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TIBER II, the Tokamak Ignition/Burn Experimental 
Reactor II, 1s a design concept developed as the US 
candidate for an International Engineering Test 
Reactor (ETR)[1,2], An Important objective of this 
design 1s to minimize cost by minimizing major radius 
while providing a wall loading greater than 1.0 MW/m2 
and a total fluence greater than 3.0 MWY/mZ needed 
for blanket module testing. The shielding required 
for the superconducting TF colls Is an important 
element in setting TIBER II's 3.0m major radius. 

Study participants 
The conceptual design and analysis of the TF coll 

shielding system for the TIBER II/ETR Is an joint 
effort by personnel from University of Wisconsin, RPI, 
Grumman Corp., the Canadian Fusion Fuels Technology 
Project (CFFTP), and LLNL; assisted by Individuals 
from EG&G Idaho and UCLA. The University of Wisconsin 
was leader for the shield design task and had prime 
responsibility for the nuclear and thermohydraullc 
design and analysis and the materials assessment. The 
CFFTP contributed their expertise and effort 1n 
scoping the aqueous - tritium processing system, 
materials, and tritium containment. Grumman did the 
detailed mechanical design. RPI provided inspiration 
and guidance on aqueous systems and performed cross 
section sensitivity studies and corrosion product 
activation analysis. EG&G provided Insight on safety 
and environmental Issues while UCLA performed detailed 
cross section uncertainty and ZD nuclear analysis. 
LLNL provided concept definition and project 
Integration. 

This paper gives an overview of this work. 
Additional papers in these proceedings present more 
detailed results of the design and analysis. 

Objectives and Sunmary of Design 
The principal objective of the shield design is 

to limit the superconducting (SC) coll heating and 
damage rates to allowable limits while minimizing 
Impact on machine's size and cost. The shield system 
Is designed to be low risk and a lifetime component. 
To achieve these goals the shield system 1s water 
cooled at low temperature « 100" C) and low pressure. 
The shield system must also remove first wall heat 
loads and provide support for the first wall armor. 

Because of a potential tritium (T) supply 
shortfall and tritium's probable high cost, an 
Important secondary objective Is exploring the T 
breeding potential of the shield to determine It's 
practicality and cost effectiveness. This objective 
Involves modifying the shield to breed as much tritium 
as passible without compromising shielding 
effectiveness, increasing machine size or encroaching 
upon the test modules. The modification studied was 
to add a soluble lithium (Li) compound to the 
shield/first wall cooling water and, where space 
allows, replace shield materials with beryllium (Be) 
for neutron multiplication. 

The primary nuclear shield design requirement 1s 
to limit superconducting coil winding heating to 72 KW 
and the fast neutron fluence (E > 0.1 MeV) to the 

19 2 Nt>3Sn to 3 x 10 n/cm . The maximum allowed nuclear 
heating In the winding packs of the TF colls of 72 kW 
1s dictated by the coll design [3], Additional 
radiation limits for the TF colls are a dose to the 
glass-fiber-filled polylmide Insulation of 4 x 10 
rads and a Cu stabilizer resistivity of 3nQm. These 
limits are based on limited data and subject to 
change. Shield design safety factors are used to 
account for both data and modeling uncertainties. 
Safety factors of 3 for local effects and 2 for total 
coil heating are used at present but are subject to 
change as the uncertainties are quantified. A major 
unknown is the accuracy of the W cross section data. 
The operating life of TIBER is scheduled to be 2.5 
full power years. 

