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The 
Materials 
Open 
Test 
Assembly 
(MOTA) 
The MOTA is a unique vehicle for conducting 
materials irradiations in the Fast Flux Test Facility 
(FFTF). MOTA offers an extremely reliable 
controlled-temperature environment and a large 
test volume to accommodate many test 
specimens. It al lows f requent specimen 
examinations with quick turnaround, thus max
imizing fluence accumulation rates. 



MATERIALS 
OPEN 
TEST 
ASSEMBLY 
(MOTA) 

The Materials Open Test Assembly is a test vehi
cle designed and fabricated by Westinghouse 
Hanford Company under contract to the U.S. 
Department of Energy. This versatile assembly 
provides irradiation volume for a variety of 
structural materials specimens under closely 
con t ro l l ed tempera tu re cond i t i ons . This 
eliminates the temperature uncertainty generally 
associated with in-reactor testing, and thus a 
major uncertainty in development of material 
property predictions. 

A typical test assembly consists of 48 canisters, 
30 within the core (2.5-liter test volume) and 18 
above the core (1.5-liter test volume). Two types 
of canisters can be used. The first is a weeper, 
which allows bulk reactor coolant to f low 
through the canister and in which the specimens 
are irradiated at the bulk coolant temperature 
(360-425''C). The second provides for elevated 
temperatures up to 750''C within + 5''C. 

The controlled elevated temperature canisters 
are fabricated with a double wall and insulating 
gap much like a Dewar flask. Heat is generated 
within the inner canister through the nuclear 
heating of the canister contents. The insulating 
gas, a mixture of helium and argon, allows 
operation significantly above reactor ambient 
temperature. On-line temperature control is 
achieved by varying the mixture of the insulating 
gas. An automated control system monitors the 
canister thermocouple and blends the proper 
gas mixture, which is then transmitted to the 
canister. 

Each insulated canister upon reactor insertion 
fills with reactor sodium through a fi l l tube at 
the bottom of the canister. A vent line in the in

sulating end cap allows for rapid fi l l ing of the 
canister but provides sufficient f low resistance 
to keep sodium f low to a minimum during reac
tor irradiation. Each of the 48 canisters is 
mounted to a central support tube which carries 
the gas lines and thermocouples. The capsules 
are attached to the support tube with a hinge pin 
that allows them to rotate out for rapid 
specimen removal. The entire in-core section of 
the assembly is contained within a duct 
assembly which can be removed to expose the 
canisters and allow the specimens to be retrieved 
for examination. 

The most important feature of the MOTA, aside 
from the temperature control, is the capability 
to provide irradiation space for a variety of pro
grams - each with special and unique require
ments. Past and present experiments are 
representative of the broad range of materials ir
radiation testing capability. Several laboratories, 
universities, and private companies in the U.S. 
have already taken advantage of this valuable 
tool in support of their programs. Foreign ex
periments have also utilized the MOTA in sup
port of light water, breeder, and fusion materials 
development programs. Designs have been com
pleted for a variety of canister sizes, shapes, and 
operating condit ions. An example is the 
development of canisters for irradiating refrac
tory materials at 1200"C in a l i thium environ
ment in support of the space power systems 
development program. The MOTA provides a 
means fo r m o n i t o r i n g and c o n t r o l l i n g 
temperatures of materials during irradiation; 
there are a variety of options available for utiliz
ing that capability. The adjoining page depicts 
the main features of MOTA. 
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INSTRUMENTATION 
AND 
CONTROL 
SYSTEM 

The temperature at which a canister operates is 
directly related to the nuclear heating rate. 
Therefore, any change in the nuclear heating 
rate wil l cause a proportional change in canister 
temperature if the gas mixture in the insulating 
gap remains constant. The local nuclear heating 
rate is not only proportional to the reactor 
power level, but also varies as the operating 
cycle progresses and the control rods are 
withdrawn. This variability in the nuclear 
heating rate during an operating cycle, coupled 
with the uncertainty in the rate at the beginning 
of an operating cycle, makes it necessary to 
act ive ly measure and con t ro l canis ter 
temperatures to obta in the high-qual i ty 
materials test data desired. 

Temperatures within the MOTA canisters are 
automatically controlled within 5''C of their 
individual setpoints by the computerized 
Instrumentation and Control (l&C) system. The 
l&C system constantly monitors all of the MOTA 
thermocouples, searching for temperatures 
which fall outside of the specified control band. 
When the temperature of a canister deviates 
from the control band, the computer calculates 
a new gas mixture and then instructs the gas 

distribution system to blend and distribute the 
mixture to bring the temperature back within the 
control band. The control system can operate in 
full-automatic or manual mode and is con
structed with redundant features for reliable 
operation. 

