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ABSTRACT

This publication continues the quarterly series presenting results
of work performed under the National HTGR Fuel Recycle Program (also known
as the Thorium Utilization Program) at General Atomic Company. Results of
work on this program prior to June 1974 were included in a quarterly series

on the HTGR Base Program.

The work reported includes the development of unit processes and
equipment for reprocessing of High-Temperature Gas—-Cooled Reactor (HTGR)
fuel, the design and development of an integrated pilot line to demonstrate
the head end of HTGR reprocessing using unirradiated fuel materials, and
design work in support of Hot Engineering Tests (HET). Work is also
described on trade-off studies concerning the required design of facilities
and equipment for the large-scale recycle of HTGR fuels in order to guide

the development activities for HTGR fuel recycle.
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INTRODUCTION

This report covers the work performed by General Atomic Company under
U.S. Energy Research and Development Administration Contract EY-76-C-03-0167,
Project Agreement No. 53. The work done under this project agreement is
part of the program for development of recycle technology for High-
Temperature Gas—-Cooled Reactor (HTGR) fuels described in the '"National

Program Plan for HTGR Fuel Recycle Development" (GCR-76/19).

The objective of the program is to provide a demonstration plant for
the recycle of HTGR fuels. This plant will demonstrate facility and equip-
ment design and operating procedures which are licensable and commercially
feasible for the reprocessing and refabrication of spent fuel from HTGRs.
Work at General Atomic Company is concentrating on the following National
Program tasks: Program Management and Analysis (Task 100); Reprocessing
Technology Development (Task 200); Refabrication Technology Development
(Task 300); HTGR Recycle Demonstration Facility (HRDF) design support (Task
600).

Task 100, Program Management and Analysis, includes the functions of
overall planning, scheduling, budgeting, reporting, management control of

the program, and coordination of activities.

Task 200, Reprocessing Technology Development, includes the definition
of flowsheets, the development of components, and the definition of oper-
ating techniques, remote maintenance and or disassembly techniques, and
coordination of fuel shipping and storage activities. Operations which
must be developed include crushing of the fuel elements; burning the

graphite in a fluidized bed-burner; separation of the fertile and fissile



particles; crushing the SiC coating on fissile particles; burning the
crushed particles; dissolution of thorium and uranium in the burned, crushed
particles; separation of the undissolved solids (SiC hulls, etc.) from the
leachate; separation of the thorium and uranium from the fission products by
solvent extraction; separation and purification of the thorium and uranium
by solvent extraction; process and facility off-gas treatments to ensure
releases are environmentally acceptable and in compliance with regulations;
and the primary treatment of solid, liquid, and gaseous wastes from the

process.

Task 300, Refabrication Technology Development, includes the defini-
tion of flowsheets, the development of components, and the definition of
operating techniques, remote maintenance and/or disassembly techniques, and
coordination of fuel shipping and storage activities. The refabrication
begins with aqueous uranyl nitrate solution from the reprocessing facility
and ends with fuel elements prepared for shipment to the reactor. The
principal operations to be developed are loading the ion-exchange resin with
uranium, resin carbonization, resin conversion, coating the converted resin
with pyrolytic carbon and SiC, fuel rod fabrication, fuel element assembly,

fuel and fuel element inspection, scrap recovery, and waste handling.

Task 600, HTGR Recycle Demonstration Facility, includes the design,
construction, proof-testing, and operation of a demonstration facility for
the recycle of HTGR fuel. The plant is to include all fuel cycle opera-
tions from the receiving of spent fuel elements from the reactors to ship-
ping the refabricated fuel elements back to the reactors. The preconceptual
design studies and the early conceptual design are to be used to guide the
development work for reprocessing and refabrication processes and equipment.
The results of the research and development tasks will in turn be used to

guide the detailed design of HRDF.
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1. SUMMARY

General Atomic Thorium Utilization Program activities progressed on
schedule during the quarter, with continuation of the head-end reprocessing
equipment testing program. Individual testing of the tertiary, oversize
crushers and the screener was completed. Preparation of the equipment for

testing as a system is under way.

Tests on the tertiary crusher revealed no operating problems. No
material holdup areas or bypass of the crushing cavity was detected. 1In
all of the tests the material was crushed at rates equal to or greater
than the discharge rates of the secondary crusher. The quantity of over-
size product was well within the Design Criteria (DC521001) limits. Design
modifications were completed on the secondary crusher stationary jaw and
Pitman wear plate to alleviate the previously observed bridging of the
larger material entering from the primary crusher. Overheating of the
secondary Pitman bearings was attributed to improperly fitted bearing

sleeves, and proper tolerancing of these sleeves has been accomplished.

The initial issue of a functional level diagram for the Fuel
Element Size Reduction System has been prepared for preliminary review.
Investigation into redesign of the Pitman shaft bearings and lubrication
system has begun in order to eliminate conventional lubrication methods
and materials which are incompatible with a hot cell environment. Repairs
to the damaged toggle lift hook drive assembly of the secondary Pitman
1ift fixture were completed and were tested during reinstallation of the
secondary crusher. Screener tests revealed excessive blinding of the
perforated plate, which was then replaced with a wire mesh screen. Gradual
buildup in blinding occurred, requiring the addition of a screener self-

cleaning device.
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Heat transfer coefficients were calculated from data obtained in
six 0.40-m primary burner heatup runs. The results indicated signifi-
cantly smaller wall-to-bed heat transfer for deep beds heated with the
dual (upper and lower) induction coils compared with shallow beds heated

with the single, lower coil.

Six runs were made on the 0.20-m primary burner during the reporting
period. The initial four runs were made to test the Diogenes automatic
control system; the fifth run was an attempted 48-hr run which was cur-
tailed after V12 hr due to mechanical failures in burner subsystems. The
sixth run was made té test operating parameters which were revised based
upon the need for an extended O2 ramp period and higher fluidization

velocity and to check the burner subsystem repairs.

Other significant 0.20-m burner work included fabrication and initial
testing of an electrical resistance probe bed level sensor and prelimin-
ary heat transfer design calculations for determining the cooling require-
ments to maintain the recycling fines cyclone exit temperature at “500°C.
A parametric study of process variables on the 0.20-m secondary burner
has been initiated, with three of seven runs now completed. Extensive
automation of the burn cycle has been demonstrated. Shakedown of the
0.10-m secondary burner is now complete, and the burner is ready for

burning tests using crushed TRISO, fissile FSV type fuel particles.

Localized side plate wear on the fertile particle roll crusher has
necessitated inlaying a very hard sintered tungsten carbide wear pad
adjacent to the crushing cavity. The fissile roll crusher has been

received and is now undergoing checkout testing.

The conceptual design of the engineering-scale dissolver-centrifuge
for incorporation into the head-end line was completed during the quarter
with the issuance of the Design Criteria and System Description and the
Process Flow and Piping and Instrument Diagrams. A series of bench-scale
dissolution runs was made on ThO2 kernels using the heel operating mode

with lower-acidity dissolver acid.
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Three solvent extraction feed adjustment runs were completed during
the quarter. Two of the runs were representative of the continuous inter-
cycle concentration step. The other run was a continuous operation which
utilized leacher product as feed. These runs were used to test the mod-
ified equipment and also to familiarize new personnel with the equipment
operation. Three solvent extraction runs were completed during the quarter
representing the first cycle of the Acid-Thorex flowsheet. The Robatel
centrifugal contactor and the five pulsed columns in the solvent extraction
pilot plant were used in these experiments. Tracer quantities of radio-
active zirconium were added to permit determination of zirconium decontami-

nation throughout this solvent extraction system.

Progress with dry solids handling component and system testing con-
tinues. Inlet filter pressure drops have been measured; the storage volume
of the bunkers has been established; and the testing of in-bunker filters
is complete. The performance of fixed speed blowers has been accurately
predicted; experiments with rotary feeder valves have demonstrated their
suitability for installation in the system; improvement requirements have
been identified for the bunker load cell electronic data processing system.
The evaluation of different types of samplers has begun, and results
obtained with the primary burner product removal system have been analyzed
and particle breakage results have been closely examined. The experience
so far with the secondary burner product removal system has been used as
the basis for upgrading the design. A substantial measure of agreement
between results from shear cells at GA and ORNL has been found using

crushed graphite.

The Work Plan for the Maintainability and Reliability Phase I study
was prepared and methodology development was initiated. The HET conceptual
design has been completed to the 90% level and the Conceptual Design Report
is in progress. HET Technical Review meetings were held during the quarter
to discuss the facility and equipment arrangement, cost estimating ground

rules, sampling plan, waste handling, off-gas treatment, and spent fuel
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shipping. System description and design criteria activities were initi-

ated for an integrated HRDF-Reprocessing Head-End and Solvent Extraction

remote maintenance system.

During the quarter efforts have been focused on completion of the
HET fuel shipping conceptual design report, development of detailed costs,
and identification of all system interfaces. This activity has included
final selection of the PB-2 cask as the reference design and confirmation
of the design and suitability of the welded canister concept. The refer-
ence shipping system design has been reviewed with both ORNL and Allied
Chemical from an operational and interface standpoint and has been accepted

for use on the HETP.

The Reprocessing Flowsheet Review and Material Balance Study of N
reprocessing head-end and off-gas treatment systems is in technical review.
Material balances and summary assumption statements for each process »
stream were prepared for the Reprocessing Yields and Material Throughput
Study. The Spent Fuel Element Decay Heat and Source Term Analysis report
was completed and is available for distribution. The SIMSCRIPT program
language has been chosen for the reprocessing model to be used in the

simulation of the Reprocessing Plant Operating Modes Study.

1-4



2, TFUEL ELEMENT CRUSHING

2,1, SUMMARY

During this reporting period, testing of the tertiary and oversize
crushers and the screener individually (Phase I of the Activity Plan,
AP521001) was completed. Preparation of the equipment for testing as a
system (Phase II of the Activity Plan, AP521001) is under way.

Tests on the tertiary crusher revealed no operating problems. No
material holdup areas or bypass of the crushing cavity were detected. In
all of the tests the material was crushed at rates equal to or greater than
the discharge rates of the secondary crusher. The quantity of oversize
product (+4750-um mesh size) was well within the <57 specified in the
Design Criteria (DC521001).

The oversize crusher was operated with a throughput of 10 wt 7 (i.e.,
11.3 kg) of one fuel element composed of equal amounts of plus and minus
4750-um-mesh crushed graphite. The process time for this quantity was well
below the UNIFRAME system's 15-min maximum allowable time. Material holdup
was in excess of the required <0,5% in one of the tests, and design modifi-
cations are planned to reduce the holdup to the acceptable value. Oversize
product (+4750-pm mesh size) still remaining after oversize crushing

ranged from 0.01 to 0.46 wt % of an entire fuel element

Screener tests revealed excessive blinding of the perforated plate by
lodged graphite particles. The perforated plate was replaced with a 4750-
um wire mesh screen. Blinding of the screen was greatly reduced; however,
a gradual buildup in blinding occurred, requiring the addition of a
screener self-cleaning device. The screener was tested with both 4750-um
and 6350~um wire mesh screens in order to observe their screening charac-

teristics. The desired screen efficiency is the removal of all material
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greater than 4750-um mesh with an upper limit of 57 acceptable material in

the oversize fraction. With the 4750~um mesh screen, a maximum of 11%
acceptable material was discharged with the oversize material. The 6350-um
screen was effective in reducing the quantity of acceptable (-4750-um mesh)

material discharged to the oversize to a maximum of 0,8%,

However, as expected, the 6350-um screen did not separate all the
oversize (+4750 um) material from the acceptable material; 1.67Z remained.
Testing was completed using the 4750-um screen because calculations of the
product size distributions expected from the UNIFRAME when operated as a
system revealed that the 4750-um screen was necessary to meet the primary

burner feed size distribution specification.

Design modifications were completed on the secondary crusher station-
ary jaw and its Pitman wear plate to alleviate the previously observed
bridging of the larger material entering from the primary crusher, Over-
heating of the secondary Pitman bearings was attributed to improperly
fitted bearing sleeves, and proper tolerancing of these sleeves has been

accomplished,

The initial issue of a functional level diagram for the Fuel Element

Size Reduction System has been prepared for preliminary review.

Investigation into redesign of the Pitman shaft bearings and lubrica-
tion system has begun in order to eliminate conventional lubrication

methods and materials which are incompatible with a hot cell environment.

Repairs to the damaged toggle 1lift hook drive assembly of the
secondary Pitman lift fixture were completed and were tested during

reinstallation of the secondary crusher.




2.2, TERTIARY CRUSHER TESTING (J. B. Strand)

2.2,1., Introduction

The tertiary crusher is a double roll crusher consisting of two 100-
cm—diameter, 70-cm-wide rolls separated by a 0.276~cm (0.109 in.) gap.
Each roll is independently driven at approximately 60 rpm by a constant-
speed motor and an in-line, directly coupled speed reducer. The drives are
connected through synchronous toothed belts to a drive sprocket on each
roll shaft,

2.2,2, Activity

The operational and design capabilities of the tertiary crusher were
tested using crushed graphite products from the secondary crusher tests.
The feed materials included products from primary and secondary crushing of
three half-length, unfueled H-327 graphite fuel elements, one half-length,
unfueled H~327 graphite control rod element, and three full-length,
unfueled H-327 graphite fuel elements. Each of these materials was sepa-
rately charged to the tertiary crusher at rates approximately equal to the

rate at which they were crushed in the secondary crusher.

Observations of material flows during the crushing operations and
inspection of the crusher after the test revealed no material holdup areas

or material bypassing the crushing cavity.

In all the tests, the material was crushed as rapidly as it was
charged. Therefore, no material surges are expected to occur between the
secondary and tertiary crushing stages when the equipment is operated as a
system. The maximum feed rate was approximately 33.7 kg/min (67 1b/min),
and tertiary crushing rates are at least equivalent. The required through-
put of one fuel element in <15 min [V113 kg/element (250 lb/element) =
7,53 kg/min (16.7 1b/min)] is easily achieved in the tertiary crushing

stage. Table 2-1 summarizes the tertiary crusher tests.
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TABLE 2-1

UNIFRAME TERTIARY CRUSHER PHASE I TESTS
Roll Gap: 2770 um/0.109 in.); Roll Speed: 60 rpm

Test

Feed Material

Results

TC-25

TC-26

TC-27

TC~-28

TC-31

TC-32

TC-33

1/2 fuel element after primary
(Test PC-1) and secondary (Test
SC-13) crushing; 42.6 kg (94 1b)

1/2 fuel element after primary
(Test PC-2) and secondary (Test
SC-14) crushing; 43.3 kg (95.5
1b)

1/2 fuel element after primary
(Test PC-3B) and secondary (Test
SC-15) crushing; 51.7 kg (114
1b)

1/2 control rod element after
primary (Test PC-4) and second-
ary (Test SC-16) crushing; 41.5
kg (91.5 1b)

Full-size fuel element after
primary (Test PC-7) and second-
ary (Test SC-19) crushing; 85.7
kg (189 1b)

Full-size element after primary
(Test PC-8) and secondary (Test
SC-20) crushing; 87.1 kg (192
1b)

Full-size fuel element after
primary (Test PC-9) and second-
ary (Test SC-21) crushing; 87.1
kg (192 1b)

Complete crushing at
rate (1 min 29 sec);
min (63.4 1b/min)

Complete crushing at
rate (1 min 25 sec);
min (67.4 1b/min)

Complete crushing at
rate (1 min 32 sec);
min (74.3 1b/min)

Complete crushing at
rate (2 min 46 sec);
min (33.1 1b/min)

Complete crushing at
rate (3 min 32 sec);
min (53.5 1lb/min)

Complete crushing at
rate (3 min 19 sec);
min (57.9 1b/min)

Complete crushing at
rate (3 min 30 sec);
min (54.8 1b/min)

charging
28.7 kg/

charging
30.6 kg/

charging
33.7 kg/

charging
15.0 kg/

charging
24.3 kg/

charging
26.3 kg/

charging
24.9 kg/
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Crushed products from each of the tests were hand-screened through a
3/16-in.-mesh screen with actual measured maximum openings of 5512 um. As
shown in Table 2-2, the products indicated no significant differences in
the quantities of +5512~um material produced in tertiary crushing between
fuel and control rod elements or between half- and full-size elements. The
+5512~um size fraction averaged 1.0 wt %Z of the product and ranged from a
high of 1.3 to a low of 0.5 wt Z.

