6, and General Atomic Company, GA-A14614 (January, 1978).

W. M. Stacey, Jr., et al., "EPR-77: A Revised Design for the Tokamak
Experimental Power Reactor," Argonne National Laboratory, ANL/FPP/TM-77
(March, 1977).
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5—7
series ) reactor designs is shown in Table III-l. Also included in the
table are parameters for a hypothetical reactor (UWMAK-III M) having similar
characteristics to UWMAK-III but a higher fractional burnup (5.0% versus
0.83%). Studies of the sensitivity of tritium'systems to plasma and operating
conditions for near-term reactors have been previously described. »' A sum-
mary of the major results obtained from the revised code, based largely on
Table III-l, is given below.

The torus evacuation system is assumed to have compound cryopumping,
i.e., cryocondensation pumping for hydrogenic species (DT) and cryosorption
pumping of helium. The code separately calculates pumping speeds for the
two types of species. For reactors having no divertor, the torus vacuum
pumps were assumed to operate only between burn pulses. The duct conduct-
ances for helium pumping were assumed to be reduced by a factor of one-third
because of the presence of condensation surfaces ahead of the cryosorption
panels. It was a significant finding that, for a near-term reactor without
a divertor and with large fractional burnup <> 10%), the required speed for
helium pumping is very high (from one to six times the required DT pumping
speed). The required helium pumping speeds for commercial reactors with
divertors are very high but rather insensitive to fractional burnup. By
contrast, required DT speeds are very sensitive to fractional burnup (FB),
with UWMAK-III (FB - 0.83%) having a required DT speed in excess of 105 m5/s.
The neutral beam vacuum system requirements and costs are relatively insen-
sitive to overall reactor design. The design of the neutral beam injectors
for EPR had a higher gas efficiency than that for either ITR or TNS, there-
fore, pumping speeds and costs were lower. The beam vacuum systems for
commercial reactors are similar in size and cost to those of near-term reactors.
(UWMAK-III does not use neutral beam heating). One significant point is that
while near-term reactors will likely have mass flow rates of deuterium in the
neutral beam recycle comparable to or greater than those of the fuel cycle,
commercial reactors (due to their long burn times and fewer total burns per
day) will have considerably lower neutral beam recycle rates. Further, the

B. Badger, et al., Fusion Feasibility Study Group, "UWMAK-I, A Wisconsin
Toroidal Fusion Reactor Design," Nuclear Engineering Department, University
of Wisconsin, UWFDM-68 (March, 1974).

B. Badger, et al., "UWMAK-II, A Conceptual Tokamak Fusion Reactor Design,"
Nuclear Engineering Department, University of Wisconsin, UWFDM-112 (1975).

B. Badger, et al., "UWMAK-III, A Noncircular Tokamak Power Reactor Design,"
Nuclear Engineering Department, University of Wisconsin, UWFDM-150 (1976).

R. 6. Clemmer and W. F. Calaway, "Impact of Plasma Performance Parameters
upon the Vacuum and Tritium System Design Requirements for Near-term
Tokamak Reactors," presented at the International Atomic Energy Agency
Conference and Workshop on Fusion Reactor Design, Madison, Wisconsin
(October 10-21, 1977).

J. M. Mintz, R. G. Clemmer and V. A. Maroni, "Tritium Handling Trade
Studies and Design Options for the GA/ANL TNS," Froc. of the Seventh IEEE
Symposium on Engineering Problems of Fusion Research, Knoxville, Tennessee
(October 25-28, 1977).
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Table III-l. A Selected Sample of Results From TCODE

TCODE-Version III
Selected Parameter List.