Initial estimates of TF coll heating and peak 
fast neutron fluence based on ID analysis were 
determined for several preliminary configurations of 
the Inboard shield to guide the design toward a final 
configuration. This led to the current TIBER-II 
configuration that allows for a 48 cm tungsten based 
Inboard shield plus a 2 cm first wall. Based on final 
3D HCNP analysis, total heating in winding packs of TF 
colls Is 32 kW with a 11X standard deviation, thus 
meeting the objective. This amount of shielding also 
meets end-of-llfe damage limits with a safety factor 
of 3. The total nuclear heating In the winding pack 
and case Is 55 kW with a 9% standard deviation. Since 
the current cryosystem design can handle a total heat 
load of 72 kW, about 3 cm more inboard shielding Is 
required to provide for a heating safety factor of 2. 
Alternatively, the cryosystem capacity could be 
Increased by 501. Beyond the inner leg, room for 
first wall and shield expands from " 50 cm to ~ 120 
cm. This additional room allows the outboard shield 
to use low cost steel in place of high cost W. The 
shielding consists of SS structure containing plates 
and pebbles and low pressure low temperature cooling 
water. The Inner shield contains W plates and pebbles 
while the outer shield contains SS pebbles. Where 
space allows, an Inner zone of Be pebbles replace the 
SS pebbles to enhance T breeding. To breed tritium 
the cooling water contains 16g LINO, per lOOg H,0. If 
T breeding 1s not required boron would replace lithium 
In the cooling water and beryllium would not be used. 
Pebble beds are used where possible because of their 
lower costs. 

The Idea of breeding T 1n the shield cooling 
water was Inspired by RPI's aqueous blanket work [4] 
and Ontario Hydro's demonstrated capabilities of 
removing T from water at low concentrations and low 
cost. Ontario Hydro's (CFFTP) estimate for T 
processing equipment direct cost for TIBER-II 1s 25 
M$. To keep tritium losses, both chronic and 
accidental to acceptable levels based on CANDU 
experience, the average and maximum tritium 
concentrations in the aqueous coolant are limited to 
11 and 30 Ci/kg. [5] The base shield configured for T 
breeding and excluding the test modules, 1s calculated 
to have a T breeding ration of 1.04. Breeding T 1n 
TIBER II Is estimated to result In a net savings of " 
400MJ In lifetime T costs after the beryllium and 
tritium processing equipment costs are accounted for. 



The choice of the structural material for the 
TIBER shield/breeding blanket was made on the basis of 
a near term « 5 years) construction start. Thus, the 
material must be off the shelf and required a minimum 
of extrapolation from present technology to achieve 
reliable operations. A secondary requirement of the 
structural material 1s to be compatible with the 
optional aqueous breeding chosen to provide tritium 
for TIBER. It would also be desirable If the long-
lived waste could be reduced. In addition the 
breeding shield does not have to be reactor relevant. 
The material chosen for the structure of the TIBER 
shield is an austenltlc steel with T1 stabilizers. 
Under the thermal, stress, and Irradiation conditions, 
existing In TIBER, it is quite reasonable to expect 
full lifetime (2.5 FPY's) performance from these 
components. Fatigue Is not anticipated to be a major 
problem as most of the cycles take place when the 
structure is at low damage levels. Activation 
analysis Indicated that the TIBER-II shield qualifies 
as a Class C low level waste. 

The Inboard and outboard breeding shields were 
analyzed with respect to LOCA and LOFA. In the case 
of LOFA, natural coolant convection will exist 
everywhere to dissipate afterheat. In the case of 
LOCA, the outboard shield possesses adequate thermal 
inertia as to be able to absorb the after heat 
adlabatlcally. The inboard shield, however, must be 
provided with a passive means of dissipating 
afterheat. 

Figure 1 shows the shield configuration while 
table 1 lists shield parameters. 

R&D Issues 
While the shield design 1s Intended to be based 

on available materials and technology there are some 
R&D issues to address to reduce risk. The 
uncertainties 1n tungsten cross sections and effects 
of such uncertainties must be ascertained. The 
affects of streaming thru shield gaps and penetrations 
must also be refined. Both these Issues require more 
detailed analysis and confirming bench mark 
experiments. Facilities with 14 MeV neutron sources 
are available to perform such experiments. 