The l&C system is independent of the plant 
Digital Data Handling and Display System. 
Temperature histories are recorded by the com
puter on removable magnetic disks for later 
analysis. The figure below illustrates the 
temperature history for a gas-gapped canister 
through a reactor power transient. Note that the 
9% drop in reactor power has the effect of drop
ping the canister temperature 20"C. The control 
system restored the temperature into the control 
band within one hour. Although this t ime may 
seem excessive, this particular MOTA was con
figured for 30 separately controlled canisters, 
and the control system was working on the other 
29 canisters as well. During the first cycle of 
MOTA operation, the control system maintained 
the time-averaged temperatures for the majority 
of the canisters wi th in S^C of their target 
temperatures. 
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MOTÂ  
NEUTRONIC 
DATA 

Irradiation Environment 

The FTR is designed to operate at a constant 
thermal power of 400 MW throughout each 100 
full-power-day irradiation cycle, with about 
30% of the core replaced at refueling shutdowns 
between cycles. Nominal neutron fluxes are 
shown below as a function of position in the 
MOTA. 

The FTR neutron energy spectrum is typical of 
oxide-fueled fast reactors. Approximately 60 to 
65% of the total neutron flux in the fueled 
regions of the reactor exceeds an energy of 0.1 
MeV. The nickel-rich radial reflectors surroun
ding the core and the axial reflector segments 

contained in the driver fuel pins produce a locally 
softened spectrum near the core boundaries. 
The axial reflectors can be eliminated from 
experimental assemblies if sufficient shielding 
remains for the protection of permanent reactor 
components. 

The gamma heating rate is calculated using a 
three-dimensional diffusion theory model, and 
is based on a reactor power of 400 MW at 
beginning-of-cycle conditions. The gamma 
heating rate for stainless steel is shown below 
plotted against position in the MOTA. 
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PRESSURIZED 
TUBE 
SPECIMENS 

Structural materials undergo in-reactor creep 
when they are simultaneously subjected to 
neutron i r rad ia t ion, stress and elevated 
temperatures. Thermal creep typically occurs in 
metals at temperatures greater than about one 
half of their melting point, but significant creep 
has been observed at lower temperatures while 
the metal is being neutron irradiated. 

Early neutron irradiation experiments used a 
complex arrangement of bellows to stress a 
standard uniaxial creep specimen while the 
specimen was in the core of a reactor. Such an 
experiment could be performed on only two or 
three specimens at a time. 

In the last ten years, a new and more efficient 
specimen has been designed, qualified and used 
extensively in fast reactor materials irradiations. 
The pressurized tube creep specimens shown on 
the next page offer significant advantages over 
the old standard uniaxial creep specimens. The 
specimen is a sealed tube which has been 
pressurized with helium. As the tube diameter 
increases under stress, the wall thins and the 
hoop stress remains constant. The result is a 
biaxially stressed tube (under constant load) 
which does not suffer from grip alignment prob

lems or a bulky assembly size. Approximately 
one hundred pressurized tube specimens can fit 
in a single standard MOTA canister. Testing in 
several canisters provides the capability to study 
a range of stresses and material conditions at 
any of several temperatures. 

Developed with the pressurized tube creep 
specimen was the advanced measurement 
machine also shown in the photograph on the 
next page. This machine precisely measures the 
specimen diameter from the shadow cast by a 
scanning ruby laser. This machine is automated 
and computerized to measure and store the 
specimen diameter values along the length of the 
specimen and provides an accuracy of 
+ 0.00025 mm. These measurements are per
formed in a hot cell during interim examina
tions, and are compared to measurements made 
prior to irradiation. After measurement, the 
specimens are returned to the reactor for further 
irradiation. 

All aspects of pressurized tube specimen fabrica
tion and measurement can be provided if 
desired. The measured change in diameter data 
is used to create creep equations as shown 
below. 

T = CONSTANT 
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STRESS-
RUPTURE 
MEASUREMENT 

Time-dependent allowable stresses for nuclear 
components are based on stress-rupture proper
ties. Stress-rupture tests are conducted in MOTA 
through the use of pressurized tubes which rup
ture as a function of exposure (time) and stress. 
The method of detecting the in-reactor rupture 
of a specimen uses the fuel failure monitoring 
system of the FFTF. Specific isotopes of Kr and 
Xe are sealed inside the pressurized tube 
specimens much as they are sealed inside fuel 
pins. Detection of these isotopes in the FFTF 
reactor cover gas signifies that either a fuel pin 

or a MOTA pressurized tube has failed and 
released its gas tag. The ratios of these gas tags 
are unique and provide the capability to identify 
which pin or tube has failed. The uncertainty in 
measuring stress-rupture lifetime is a few 
minutes. 