*Burn Time (s)
*Dwell Time (a)
*Thermal Power (MW)
*Ion Density (Ions/r> /lo
•Particle Confinement Time (s)
*Divertor
•Fractional Burnup, FB
•Evacuation Volume (ft3)
•Number of Vacuum Pumps (Operating/Total)
Required Pump Capacity (kPa-n3)
Required DT Pump Speed (mVs)
Required He Pump Speed (m3/s)
Cryopanel Surface Area (m2)
Cost-He Sorptlon Pumping ($M)
Cost-DT Condensation Pumping ($M)
Cost-Cryopump Regeneration (SM)
Cost-Hard Seal Metal Valves ($M)
Tritium Input (gas), (g/day)
Tritium Pellet Fueling (g/day)
Tritium Burnup (g/day)
Total Tritium Inventory (kg)
Annual Tritium Consumption (kg)
Deuterium Injected (g/day)
Deuterium Pumped in Injectors (g/day)
Tritium Backstream to Beam Pumps (g/day)
•Number of Injectors
Beam Pump Speed (m'/s)
Beam Setter-Pump Surface Area (m )
Maximum Conceivable Release, MCR (g)
Building Volume (m3)/105

•E.D.S. Cleanup Time (hr.)
E.D.S. Flow rate (mVs)
Tritium Stacked to Environment (CI/MCR)
Tritium Vented to Environment (Ci/MCR)
Cost-Tritium Recovery ($M)
Cost-Fuel Processing (SM)
Cost-E.D.S. ($M)
Cost-Torus EvacuaCion ($M)
Cost-Neutral Beam Vacuum System ($M)
Total Cost: Tritium and Vacuum Systems (SM)

GA/AM.
ITR

30.
270.
390.

1.48
1.63

no
0.124

314.
3/6
2.77
2.37
2.67
0.053
0.012
0.01
0.01
0.27

27.2
20.9

6.0
0.26
0.45

12.0
77.6
0.42

6
3360.
146.
67.5

0.6
48.0
4.31
3.00
0.15
0.0
4.9
5.6
0 .3

42.3
53.0

GA/ANL
TNS-UP

90.
30.

465 .
1 .40
1 .54
no
0.187

443.
12/24

4.11
16.62
90.96
1.82
1.6
0 .1
0.03
1.1

84.4
201.
53.3
1.81

14.7
29.9

194.1
1.04

6
3360.
146.
189.0

0.6
48.0
4.67
3.00
0.39
0 .0
7.3
6.0
2 .8

42.3
58.4

ANL
F.PR

64.
16.

3 2 5 .
1 . 3 0

5.00
no
0.161

450.
12/24

7.36
37.06

232.
4.64
4.2
0.1
0.1
1.3

126.
121.
39.8
1.36
9.15

51.1
81.0

2.60
12

820.
35.6

144.8
0.6

48.0
4.58
3.00
0.30
0 .0
6.8
5 .8
5.7

20.7
39.0

1TWMAK
I

5400.
390.

5000.
0.75

8.28
yes
0.050

7000.
(Divertor)

1.48 x
8.11 x
8.53 x

171.
12.8
48.6
25.6

9 .6
18.0
1.25 x

624.
38.9

-92.8
1.36
4.21
0.19

16
1600.

69.6
8730.

13.6
48.0

124.3
13.6
15.3

2.1
35.3

133.
96.6
53.8

320.

10"
10"
10 5

10".

1WIAK
II

5400 .
33d.

5000 .
0.75
8.28

ye»
0.0485

7000.
(IHvertor)

1.48 x 10"
8.12 x 10"
8.28 x 103

166.
12.4
48.7
25.6
9.4

18.2
1.21 x 10"

587.
28.8
-9.32
0.88
2.71
0.19

16
1600.

69.6
8325.

5.0
48.0
46.5
10.0
14.3

5.7
38.5
50.2
96.1
53. .8

244.

UWMAK
III

1800.
mo.

5000.
0.79
0.55

yes
0.0083

2600.
(Divertor)

1.87 %
1.07 x
1.79 x

35.9
2.7

64.3
32.4

2.8
21.3
7.07 x

587.
82.1

-43.7
0 .0
0.0
0 .0

0
0 .0
0 .0

4750(1.
1.0

48.0
10.7
5.00

70.9
3.7

78.9
12.4

102.
0 .0

197.

10"
105

10 '

10"

TJWMAK
III M

1800.
100.

