


I - - -  
r - - -  _ - _ _ _ _ _ . _ - - - _ _ - _ - _ _ _ _ _ _ - -  

cd an accouni O: I../ -msomi by  ai-^ agency of tho 
ent Neiihe:theUnitsd Owe-r ie f i t  norarly ayency 
I: eTT8ployccr lakes any '.vdiizfiiy express or 

assumcc 2"y iegai I ability or recnr?wbility for the zccuracy cornpi 
usefdlncss of any inforrriatlon apparatus pro 

hat i t s  u s e w w ' d  not infringeprwately 
flc collrn-mcial product p iO i t?Ss  nr wrvtce by trade qqirie ii?Y-ifiaih 

rnanufnc.,: er or othc:v~!s~ does Toi ileciss 
endoiser,cJt recornllierdation or favoring hv :h 
any agency thereof The e..: 2nd opinions of atithors expresses hc'ern do not 
rccncsarily slate or reflect those of theli?kted StatesGovernrncnt 0 :  any agcncy 
tbt-reof 

l - - - - -  _......- 



ORNIL/TM- 10359 
Dist. Category 1bC-96 

CESSlNO PROGRAM 

W. D. Burch, Program Director 

W. S. Groenier 
Manager, Chemical Process Development 

S. A, Meacham 
Manager, Remote Systems Development 

J. G. Stradley 
Manager, Strategic Planning and Analysis 

Date Published: June 1987 

0 





Con t IC n t s 

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

GHTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
cal Process Develo . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  1 
e Systems Develop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
. . . . . . . . . . . . . . . . . . . . . . . .  3 

t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
nt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . . . . . . .  8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

ctivities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

SYSTEMS DEV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
. . . . . . . . . . . . . .  13 

. . . . . . . . . . . . . . . . . . . . . .  14 

C PLANNING . .  17 . . . . . . . . . . . . . . . . . . . . . . . . .  

IONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

iii 





mors all US. c 

V 





1 HighlighCs 

W. D. BURCti 

ries. In this conte 

1.1 
W. 

ratures to near 

rts are under way to 

A new plenum housing fo 

1 



2 

The December 1986 milestone campaign to demonstrate 5.5-cm-diam centrifugal con- 
tactors in a full solvent extraction cycle with uranium under feedback control was success- 
fully completed. The 1 OO-h continuous campaign was performed without operator interven- 
tion. The control system responded quickly to scheduled changes in feed flow rate and 
composition. 

The Westinghouse Idaho Nuclear Company (WINCO) contactors were received and 
hydraulically tested. Test results were in excellent agreement with previous experience with 
experimental units. 

1.2 REMOTE SYSTEMS DEVELOP 
S. A. Meacham 

Slitting cuts on liquid-metal-reactor- (LMR) type fuel ducts were performed with no 
detectable fuel cladding damage when the cuts were made tangent to a hex corner. The 
detailed design of a remote automated sampling system for the Power Reactor and 
Nuclear Fuel Development Corporation (PNC) was initiated and is progressing on 
schedule. 

Acceptance testing on the interface package of the Advanced Integrated Maintenance 
System (AIMS) was performed, and a test report was issued. Testing was completed on 
the Manipulator Test-Test Stand (MTTS) using the Model M-2 servomanipulator sys- 
tem. Operator skill tests, which the operators will use in this program, were also completed 
at ORNL and in Japan at PNC. 

1.3 STRATEGIC PLANNING AND ANALY SI$ 
J. G. Stradley 

Significant process was made in the development of the details of a broadened joint 
collaboration between the DOE/CFRP and the PNC. This collaboration, when agreed 
upon, will include all reprocessing topics. 

1’Energie Atomique (CEA) Technical Specialists’ meeting was held 
at ORNL in October 1986 to plan for the implementation of a joint program to demon- 
strate an environmentally hardened remote control system to use with advanced manipula- 
tor maintenance systems. 
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During this period, coordination was supplied for the demonstration tests of a fluidic 
pump, the centrifugal contactors, and the uranium product evaporator as reported in Sects. 
2.2.2, 2.4.2. and 2.5.1 of this report. 

2.2 FEED PREP 
5. E. Lewis 

2.2.1 Dissolution 
B. E Lewis, 0. 0. Yarbro, and J.  F. 5 ~ ~ ~ ~ ~ l l  

Studies and development activities on continnous dissolution will be summarized in a 
special report that will document the rationale for a continuous dissolver. The IET facility 
rotary dissolver will be maintained for use in tests as necessary. 