The -5512-um size fraction from each test was reduced in a 12-to-1
sample splitter to a suitable size for subsequent screen analysis using
20.32~cm (8 in.) diameter Tyler standard screen sieves. The results of
these analyses (shown in Table 2-3) again indicated no significant differ-
ences in the products from tertiary crushing fuel or control rod elements
or half- or full-size elements, Figure 2-1 shows plots of the three-run
average size distribution for the half- and full-size fuel elements and the

single control rod element.

2.3. OVERSIZE CRUSHER TESTING (J. B. Strand)

2.3.1. Introduction

The oversize crusher is a standard Centerol crusher consisting of a
single roll (20 x 20 cm) mounted on an eccentric shaft between two wear
plates, driven by a 5-hp motor through V-belts. For the UNIFRAME system,
charging and discharging chutes and cover plates were added to avoid

material and dust escape.
2.3.,2, Activity

It was estimated that the maximum throughput of the oversize crusher
would be 10 wt Z of the entire fuel element during the allowable 15-min
crushing period, or 0.75 kg/min. It was also estimated that the composi-
tion of the feed could be up to 5 wt % of the fuel element as +4760-um

material from oversize passing through the tertiary crushing stage and up
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TABLE 2-2
UNIFRAME TERTIARY CRUSHER PHASE I TESTS - PRODUCT SIZE DISTRIBUTION
Roll Gap: 2770 um (0.109 in.); Roll Speed: 60 rpm

Wt 7% Wt %
+5512-um -5512-um
Test Material Material

1/2 Fuel Element Crushing

TC-25 1.3 98.7
TC-26 0.5 99.5
TC-27 0.8 99.2
Average 0.9 99.1

1/2 Control Rod Element Crushing

TC-28 1.0 99.0

Full-Size Fuel Element Crushing

TC-31 0.8 99,2
TC-32 1.3 98.7
TC-33 1.1 98.9
Average 1.1 98.9
Grand average TTS 55?6
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UNIFRAME TERTIARY CRUSHER 5512-um PRODUCT

TABLE 2-3

SIZE DISTRIBUTIONS - PHASE I TESTS

Roll Gap: 2770 um (0.109 in.); Roll Speed: 60 rpm
Crushed Half-Size Fuel Elements
TC-25 TC-26(2) TC-27 Avg.
Mesh Size Cum, Cum. Cum, Cum.
(um) Wt 7% Wt 7 Wt Z | Wt Z Wt %2 | We 72 Wt % Wt %
-5512 +4000 17.8 100.0 13.9 100.0 14.8 100.0 15.5 100.0
-4000 +2800 43.2 82.2 36.6 86.1 40.5 85.2 40.1 84.5
-2800 +2000 12.0 39.0 12.8 49.5 14.2 44,7 13.0 44,4
-2000 +1000 11.2 27.0 13.5 36.7 13.8 30.5 12.8 31.4
-1000 +850 1.9 15.8 2.6 23.2 2.4 16.7 2.3 18.6
-850 +425 5.8 13.9 8.2 20.6 6.9 14.3 7.0 16.3
=425 4355 1.2 8.1 1.8 12.4 1.3 7.4 1.4 9.3
-355 +250 1.6 6.9 2.6 10.6 1.7 6.1 2.0 7.9
-250 5.3 5.3 8.0 8.0 4.4 4.4 5.9 5.9
Crushed Half-Size Control Rod Element
TC-28
Mesh Size Cum.
(um) Wt 7% Wt %
~-5512 +4000 16.1 100.0
-4000 +2800 40.0 83.9
-2800 +2000 12.4 43.9
-2000 +1000 11.2 31.5
-1000 +850 2.2 20.3
-850 +425 7.3 18.1
-425 +355 1.6 10.8
-355 +250 2.3 9.2
-250 6.9 6.9
Crushed Full-Size Fuel Elements
TC-31 Tc-32(2) TC-33 Avg.
Mesh Size Cum. Cum. Cum Cum.
(um) Wt Z | We 7 Wt % | We % Wt %2 | Wt % We 7 | Wt %
-5512 +4000 15.7 100.0 18.3 100.0 14.8 100.0 16.3 100.0
-4000 +2800 40.4 84.3 39.8 81.7 38.3 85.2 39.5 83.7
-2800 +2000 12.2 43.9 12.8 41.9 12.7 46.9 12.6 44,2
-2000 +1000 11.8 31.7 11.3 29.1 12.6 34.2 11.9 31.6
-1000 +850 2.2 19.9 2.0 17.8 2.4 21.6 2.2 19.7
-850 +425 7.1 17.7 6.6 15.8 7.8 19.2 7.2 17.5
~425 4355 1.5 10.6 2.0 9.2 2.4 11.4 2.0 10.3
-355 +250 2.1 9.1 1.8 7.2 2.3 9.0 2.0 8.3
-250 7.0 7.0 5.4 5.4 6.7 6.7 6.3 6.3
(a)

Average of two screen analyses.
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to 5 wt %Z of the fuel element as -4760-um material from screener

inefficiencies.,

To gain insight into the operation of the oversize crusher prior to
beginning the parametric studies, two shakedown tests (OP-A and OP-B) were
made, The feed materials for both of these tests were made by blending
5.67 kg (equivalent to 5 wt % of one fuel element) of +4760-um and 5.67 kg
of =4760-um crushed graphite from the secondary crusher. 1In the initial
test (OP-A), the blended feed was charged at a rate of "4 kg/min and was
crushed as rapidly as it was charged. 1In the second test (OP-B), the
blended feed was choke fed to the crusher to obtain an estimate of the
maximum throughput rate. Crushing was completed in V50 sec, resulting in a
throughput rate of 13,6 kg/min. The products from these tests were hand-
screened through a 3/16~in. mesh screen with actual measured maximum
openings of 5512 pym. The quantity of +53512-um material in the product was
very high for both tests (33.3 wt % in OP-A and 15.2 wt % in OP-B). A sum~
mary of the tests is given in Table 2-4, To avoid the excessive oversize
material in subsequent tests, the original shaft with a 0.318-cm (1/8 in.)
eccentricity was replaced by a shaft with a 0.159-cm (1/16 in.) eccentric-
ity to increase the size reduction. The gaps between the roll and the two
wear plates are set, in each case, by adjusting the wear plates inward to
the point of contact with the roli.at its maximum eccentricity. This
results in a gap, at the maximum open position, equal to the shaft

eccentricity,

As in the first two tests, the initial test with the 0.159-cm eccen-
tric shaft utilized feed made from secondary crusher product. However, due
to a weighing error, the quantity was increased to 7.71 kg for each frac-
tion (see Table 2-4). Nevertheless, the oversize material (+5512 um) in
the product was reduced to 0.1 wt % and the throughput rate of 3.5 kg/min

was still in excess of the estimated requirement of 0.75 kg/min.

At this point, the limited supply of +5512-um crushed graphite from
the secondary crusher had been depleted. Additional +5512-um feed mate-

rials were made by recrushing the smallest ring-size fractions from primary
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TABLE 2-4
SUMMARY OF UNIFRAME OVERSIZE CRUSHER PHASE I TESTS

OP-A OP-B 0C-43 OC-44A 0C-44B | 0C-45 oP-C
Test Number
Shaft Eccentricity (cm) 0.318 0.318 | 0.159 0.159 0.159 0.159 0.159
Feed Composition'? A A A B B B c
+5512 um (kg) 5.67 5.67 7.71 5.67 5.67 5.67 0.993
-5512 um (kg) 5.67 5.67 7.71 5.67 5.67 5.67 0.993
Total feed (kg) 11.34 11.34 15.42 11.34 11.34 11.34 1.986
Charging time (sec) 168 25 150 150 260 216 210
Crushing time (sec) As charged 50 267 Failed 336 260 As charged
to crush
Throughput rate (kg/min) N/A 13.6 3.5 N/A 2.0 2.6 N/A
Product size distribution
+5512 ym (wt %) 33.3 15.2 0.1 N/A 4.3 4.6 9.1
-5512 uym (wt %) 67.7 84.8 99.9 N/A 95.7 95.4 90.9
(a)A = Crushed H-327 graphite from secondary crushing tests,
B = Crushed H-327 graphite (45512 um) from primary crusher products recrushed in oversize
crusher; crushed H-327 graphite (-5512 um) from secondary crushing tests.
C = Crushed H-327 graphite (+5512 um) from tertiary crusher test TC-33; crushed H-327

graphite (-5512 um) from secondary crushing tests.




crusher tests in the oversize crusher. The gaps between the roll and the
wear plates were adjusted to allow this operation., The material failed to
crush on the succeeding test (0C-44A), apparently owing to improper reset-
ting of the gaps after the feed makeup crushing was completed. The gaps
were again reset to the point of contact with the roll at its maximum

eccentricity, and the tests continued without further crushing failures.

Throughput rates for all the tests utilizing the 0.159-cm eccentric
shaft and feeds equivalent to 10 wt % of an entire fuel element were
greater (2.0 kg/min minimum) than the 0.75 kg/min estimated requirement
(Table 2-4). At the highest rate obtained (3.5 kg/min in 0C-43), approxi-
mately 45% of an entire fuel element could be crushed in the oversize

crusher in the allotted 15-min period.

Weight percents of +5512-um material in the products ranged from a
high of 4.6 (0C-45) to a low of 0.1 (0C-43). The higher percentages
observed in tests 0OC-44 and 0C-45 may have been a result of using the
coarser feed made from recrushed primary crusher products. These results
correspond to a maximum of 0.46% +5512-um material which could be expected

to end up in the final UNIFRAME product.

A final test (OP-C) was conducted to simulate oversize crushing condi-
tions with actual tertiary crusher product (see Table 2-4), The feed for
this test was the entire quantity of +5512-um material from the product of
a tertiary crusher test (TC-33) blended with an equal amount of =5512-um
material. The blended feed was charged to the oversize crusher at a rate
equal to the tertiary crushing rate and was crushed as rapidly as it was
charged. The weight percent of +5512-um material in this oversize product
was 9.1%. This corresponds to 0.21 wt % of +5512-um material which could

be expected to end up in the final UNIFRAME product.

At the end of test 0C-45, the oversize crusher was inspected for mate-
rial holdup. Approximately 360 g of material was found in back of the two
wear plates. This represented material holdup from tests 0C-43 through

0C-45 in which a total of 49.44 kg of material had been crushed, or 0.7%
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holdup. No detectable holdup was found after test OP-C. The difference
was attributed to the choke feeding conditions in tests 0C-43 through OC-
45, which force material through the small spaces between the wear and side
plates of the crusher. Although this apparently did not occur under
crushing conditions expected in the UNIFRAME (test OP-C), modifications to

the oversize crusher are under study to avoid this potential problem.

2.4, SCREENER TESTING

2.4,1, Introduction

The screener consists of two major components: a single, stationary
outer housing and an inner vibrating section. The outer housing acts as
part of the ventilation enclosure, as a discharge hopper to the material
transport system, and as a support for the inner vibrating section. The
design of the outer housing avoids the transmission of the necessary
screening motions and vibrations to other parts of the UNIFRAME, The inner
vibrating section consists of a centrally located motion generator (weights
mounted on each end of the shaft of a 1/2-hp electric motor) and a
perforated-~plate screening table. Material passing through the perforated
plate discharges onto the cone-shaped base of the outer housing and into
the material transport system. The oversize material discharges through a

chute to the oversize crusher for further size reduction.
2.4,2, Activity

Initial screening shakedown tests revealed that many of the holes in
the perforated plate were being blinded by lodged graphite particles. This
blinding could eventually result in an inefficiency in the separation of
acceptable and oversize materials and require maintenance to clear the

blinded holes, which would be unacceptable in a hot cell.

The problem was attributed to the length—to-diameter ratio of the

holes, which allowed particles with dimensions approaching that of the hole
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diameter to easily lodge. To study the effect of reducing the length-to~
diameter ratio, the holes in a 15-cm (6 in.) diameter section of the perfo-
rated plate were chamfered (1 cm x 45 degrees). Blinding was noticeably
reduced in this section compared with the original hole configuration, but

was still too severe (>10%) to be acceptable.

A 15-cm (6 in.) square section of the plate was replaced with 4760-um
(3/16 in.) wire mesh screen, and blinding was reduced to <5% in this sec-
tion. The test array for the two modifications is shown in Fig. 2-2,
These results prompted replacement of the entire perforated plate with a
wire mesh screen for the screener operational and parametric tests. (See

Figs. 2-3 and 2-4.)

The motion generator adjustments greatly influence the flow character~
istics of the material on the screen surface and therefore the screening
efficiency. The vertical amplitude is increased by increasing the bottom
eccentric weight. The lead angle (angle between the top and bottom eccen-
tric weights) affects the material flow pattern across the surface of the
screen, To study and optimize the screener efficiency, the motion genera-
tor adjustments were varied through a series of tests (Table 2-5) in which
batches (145 kg each) of crushed graphite consisting entirely of acceptable
material (i.e., —-4760-um mesh size) were charged and screened at the vari-
ous motion generator settings. The quantity of material which discharged
through the oversize chute indicated the screening efficiency at that

motion generator setting.

It was found that each 10° increase of the lead angle from 35° to 65°
produced an increase in screening efficiency and that the increases were
larger as the angles grew larger. At the 65° lead angle, the material
showed a tendency to move inward toward the center of the screen and away
from the discharge chute, thereby increasing the probability of material

remaining on the screen,

Removal of one of the bottom weights produced increases in efficiency

which were larger than those produced by any of the tested 10° incremental
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6350-um ROUND HOLES

CHAMFERED 6350-um HOLES

L4750-um WIRE MESH

Screener with perforated plate modified for blinding tests

Fig. 2-2.