500".
0.79

(2.5)
yes
(0.050)

2600.
(Divertor)

3.61 x 103

1.98 x 10"
2.08 x 103

41.6
3.1

11.9
6.2
3.1

21.3
1.17 x 10"-

587.
28.9

-44.0
0.0
0.0
0.0

0
0.0
0.0

8140.
1.0

48.0
9.68
5.00

13.5
3.7

36.0
11.3
24.3
0 .0

75.2

•Input Parameters



amount of deuterium required to feed the neutral beams Is less than that
burned. As a consequence of this* the isotoplc separation system for a
commercial reactor nay be simpler than that required for a near-term experi-
mental reactor, because the high purity deuterium feed for the neutral beams
could be supplied directly from an external source without recycle.

An item of considerable significance from the standpoints of both safety
and costs is the emergency air detritiatlon system (EDS). The costs of such
systems are primarily due to the reactor building volume and the permlssable
cleanup time. Our earlier studies^ indicated that the cleanup time should
be no longer than about 48 hours. The required speed to attain this is
about 0.52 of the reactor building volume per minute. Further, since the
unit costs are about $20,000 per m3/min, the cost of the EDS is about $100
per m3 of reactor building. Since this is about half the cost of the reactor
building itself, the EDS is a significant cost driver.

Finally, a compariso••» of UWMAK-I1I and UWMAK-III M (Table III-l) serves
to measure the effect of fractional burnup (which in turn is a strong func-
tion of the particle confinement time). This comparison shows that there
are considerable economic and safety incentives for trying to increase the
fractional burnup of commercial scale tokamak reactors. (Increasing the
fractional burnup dramatically lowers tritium Inventories, potential tritium
releases and overall costs.)

2. Neutral Beam Injector Model

D. Ehst, Applied Physics Division

The new neutral injector calculational model is based on various designs
developed at ANL for TNS and EPR size devices.^** Basically, the injector
consists of a source of positively ionized energetic deuterium atoms and
molecules followed by a bending magnet to remove the unwanted molecular species
and then a neutralizing cell and a second magnet to remove any unneutralized
deuterons before the beam passes into the tokamak chamber. Both electrical
and thermal energy are recovered from the deflected charged particles. This
model contains detailed calculations of beam transport, gas loads and power
flow.

The model is organized as follows: (1) from an initial guess of the
beam attenuation the ion source requirements are determined; (2) the beam
width and location of the beam waist (focal point) are computed; (3) the
neutralizer cell width matches the beam width and the required gas flow for
neutralization is found; (4) the gas loads into various chambers are computed;
(5) the particle line densities and beam attenuation are derived from the
pressure distribution along the beam line. At this point the whole previous
calculation is iterated until the beam attenuation converges; and finally,
(6) the power flow and efficiency are calculated.
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B. Development of Blanket Processing Technology for Fusion Reactors

The program under way in the Chemical Engineering Division to initiate
the development of processing technology for liquid lithium fusion reactor
blankets is continuing. Progress during the first quarter of FY 1978 is
summarized below.

1. Lithium Processing Test Loop (LPTL)

J. R. Weston and V. A. Maroni, Chemical Engineering Division

Construction work on the LPTL was completed by early December and the
loop was filled with lithium in mid-December. Approximately 99 kilograms
('v 200 liters) of lithium were transferred from a specially constructed
stainless steel carboy into the LPTL dump tank. During the transfer oper-
ation, the carboy and dump tank were heated to 250°C and the transfer line
was heated to 300cC. The transfer was accomplished by pressurizing the
carboy to ̂  3 psig with argon while the dump tank was maintained at ^ 1
psig (argon). The entire transfer took ̂  2-1/2 hours and no problems were
encountered.

The lithium was supplied by the Lithium Corporation of America (Lithcoa).
(They had filled the carboy at their Bessemer City, North Carolina plant in
late September.) To date nearly a dozen samples have been taken from the LPTL
reservoir tank, and broad spectrum chemical analyses of several of these
samples are in progress to verify the assay provided by Lithcoa.