A test plan for determining the feasibility of operating the BET continuous rotary dis- 
solver without steam addition was revised and reissued. Operation without steam addition 
would result in the elimination of the in-cell steam generator dedicated for use on the dis- 
solver system and would minimize product dilution. Enthalpy balance calculations around 
the dissolver are currently being performed to estimate the probability that the no-steam 
operation will be successful. The experiments have tentatively been scheduled for the end 
of February 1987. 

As part of the collaborative agreement with PNC, a study will be performed to assess 
the feasibility of a geometrically favorable, continuous dissolver that would eliminate the 
need for 8 soluble poison in the head-end process steps. The initial groundwork for this 
effort has established a preliminary criteria document, a work schedule, and two design 
proposals. Review of these proposals has resulted in several useful suggestions and pointed 
to some areas where additional thought is needed, such. as in the housing design, remote 
maintenance features, hulls, handling, materials of construction, and relevance with PNC 
concepts, Criticality calculations are currently being made with preliminary indications 
that the initial designs may be conservative, Plans are being made to fabricate an operat- 
ing plastic model to demonstrate the merits of the preferred concept. 

2.2.2 Fluidics, Clarificatian 
B. E. Lewis, J. G. Morgan, E. L. Nicholson, and W. D. Holland 

A summary report will be prepared to assess the needs for feed clarification based on 
projected flowsheets and selection of processing components, summarize methods used in 
various facilities and their effectiveness, describe current CFRP developments, and provide 
a plan for a development program on a backflushable centrifuge. The variety of fluid 
transfer devices necessary for the operation of a reprocessing plant will be assessed and 
documented. This report will also describe previous CFRP studies and recommend pilot- 
plant fluid transfer devices. Fluidic devices that can serve as control units or function in a 
slave mode to enhance the effectiveness of pulsatile fluidic pumps are to be evaluated. 
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condensers, and both NO, recovery systems. It is expected that three runs will be 
scheduled and completed between Jilly and Scpteitn'ocr of 1987. 

A special report i s  to be prepared for YNC that will sumriiavize the U S .  develop- 
ment status on off-gas trcatnient processe~ to include the Iodox and d v e r  zeolite processes 
for iodine retention and the selective absorption process for krypton retention. The report 
will also provide results of attempts to regenerate solid sorhents, asscss the applicability of 
the work for reprocessing plant applications, and present the overall US. philosophy for 
off-gas treatment. 

The contactor design basis will be refined with respect to basic internal parameters 
such as weir size, rotor bottom taper, and shape of the cavity below the rotor. Uranium 
mass transfer efficiencies will be determined throughout the hydraulic operating envelope 
using experimental and prototype contactors. The overall design basis for solvent extrac- 
tion contactors (of any type) will be summarized in a special report to PNC. The report 
will address requirements for mixing, residence time, and phase separation. The 
WRALPH code for contactor design will be updated by including algorithms that account 
for contactor design variables not previously considered such as aqueous vane length and 
rotor bottom taper. 

A new plastic single-stage housjng is being designed that will include provisions for 
withdrawing samples of the solution from the annular region, for determining the pressure 
at  various positions within the annular region, and for allowing the replacement of the 
lower portion of the housing itself to permit testing of various housing configurations. Spe- 
cial vanes will be installed in the lower portion of the housing in an attempt to maintain 
more consistent liquid levels in the annular region. This is important for units with over- 
trow ports, where at  high throughputs liquid rises to these ports, or where at  low 
throughputs, virtually no liquid is in the mixing zone. 

Fabrication of new rotor and housing bottom compments has begun. These com- 
ponents will be used with the modular 5.5-cm-diam rotos in an effort to improve mixing at  
the lower fiow rates and extend the low flow rate end of the operating envelope, 

Efforts to characterize performance in the couette region of the centrifugal contactor 
have continued. Current work is focused on ( I )  the development of estimation techniques 
for the height of the fluid in the couette region as a function of the operating parameters 
and (2) the development of a technique to verify the couette height for operating contac- 
tors. 

Tests have been performed to measure the couette region and rotor holdup volumes 
and consequent solution residence times. Test data have indicated that the phase ratios in 
the couette and rotor are often much different than the flow ratio based on feed streams. 
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contactors were experienced. Entrainment was especially pronowxed in the liquid lines to 
the photometers on the €IL4 and I-IC contactor hanks. These problems wehe alleviated ten+ 
porarily by the installation of deentrainment puts and small metering pumps in the lines to 
the photometers. 