Screener with perforated plate removed

Fig. 2_30
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TABLE 2-5

LEAD ANGLE COMPARISONS FROM UNIFRAME SCREENER EFFICIENCY STUDIES

Material Percent Percent
(a) in Oversize in Through

Lead Angle No. of Bottom Charge Crusher Oversize Screener

(degrees) Weights (kg) (kg) Crusher (Efficiency) A Efficiency
35 2 145 8.6 5.9 94 .1 -
45 2 145 8.1 5.6 94.4 0.4
55 2 145 7.2 5.0 95.0 0.6
65 2 145 4.9 3.4 96.6 1.6

With One Bottom Weight Removed

55 2 145 7.2 5.0 95.0 -
55 1 145 3.6 2.5 97.5 2.5
65 2 145 4.9 3.4 96.6 -
65 1 145 1.7 1.2 98.8 2.2

(3)1002; -4760-um mesh size material.



lead angle changes. To avoid material holdup on the screen while achieving
the maximum efficiency, a lead angle of 55° with one bottom weight was

selected for further tests.

Although the screener blinding remained lower with the wire mesh
screen than it had been with the perforated plate, a gradual increase in
the number of blinded holes was observed during the screener efficiency
studies, To determine the extent of this buildup, batch screening was
continued using the selected motion generator settings, and the number of
blinded holes in one quadrant of the screen were periodically counted. The
degree of blinding was calculated from an estimate of the total number of
holes available (see Table 2-6)., Screening efficiencies remained fairly
constant throughout the blinding studies (i.e., average of 2.37% *0.1%Z from

Table 2-6).

The blinding had reached approximately 6% after 1305 kg of material
had been screened and was increasing at an average of approximately 0.77%
for each 290 kg screened thereafter., This gradual buildup in blinding
could be expected to produce the same inefficiency of screening and
required maintenance as the perforated plate, only over a longer period of
time. To avoid this eventuality, a commercially available screener self-

cleaning device was purchased and installed for testing (Fig. 2-5).

The self-cleaning device consists of a perforated plate with holes
large enough to prevent blinding [1.9 ecm (~3/4 in.) diameter]. This plate
is mounted beneath the mesh screen to support nylon cylindrical sliders
(6.35-cm diameter, 0.318-cm wall, 1.9 cm long) that bounce and rotate in

the space between the plate and the screen to dislodge particles.

The additional weight and dynamics of the self-cleaning device neces-
sitated changing the motion generator settings to those recommended by the
manufacturer (i.e., 70° lead angle with two bottom weights). The increase
in the lead angle offset the efficiency loss by the addition of a weight,

as was shown in later tests, but resulted in some material holdup.




TABLE 2-6
SCREENER BLINDING STUDIES
(4760-um Wire Mesh Screen, 55° Lead Angle, One Bottom Weight)

L=t

Material Percent Percent
(a) in Oversize in Through Total Blinded Est. A
Charge Crusher Oversize Screener Throughput Holes Percent Percent
(kg) (kg) Crusher (Efficiency) (kg) (One Quadrant) Blinded | Blinded
145 3.5 2.4 97.6 1015
145 3.5 2.4 97.6 1160
145 3.3 2.3 97.7 1305 170 6.0 -
145 3.3 2.3 97.7 1450
145 3.3 2.3 97.7 1595 194 6.8 0.8
145 3.2 2.2 97.8 1740
145 3.3 2.3 97.7 1885 209 7.4 0.6

(a)1ooz; -5513-um mesh size material.



Fig. 2-4. Screener showing 4750-um wire mesh screen installed

Fig. 2-5. Screener with self-cleaning kit installed (screen’removed)




Tests were conducted to establish the ability of the self-cleaning
device to minimize blinding and to determine the effect on screening effi-
ciency from the new motion generator settings (Table 2~7). Blinding was
reduced to a few particles on the entire screen after 435~kg throughput.
The increase in blinding per 290 kg of throughput was reduced to 0.017 with
the self-cleaning device from the previously observed average of 0.77%

(Table 2-6) without the device.

In all previous tests the material had been charged to the screen
through a 5-cm~diameter pipe located 7.6 cm above the screen surface. To
simulate the effects of the tertiary crusher discharge chute on screenings,
for the remaining tests the material was charged through a chute (30 cm
long x 7.6 cm wide) located 60 cm above the screen surface. The effect of
the chute on blinding was too insignificant to discern from normal blind-
ing. However, the chute feeding did result in a slightly lower screener
efficiency than was observed in either of the two previous identical tests
with pipe feeding (97.27% versus 97.7% and 97.5%) (see Table 2-7). This
effect was attributed to a reduction in screen surface area exposure by
that portion of material which is charged farthest from the center of the

screen.

Screener tests were continued using actual product from the UNIFRAME
tertiary crusher tests (Table 2-8). The initial use of this material (test
ST-A) demonstrated a marked decrease in screening efficiency from the
results with 100%, -4760-um material under the same test conditions (from

97.2% to 94.3% efficiency) and blinding was also increased.

One of the motion generator bottom weights was removed for the second
test (ST-B) with tertiary crusher product, and efficiency improved by 1% to
95.3%. Particles show a tendency to migrate toward the center of the
screen at these motion generator settings. This contributes to the holdup
increase and to the blinding by allowing the marginal-sized particles a
longer time period to become lodged in an opening instead of rapidly

discharging to the oversize crusher.
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TABLE 2-7
SCREENER SELF~CLEANING STUDIES
(4760-um Wire Mesh Screen, 70° Lead Angle, Two Bottom Weights)

Material Percent Percent

(a) in Oversize in Through Total Blinded Est. A
Charge Crusher Oversize Screener Throughput Holes Percent Percent
(kg) (kg) Crusher (Efficiency) (kg) (Entire Screen) | Blinded Blinded

145 3.3 2.3 97.7 145 3 0.03 -

145 3.6 2,5 97.5 290 4 0.04 0.01

With Simulated Tertiary Crusher Discharge Chute
145 4,1 2.8 97.2 435 6 0.05 0.01

(@) 100%; -5513-\m mesh size material.




TABLE 2-8

SCREENER TESTS WITH TERTIARY CRUSHER PRODUCT

(4760-ym Wire Mesh Screen)

Test No. ST-A ST-B vC-37

Lead angle (degrees) 70 70 70
No. bottom weights 2 1 1
Blinded holes (entire screen) 14 43 73
Estimated percent blinded 0.1 0.4 0.6
Holdup on screen (kg) 0.021 0.138 0.130
Holdup (%) 0.04 0.28 0.32
~4760-um material in oversize crusher (kg) 2.827 2.402 3.232
-4760-um material in oversize crusher (%) 5.7 4.7 8.0

. Screening efficiency (%) 94.3 95.3 92.0
Feed material (tertiary test No.) TC-27 TC-27 TC-25
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In the third test (VC-37), the efficiency decreased to 92.0%. Because
efficiencies were not consistently above the desired 95%, which would ._
assure the limitation of oversize crushing of acceptable material to <57%,
it was decided to investigate the screening characteristics of a 6350-um

(1/4 in.) wire mesh screen.

As could be expected, the screening efficiency was increased and
blinding and holdup were decreased with the 6350-um mesh screen because the
tertiary crusher product contains fewer particles in this size range (see
Table 2-9). Although the effect of using a 6350~um screen would be to
greatly reduce the quantity of acceptable material which was unnecessarily
recrushed in the oversize crusher, it would also allow some of the unaccep-
table product (i.e., >4760 um) to pass the screen. An estimate of this
quantity was obtained from test VC-38 (Table 2-10). In this run, 1.98 wt %
of the screened product was greater than 4760 um and 80.87% of that material
(1.60 wt % of the screened product) passed through the screen. Consider-
able breakup of the particles occurred during screening and transport, as
was evidenced by a decrease in the +6350-um material from 1.44 wt 7 in the

feed to 0,34 wt % in the product (see Table 2-10).

Calculation of the expected UNIFRAME system crushed product size dis-
tribution using the average tertiary crusher product size distribution
(tests TC~26 through TC-28 and TC-31 through TC~33), assuming it was
screened through a 4760-um screen (average results of tests ST—-A, ST-B, and
VC-37) and the oversize discharge was recrushed in the oversize crusher
(average results of tests OP-C and OC-43 through 0C-45), resulted in a pro-
duct very close to the desired primary burner feed size distribution (Fig.
2-6). The 6350-um screen test results demonstrated that an insufficient
quantity of material would be discharged to the oversize crusher (0.35 wt %
in test VC-38, Table 2-10) to achieve the final desired product size dis-
tribution, It was decided to complete the screener tests with the 4760-um
screen and accept the inefficiency until the future planned testing of the

UNIFRAME as a system demonstrates actual product size distributions.
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TABLE 2-9

SCREENER TESTS WITH TERTIARY CRUSHER PRODUCT

(6350-um Wire Mesh Screen)

Test No. VC-37B ST-C ST-D
Lead angle (degrees) 70 70 70
No. bottom weights 2 1 2
Blinded holes (entire screen) 2 9 1
Estimated percent blinded 0.02 0.08 0.01
Holdup on screen (kg) 0.041 0.031 0.026
Holdup (%) 0.10 0.06 0.05
-4760-um material in oversize crusher (kg) 0.026 0,038 0.040
-4760-um material in oversize crusher (7) 0.1 0.1 0.1
Screening efficiency (%) 99.9 99.9 99.9
Feed material (tertiary test No.) TC-25 TC-27 TC-27
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TABLE 2-10
SCREENER TEST VC-38 WITH TERTIARY CRUSHER PRODUCT
(6350-um Wire Mesh Screen)

Product From
Tertiary Crusher

Test TC-28
(wt %)
Feed
+6350 um 1.44
-6350 um +4760 um 0.88
-4760 pum 97.68
Total 100.00
Screened Product
Left on Screen
+6350 um 0.07
-6350 um +4760 um 0]
4760 um 0
Total 0.07
Discharged to
Oversize Crusher
+6350 um 0.27
-6350 pym +4760 um 0.04
-4760 pm 0.04
Total 0.35
Passed Through Screen
+6350 um 0
-6350 um +4760 um 1.60
~-4760 um 97.98
Total 99.58
Screened Product Totals
+6350 um 0.34
~6350 um +4760 um 1.64
-4760 um 98.02
Total 100.00
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Fig. 2-6. Calculated UNIFRAME system crushed product distribution versus primary burner
"acceptable feed" distribution



A comparison of results of screening a half-size fuel element, a full-
size fuel element, and a half-size control rod element after crushing in

the first three stages of the UNIFRAME system is shown in Table 2-11.

The total screening time in all tests was 15 min. However, the major-
ity of the screening was completed shortly after each charge was complete,
and the operation was continued solely to determine the quantity of mate-
rial holdup left on the screen at the end of the allotted time for pro-
cessing a fuel element. Holdup varied from a low of 0.3% to a high of
0.6%. Screener blinding varied from 0.67 to 1.0% of the total openings.
The efficiency varied from a low of 88.67 with a full-size element to 98.5%
with a half-size control rod element. Flooding of the screen due to the
rapid charging rate contributed to the lowering of the efficiency in the
full-size element tests. In a previous test (ST-B, Table 2-8) which had
identical screening conditions to those of VC=-37 with material from
crushing a half-size fuel element, spreads of 0.2%, 0.04%, and 3.37% were
observed in the results from blinding, holdup, and efficiency, respec-
tively. With the data obtained to date, it is difficult to ascertain if
the differences between half-size fuel elements, full-size fuel elements,
and half-size control rod elements are significant enough to produce

variability in the screening of their crushed products.

To demonstrate the ability of the screener to start under loaded con-
ditions and to establish the potential effects on subsequent equipment from
this condition, the screener was started after charging a crushed half-size
fuel element and again after charging a crushed full-size fuel element. In
each case, after charging and prior to starting the screener, the material
that discharged 'through'" the screener, either through the mesh screen or
by overflowing the screening table, was weighed and characterized, and the
material that discharged through the oversize chute was similarly treated.
The screener was then started and operated for 15 min, and the screener and
oversize discharges were again weighed and characterized. These results

are summarized in Table 2-12,
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TABLE 2-11
UNTIFRAME SCREENER PHASE I TESTS WITH HALF-SIZE FUEL ELEMENT,
FULL-SIZE FUEL ELEMENT, AND HALF-SIZE CONTROL ROD ELEMENT

(4750-1im Mesh Screen, Motion Generator 70° Lead Angle, One Bottom Weight)

Test VC-37 Test VC-38B Test VC-39

Feed<a) 1/2 std. fuel element | 1/2 control rod element | Full size std. fuel element
Tertiary crushing time 1 min 29 sec 2 min 46 sec 3 min 32 sec

Screener charging time 1 min 15 sec 1 min 20 sec 2 min 30 sec
Total screening time 15 min 15 min 15 min
Material holdup on screen 0.130 kg 0.3% 0.233 kg 0.6% 0.228 kg 0.3%
Blinded holes 73 0.6% 119 1.0% 116 1.0%
Total oversize 5.419 kg 13.47% 1.545 kg 3.7% 13.785 kg 16.3%
-4760-Um matl. in oversize 3.232 kg 8.0% 0.624 kg 1.5% 9.630 kg 11.4%

crusher
Efficiency - 92.0% - 98.57% - 88.67
Material through screen 37.750 kg | 86.2% 39.850 kg 95.7% 70.600 kg 83.47%

(a)

After primary, secondary, and tertiary crushing.
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TABLE 2-12
UNIFRAME SCREENER PHASE I TESTS (START-~UNDER-LOAD)
(4750-um Mesh Screen, Motion Generator 70° Lead Angle, One Bottom Weight)

Test VC-40 Test VC~42

Feed 1/2 std. fuel element Full-size std. fuel element
Prior to Startup 2.208 kg 5.2% 17.127 kg 20.2%
Material through screener 2.155 kg 5.1% 5.982 kg 7.1%
+4750 um 0.006 kg <0.1% 0.675 kg 0.8%
~4750 um 2.149 kg 5.1% 5.307 kg 6.37%
Material to oversize 0.053 kg 0.1% 11.145 kg 13.1%
+4750 um 0.007 kg <«<0.1% 0.917 kg 1.1%
-4750 um 0.046 kg 0.1% 10.228 kg 12.0%
During 15-Min Screening 39.945 kg  94.5% 67.542 kg 79.6%
Material through screener 26,397 kg 62.4% 62.487 kg 73.6%
+4750 um 0.147 kg 0.3% 1.237 kg 1.47%
-4750 um 26.250 kg 62.1% 61.250 kg 72.2%
Material to oversize 13.548 kg 32.1% 5.055 kg 6.0%
+4750 um 0.586 kg 1.47% 0.335 kg 0.47
-4750 um 12.962 kg 30.7% 4.720 kg 5.67%
Totals 42.274 kg 100% 84.810 kg 1007
Material Hold-up on Screen 0.121 kg 0.3% 0.141 kg 0.2%
Blinded Holes 42 0.4% 71 0.6%
Material Through Screener 28.552 kg 67.5% 68.469 kg 80.7%
+4750 0.153 kg 0.3% 1.912 kg 2.2%
-4750 28.399 kg 67.2% 66.557 kg 78.5%
Material to Oversize 13.601 kg 32.2% 16.200 kg 19.1%
+4750 0.593 kg 1.4% 1.252 kg 1.5%
-4750 13.008 kg 30.8% 14.948 kg 17.6%




The material that passed ''through" the screener prior to startup was
5.1%Z of the total weight of the crushed half-size fuel element and
increased to 7.1% with the full-size fuel element. This was the obvious
result of additional overflow of the screening table from the increased
charge. Although only a small quantity of material (0.1%) discharged
through the oversize chute prior to startup with the half-size element, a
reasonably large percentage (13.17%) discharged through the oversize chute
with the full-size element. The difference is again attributable to the

larger charge.