Under the thermal, stress, and irradiation 
conditions, existing in TIBER, it is quite reasonable 
to expect full lifetime (2.5 FPY's) performance from 
the T1 stabilized austenltlc steel structure of the 
shield. Fatigue 1s not anticipated to be a major 
problem as most of the stress cycles occur when the 
structure 1s at a low damage level. Further analyses 
of the synergistic effects of Irradiation and aqueous 
coolants will be conducted In the next fiscal year. 

TABLE 1 
TIBER II SHIELD PARAMETERS 

Superconducting coll radiation limits: 
Total TF coll heating, kW 72 
Neutron fluence, 

n/cm2 (E > 0.1 MeV) 3 x 10 
Insulator dose l imi t , rads 4 x 10 

Total Cu resist ivi ty, nam 3 

Structural material 

Shield materials 
Neutron multiplier Be 
Breeder material LINO, 

Fusion power, MW 

Thermal power, MW 

First Wall Area, m2 

First wall loading (MW/m2) 

Austenitic steel 
(PCA class) 

SS/U/H20/L1N03 

added to 
coolant (160g/L) 

314 

304 

220 

Figure 1 - Shows Shield Configuration 

Ave 
Max, Inboard 
Max, outboard 
M1n 
Test Module (Ave) 

1.14 
1.53 
1.92 
0.35 
1.77 

Operating temperature: 

Coolant, 

In, °C 
Out, "C 

Structure, °C 
Multiplier, °C 

~ 40 
~ 75 
< 100 
< 100 

TF Coil Heating, KW total 

winding 
case 

32 ± lit 
23 ± 14% 

Peak dpa In steel* 
Inboard 
Outboard 

38 
48 

Peak helium production* 

Inboard 
Outboard 

438 
550 

* after 2.5 FPY 

Design pressure, MPa 0.2 
Tritium breeding ratio 1.05 * 0.4X 

Tritium recovery Continuous 

Material masses, MT: 
Steel Structure 
Tungsten plate 
Tungsten pebble 
Steel pebbles 
Beryllium pebbles 
Aqueous coolant (and breeder) 

215 
274 
78 
359 
32 
54 



Long term corrosion and the radlolytlc 
decomposition of aqueous lithium salt solutions 1n 
contact with the shield materials need to be studied 
experimentally. Of particular importances are those 
reactions which may enhance corrosion or stress 
corrosion cracking (SCC). In any event, appropriate 
Instrumentation must be developed and In-pi ace so that 
the water chemistry of TIBER can be constantly 
monitored. During operation, the water chemistry will 
be controlled by the use of appropriate buffers and 
corrosion Inhibitors. By the use of these active 
control techniques, It Is predicted based on Ught-
water reactor operations that the corrosion and SCC 1n 
the TIBER shield will be negligible. [6] 

For the coolant circuit, the issues are the 
chemistry control Issues associated with radlolysls 
suppression, corrosion product removal and salt 
separation. Testing of radlolysls with 1n-reactor 
capsules, and of special components such as the IX 
resins and salt separators 1n an out-reactor loop 1s 
necessary. 

For the tritium processing system, the technology 
required for the present reference design has been 
demonstrated 1n tritium service on the required scale. 
No further testing 1s needed but detailed design 
remains to be performed. 

Beryllium radiation damage needs more study. 
There 1s experience 1n fission reactors from which we 
predict that the lifetime of beryllium pebbles should 
be adequate to meet TIBER'S goals. However, more study 
should be carried out to determine the failure 
mechanism for spheres and determine Its dependence on 
fabrication methods. The usual way of fabricating 
beryllium 1s to hot press a powder and then machine to 
final size. Cost savings (a factor of two or more) Is 
possible by cold pressing a powder and self or 
pressureless sintering, the lifetime of this much 
lower cost product under neutron Irradiation Is not 
known. 

Conclusion 
The TIBER shield meets 1t objective of protecting 

the TF colls with a thin (~48cm) Inboard region and 1s 
capable of a tritium breeding ratio of one without 
Increasing shield size or requiring any tritium 
production 1n the test modules. 
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This aqueous shield with breeding capability Is 
an attractive candidate for an ETR. 