Of special concern during the run was the finding that the photometer windows, par- 
ticularly on the HA photometer, become "dirty" rather quickly, resuiting in inconsistent 
readings. The readings varied hy 130% on a recycled homogeneouq solution. 'This is not a 
new problem, and a long-term solution wil! be sought. Simple cleaning with a nitric acid 
solution does little to correct the situation, but based on one test, methanol provides signi- 
ficant relief for a few hours. The problem will bc examined in more detail during the next 
few months, and a workable cleaning and/or filtration system will be recommended for 
installation in the IPD. 

A major milestone campaign with the 5.5-cm-dim centrifugal contacto- Is was com- 
pleted in December. This run demonstrated full-cycle uranium operation under feedback 
control. The tests used depleted uranium in feed solutions of 225 to 275 glJ/L. The run 
showed that the feedback control loops (photometer-based) could adjust the process flow 
rates to maintain the proper uranium concentration profile in the system and that the 
specified quantity of uranium could be processed for a test period of at least 100 h without 
operator interaction. The PC-based data logging equipment was shown to monitor the sys- 
tem and take the proper corrective action to major equipment problems. The entire system 
worked very well, and the run was highly successful. No controller perturbations were 
observed during steady-state operation. In addition, the control system responded quickly 
to scheduled changes in the feed flow rate and composition, The photometers did, however, 
show the same behavior as noted in the November run, but the scatter in output values 
was not serious enough to pose a significant problem over the 100 k of the run. 

The two prototype, intrinsically balanced 5.5-cm-diam rotors were tested for vibration 
to determine if the design and fabrication methods used produced rotors that were intrinsi- 
cally balanced. A Dayton 24-v dc drive unit was used for the vibration testing and was 
individually established to have a vibration velocity of 0.1 in./§ when operated at -4000 
rpm. The four-part rotor was connected to the Dayton drive and operated at the same 
speed resulting in a maximum sonibined vibration velocity of 0.15 in./s. The same condi- 
tions were utilized for the six-part rotor test, resulting in a combined vibration velocity of 
0.19 in./s, This operating level is considered in the smooth range, and rotor balancing was 
not required. 

2.5 CHEMICAL PlkOP PLANT 
D. R. Mcsselr 

The TPD portion of the IET facility is a versatile engineering laboratory that permits 
the test and operation of chemical processes and equipment that are prototypical of those 
intended for deployment in an advanced fuel reprocessing facility 
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Studies that develop and promote aclvanced process con?rol concepts are being contin- 
ued with emphasis on automatic control of the contactor test stand, Maintenance of the 
IBD instrumentation and corntrol systems is also included in this activity. 

The process opcration diagrams, software implementation diagrams, and software 
development and debugging of modules 1907 and 0923 (the uranium product and feed 
accountability system automation programs) were completed. Both modules are schcduled 
to be tested with hardware systems in January 1987. 

Summary reports are being prepared that docnment US.  flowsheet chemistry activi- 
ties of the past several years. Areas to be included are solvent treatment, plutonium parti- 
tioning chemistry, kinetics factors in Purex, and fission product chemistry. The status of 
research efforts will be described, and methods for continued collaboration will be out- 
lined. 

New distribution data are to be measured for U, Pu, and HN03 in low-temperature, 
low-tributyl phosphate content systems for use in computer simulations of the modified 
Purex process. Data for low-tempcrature redox and disproportionation of Pu( IV) will also 
be measured. 

Tke study of the Pu( IV) disproportionation reaction, 

3 Pu4+ + 2 H 2 0  = 2 Pu3' + PuO?' + 4 H+ , 

has continued in an effort to determine equilibrium quotients and kinetics at temperatures 
from 5 to 25°C both with and without uranyl nitrate present. Preliminary results show 
that solutions containing uranyl nitrate equilibrate much faster than those without uranyl 
nitrate and that equilibrium concentrations of products are less at higher acidities, lower 
temperatures, and/or with uranyl nitrate present. 

Special summary reports will be prepared that document the status of U.S. activities 
for analyzing high-gamma samples (with emphasis on uranium and plutonium analyses) 
and in-line instrumentation development. 

The development of X-ray fluorescence as an analytical technique applicable to fuel 
reprocessing has continued. An apparatus to support and align the X-ray tube and an 
optical bench with horizontal and vertical position control were designed and fabricated. A 
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Laboratory and prototypic centrifugal contactor units are being designed for the Y-12 
Plant. Upon fabrication, they wi!l be proof-tested at ORNL. 
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test facility. The equipment being developed for PNC is very similar to a robotic sampling 
system that has been successfully operated for the past several years at BRNL in the 
Remote Operations and Maintenance Demonstration (ROMW) faeil,ity. 