In both tests the screener started up without difficulty and was
accompanied by unscreened material discharging both over the screening
table and through the oversize discharge chute. Under these conditions,
the material which discharged through the oversize chute was a larger per-
centage in the half-size element test (32.1%) than in the full-size element
test (6.07). The large oversize discharge during charging and the large
quantity of material which discharged over the screening table after
startup in the full-size element test contributed to equilization of the
total quantity of material which discharged through the oversize chute for
both sizes of elements (i.e., 13.601 kg for the half-size element and

16,200 kg for the full-size element).

These tests demonstrate that in the event it becomes necessary to
start the screener under a loaded condition, (1) the oversize crusher will
be required to process additional quantities of material with the potential
for excessive fuel particle breakdge and (2) the primary burner feed will
contain quantities of unacceptable material which has bypassed the screen-
ing completely. In addition, the large quantity of material which rapidly
enters the pneumatic transport line at startup under load tends to place a

burden on the transport system.

2.5. SECONDARY CRUSHER MODIFICATIONS (J. W. Baer)

Design modifications were made to the secondary stationary jaw and the

wear plate of the secondary Pitman to alleviate the problem of bridging of
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large fragments entering from the primary crusher. These modifications I

involved deepening of the crushing cavity by approximately 20 cm and con-
tinuing for the full depth of the cavity the nominal 14° crushing angle

between the stationary jaw and the Pitman wear plate., These changes will
permit the secondary crusher to accept and crush, at the 14° angle, frag-

ments up to a 15-cm ring size.

The modification to the stationary jaw (5210034) consisted of extend-
ing one of the crushing faces by approximately 9.5 cm. The changes in the
wear plate of the Pitman wear plate assembly (5210032) were more extensive,
involving not only extending the crushing face but also creating a flat
surface on the extension and on the unaltered portion of the wear plate.

As a result of these changes, the depth and opening of the crushing cavity
were increased and the maximum nominal nip angle was prevented from

exceeding 14°. These modifications are shown in Fig., 2-7. Figures 2-8 and
2-9 illustrate the difference in the configuration of the Pitman wear plate

before and after modification.

The modifications to the components have been completed and will be

evaluated during shakedown testing for Phase II system tests.

The problem with overheating of the secondary Pitman bearings which
was encountered in Phase I testing was determined to result from improperly
fitted bronze bearing sleeves. New sleeves were installed and bored for
proper clearance with the shafts. The units were refitted on the Pitman
shaft and installed into the UNIFRAME with the modified secondary Pitman

assembly.

2.6, DESIGN EVALUATION

The initial issue of a functional level diagram for the Fuel Element
Size Reduction System has been prepared for preliminary internal review and

medification,
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0.635 cm

Fig. 2-7. Secondary crusher modification showing deeper crushing cavity
and 14° nip angle
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Fig. 2-8. Secondary crusher Pitman assembly with original wear plate

Fig. 2-9. Secondary crusher Pitman assembly with modified wear plate and !
machined flat
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2.7. REDESIGN

Investigation into redesign of the Pitman shaft bearings and lubrica-
tion system has begun in order to eliminate conventional lubrication
methods and materials. Solid graphite, self-lubricated bearings are being

studied in cooperation with a manufacturer of engineered carbon materials.

2,8, REMOTE HANDLING SYSTEM

Repairs to the damaged toggle 1lift hook drive assembly of the second-
ary Pitman lift fixture were completed. Proper adjustment of the limit
switch which controls the maximum upper travel of the toggle hook proved
successful in avoiding damage and assuring the proper positioning of the

hook during reinstallation of the secondary crusher.

During reinstallation of the secondary crusher, the lift fixture
failed as a result of pull-out of the thrust bearings at the ends of the
slide-block drive screw. This failure was unrelated to the previous toggle
lift hook drive assembly failure, being instead a result of improper orien-
tation of the thrust bearings. The bearings have been replaced with pro-

perly oriented bearings and the fixture is operational.

2.9. CONCLUSIONS

Phase I individual tests of the tertiary crusher revealed no obvious
problems, and the tertiary crusher is ready for testing in the UNIFRAME as

a system without modification.

Phase I individual tests of the oversize crusher produced throughputs
in excess of requirements but revealed potential material holdup areas and
the presence of small quantities of oversize material in the product.
Design changes are under study for reducing the potential for material
holdup. The quantity of oversize material in the. product will be monitored
in the system tests, and its effect on primary burner feed requirements

will be assessed.
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Phase I individual tests of the screener revealed the necessity for

using a wire mesh screen and a self-cleaning device to reduce blinding.
Desired screening efficiencies could not be achieved with a 4750-um screen
but should result in an acceptable product size distribution. The
accompanying increase in material discharged to the oversize crusher should

be easily accommodated by the crusher's throughput capacity.

Start-under~load is easily achieved with the screener, but this upset
condition has potentially negative effects on the operations of subsequent

equipment,

The problem of bridging of large fragments and their subsequent fail-
ure to crush in the secondary crusher was attributed to an excessive nip
angle at the point of contact with the large fragments. Modifications made .
to reduce the nip angle to 14° will be tested in Phase II of the test

program,

Proper adjustment of the limit switch on the toggle lift hook of the
semiremote 1lift fixture was all that was required for proper operation of
the hook, Improper orientation of thrust bearings caused failure of the
drive screw during a subsequent installation of the secondary crusher. New

bearings have been installed properly and should eliminate this problem.
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3. CRUSHED FUEL ELEMENT BURNING
3.1. PRIMARY BURNING SUMMARY

Heat transfer coefficients were calculated from data obtained in four
of the six 0,40-m primary burner heatup runs. The results indicated sig-
nificantly smaller wall-to-bed heat transfer coefficients for deep beds
heated with the dual (upper and lower) induction coils compared with shal-
low beds heated with the single, lower coil, This confirmed earlier
qualitative observations (Ref. 3-1) that use of the single, lower coil and
a minimum bed size is more favorable for both startup of fresh feed and
product bed tailburning than use of a deep bed and both induction coils.
The data illustrated the response of the heat transfer coefficient to

changes in temperature, gas velocity, and particle size.

The Grafoil seal which prevents leakage of cooling air from the 0.40-m
cooling jacket was damaged during inspection of the plenum assembly. The
Grafoil seal has been replaced with machined sections of graphite, and

preparations are being made to reinstall the plenum.

Six runs were made on the 0.20~m primary burner during the reporting
period., The initial four runs were made to test the Diogenes automatic
control system as called for in Module 7 of the Activity Plan. The runs
demonstrated that the proposed automatic control philosophy was applicable
in primary burner operation. The fifth run was an attempted 48-hr run
which was curtailed after V12 hr due to mechanical failures in burner sub-
systems. The run data indicated that the use of BISO-coated fertile par-
ticles and TRISO-coated fissile particles requires higher velocities for
adequate fluidization than the BISO fertile and TRISO fertile particles
used in prior operations., An extension of the startup 02 ramp to maximum
level was also necessary, The sixth run was made to test operating param—

eters which were revised based upon the need for the extended 02 ramp
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period and higher fluidization velocity, and also to check the burner sub-

system repairs,

Other significant 0,20~m burner work included fabrication and initial
testing of an electrical resistance probe bed level sensor and preliminary
heat transfer design calculations for determining the cooling requirements
to maintain the recycling fines cyclone exit temperature at V500°C. The
results of the level sensor tests were very promising. The heat transfer
design calculations indicate that for a system insulated to ensure surface
temperatures of <60°C (HETF criteria), the existing 0.20-m off-gas piping
and cyclone surfaces would require finned extension and air cooling to
yield an V500°C cyclone exit temperature. This temperature is the safe

design operating limit of the present fines recycle rotary valve.

3.2. PROTIOTYPE 0,40-m PRIMARY BURNER

3.2,7., 0,40-m Burner Bed Depth for Heatup and Tailburning (D. T. Young)

3.2.1.1. Introduction

Preliminary results from the 0.40-m primary burner heatup tests
reported in Ref, 3-1 indicated (1) heatup times were similar for single or
dual induction heating, but differences in bed material carryover and in-
bed temperature profiles made the smaller beds heated with the single coil
appear preferable, and (2) a general improvement in bed solids mixing may
be expected in the 0.40-m~diameter vessel relative to the 0.20-m-diameter
burner., The objectives in the current quarter were to use the heatup test
data to better quantify the differences between single coil heating of beds
with L/D Vv 2 to 3 and dual coil heating, which requires beds with L/D ~ 4
to 5 (L is the height to the top of the static bed measured from the top of
the cone distributor; D is the burner internal diameter, or 0,40 m in this
case). The heat transfer calculations coupled with material balances and
fuel particle breakage calculations provided the information required to
quantify the effects of deep bed versus shallow bed startup and tail-

burning. Four runs were compared for effects of bed depth: run A-2.1, a
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heatup using the lower coil to heat a shallow bed of carbon-coated TRISO
fertile fuel particles; run A-2.2, which used the lower and upper coils to
heat a deep bed of fuel particles; run A-3.1, which used a shallow bed,
lower coil operation with a fresh feed mixture consisting of 83 wt % of
graphite mixed with 17 wt % fuel particles; and run A-3.2, a dual coil,
deep bed test with the fresh feed mixture. Runs A-2.1 and A-2.2 related to
tailburning product beds and runs A-3.1 and A-3.2 to startup of fresh feed
beds, Two additional runs, the initial graphite bed heatup and an addi-
tional particle bed heatup for pneumatic transport study, were not appli-
cable to comparative analysis and are not included in the discussion of

experimental results.

3.2.1.2, Experimental Results

Table 3~1 summarizes the results obtained from the four 0.40-m heatup
runs described above. The '"Material Elutriation' columns refer to material
which was carried out of the burner tube due to excessive slugging or gas
velocity. The oxides found in this elutriated material were used to calcu-
late "Particle Breakage' as a weight percent of the total particles fed to
the burner and fluidized (see Section 7.4.1.2.3 for a discussion of par-
ticle breakage in both this case and the case of pneumatic transport of the
bed material). The overall and internal heat transfer coefficients given
in Table 3~1 are results obtained at comparable temperature, velocity, and
gas flow values given in Table 3-2 and are beneficial to the evaluation of
heatup or tailburning with shallow versus deep beds. The '"Initial Velocity
Required for Heatup' of Table 3-1 is the velocity required to initiate
sufficient mixing of ambient startup material to transfer wall heat into
the bed. This velocity is critical in startup operations, as discussed in
Ref. 3-1. Finally, the "Heatup Time' and "Comments' columns present data

that were briefly treated in Ref. 3-1.
The material elutriation data for the fuel particle tests show the

negative effects of the deep bed used in run A-2.2 compared with the

shallow bed of run A-2,1, Carryover of the fuel particles shown in the
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TABLE 3-1
0.40-m PRIMARY BURNER HEATUP TEST - GENERAL MATERIAL BALANCE AND HEAT TRANSFER RESULTS

Material Bed
Into Induction Material Elutriation Particle Material
Burner Coil 2850um 2425um <425um Oxides Breakage(a) Transported
Run (kg) Use (kg) (kg) (kg) (kg) (wt % of feed) (kg)
A-2.1 180 Single 0.055 0.074 1.047 0.277 0.31 <178
(b)
(f.p.)
A-2.2 470 (b) Double 0.002 16.478 3.427 1.849 0.78 <448
(f.p.)
A-3.1 130 Single Nil 0.008 9.231 0.105 1.5 <120
(b)
(f.£.)
A-3.2 220 Double Nil 0.002 5.261 0.25 1.0 <214
c.£.) P

( total particle weight )
(g oxides elutriated with fines) weight of ThO, in particle
(weight of material fed to burner) (fraction of particles in feed)

(a)

Calculated based on:

(b)(f.p.) = carbon-coated TRISO "A" fertile particles (bulk density v 2000 kg/m3; diameter
~v 600 to 850 um,
(f£.£.) = 83% <3/16-in. ring size graphite + 17% TRISO fertile fuel particles.
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TABLE 3-1 (Continued)
Initial
_ a (a,b) Velocity Heatup
g (a,b) | h. (a,b) | g (a,b) | h, ? Required Time
Heated “Heated Above coil: *Above coil for Heatup | to 708°C
Run (W/m2-K) (W/m2-K) (W/m2-K) (W/m2-K) (m/s) (min) Comments

A-2.1 523 602 47.7 48.5 0.550 120 Heating delayed
V60 min due to
feeder problem

A-2.2 381 423 142.2 149.3 0.460 140 Heatup delayed
V50 min to replace
a blown fuse

A-3.1 414 456 48.5 49.4 0.305 90 Lower to upper bed
AT < 15°C
(excellent startup)

A-3.2 322 351 84.1 86.6 0.340 60 Poor mixing as
upper bed was 600°C
hotter than lower
bed in initial 15
min of heating

ﬁHeated = overall in-bed heat transfer coefficient,

EiHeated
HAbove coil

hiAbove coil

(b)

= internal in-bed heat transfer coefficient,
= overall above-bed heat transfer coefficient,

= internal above-bed heat transfer coefficient.

From induction heating of in-bed walls in runs at comparable temperature, velocity, and gas flow rate

(Table 3-2).
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TABLE 3-2
0.40-m PRIMARY BURNER HEATUP TEST(2) HEAT TRANSFER DATA AND RESULTS

co Mean
2 In-bed Mean Wall Wall-Bed | Induction | Net Heat | Wall Area
Flow Rate | Gas Velocity | Temp. (Heated) | Bed Temp. AT Power Input, Q| Heated, A
Run | Time { (std. m3/s) (m/s) (°c) (°c) (°c) (kW) (kW) (m2)

A-2.11 1313 0.0463 1.23 800 670 130 98.6 68.6 1.151
A-2.1] 1510 0.0382 1.03 779 680 99 82.9 59.4 1.151
A-2.1] 1642 0.0340 0.92 792 685 107 81.8 56.7 1.151
A-2.1] 1837 0.0492 1.27 770 640 130 98.6 71.5 1.151
A-2.1] 2003 0.0538 1.22 655 530 125 82.9 57.8 1.151
A-2.21 1449 0.0386 1.05 778 690 88 100.8 77.3 2.302
A-3.1] 1342 0.0388 1.06 817 695 122 87.4 58.0 1.151

A-3.2] 1310 0.0390 1.05 769 680 89 94.1 66.1 2.302
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TABLE 3-2 (Continued)

= - C T C o
T : P P m
U(Heated) hy (Heated) COZ’ in C02,out COZ,out COz,out CO2

Run Time (W/m2-K) (W/m2-K) (°C) (J/kg-K) °c (J/kg~K) (kg/s)
A-2.1 1313 460 523 20 825 505 1155 0.0909
A-2.1 1510 523 602 20 825 490 1147 0.0749
A-2.1 1642 460 523 20 825 483 1143 0.0668
A-2.1 1837 477 544 20 825 496 1151 0.0966
A-2.1 2003 402 452 20 825 445 1126 0.1056
A-2.1 1449 381 423 20 825 524 1163 0.0759
A-3.1 1342 414 456 20 825 469 1139 0.0763
A-3.2 1310 322 351 20 825 505 1155 0.0767
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TABLE 3-2 (Continued)

Heat Loss
Q : Wall Area | Wall-Bed - -
Copsout | Above Coil, Qo | ypove Coil ATpc Ulabove Coil) | Pi (Above Coil)
Run | Time (kW) (kW) (m?) (°c) (W/m2-K) (W/m2-K)
A-2.1 | 1313 51.5 17.1 3.989 100 42.7 43.5
A-2.1 | 1510 40.9 18.5 3.989 97 47.7 48.5
A-2.1 | 1642 35.7 21.0 3.989 96 54.8 56.1
A-2.1 | 1837 53.5 18.0 3.989 99 45.6 46 .4
A-2.1 | 2003 51.1 6.7 3.989 94 17.9 18.0
A-2.2 | 1449 45.0 32.3 2.838 80 142.2 149.3
A-3.1 | 1342 39.4 18.6 3.989 96 48.5 49.4
A-3.2 | 1310 43.4 22.7 2.838 95 84.1 86.6
(a)

Underlined data obtained at
gas flow rate).