During LPTL startup, piping and vessel temperatures were raised to
•Vi 350°C and the EM-pump channel was heated to ^ 500°C. Some early problems
were encountered with freezeup in the pump channel and with trapped gas
bubbles cavitating the pump (MSA Style V). On some occasions back-flowing
of the pump, by operating the dump valve, freed the gas bubbles from the
pump channel. On other occasions, it was necessary to completely dump and
refill the entire system. As a result of a combination of factors, recent
startups have been made without difficulty. Firstly, we now evacuate the
reservoir tank and lines prior to filling; secondly, the system is probably
fairly well broken in ("wetted") by now; and thirdly, we have made some
modifications to the pump itself to include additional heating, insulating
and temperature monitoring capability along the pump channel. The latter
step (i.e., pump modification) was believed to have had the most to do with
relieving startup problems, and will probably be necessary on any lithium
system using an EM-pump originally designed for sodium service.

As of the time of this writing, the LPTL had operated at *»» 330°C for
over 400 hours without any evidence of problems. The LPTL is presently
flowing in both the bypass and getter-trap/cold-trap branches at rates of
0.5 to 1.0 gallon/min (in each branch). During the second quarter of FY 1978
the loop temperature will be raised to 46O-48O°C, and initial tests of hydrogen
meter and cold trap performance will be made. The hydrogen meter tests will
be done using deuterium to reduce background effects. The cold trap tests
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will be performed by making step-wise reductions (̂  20°C per step) in cold-
trap temperature and withdrawing samples from the reservoir tank for analysis.
Analyses for N, 0, Fe, Cr, Ni and Zr will be made in the early stages.

2. Supporting Studies

R. M. Yonco and V. A. Maroni, Chemical Engineering Division

An apparatus was developed for taking samples of liquid lithium from
the reservoir of the LPTL. A fritted sample tube, attached to the end of a
threaded sampling shaft, is coupled to the reservoir tank through one of
three sampling ports built into the upper dished end-head. The tube is
lowered into the reservoir tank until an electrical signal Indicates that
the tube is immersed in lithium. Vacuum is applied through the sampling
shaft until the filtered lithium rising in the tube contacts an electrical
probe. The sample tube is then withdrawn from the sample port and the threaded
end of the tube is sealed with a pinch-off tool. Eleven samples were taken
during the first month of loop operation.

Work on the glass mock-up of the LPTL salt tank is also continuing. The
tnicro-processer driven control circuit has been fully developed and checked
out. Tests of phase mixing and separation using organic and aqueous solutions
(to simulate the salt and lithium, respectively) will start during the second
quarter on FY 1978. Plans are being made to prepare a short motion picture
of the operating sequence of the salt tank mock-up.

C. Safety Studies of Fusion Concepts

1. Analysis of Tritium Soaking Mechanisms

R. G. Clemmer and V. A. Maroni, Chemical Engineering Division

1 2
This project has involved a series of coordinated studies * aimed at

developing a basis for understanding the effects of selected reaction and
soaking mechanisms on large-scale air detritiation operations. A computer
code (TSOAK) has been formulated to model these mechanisms-1-*2 and a small-scale

C. C. Baker, et al., "Fusion Power Program Quarterly Progress Report, July-
September, 1977," Argonne National Laboratory, ANL/FPP-77-4 (1977).

2
R. G. Clemmer, R. H. Land, V. A. Maroni and J. M. Mintz, "Simulation of
Large-Scale Air-Detritiation Operations by Computer Modeling and Bench-
Scale Experimentation," Argonne National Laboratory, ANL/FPP-77-3 (November,
1977); also, published in abridged form in the Proceedings of the Seventh
IEEE Symposium on Engineering Problems of Fusion Research, October 25-28,
1977, Khoxville, Tennessee, IEEE Publication Number 77CH1267-4-NPS
(1977).
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experimental apparatus has been set up to test selected features of the
model.1*2 During the first quarter of FY 1978 a detailed report^ describing
the results of FY 1977 activities was completed and forwarded for publication.

The scope of work for the present fiscal year includes continued experi-
mental studies with the bench-top enclosure and upgrading of the computer code
TSOAK. These studies are scheduled to begin during the second quarter of
FY.-1978. In preparation for their initiation, a new tritium monitor was
ordered from Overhoff and Associates and is due to arrive in early March.
(The previously used monitor was manufactured by Johnston Laboratories.) The
Overhoff monitor is the type selected for use at PPPL for the Tokamak Fusion
Test Reactor (TFTR) and at LASL for the Tritium Systems Test Assembly (TSTA).
As part of the first series of experimental runs, the two monitors will be
tested in tandem to determine their reproducibility and the extent to which
monitors of this basic type are subject to "memory" effects.