The figure below illustrates that the MOTA gas 
tag system performs as designed and yields high 
precision rupture lifetimes. Longer term data 
w i l l establ ish the re la t ionsh ip between 
ex-reactor and in-reactor behavior. 
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INIATURE 
PECIMEN 
ESIGN 
Miniature specimens are used to maximize the 
number of specimens which can be irradiated in 
any given canister. Extensive testing of miniature 
specimens has demonstrated their reliability. An 
obvious benefit of miniature specimens is 
optimized use of the flux regimes of greatest 
interest to the customer. The accompanying 
photograph illustrates some of the geometries of 
specimens in use. The first loading of MOTA in
cluded 900 pressurized tubes, 600 disk packets 
containing 40,000 disks, 250 tensile specimens, 
120 tensile tubes and 100 Charpy and compact 
tension specimens. 

• 



RECONSTITUTION 
One of the most important aspects of structural 
material irradiations in the MOTA is the high 
rate of damage accumulation. The MOTA was 
designed to achieve the maximum damage 
accumulation by allowing specimen examina
t ion to be completed during refueling operations 
between consecutive reactor operating cycles. 

When the reactor is shut down for specific 
refueling operations, MOTA is transferred to the 
Interim Examination and Maintenance (lEM) 
Cell, depicted on the fol lowing page, where it is 
disassembled. Individual specimen baskets are 
removed f rom each canister and shipped to 
another nearby hot cell facility for processing. 
Within ten days, all of the specimens are cleaned 
of sodium, identif ied, and, in the case of 
pressurized tubes, measured. The specimens for 

continuing irradiation are then returned to the 
I EM Cell, loaded into a fresh MOTA assembly 
and reinserted in the FFTF reactor. Handling of 
MOTA and its specimens is illustrated in the 
diagram below. 

During reactor refueling outages, specimens can 
be removed from the canisters and replaced by 
other previously unirrradiated specimens of 
interest to a customer. Such replacements are 
of particular value when the canister contains 
many identical specimens and one of the 
replicates is removed after each operating cycle 
of the reactor. If the experimenter desires, the 
temperature history of specimens can be changed 
by exchanging specimen positions in canisters. 
These changes can all be performed without 
sacrificing irradiation t ime. 
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SUPPORTING 
SERVICES 

Supporting Services which have evolved concurrently with the construction and operation of FFTF and the design 
and operation of MOTA are available to customers. If desired, experimenters can contract for the conduct of 
experiments in their entirety, including design to achieve the objective, fabrication of specimens and canister hard
ware, postirradiation examination and testing, evaluation of data and results, and final documentation per customer 
requirements. Some of the important capabilities which can be exploited are shown here. 

Test Hardware Design and Fabrication: Facilities and expertise are available 
to assist in the resolution of a broad spectrum of test hardware design and 
fabrication problems. This expertise has been developed through many 
years of fabricating irradiation experiments for test reactors and other 
irradiation devices throughout the world. A fabrication facility fully furnished 
wi th state-of-the-art equipment and a cadre of experienced engineers and 
technicians provide test hardware design and fabrication capability that is 
unparalleled anywhere in the wor ld . 

I 

I 
/ 

' « 

Postirradiation Testing: In-cell facilities are 
available for measuring tensile properties, 
Charpy impact strengths, toughness, britt le-
ducti le transitions, crack growth, strain to 
rupture, rupture strength, time to rupture, 
b iax ia l c reep , swe l l i ng and o p t i c a l 
microst ructures. Shielded facil i t ies are 
available for microhardness. Auger spec
trometry, ion mass spectrometry. X-ray dif
f rac t ion, opt ical spectrometry, electron 
microprobe, analytical chemistry and gamma 
ray spectrometry. 

Electron Beam Welding: Electron beam welding of chemically reactive alloys and 
metals with unique geometric shapes is but one of several high-technology 
methods employed to join or seal hardware or test specimens. 
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High Speed Laser Engraving of Identity Codes on Specimens: 
With this system programmable markings can be inscribed 
with character sizes from 0.5 mm to 50 mm, a line width from 
50 to 100 /jm and a depth between 5 and 250 jjm. The scan
ning area is 50 x 50 mm, and engraving speed is as rapid as 20 
characters per second. 
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Hot Cell (or Measuring Dilations of Pressurized 
Tubes: The creep in pressurized tube specimens 
after irradiation and subsequent reirradiations is 
measured with a special laser beam shadow-
casting and detection device which is fully 
automated and computerized. 
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Electron Microscopy: In-cell capabilities have been established for cut
ting, punching, mechanically dimpling, electropolishing, and ion mill
ing specimens. The viewing and performing elemental concentration 
determinations by energy loss spectrometry and energy dispersive X-ray 
analysis is provided by advanced state-of-the-art analytical electron 
microscopes. 