(b)Taken from T/C 18 - T/C 11.

comparable in-bed operating conditions (temperature, velocity,




"2425 um" column illustrates that the maximum slug height of the deep A~2,2
bed was higher than the burner tube. The particle breakage values indicate
a much higher fuel particle attrition rate in the deep, heavily slugging
bed.

The values for material elutriation for the fresh feed fluidization
tests, A-3.1 and A-3.2, show a trend opposite to that described above. It
is assumed that higher breakage occurred with the deeper slugging fresh
feed bed, although the data do not clearly show this. The breakage data
were based upon a calculated value for the weight of particles in the bed.
Prior to these two tests, the feed hopper was filled with sufficient feed
for the deeper bed. Part of this material was used for run A-3.1 and was
subsequently reused in run A~3.2 along with the additional hopper contents.
This obscured the data because (1) the material segregates by density in
the hopper and consequently more particles were in the bed in run A-3.1
than were calculated, making the calculated breakage number too high; and
(2) reusing the material from run A-3.1 preferentially removed particles

with defective coatings.

The values given in Table 3-1 for in-bed heat transfer at comparable
process conditions show that deeper beds limit the bed solids capability to
pick up and retain heat from the wall. This is an indication of a decrease
in bed solids mixing in the radial bed to wall direction and an increase in
the axial heat loss due to solids slugging out of the heated zone. This
axial heat loss increase 1is reflected in an increase of the above-bed heat

transfer coefficient.

The initial velocity required for heatup data in Table 3-1 do not show
significant differences when shallow beds are compared with deep beds.
These data were discussed in Ref. 3-1 in terms of an overall mixing
improvement when similar materials are fluidized in the 0.40-m~diameter

burner versus the 0,20-m~diameter burner.

The time to heat the beds to 700°C and pertinent comments given in
Table 3-1 quantify the statements made in Ref. 3-1 regarding heatup time.
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The most significant point here is the temporary 600°C segregation of tem-

perature between the upper bed and the lower bed during heatup of the deep
fresh feed bed in run A-3.2. This indicated partial mixing of the bed as
the upper zone of the deep bed, having an inherently smaller particle size,
was mixing but not transferring heat down into the lower zone of larger
particles. This same segregation of particle sizes may occur with shal-
lower beds, but the relative effect on the overall bed mixing is apparently

much less significant.

3.2.1.3. Conclusions and Recommendations

The single coil, shallow bed heating operation is recommended in pref-
erence to dual coil, deep bed startup or tailburning for the following

reasons: «

1, Elutriation of bed material in slugging is more probable with

deep beds.

2. In~-bed heat transfer is increased with shallower beds, allowing

more efficient startup and tailburning.

3. Heat loss to the upper burner areas is decreased with shallower

beds.,

4, The tendency for segregated bed particle sizes affecting a

segregating bed temperature is reduced with shallower beds.

3.2.2. 0,40-m Primary Burner Heat Transfer Study (R. T. Stula)

3.2,2.1. Introduction

Heat transfer data were obtained during 0.40-m primary burner tests A2 -
and A3 in accordance with the Activity Plan (AP524401). Mean internal heat

transfer coefficients, Ei’ were calculated at various operating conditiomns .




for both fresh feed and particle beds. These tests will verify burner

design calculations as well as increase understanding of process phenomena.

3.2.,2,2, Experimental Results

The four individual heatup runs described in Section 3.2.1 were uti-
lized to provide heat transfer data. All data were obtained at steady-
state conditions; for each point, power input data, temperature readouts,
and gas flow rates were recorded. In the case of run A-2.1, five indi-
vidual data points were recorded at varied power rates, temperatures, and

gas flow rates (velocities).

The mean overall heat transfer coefficient, U, between the burner wall

and fluid bed is calculated using the following equation:

o= (3-1)

heat flux through the wall (W/mz—K),

mean difference between the outside wall temperature and

<
i

N

where Q/A
AT

fluid bed temperature (°C).

From Eq. 3-1, the mean internal bed to wall heat transfer coefficient, Ei’

may be calculated:

1

VSR + ek (3-2)
where Ei = mean internal bed to wall coefficient (W/mZ-K),
t = wall thickness (m),
k = mean wall conductivity (W/mZ—K).

For the 0,40-m burner, t = 6.35 x 10—3 m (1/4 in.) and

27.3 W/m-K at 900°C ,
25.1 W/m-K at 800°C ,
23.0 W/m~K at 700°C .

k(Hastelloy X)
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The total induction heat input into the fluid bed, Q, is determined by

actual power measurement during steady-state operation and then subse-
quently corrected for conduction and electrical losses. Conduction losses
were calculated based on temperature data, while electrical losses were
calculated as insignificant. Mean bed-to~wall temperature differences were
determined using a step-wise integration procedure utilizing thermocouples

located at various elevations both in the burner and on the outer wall.

Table 3-2 presents the experimental heat transfer data and results.
Once U and Bi are determined for the heated section of the vessel, an
overall heat balance (Fig. 3-1) may be performed to determine the U and hi
for the section of the vessel above the active heating coil(s). The

results of these calculations are also presented in Table 3-1.

Figures 3-2 and 3-3 present data taken during run A-2.1 at two differ-
ent steady-state points. The gas velocity through the bed opposite the
lower coil (Fig. 3-2) was essentially constant for these two points.
Results show an increase in Hi as temperature increases over the range 540°
to 670°C, Similarly, Fig. 3-3 shows an increase in hi as temperature
increases at constant velocity for the section of wall above the lower
induction coil. With relatively few bed particles in the space above the
lower coil, a significant decrease in hi would be expected in this region.
Calculations show hi to be approximately 10 times greater for the heated
wall than for the non-heated wall, as expected for a dilute solids phase

heat transfer.

Figures 3-4 and 3-5 show the effect of fluidization velocity (i.e.,
mixing, slugging, bed porosity, etc.) on hi at three different steady-state
points. In the case of the heated section of wall and bed solids (Fig. )
3-4), a maximum in the curve is observed. As velocity is increased from a
low value, the bed goes from a static condition to one of minimum fluidiza-
tion and expansion and then to a bubbling condition. As these changes
occur, the primary result is a continually increasing degree of solids

mixing and particle-to-wall contact. The internal heat transfer coef-

ficient, hi’ increases until a certain velocity is reached, whereupon it

3-12



(mcoy Teoy ouT Cegg,, ouT)
€0, OUT

T Qca,, 0uT = Mco, (CPCOZ, 0UT T€0,, OUT ~

c T
Pco,, In €02, IN)

Qpg —~— —» Qpc [ABOVE ACTIVE COIL(S)]

1.98m _ —

(78 in.) h; h;
*

Qac = Uac Aac *TACAL LGAS

UPPER

CoIL
|

0.965m
(38 in.)

Qi = QgyppLy - 0 osSES

Qyn = UA(ACTIVE) “TWALL-BED
N B
1/Ei + tlk

U:

0.965m Oy = Qac * Ocoy, oUT

(38 in.)

[0oO00000000 [OO00000000]
I
I
|
l
[0000000000] 0000000000]

0.229 - - - =
(92in.)m //
LOWER /\/ \/\

coiL }
€Oy IN

(7o, Teo, n ®Peo,, )

Fig. 3-1. 0.40-m primary burner heat balance




l-¢

MEAN INTERNAL HEAT TRANSFER COEFFICIENT, h; (W/m? -K)

600

-— - ‘o
500 — -
/
/
—
o’

400 p—
300 —
200 |— RUN A-2.1

IN-BED VELOCITY: 1.22-1.23 m/s

LOWER COIL HEATING ONLY

DATA FOR HEATED SECTION OF BURNER
100 | I I | I I

400 450 500 550 600 650 700

Fig. 3-2.

MEAN INTERNAL BURNER TEMP. (°C)

Effect of temperature on in-bed heat transfer - 0.40-m primary burner

750




2_x)

MEAN INTERNAL HEAT TRANSFER COEFFICIENT, h; (W/m

50

/
7
40 —
/7
/
/
/
30 |— /
/
/
/

RUN A-2.1
10 }— AVERAGE ABOVE-COIL VELOCITY: 1.04 m/s

LOWER COIL HEATING ONLY

DATA FOR SECTION ABOVE HEATED AREA

0 l I |
400 420 440 460 480

MEAN INTERNAL BURNER TEMP. (°C)

500

Fig. 3-3. Effect of temperature on above-bed heat transfer - 0.40-m

primary burner



9l-¢

2_k)

MEAN INTERNAL HEAT TRANSFER COEFFICIENT, h; (W/m

610

INCREASED SLUGGING DOMINATES
cqp |— |NCREASED MIXING BED (PARTICLE) DENSITY DECREASES
ggﬂgﬂiﬁmcw HEAT TRANSFER ACROSS ACTIVE
- HEATING ZONE DECREASES
TO-WALL CONTACT
570 |—
550 |—
RUN A-2.1
530 }— BED TEMPERATURE: 670° — 685°C
LOWER COIL HEATING ONLY
DATA FOR HEATED WALL o
510 l l l l
0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
FLUIDIZATION VELOCITY THROUGH ACTIVE COIL ZONE (m/s)
Fig. 3-4. Effect of fluidization velocity on in-bed heat transfer - 0.40-m primary burner

. .




Li-¢

70

~
N
E
Z 60 |—
1=
-
=
(48]
o
o
¥y
w
S 50 [—
[a =
[N}
| Y
(7]
=
= —0
-
-
< 40—
p 4
-
=
ffn RUN A-2.1
'E AVERAGE INTERNAL BURNER TEMP.
= 30 — ABOVE LOWER COIL: 4909 —495°C
5 LOWER COIL HEATING ONLY
= DATA FOR WALL ABOVE HEATED ARCH
20 | | | I
0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Fig. 3-5.

MEAN FLUIDIZATION VELOCITY ABOVE ACTIVE COIL ZONE (m/s)

Effect of fluidization velocity on above-bed heat transfer - 0.40-m primary burner



starts to decrease. This occurs as bubble size and the degree of solids

slugging increase., Slug height increases with velocity; hence, increased
bubble size and slugging result in a decreased particle density in the
lower heated section of the burner., Particle-to-wall contact in this

region occurs less frequently and heat transfer is adversely affected.

The effect of gas velocity on hi above the heated wall is shown in
Fig. 3~5 for three different steady-state points in run A-2.1. As mean gas
velocity increases, hi decreases., This is explained by the fact that as
velocity is increased, slugging characteristics change from axisymmetric
formation to asymmetric (Ref. 3~2). Horizontal gas voids as well as wall
slugging become more prevalent, which results in decreased particle-to-wall

contact in the upper section of the vessel.

Figure 3-6 shows the effect of bed material on Ei' All four runs were
performed at comparable bed temperature and gas velocity. Power input to
the bed was varied as required to maintain the desired bed temperature.

The results show that for runs utilizing a greater heat transfer area and
bed size (double coil runs), Ei was significantly smaller. In addition,
hi decreased as average bed particle size increased independent of bed

weight or heat transfer area.

3.2.2.3. Conclusions and Recommendations

1. As the steady-state bed temperature increases (T <700°C) at con-

stant gas velocity, hi increases.

2. As gas velocity through the heated bed increases at constant bed
temperature, hi increases initially to a maximum at an optimum
gas velocity and then decreases. The optimum gas velocity is

dependent primarily on bed weight and particle size.

3. As the temperature above the heated bed increases at constant

velocity, hi increases.
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4, As gas velocity above the heated bed increases at constant tem-— ‘

perature, hi above the heated wall decreases.

5. As bed particle size increases, hi in the heated section

decreases at constant bed temperature and gas velocity.

6. All experimental results and conclusions are in agreement with

the expected behavior of the fluidized bed system.

7. The desired heatup procedure involves operation with only the

lower induction coil and a minimum bed size and gas velocity.

3.2.3. 0.40-m Primary Burner Inspection and Reassembly (D. T. Young,
J. W. Baer)

3.2.,3.1. Introduction

The 0,40-m burner clamp/plenum section was to be removed, inspected,

and reinstalled prior to further burner test activities,
3.2.3.2. Discussion

The plenum assembly was disassembled for inspection as specified in

the Maintenance Manual (MM524401B).

Difficulty was encountered in separating the plenum assembly from the
burner tube despite the fact that the plenum assembly weighed approximately
50 kge Apparently, the seal ring undergoes sufficient plastic deformation
when the clamp is made up to hold the plenum and the burner tube together
after removal of the clamp. A jackhammer was required to vibrate the

plenum assembly loose from the seal ring.

On removing the inspection port (see Ref. 3-3, Fig. 4-1) of the plenum
chamber below the distributor, approximately 10 kg of fuel particles, car-

bide hulls, and oxides was discovered. Particle drainage through the .
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distributor perforations had been high, apparently due to the severe slugging

with the bed sizes tested.

Visual and dye penetrant inspections were performed on critical plenum
areas as specified in the Maintenance Manual, All dye penetrant test
results were satisfactory and were approved by Quality Assurance. The
remote clamp seal ring was checked for satisfactory stand-off and was
recoated with Everlube (a baked-on lubricant manufactured by E/M Lubri-
cants, Inc.) before reassembly. Burned-out thermocouples required for the

clamp heater control were also replaced.

The Grafoil seal (P/N 5244041) which prevents cooling air from leaking
out of the cooling jacket was found damaged. An Inspection Report
(IR29876) was issued to document the damage. One layer of the seal was
completely "peeled off," leaving a 1/8-in. gap between the sealing sur-
faces. This condition may result in excessive air leakage to the clamp

heater. A repair method was evaluated by the Design Group.