Another area of concern relates to the achievable efficiency of scrubber
systems for emergency detritiation units. In particular, there is considerable
incentive to operate the tritium oxidation-catalyst at as low a, temperature
as possible, but existing data^t* indicate a temperature above about 300°C
may be required to obtain the desired decontamination factors (i.e., on the
order of 106).5 It is planned to investigate the behavior of a number of
commercially available catalysts as a function of temperature, inlet concen-
tration of tritium and hydrogen and flow rate using the bench-top enclosure.

In addition to the investigations of scrubber system and monitor per-
formance, steps will be taken to upgrade the computer code TSOAK in order to
more precisely account for diffusion effects at times late in the cleanup
operation. The code will then be used to analyze the results of bench-scale
experiments that are representative of the latter stages of cleanup operations.

3
J. C. Blxel and C. J. Kershner, "A Study of Catalytic Oxidation and Oxide
Absorption for the Removal of Tritium from Air," Proceedings of the Second
AEC Environmental Protection Conference, Albuquerque, New Mexico, April,
1974, p. 261.

4
T. R. Galloway, Lawrence Livermore Laboratory, personal communication.

M. E. Muller, Los Alamos Scientific Laboratory, personal communication.

D. The MACK/MACKLIB System for Nuclear Response Functions

M. A. Abdou and Y. Gohar, Applied Physics Division

A primary function of the neutronics analysis for fusion reactors is to
estimate a set of nuclear response rates. The calculation of a nuclear res-
ponse involves an integration over the appropriate phase space of the product
of the neutron (or gamma) flux and a nuclear response function. Examples
of the latter are tritium production cross section, neutron kerma factor,
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gas production cross section and atomic displacement function. The original
verelon of the HACK computer program1 was developed to calculate the nuclear
reopens* functions of Importance in fusion applications from basic nuclear
date in EMDF/B2 format* Recently, major developments have been made in the
c«lcuj*tional algorithms and new capabilities have been added Into the HACK
code, hie new version of the code has been released as MACK-IV.3

An important part of the MACK program concerns the calculation of the
neutron karma factor, which can be expressed for any nuclide at any neutron
energy as

- *o Z , - S_ , (1)m n ,m Ey
s. JL m

where ot is the total cross section; QA is the energy resulting from mass
conversion In reaction 1; EQ^* is the average decay energy per reaction 1';
E^* _ la the average secondary neutron energy per reaction ro, and SjL is the
total gamma energy emitted from all reactions per unit flux. The calculation
of the last term, SjL, Is Involved and is a key item in the work described
here. This term can be calculated by the new version of the program, MACK-IV,
via one of two paths as selected by the user:

(1) The Nuclear Kinematics Path: In this path, the solutions of the
kinematics equations of all nuclear reactions are used to cal-
culate s£ . The expression for S~ is only a function of the
neutron reaction cross section and the secondary neutron (and
charged particles, if any) energy and angular distribution. Thus,
in this methodology no direct information on gamma production is
required.

(2) The Gamma Production Path: In this path, S£ is calculated
directly from the gamma production data as

SEY (En) " f% (VEy)

where op(En,E ) is the production cross section for a photon
with energy E at an incident neutron energy E .

M. A. Abdou, C. W. Maynard and R. Q. Wright, "MACK: A Program to Calculate
Neutron Energy Release (Fluence-to-Kerma Factors) and Multigroup Neutron
Reaction Crotis Sections from Nuclear Data in ENDF Format," Oak Ridge National
Laboratory, ORNL-TM-3994 (1973); also University of Wisconsin, UWFDM-37 (1973),

2
D. Garber, C. Dunford and S. Pearlstein, "Data Formats and Procedures for
the Evaluated Nuclear Data File, ENDFs," BNL-NCS-50496; also ENDF-1O2 (1975).