• '^ -Js 

^ Irradiation-Induced Swelling: Weighings in air and in a l iquid medium can be conducted on irradiated specimens weighing as 
little as 6 mg with 0.001 mg sensitivity and a min imum accuracy of ±0 .15%. The time per single specimen weighing can be as 
short as ~ 4 minutes in automatic mode for each of 60 disk specimens, 3 mm in diameter. 

^ Disk Bend Testing: A unique in-cell capability exists for testing the strength and strain characteristics of 3-mm-diameter x 
0.4-mm-thick disk specimens. These disks are identical to those used for electron microscopy. Specimens can be tested at 
temperatures ranging f rom 20 to 730''C. 

iji; Evaluation and Analysis: Expertise has been developed for correlating property changes with neutron flux, neutron energy, 
displacements (fluence), temperature, and other relevant parameters. Unique computer codes facilitate development of such 
correlations. 



The 
FFTF 
Complex 

The Fast Flux Test Facility at Richland, 
Washington, is an integrated plant complex 
which houses the Fast Test Reactor, its cooling 
systems and its immediate support equipment 
and facilities. 

Structural materials are irradiated under 
prescribed conditions in a special centrally 
located test assembly, the MOTA. 

Experiments are preconditioned for reactor 
insertion in the Test Assembly Conditioning Sta
t ion and transferred to the reactor through floor 
valves. 

A Digital Data Handling and Display System is 
available to provide significant direct assistance 
to the experimenter. 

An Interim Examination and Maintenance Cell 
provides for sodium removal and disassembly of 
experiments and reactor components. This 
facility can be utilized for nondestructive 
examination and reassembly of experiments for 
reinsertion into the FTR. 

REACTOR CONTAINMENT BUILDING 
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THE 
FAST 
TEST 
REACTOR 
(FTR) 

The Fast Test Reactor has a design power output 
rating of 400 MW thermal. Three liquid-sodium 
heat transport loops cool the reactor core. Flow 
direction is vertically upwards through the core. 
Each core assembly is orificed to control coolant 
f low. 

The core support structure positions the reactor 
core assemblies. Core restraint mechanisms, 
mounted on the core barrel, provide positioning 
and core configuration control. Space is provided 
between the core barrel and the reactor vessel 
for in-vessel storage of irradiated core com
ponents. An In-Vessel Handl ing Machine 
(iVHM) provides for insertion and removal of 
core components. 

Three instrument trees, one servicing each of the 

three core sectors, provide proximity instrumen
tation for each driver fuel assembly, selected 
reflector assemblies and each control rod 
assembly. Flow and temperature are monitored 
for each fuel assembly. 

Contact instrumentation can be used with six 
in-core Open Test Assembly (OTA) positions. 
Thermocouples/electrical leads and capillary 
tubes can be used in combination with out-of-
reactor instruments to monitor and control 
experiment operations. 

Instrumentation leads tie to the Digital Data 
H a n d l i n g and D isp lay System or to 
experimenter-supplied special consoles. 

FTR operating conditions 

•y^ 400 MWt design power output 

• ^ 7 X 10^5 n/cm2-s peak total flux 

-^' 7.9 X 10^ kg/h total sodium coolant f low rate 

- ^ 3600C core inlet temperature 

- ) ( - 527''C core outlet temperature 

• ^ 7.5 kg/cm^ nominal core pressure drop 



Interior of FFTF Containment 
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GENIERAU 
INQUIRIES 
AND 
INFORMATION 

COSTS 
Costs wil l vary depending upon each specific 
test, ha rdware and service reques ted . 
Preliminary estimates can be furnished without 
charge to the experimenter. 

REPORTS 

The need is recognized for protecting pro
prietary data and patent rights of the experiment 
sponsor in accordance with DOE regulations 
and international agreements. Reports describ
ing fabrication and reactor operation of the 
experiments wil l be provided. Reporting of 
results of tests during and after irradiation wil l 
depend on the experimenter's requirements. 

INQUIRIES 
All domestic inquiries should be directed to: 

Assistant Manager For Advanced Reactor 
Programs 

Department of Energy 
Richland Operations Office 
P.O. Box 550 
Richland, WA 99352 

All foreign inquires should be directed to: 

Director, Office of Breeder Technology 
Projects 

Department of Energy 
NE-53 
Washington, DC 20545 
U.S.A. 