A metal seal was made to replace the outer Grafoil ring seal. This
seal was inadequate since it did not conform to the Grafoil seal segments,
which were out of round. A graphite seal was then fabricated to replace
the Grafoil seal after design review indicated this would have a minimum

schedule impact relative to redesign of the seal.

The modified seal arrangement shown in Fig. 3-7 is mounted in an iden-
tical fashion as the Grafoil seals and was installed without removal or
repositioning of the burner or burner shrouds. The inner and outer seal
elements are segmented solid graphite machined to contour and retained by
pinning or containment. The horizontal parting line of the inner seal is
to facilitate assembly and to eliminate direct leak paths for the cooling
air. The outer seal incorporates annular grooves to minimize conductive
heat transfer and to reduce leakage through an increased resistance to gas

flow.
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The graphite seal has recently been installed on the burner, and pre-
parations are under way for plenum installation and reactivation of the

burner.

3.2.3.3. Conclusions and Recommendations

The plenum binding condition indicates that a special impact tool may
be required to facilitate clamp removal should Grayloc connectors be used

in hot cell operation.

Drainage of fuel particle product into the plenum chamber requires
further design and development work., A plenum drain line will be incorpo-
rated in future distributor designs. Future investigations on the 0.20-m
primary burner will determine whether alternate distributor designs can

eliminate this requirement.

The graphite sliding seal will be monitored for performance for input

into future seal design considerations.

3.2.4, 0.40-m Primary Burner System Design Evaluation (J. S. Rode)

3.2.4.1. Introduction

Possible modification of the present cold engineering-scale equipment
to reliable, maintainable equipment that is prototypical of the HRDF design
requires an evaluation of the present equipment. This evaluation considers
the performance, maintainability, and cost of the present system and of

feasible alternative designs.

Such an evaluation was initiated for the 0.40-m primary burner system
during the quarter and is nearly complete. At this point, 13 particularly
significant features of the present burner system have been evaluated, and
alternative designs for these features have been considered. Five of these
13 features are concerned with remote maintenance requirements, and the
other eight features involve aspects of process equipment design or

manufacturing.

3-23



3.2.4.,2., Discussion

The following activities were completed during the quarter and com-

prise over 60Z of the design evaluation effort planned for the 0.40-m pri-

mary burner system:

1.

Preparation of a Functional Level Diagram which depicts the
hierarchy of functional relationships between the system and its

constituent parts.

Preparation of Functional Analysis System Technique (FAST)
Diagrams which graphically isolate the basic and secondary
functions of a design and show the functional interactions

between them.

Definition of the scope of the evaluation to include only those
features which significantly affect the performance, maintain-
ability, quality, reliability, or cost of the system and, addi-
tionally, which are mandated either by basic process requirements

or by HRDF facility requirements.,

Evaluation of the present system design within the defined scope
with respect to how it satisfies current technical specifications
and requirements such as ease of installation, operability, and

maintainability.

Analysis of the costs of these selected features of the present
design, including labor and materials to manufacture, assemble,

and install them in the burner system.

Selection and evaluation of alternative design features, using

the technique of value engineering.

Table 3-3 lists the 13 design features under evaluation, their basic

functions, and the alternative designs being considered for each of these
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TABLE 3-3

0.40-m PRIMARY BURNER SYSTEM
PRESENT DESIGN FEATURES AND ALTERNATIVES

Design Feature

Basic Function

Alternative Designs

1.

Separability of upper
and lower cooling shrouds

Hinged doors on upper
shroud and lower plenum

Seal between cooling
shroud and vessel

Remote disconnects on
burner and auxiliary

piping

. Allows removal of vessel,

coil, and shroud.

Allows removal of vessel.

Permits separation of
tube from shroud for
maintenance.

. Allows remote

disassembly/assembly,
esp. distributor.

1(a)

(b)
(c)

2(a)

(b)

3(a)
(b)
(c)

(d)
4(a)

(b)

Use single shroud.
out bottom.
Eliminate upper shroud.

Use single shroud. Eliminate induction
heating coil (alternate heating method
required).

Remove heating coil

Upper shroud

(1) Provide integral upper shroud.

(2) Eliminate upper shroud.

Lower plenum

(1) Eliminate plenum. Provide integral
insulated clamp with bolt extended
through insulation.

Revise method of burner removal.

(2)

Use welded shroud (integral with vessel).
Use bellows-loaded face seal.

Change location of seal to low-pressure
zone.

Use different seal material.

Main vessel flanges

(1) Relocate lower 14-in. remote flange
to cooler zone below distributor.
Simplify distributor assembly
disconnects, eliminating 14-in.
swing-bolt connection.

Eliminate core distributor. Use
multiple gas entry ports or
nozzles.

Small flanges (aux. piping).

(1) Use modified tri-clover clamps.
(2) Cut pipe and re-weld.

(2)
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TABLE 3-3 (Continued)

Design Feature

Basic Function

Alternative Designs

10.

11.

12.

13.

External vessel
cooling shroud

(Absence of) recycle
fines cooling capability.

Waste heat rejection
to environment (hot
cell)

Method of heating burner

Method of thermocouple
attachment to vessel

Method of fabrication
of susceptor

Type of burner
insulation

Cap insulator
assembly

Vessel tube length

10.

11.

12.

Transfers heat.

. Transfers heat.

Transfers heat.

Transfers heat.

Senses temperature.

Transfers heat.

Reduces heat transfer.

Allows separation

for maintenance.

Reduces particle
elutriation.

5(a)
(b)

6(a)

7(a)
(b)

8(a)
(b)
9(a)
(b)

10(a)
(b)
(c)

11(a)
(b)

12(a)

(b)

13(a)
(b)
(c)

Use internal heat exchanger.
Use cooling tubes imbedded in vessel
wall.

Cool and/or redesign rotary valve.
Design other components for high
temperature.

Cool the equipment rejecting heat to

the environment.

Design the hot cell liner to withstand
higher temperatures by material selection
or cooling.

Induction heating
COy gas preheat

Use spring-loaded thermocouples.
Weld pad to outside of vessel. Weld
metal thermocouple sheath to pad for
at least 1 in,

Use non-magnetic stainless steel,
Use centrifugal casting.
Use forging.

Ceramic
Fiber

Unitized design (present 0.40-m
primary burner)

"Split-dome'" design (present 0.20-m
secondary burner)

Enlarge upper section of burner.
Lengthen burner to L/D = 15.
Add baffles to top section of
existing burner (L/D = 10).

v‘




features. In general, at least two alternatives have been selected for

cost analysis with each design feature.

3.2.4.3., Conclusions

The cost differentials of the alternatives are being developed prior
to comparison with the present design and selection of the preferred
design. The merits of each alternative are being evaluated not only indi-
vidually but in conjunction with the other alternatives in order to achieve
compatibility of the 13 features in an integrated prototype design concept.
The key features that will influence the selection of the prototype design
concept are the methods of heating and cooling the burner vessel and its

contents.
3.3. 0.20-m PRIMARY BURNER

3.3.1. Primary Burner Automation Studies (D. T. Young)

3.3.1.1. Introduction

Automation of the burner system using the Diogenes process control
computer was specified for Module 7 of the Activity Plan (AP524301B). Four

runs were made to test the postulated control philosophy.
3.3.1.2. Discussion

Preliminary results of the automation study indicate that the postu-
lated automation philosophy can control the primary burner in the initial
heatup, in the O2 ramp used for startup, and in the major steady-state
portion of the run, It has been necessary to use manual override during
the unstable phase of operation both following fresh feed startup and
during the final tailburning phases. This override consists of manually

controlling the O, flow and/or the cooling air flow, with all other func-

2
tions remaining on automatic control.
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The control philosophy is shown in Fig. 3-8, This figure illustrates
that the "O. Induction Heater Controller' only supplies power when the bed
temperature is <860°C. As the induction heater brings the startup bed tem-
perature to its 700°C auto-ignition temperature, an "1. O2 Ramp Controller"
is activated which increases 02 flow to the plenum gas inlet (the gas then
enters the bed through the distributor perforations). The rate of O2
increase and the maximum level to which the O2 increases are automatically
controlled and can be varied through the "1, 0, Ramp Controller." While
the O, flow is being increased, the "2. Plenum 02/C02 Total Gas Controller"
adjusts the plenum CO2 gas flow to keep the combined total plenum O2 and
CO2 gas flows constant. This controller functions automatically throughout
the run to hold the total gas, hence the superficial velocity, constant
even if the O2 flow controller requires manual operation. At 860°C bed
temperature the induction heater is automatically deactivated, and at 880°C
(£10°) the cooling air flow is activated by the "3. Cooling Air Control-
ler." The cooling air flow control valve opening is varied to hold the bed
temperature at v900°C. If the wall cooling is incapable of preventing bed
temperature excursions above 930°C, the "4. High Temperature Plenum 0,
Controller" reduces the plenum 0, until the bed temperature returns below
n930°C. The plenum is returned to its preset maximum below 930°C. This
prevents damage to the vessel wall. During tailburning the decreased bed
carbon allows the 02 concentration in the off-gas to increase. The "5.
Off-gas 02 Controller" reduces the plenum 02 to maintain a preset maximum

off-gas O, concentration.

2
This control philosophy has been very beneficial in simplifying the
burner operator's duties and in providing safer, more constant operating
conditions. Fine tuning of the "3. Cooling Air Controller' and the "4.
High Temperature Plenum 0, Controller" is required to further improve the
automatic control. Tuning of the "3. Cooling Air Controller' appears to be
the most difficult., The slow response of bed temperature to wall cooling
and the dependence of this response upon bed-to-wall heat transfer, which
can fluctuate with fluidization conditions, complicate the control of the

cooling air flow.
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The Diogenes system (manufactured by Rosemount Inc. of Minneapolis)
has been satisfactory except for intermittent problems with an erroneous
low bed temperature signal from the "4, High Bed Temperature Selector.”
The problem has been traced to a computer malfunction. This signal is <1
sec in duration and briefly activates the induction heater and deactivates

the cooling air. This has complicated the tuning of controllers.

3.3.1.3. Conclusions and Recommendations

Fine tuning of the postulated automatic control philosophy will con~-
tinue in an effort to reduce the requirement for periods of partial manual
control, The Diogenes high bed temperature selector problem will be

investigated further, both with the vendor and in-house.

3.3.2. 0,20-m Primary Burner Operating Cycle Test Runs with BISO Fertile/
TRISO Fissile Particles (D. T. Young)

3.3.2.1., 1Introduction

A 48~hr run was called for in the Activity Plan (AP524301B) as the
completion of Module 7 automation studies, This run was not only planned
to study the automation system in long-duration operation, but was also an
intended study of the proposed primary burner operating cycle. This cycle
involves starting up a fresh feed bed containing crushed graphite (v83 wt
%) and carbon-coated BISO fertile and TRISO fissile fuel particles (V17 wt
%Z). The burning bed is then continuously fed the fresh feed mixture at a
carbon mass flow rate equivalent to the carbon burn rate. Consequently,
the bed level slowly increases as the burned-back fuel particles accumu-
late. When the bed level reaches the maximum bed level, which occurs when
the bed slug height approaches the burner tube height, feed is stopped.
Subsequently, the bed carbon is burned out and a 15 to 20 wt % portion of
the product bed is removed. The burner is then restarted and feeding is

resumed until the bed level is rebuilt to the maximum level. Another

partial bed removal (or total removal) is then required. One such complete

cycle requires ~v48 hr.

3-30

LN




.\

3.3.2.2, Discussion

The attempted 48-~hr run was shut down after V12 hr, The shutdown was
necessary due to three mechanical failures: (1) the erroneous cycling con-
troller signal caused the cooling air blower switch contactor to overheat
and fail, (2) a break occurred in a joint of the off-gas line, and (3) the
product removal valve jammed in a partially opened position. Operations
during the 12-hr run indicated that the fluidization of the very dense,
large~diameter BISO fertile particles mixed with the small-diameter, less
dense TRISO fissile particles required adjustments to previously estab-
lished process control levels. These levels had been established during
prior operation with more homogeneous mixtures of fuel particles. The BISO
fertile particles segregated to the inlet cone distributor region and
required a higher total gas velocity and a longer 02 ramp period to safely
burn the carbon coatings. Approximately 4 hr was required to ramp the 02
to its maximum flow (full burn rate). As the burned-back inert BISO par-
ticles accumulated in the lower burner zone, the operation became more

typically smooth.

Following the 12-hr run, a 6-hr run was made to test repairs to the
burner system. This run confirmed the integrity of the mechanical repairs
and the revised control levels, but revisions to the Diogenes controller
were not successful in eliminating problems with cycling of the cooling air
control signal. These could be avoided by eliminating the problem control
circuit, a signal selector, and relying on a single bed temperature for
cooling air control. Although this philosophy apparently is successful for
control of the secondary burner, the bed temperature profile expected in
the primary burner operating cycle is more varied, therefore requiring the

selection capability.

3.3.2.3. Conclusions and Recommendations

The Diogenes problem is apparently within the computer and will
require repair by the supplier.
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The cooling air blower has been provided with a manual override.

Operating techniques using vertex gas to limit the solids flow through
the product valve when it must be closed during partial bed product removal
should be analyzed. Alternate valve and product removal system designs

should also be reviewed.

These process revisions should be tested in one or two more short-

duration runs prior to another attempt at a full-cycle 48-hr burner run.

3.3.3. 0.20-m Primary Burner Fines Recycle (R. T. Stula)

3.3.3.1. Introduction

Upon completion of the 0.20-m primary burner Module 5 and 6 test
phase, it was determined that above-bed fines recycle using the gravity
fines transport system (see Fig. 3-9) was the best of the fines recycle
alternatives tested (Ref. 3~4). One of the design considerations associ-
ated with this system is the maximum design operating temperature of the
fines rotary valve., It is desirable to maintain recycle fines temperature
as hot as practicable, but within recycle equipment thermal design limits.
Removal of significant heat from the recycle loop may be required to meet

rotary valve temperature limitationmns,

3.3.3.2, Discussion

Contacts with the rotary valve manufacturer have been made to further
define valve thermal operating limitations. The limiting factor on the
maximum operating temperature of the valve is the outboard bearing (seal)
design., This consideration limits the valve to a maximum operating temper-—
ature of 500°C., The valve body is designed to a maximum operating tempera-
ture of 540°C, However, this includes an unknown safety factor; the valve
could be operated at a somewhat higher temperature. Since no previous data
for high~temperature valve application are available, maximum operating

temperature, as well as valve design life, is uncertain.
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Preliminary calculations have been initiated to determine the
feasibility of removing process heat from the off-gas to obtain cyclone

exit temperatures compatible with current fines recycle equipment.

3.3.3.3. Conclusions and Recommendations

Preliminary calculations indicate that external air cooling of the
present recycle piping and cyclone may be sufficient to lower the cyclone
exit temperature to the present rotary valve maximum design operating
temperature. It is recommended that this possibility be considered

further,

It is recommended that alternative recycle loop geometry and cooling

systems as well as rotary valve designs be investigated in detail.
A detailed process heat transfer study should be conducted to deter-
mine the feasibility of cooling the fines recycle stream to temperatures

compatible with the recycle equipment.