3 M. A. Abdou, M. Y. Gohar and R. Q. Wright, "MACK-IV, A New Version of MACK:
A Program to Calculate Nuclear Response Functions from Data in ENDF Format,"
Argonne National Laboratory, ANL/FPP-77-5 (1978).
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The gamma production path was not provided in the earlier version of MACK
because of the lack of the gamma production data at that time. This data
have bean provided for a large number of materials in ENDF/B-IV to warrant
the new development. The nuclear kinematics path has been retained and
Improved in MACK-IV because: (1) gamma production data is still lacking
for some important materials (e.g. **B); and (2) It provides a convenient
way for calculating the contribution to heating from each individual reac-
tion that is of Interest in specialized nuclear and chemonuclear applications.

A new processor is included In MACK-IV to calculate the gamma production
cross sections and the gamma production energy matrix. These are needed to
compute SjL in Eq. (2) but there are other Important reasons to calculate
the gamma production cross sections in MACK. From physics standpoint, the
gamma production data are strongly related to the neutron interaction data
through the principle of energy conservation. Processing the neutron kerma
factors simultaneously with the gamma production data permits a consistent
methodology to be employed in both types of calculations and ensures that
the energy is preserved in the computation of nuclear heating. The neutron
interaction and gamma production information are not consistent in the cur-
rent data evaluations for many materials. The. new procedure in MACK-IV pro-
vides an adequate basis for data adjustment and for incorporating theoretical
models to compensate for the lack of some data.

A new processor has been incorporated into MACK-IV to calculate the
neutron kerma factors from fission to permit accurate calculations of nu-
clear heating in hybrid fission-fusion reactors. An evaluation of present
methods employed for fission reactor heating calculations reveals that a
host of poor approximations are commonly employed. By providing kerma fac-
tors for fissionable materials a new step has been undertaken not only to
improve the nuclear heating calculations in hybrid reactors, but also to
provide a long needed methodology for accurate calculations of the power
distribution in fission reactors. Other features of MACK-IV include an
improved treatment of the cross section calculations in the resonance region
and generalized energy mesh, energy group structure and response function
weighting options.

The validation of the MACK-IV results were performed using the direct
energy balance method* as applied to typical fusion reactor systems. The
major difficulties with the data evaluations in Version IV of ENDF/B can be
classified into three broad areas: (1) the lack of data by isotope for
naturally occurring elements with more than Isotope; (2) the lack of cross
sections for some specific reaction types; and (3) inconsistencies among
various types of data (most notably between the neutron interaction and the
gamma production files), particularly as to preserving the energy.

MACK-IV is currently being employed to generate a new library, MACKLIB-IV,
of response functions from ENDF/B-IV for a large number of materials that are
presently of interest in fusion reactor applications. The library is in the

M. A. Abdou and C. W. Maynard, Nual. Sai. Eng.a 56_, p. 360 (1975).
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CTR energy group structure of 171 neutron groups and 36 gamma groups. The
library can be directly used with current transport codes and Includes neutron
and gamma kerma factors; tritium, helium and hydrogen gas production functions,
other reaction cross sections and atomic displacement functions. Additional
details about MACKLIB-IV will be given In the next progress report.

R. W. Roussin, et al., "The CTR Processed Multlgroup Cross Section Library
for Neutronics Studies," Oak Ridge National Laboratory, ORNL/RSIC-37 (1977).

E, Energy Storage and Power Supply Systems for Fusion Reactors

J. N. Brooks and K. Evans, Jr., Applied Physics Division

A 7-m tokamak reactor design description has been developed for use as
a basis for the power supply study project for this year. This reactor has
a 2500-MWth output, an air core OH transformer and an externally located
superconducting EF system. Options for the EF coil locations have been ex-
tensively studied using the recently developed EFC code. By a judicious
choice of EF coil locations and currents, it appears that the total EF stored
energy can be substantially reduced over previous estimates, to about 2.0 GJ,
down from 4.5 GJ. Burn cycle studies are underway to analyze the impact of
several potential cost saving operating techniques. Based on preliminary
results, a large reduction in the plasma resistive loss during startup can
be achieved if the amount of oxygen in the plasma can be kept low. The
reduction in EF stored energy and in plasma resistive loss both imply large
cost savings. It is planned to quantify these cost savings using the up-
graded cost algorithms currently being developed by ANL/Accelerator Research
Facilities Division personnel.