Detailed design of the system is currently under way. The track, sample statism, arid 
support structure drawings are now in checking, The pregasation of vehicle details has 
been initiated, and definition of the control system is in progress. 

Tbe mechanical head-end consists of equipment that will remove the undesired com- 
ponents (such as inlet and outlet nozzles) from a fuel. assembly and cut the remaining por- 
tion of the assembly into short pieces. The sheared product will expose the contained fuel 
for subsequent dissolrition. The goal is to produce the necessary design, equipment, and 
data required for the successful operation of a prototype system. A prototype mechanical 
head-end system consisting of a laser-disassembly system, a shear system, and an overall 
control system has been installed in the ROMD area of Building 7603. 

During this period, developinent activities to establish laser cutting techniques and 
parameters continued with emphasis on slit cutting on LMR-type fuel. Numerous test cuts 
demonstrated that the design basis of cutting along the hex flat would result in significant 
damage to the fuel. However, test cutting tangent to the hex corner resulted in no detect- 
able fuel damage. A design study has been initiated to determine the magnitude of effort 
required to modify the disassembly system for this type cutting. 

The preparation of a summary report on shearing of prototype fuel is about half com- 
plete in draft form. 

3.2 TECHNOLOGY DEVELOP 
S. e. Schrock 

The efforts of this group are directed towards the development of improved remote 
maintenance systems for application in hazardous environments. The activities include 
equipment development and testing and evaluation of man-machine interfaces and opera- 
tor efficiencies. These activities are further described in the following sections. 

The purpose of this effort is the design, fabrication, and operation of equipment and 
facilities for development of improved remote maintenance techniques for fuel reprocessing 
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A program was also initiated during this period to develop radiation-hardened elec- 
tronic systems. This activity is a collaborative effort with the French CEA, and the coni- 
ponents that are developed will be tested in the AIMS facility at ORNL and in the TOR 
facility in France. A program plan has been developed and is currently being circulated 
for approval. 

3.2.2 Tasting Activities 
T. W. Burgess and J. V. Draper 

Tests during this period were performed on the MTTS. This program is a collabora- 
tive effort with PNC in which identical tests will be performed in each country using 
identical test stands. Tools, test instructions, and equipment items used in the test are also 
identical. To compensate for differences in the capabilities of the operators, a skill test has 
been devised and will be administered to all the operators used in this program. In Japan, 
the tests, which consist of a series of discrete tasks, will be performed with Prototype I1 
and 111 servomanipulator systems. At ORNL, the Model M-2 and the ASM systems will 
be used. The tests are designed to identify both good and bad features of the various mani- 
pulator systems and will serve as a basis for optimizing the performance of the mainte- 
nance systems. 

During this period, the skill test was administered to all four of the ORNL operators, 
and the test program on the MTTS was completed using the M-2 servomanipulator. Dur- 
ing the next quarter, the identical test program will be performed using the ASM. Testing 
by PNC is running one to two months behind the US. schedule although PNC did coni- 
plete the skill tests on the operators that will be used on its manipulator systems. 
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4.1.2. U.S./Frene: 

This exchange focuses on the are2 of Remote Systems Technology. A technical spc- 
cialists’ meeting, held in the United States in October 1986, focused on the planning for 
the implementation of a joint program involving the demonstration of an environmentally 
hardened remote control system for use with advanced manipulator maintenance systems. 

4.13 U.S./Unlted Kingdom Atomic Energy Autharity 
(UKAEA) Exchange 

At the November 1986 meeting of the ad hoc Fuel Cycle Steering Committee, some 

Testing continued on the U.S. fibre-optic spectrophotometry equipment which has 

A final report prepared by ORNL describing the results of the ORNL test on a 

new potential exchange topics were discussed, 

been installed in the UKAEA Doiinreay Fast Reactor Reprocessing Plant. 

UKAEA centrifugal clarifier was completed. 

4.2 SAFEGUARDS ASSESSMENTS 
M. H. Ehinger, T. L. Hebbk, and J. W. Wachfer 

The objective of this task is to assess the availability of appropriate safeguards tech- 
nology for reprocessing plant application and to assess the safeguards implication of repro- 
cessing plant design and operational features. 

The current focus is on the development of advanced safeguards concepts for for mon- 
itoring plant operations. Details are being developed for a process monitoring concept suit- 
able for an international application of process monitoring to reprocessing plants. 
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