3.3.4. 0.20-m Primary Burner Bed Level Sensor (R. D. Crabtree)

3.3.4.1. Introduction

A need to determine a discrete bed level in the primary burner to back

up the bed AP reading initiated a program to develop such a sensor.
3.3.4.2. Activity
A dual element probe was constructed, as shown in Fig, 3-10, and
installed through the above-bed fines recycle side penetration of the
0.20-m primary burner. It extended down into the burner tube to the point

to which the highest desired bed level would reach (see Fig. 3-9).

This probe was tied into a simple DC resistive circuit as shown in

Fig, 3-9. As the bed level reaches the probe, the DC circuit is completed
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through the low resistance of the carbon in the bed. A current flow pro-
portional to the resistance of the carbon bed (or suspended above-bed
carbon) is induced between the two elements of the probe and the current is

then measured on a strip chart recorder.

3.3.4.3, Conclusions and Recommendations

The technique described above has proven quite successful. Some side
effects observed are resistance changes due to slugging, gas velocity
changes, fines recycle, increasing bed level below the probe, and carbon
depletion in the bed at the end of a run. It is recommended that these
effects continue to be studied to determine if they can be characterized

and the technique made useful for monitoring burner operation.
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4, PARTICLE CLASSIFICATION, CRUSHING, AND BURNING

4,1, SUMMARY

A parametric study of process variables on the 0.20-m secondary burner
has been initiated, with three of seven runs now completed. Extensive
automation of the burn cycle has been demonstrated. Crushed TRISO fertile
FSV type fuel particles are used as feed for these runs. Shakedown of the
0.10-m secondary burner is now complete, and the burner is ready for

burning tests using crushed TRISO fissile FSV type fuel particles.

Localized side plate wear on the fertile particle roll crusher has
necessitated inlaying a very hard sintered tungsten carbide wear pad
adjacent to the crushing cavity. The fissile roll crusher has been
received and is now undergoing checkout testing.

4.2, 20-m SECONDARY BURNER (W. S. Rickman)

4,2,1, Introduction

After completion of construction, the 0.20-m secondary burner was
checked out and calibrated prior to making two burner runs for system
shakedown and heat transfer coefficient measurement. Several areas were
upgraded at that time, including the distributor plate design and the
filter blowback tube welds. During the quarter, three runs were completed
out of seven runs planned as a parametric study of the following burner

process variables:

1. Bed ignition temperature.
2, Bed operating temperature.
3. Bed superficial velocity.
4

. Filter blowback rate.



The Operating Procedure (OP524701) and Activity Plan (AP524701) were
followed throughout these three burner runs except where noted. Some con-
clusions are drawn concerning the results, but since fewer than half of the
runs in the series have been completed, it is premature to make specific
recommendations at this time. Graphs depicting feed and product size dis-
tributions, fluidized bed and off-gas filter temperatures, off-gas composi-~
tion, and inlet gas flows and pressure drops are shown in Figs. 4-1 through

4-12,

4,2,2, 0,20-m Secondary Burner Experimental Runs

4,2,2,1, Run 3 (Figs. 4-1 Through 4-4)

In this run, all variables were set at a baseline determined from
previous 0,10-m secondary burner tests. They represent the best estimate

of proper variable selection, and are as follows:

700°C bed ignition temperature.
900°C bed operating temperature.
0.90 m/s bed superficial velocity.

2 full blowback cycles per minute.

Feed material for Run 3 was 60,000 g of crushed TRISO fertile FSV type
fuel particles. It was acceptable feed for the burner and contained "0.1%
unbroken fuel particles, The crusher roll gap was 0.495 mm (0.0195 in.)
during Run 3 feed preparation. Forty-five minutes were required for feed

preparation with a 44-rpm roll speed.

Feed addition to the burner required 4 min using the gravity pneumatic
feeder. Bed heatup was initiated after feeding was completed and required
80 min to reach 700°C ignition temperature, At that time, a manual 02 ramp
was begun by jumping to 0.080 std. m3/min O2 and then increasing to pure
0, over a 20-min period. Total flow was maintained at 0.402 std. m3/min at

2
all times to yield 0.90 m/s superficial velocity at 900°C.
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Cooling air flow was manually adjusted to keep the fluid bed at 900°C.
Following an initial 25°C overshoot, the bed stayed within 10°C of setpoint
throughout the main burning period. This is well within the *50°C called
out in the Design Criteria (DC52701). Filter chamber annular cooling air
was on during the entire main burning period, with a peak filter tempera-

ture of 775°C and a filter pressure drop of 3.5 kPa maximum.

When the off-gas CO concentration declined to zero, the inlet gas com-
position was changed from 100% to 60% to preclude a pure O2 front from con-
tacting the hot filter surface. Thirty minutes later, O2 did penetrate the
bed, but the filter had cooled from 720° to 600°C and no filter area hot

spots were detected by the thermowell.

The fluid bed then cooled to 800°C due to a lack of carbon to burn.
Induction heating was on automatic to keep the bed hot without overheating
the wall (900°C setpoint on wall temperature). Off-gas 0, content was kept
at 207 by modulating inlet 02 content. A filter vibrator was used to help
dislodge carbon from the filter area so that it could descend to the bed
for combustion. The vibrator was of definite use as demonstrated by

increased oxygen utilization following vibrator actuation.

Total run time when 02 was present in the off-gas was 90 min. This
was followed by cooling the bed to ambient in preparation for product
removal, Using a 7.08 act. m3/min blower, the product was pneumatically
transported as it exited the burner product valve located just above the
distributor plate. The distributor sweep tube was actuated after the bulk
of the product had left the burner, and the transport gas was intermit-
tently drawn back through the burner off-gas filters to effect a cleanout

of dust from the burner.

Disassembly of the burner revealed a heel of material resting on the
distributor plate. The burner was then reassembled and fitted with an air-
driven vibrator adjacent to the gas distributor to help move material off
the plate, After a cleanout using the vibrator, the burner was again dis-

assembled and had only a light coating of dust on the distributor and some
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material in the outer edges. Total product weight left on the plate was
50 g, which amounts to 0.1% of total product weight. The product weighed
47,836 g and had a 1.5 wt 7 carbon content.

4,2,2,2, Run 4 (Figs. 4-5 Through 4-8)

The ignition temperature and the superficial velocity were changed in
this run to 650°C and 0.80 m/s, respectively, as part of the parametric

study.

Feed preparation required 45 min at a 44~rpm roll crusher speed to
process 60,000 g of TRISO fertile FSV type fuel particles. Feed addition
took 3.8 min to complete, and bed heatup required 55 min to reach 650°C.
Gas flow was 0,475 std. m3/min of CO2 until the bed reached 300°C, at which
time the flow was reduced to 0.362 std. m3/min (which yields 0.80 m/s

superficial velocity at 900°C).

An automatic inlet O2 flow ramp was used with an 0.080 std. m3/min
initial jump and a 15-min ramp time to pure inlet 02. CO2 flow was auto-

matically adjusted to keep the total at 0,362 std. m3/min.

Cooling air flow was on automatic with an initial 50°C overshoot fol-
lowed by %15°C control. Controller settings were manipulated to help
determine optimal values. Maximum filter pressure drop was 2.3 kPa with a
peak filter temperature of 720°C. After 65 min of combustion, the off-gas
CO concentration declined to zero, with inlet 02 concentration lowered at

that time to 60%.

For 60 min, the bed was burning sufficiently to maintain temperature
at 850° to 900°C., After that time, the carbon content of the bed was such
that 810°C was the maximum temperature attainable with the induction heater
limited by a 900°C burner wall constraint., Off-gas O2 content was again
limited to 20% by adjusting the inlet O, flow rate. Total flow was grad-

2
ually reduced over a 100-min span to 0.226 std. m3/min, yielding 0.46 m/s
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PAAR

(1.5 ft/sec) at 810°C. This allowed fines a better opportunity to reenter
the bed than at the higher normal operating velocity of 0.80 m/s.

Product transport was initiated after cooling the bed to 140°C. Ini-
tial transport was unsuccessful due to bursting of a rupture disc attached
to the transport blower suction line. This disc was installed to preclude
overpressure of the product bunker but had not been designed to withstand
the vacuum associated with pneumatic transport. It was then capped off,
the lines were cleared manually, and the balance of the product was trans-
ported pneumatically to the product bunker. A 300-g heel (0.67% of the
total product) remained on the distributor after the run, even after the
distributor plate vibrator was used. Product carbon content was 1.2 wt %,
which is an improvement over the last run and can be attributed, in part,
to the reduced-velocity operation during final tailburn. Some product was
lost due to the transport line cleanout, so a total product weight cannot

be determined.

4.2.2.3. Run 5 (Figs. 4-9 Through 4-12)

In this run, ignition temperature was further lowered to 600°C while
the main burn period superficial velocity was raised to 1.0 m/s as part of

the parametric study.
Feed was 60,000 g of crushed TRISO fertile FSV type fuel particles.

Bed heatup required 45 min to reach 600°C., An O2 ramp was used for
ignition, as in Run 2, but with a 0.452 std. m3/min O2 flow at the end of
the ramp period. Cooling air was completely on automatic, yielding a 15°C
initial overshoot and *10°C control thereafter. This is very satisfactory

and will be used in the future.

Filter pressure drop peaked at 5 kPa with a high filter temperature of
800°C. The main burning period lasted for 60 min until the off-gas CO con-
centration declined to zero. Inlet flow was then altered to 607 02,

lowering the filter temperature to 600°C by the time that 02 appeared in
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the off-gas 35 min later., Off-gas O2 content was not allowed to increase
above 207 during the final tailburning period. Superficial velocity was
again reduced to 0.46 m/sec (1.5 ft/sec) over the span of the 100-min

tailburning period.

Product removal proceeded after the bed was cooled to 100°C. Twenty
seconds after the product valve was opened, the system pressure drop became
great enough to open a safety relief valve. The product valve was then
closed to allow the transport line a chance to clear itself. This was fol-

lowed by reopening and cleanout procedures.

A heel again remained on the distributor plate after the run. The
function of the sweep tube was questioned at that time, so pressure gauges

were installed. This revealed that the 6-mm (1/4 in.) CO, supply line was

undersized so that only 276~kPa (40 psi) CO2 was deliverej to the sweep

tube rather than the intended 689 kPa (100 psi). A 13-mm (1/2 in.) supply
line was then plumbed in and the burner was reassembled. Following another
cleanout procedure using the high-pressure distributor plate sweep tube, a
40-g heel of dusty material was left in the burner. This is an 0.087% heel

and is quite acceptable.

Burner product weighed 47,229 g and contained 0.9 wt % carbon, which
is the lowest amount yet attained in this burner. Use of low-velocity

final tailburning will be continued.
4,2.3. Conclusions

Activity Plan AP524701 details ten acceptance criteria for the para-

metric study. These are discussed below:

1. No feed or product line blockage: The product line was blocked

in Run 4 due to a rupture disc bursting under vacuum.

2, Feed time less than 15 min: yes.




3. Product removal time less than 30 min: See criterion 1.

4, Bed heatup in 1 hr, ability to idle at 800°C: Required 80 min to
heat to 700°C in Run 3; can idle at 800°C (see Fig. 4-10).

5. Cooling system keeps bed at 900° * 25°C: yes; in two runs over-

shot initially, in Run 4 by 50°C.

6. Control systems function properly: yes.

7. Distributor plate functions properly: yes.

8. Filter pressure drop <7.5 kPa: yes.

9. No appreciable leaks or cracks: acceptable.

10, No shroud frame deformation: aceptable.

4.3. 0.10-m SECONDARY BURNER (W. S. Rickman)

4.3.1. Introduction

The 0.10-m secondary burner Activity Plan (AP524701) includes a burner
run using crushed FSV fertile fuel particles for the purpose of equipment
shakedown. The remainder of the Activity Plan is concerned with crushed

fissile particle burning.

Two burner runs were required due to operational problems encountered
in the first burner run. The equipment is now ready for crushed fissile

particle burning tests,



4,3.2, 0.10-m Secondary Burner Experimental Runs

4.,3,2.1. Run 1-A

Fourteen kilograms of FSV TRISO fertile particles without outer PyC
coatings were crushed through the prototype double roll particle crusher
[0.1-m (4 in.) diameter rolls x 0.1 m (4 in.) wide] operating at 36 rpm
roll speed. Samples taken before and after crushing this material yielded
differing percentages of unbroken particles. This was traced back to
improperly preloaded tapered roller bearings on the crusher. As material
was being crushed, the rolls were being spread apart progressively so that
the crushing action was altered. The distance between the rolls (the gap
setting) had gone from 0.495 mm to 0.559 mm, allowing 2.8% of the fuel par-
ticles to go through uncrushed. Approximately 5% of the particles were
only cracked in their outer coating of silicon carbide, but the fuel kernel
had not broken free of the silicon carbide shell, An overall size distri-

bution of feed material is shown in Fig. 4-13.

Crushed feed was added to the burner using the gravity pneumatic
feeder. There was an upflow of 0.100 std. m3/min CO2 during feed addition
and subsequent fluid bed heatup. The lowest bed thermocouple [located
0.08 m (3 in.) above the distributor plate] did not change from ambient
during the entire heatup period. At the time, this was attributed to a

short in the wiring.

Ignition came after the bed had been heated to 700°C. The inlet gas
was changed from 0.1 std. m3/min CO2 to 0.1 std. m3/min 02 over a 10-min
period. Cooling air was actuated to the filter chamber jacket but was not

required for lower burner tube cooling.

The lowest bed thermocouple responded soon after combustion began.
This suggests that the bed below the induction heated zone was stagnant
during heatup and initial combustion due to insufficient gas velocity. Bed
temperature throughout the run never reached the 900°C setpoint, being

limited to 870°C due to heat removal in the filter chamber. Decreasing
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filter chamber cooling would allow the bed temperature to reach 900°C.
However, the filters would then be hotter than desired (over 800°C), so the

filters were cooled throughout the main burning period.

After the off-gas CO concentration dropped to zero, inlet gas was
changed to 60% O2 and 40% C02
chamber. As the bed burned out, O
less than 20% 02.

to preclude any combustion in the filter

9 flow was adjusted to keep the off-gas

Product removal followed with the bed at 450°C. With the product
valve open 6.4 mm (1/4 in.), 50 sec was required to empty the burner. An

additional 5 min was utilized for heel cleanout.

Product material had a size distribution as shown in Fig. 4-13 and
contained 1.8% burnable carbon. Burner disassembly revealed an agglomerate
on the top of the distributor plate. It weighed 196 g and was roughly
pyramidal in shape. Many cracked particles were observed in the agglom-—
erate, with their kernels having melted and flowed through the cracks.
Evidently, the stagnation during early combustion allowed particles to burn
without a means to transport heat away. They melted and stuck together to

form the agglomerate.
4.,3.2,2, Run 1-B

A second burner run was made to try to eliminate the agglomeration
problem, The roll crusher bearings were correctly preloaded to reduce the
number of partially cracked and unbroken fuel particles. Also, lower bed
temperatures were carefully watched. If they began to deviate from the

rest of the bed, fluidizing velocity was increased to improve bed mixing.

Feed and product size distributions are shown in Fig. 4-14. The run
proceeded much the same as Run 1-A, but bed temperatures were kept uniform
by increasing gas flow; a flow of over 0.1 std. m3/min was required only

until the bed reached 350°C.
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No burner tube cooling air was required throughout the run. Tail-

burning and product removal were again trouble-free.

Product carbon content was 0.9% burnable carbon. Burner disassembly
revealed a 2-g agglomerate resting on the distributor plate. This is a
dramatic reduction from the first run, but could still be a source of

problems if not eliminated completely.

Workers at Allied Chemical had reported small agglomerates forming
whenever the inlet O2 content was above 70 vol 7%, Their studies were at
<0.3 m/s (<1 ft/sec) superficial velocity, while the present studies are at
>1 m/s (>3 ft/sec). However, the implications are that reducing the inlet
02 concentration from the present 1007 will be required to eliminate the
formation of these small agglomerates. The GA 0,20-m secondary burner has
a reduced-diameter lower section which increases velocity to over 1.5 m/s
(5 ft/sec). No agglomeration has been found after three runs on that
burner. There is evidently a certain envelope of fluidizing velocity and
inlet 02 concentration that allows agglomeration. The current course of
action is to proceed on the 0.20-m burner with pure O2 at 1.5 m/s (5
ft/sec) in the lower burner portion and reduce to 70% 02 on the 0,10-m

burner at 1 m/s (3 ft/sec).
4,3.3. Conclusions

After the two runs, all the acceptance criteria listed in AP524701 had

been met, as follows:

1. Induction heating - heat bed to 600°C in 1-1/2 hr: bed heated to
650°C in 1 hr.

2, Fluidization - keep axial bed AT < 100°C: axial bed AT of <30°C.

3. Feeder - add bed in 10 min: bed added in 5 min.

4, Off-~gas -~ no explosive mixture: filter DP < 7.5 kPa.
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5. Cooling - burn at 50 g/min without exceeding 900°C: vyes.

6. Product -~ <0.5% heel: <0.057 heel; carbon content < 2%: 0.97%

carbon content.

7. Auto control - keep variables within specified limits: vyes.

Shakedown operations have been concluded. The burner is ready for

crushed fissile particle operations to begin.
4.4, PARTICLE CRUSHING (J. W. Baer, W. S. Rickman)
4.4,1, TIntroduction
The crusher was used for making crushed feed for six runs on the
0.20-m secondary burner. A localized wear problem has been identified in

the crusher body side plate, with several fixes being evaluated and tested.

The fissile particle roll crusher has been received from manufac-

turing.

4,4,2, Fertile Crusher

Following completion of checkout procedures, as described in Ref. 4-1,
six 60-kg batches of fertile FSV TRISO fuel particles were crushed through
the roll crusher. Wear was noted in the crusher body side plates adjacent
to the actual crushing area. This was in a local area between the rolls,
about 1 to 2 cm long, consisting essentially of a groove. Silicon carbide
fuel particle coatings were evidently abrading the hardened steel surface,

thus causing the groove.

There was concern that sufficient wear would allow fuel particles to
bypass the crushing action intact, so corrective action was taken. First,
a chromium oxide flame spray was used to fill the groove; this wore exces-

sively after crushing one 60-kg batch. Second, a tungsten carbide flame
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spray was tried, and it too was unsuccessful following crushing of a 60-kg
batch. The side bodies were next slotted by electrical discharge machining
(EDM), and inserts of high-density, cemented tungsten carbide were embedded
in the slots. Each side plate contains a different candidate insert mate-
rial for comparative evaluation purposes. These materials have hardnesses
typically equivalent to Rc 80 to 83, as compared with the plasma-sprayed
chromium oxide at Rc 74 and the tungsten carbide composites at Rc 60 to 70.
The crusher with inserts has processed 60 kg of material without disas-
sembly and there is no evidence of wear. The unit will be disassembled and
inspected after the next 60-kg throughput. One side plate with the

tungsten carbide insert is shown in Fig. 4-15,

4,4,3, Fissile Crusher

The fissile crusher has been received and is undergoing preparation
for crushing of FSV type, depleted uranium TRISO fissile particles for
secondary burner feed. Problems encountered during construction required
imposing 1007 inspection on all parts of the assembly. Substantial
reworking of components was necessary to obtain hardware built to engi-

neering specifications.

Inspection of the finished rolls by HDE dye penetrant revealed the
presence of fine, intermittent, small circumferential cracks at a common
location at the identical end of two of the four rolls purchased. The
rolls were accepted for installation after consideration of the crack
severity and location and the anticipated roll service. The cause of the
cracking is under investigation. The crushing surfaces of the four rolls
were scanned using a surface analyzer, and the surface profiles and surface

finishes were documented for future comparative wear determinations.

REFERENCE

4~1, MThorium Utilization Program Quarterly Progress Report for the Period
Ending August 31, 1976," ERDA Report GA-A14085, General Atomic
Company, September 30, 1976.
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5. AQUEOUS SEPARATIONS
5.1, SUMMARY

The conceptual design of the engineering-scale dissolver-centrifuge
for incorporation into the head-end line was completed during the quarter
with the issuance of the Design Criteria and System Description and the

Process Flow and Piping and Instrument Diagrams.

A series of bench-scale dissolution runs was made on ThO2 kernels
using the heel operating mode with lower-—-acidity dissolver acid., Pre-
liminary results indicate the dissolver nitric acid concentration can be
lowered from 13M to 11M while using a 60% heel without decreasing

dissolution rates.
5.2. ENGINEERING~SCALE DISSOLUTION (H. H. Yip)

5.2.,1., Large Engineering-Scale Dissolver-Centrifuge System

5.2.1.1. Introduction

During previous quarters, commercially available centrifuges were

reviewed and a vertical continuous unit was ordered.

The conceptual design of the engineering-scale dissolver-centrifuge
for incorporation into the engineering-~scale head-end line was completed
during the quarter with the issuance of the System Description (SD526101),
Design Criteria (DC526101), and Process Flow (PF) and Piping and Instrumen-
tation (PI) Diagrams.



5.2.1.2 System Definition

Dissolution of the HTGR fertile fuel occurs after classification of
the fissile and fertile particles. The fissile particles must be crushed
and burned in the 0,20-m prototype fluidized~bed crushed fuel particle
burner (the secondary burner). The burner ash is then added to a dissolver
containing a boiling nitric acid solution (fissile particles) or a boiling
Thorex solution (fertile particles). After the uranium oxides have been
dissolved, the slurry consisting of the insolubles and the mother liquor is
transported to a centrifuge which separates the liquid from the solids.

The mother liquor is then fed directly to the solvent extraction system.

The solids fall into the repulp tank, where they are mixed with water and
recentrifuged. The mother liquor from thorium-containing particles, how-
ever, is processed through the feed adjustment equipment prior to entering

the solvent extraction process,

The large engineering-scale dissolver-centrifuge system consists of

the following subsystems:

1. Dissolver.
. Condenser.

Centrifuge.

Repulp tank.

Feed and product tanks,

[ T ) L TS 2
L]

Insols dryer (a future addition).

The dissolver size controls the interface and size requirements of
other equipment in the system. The dissolver is sized to accommodate a
maximum charge of 200 liters of dissolvent and the equivalent amount of

BISO or TRISO fuel to yield:

1. A throughput of approximately 200 moles of Th(N03)4 solution
(vIM) in <24 hr (BISO operation), or
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‘ 2. A predetermined concentration (TBD) of UOZ(N03>2 solution in <6

. hr. (The amount of uranium to be dissolved will depend on (a)

the allowable concentration of silicon carbide in the slurry and

(b) the allowable fission product concentration in the 200 liters

of dissolvent, A maximum ~0.1M UO

solution will be used as a

design basis for the purpose of sizing the dissolver.)

The capacity of the dissolver will be twice the volume of its maximum

charge while boiling to accommodate foaming and splashing. The liquid por-

tion of the dissolver will be V0.45 m (V18 in.) in inside diameter and will

have an L/D ~ 2,7. The vapor phase of the dissolver will not be under the

aforementioned L/D or inside diameter constraints.

. With the dissolver as a basis, the following equipment capacities

(TBV) are required:

KF tank 38 liters 10 gal
Al(NO3)3 tank 57 liters 15 gal
Thorex tank 377 liters 100 gal
Dissolver 400 liters 106 gal
Product tank 1130 liters 300 gal
Condenser (TBD) 1pm (TBD) gpm
Repulp tank 377 liters 100 gal
Centrifuge 4 to 15 1pm 1 to 3 gpm (TBV)
5.2.1.3. Functional Requirements
The engineering-scale dissolver—centrifuge system will be used to
gather data to be used in the design of the aqueous portion of the head-end
in the HTGR Recycle Demonstration Facility (HRDF). Specifically, this
system is to accomplish the following system functions:
1. Receive solid feed material from:
‘ a. The secondary burner product bunker.
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b. The classifier product bunker.

C. Stored material.

2. Dissolve the contained heavy metals of FSV and reference TRISO/
BISO fuels.

3. Separate the nitrate solution from insols (after completion of

dissolution).

4, Provide adequate product clarity suitable for feed adjustment and

solvent extraction.

5. Wash and rinse the insols, with the rinse solution joining the

mother liquor from dissolution.

6. Demonstrate the aqueous portion of HRDF head-end sequential oper-

ation by an integrated head-end test.

5.2.2. Engineering-Scale Experimental Investigation

Dissolution runs have been made in previous quarters to determine the
potential advantage of using a heel operating mode for sol gel ThO2 kernel
dissolution., The results have indicated that a 40% heel can reduce dis-

solution time by a factor of three.

Due to equipment repair and a change in lead engineer, no reportable
dissolution runs were obtained. Segment 3 in Section 3.1 of the Activity
Plan (AP526001) will be initiated in the coming quarter to establish oper-
ating parameters for dissolution with heel operation in the 0.13- and

0.20-m leachers.
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5.3. BENCH-SCALE DISSOLUTION (R. G. Wilbourn)
5.3.1., Introduction

Dissolution rate data for ThO2 in Thorex have been previously reported
for bench-scale heel operations (Ref. 5-1). Heel operation takes advantage
of the rapid dissolution rate during the first portion of leaching of ThO2

kernels,

Dissolution rate data were obtained during the present reporting
period for bench-scale heel operations using diluted Thorex. These experi-
ments were performed in order to provide operating parameters for use in

the event of inadvertent Thorex dilution in plant operations.
5.3.2. Discussion

As in earlier bench-scale experiments, the diluted Thorex dissolution

experiments were performed in a conical-bottom glass dissolver (Fig. 5-1).

A ThO2 heel sufficient to yield a 2.5M thorium-Thorex mother liquor on com
plete dissolution was used in all experiments., Figure 5-2 compares the

3 0.1M
0.1E.A1(N03)3, 0.05M F , respectively] and

results obtained with two diluted Thorex solutions [11M HNO
A1(NO,),, 0.05M F~ and 9M HNO,,
similar data from a test using Thorex of normal process specification [13M
HNOB, O.1M.A1(N03)3, 0.05M F ].

Examination of Fig. 5-2 indicates the rate of ThO2 dissolution to a
1M thorium-Thorex mother liquor is essentially identical for 13M and 11M
Thorex with a 607 heel., However, a substantial reduction in dissolution

rate is observed for an initial Thorex nitric acid concentration of 9M.
5.3.3. Conclusion

The positive results obtained from bench-scale experiments with

diluted Thorex are encouraging and may permit a reduction of the required
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concentration of acid in the HRDF recycle, thereby simplifying the recycle

acid system design and easing its operating requirements.

REFERENCE

5-1, "Thorium Utilization Program Quarterly Progress Report for the Period
Ending November 30, 1976," ERDA Report GA-A14214, General Atomic
Company, December 1976.

5-8



6. SOLVENT EXTRACTION

6.1. SUMMARY

Three solvent extraction feed adjustment runs were completed during
the quarter. Two of the runs were representative of the continuous inter-
cycle concentration step. The other run was a continuous operation which
utilized leacher product as feed. These runs were used to test the modi-
fied equipment and also to familiarize new personnel with the equipment
operation. The runs were generally successful, although some operating
problems did arise. Additional runs will be used to test modifications and

further define the flowsheet.

Three solvent extraction runs were completed during the quarter.
These runs represented the first cycle of the Acid-Thorex flowsheet (shown
in Fig. 6~1)., The Robatel centrifugal contactor and the five pulsed
columns in the solvent extraction pilot plant were used in these experi-
ments. Tracer quantities of radioactive zirconium were added to permit
determination of zirconium decontamination throughout this solvent

extraction system,

In each of the solvent extraction runs, higher than anticipated losses
occurred from the 1A centrifugal contactor via the 1AW stream. Poor parti-
tioning efficiencies, as indicated by the analyses of the 1CU and 1BT
streams, are discounted and attributed to analytical error, The analytical
values shown in earlier publications (e.g., Ref. 6-1) are accepted as more
reliable data. Subsequent to the analyses for these runs, analytical tech-
niques were modified to yield more accurate values for the low-level con-

stituents (see Section 6.3.1).

The zirconium decontamination factors (DFs) were as much as 507 higher

with the centrifugal contactor than with the all-pulse-column system. This

6-1



¢-9

Re9 9

18

1A

©)

185

? o

o

12

1c

&

URANIUM
CONCENTRATOR
16
Fig. 6~1,

COMPOSITION
STREAM RELATIVE 1] Th
STREAM NO. FLOW {G/L) {G/1) HND3 (M}

1AF ] 100 35 48 10
1AS 2 104 001
1AX 3 1000 {30% 18P}
1AW 4 262 (FISSION PRODUCTS)
1AA 5 32 130
15P 6 1000 3s 35
1AI1S 7 25 50
18X 8 603 02
187 9 600 Trace 102
1BS 10 179 {30% T8P)
1eu " 1180 298
1CX ¥4 593 0.01
1CY 13 593 593
1w 14 1180 (30% T8P)
WW 15 89 (NPH)
WS 16 59 {NPH)
1wy 1 593 5393
2AF 18 6 233

Thorex solvent extraction partition flowsheet




DF improvement could be due to reduced extraction of zirconium in the high-
acid end of the extraction section resulting from the lower residence time

of the centrifugal contactor.

6.2. SOLVENT EXTRACTION FEED ADJUSTMENT* (G. W. Reddick)

6.2.1. Introduction

The continuous solvent extraction feed preparation process consists of
continuously feeding an acidic thorium nitrate stream to a boiler pot of
boiling concentrated, acid-deficient thorium nitrate solution. Excess acid
from the feed stream is boiled off (steam stripped), leaving more acid-
deficient thorium nitrate in the boiler pot. The acid-deficient thorium
nitrate product is continuously or semicontinuously removed from the boiler
pot and is then diluted with water to prevent solidification upon cooling.
There is potential for using formic acid to provide some denitration of the

feed in addition to steam stripping.

A continuous feed preparation system has the advantage of providing a
uniform condensate flow and composition, thereby facilitating operation of
the downstream waste processing system. Also, since the solvent extraction
process is inherently continuous, there is an additional incentive to have
a continuous feed preparation step for the dilute, intercycle thorium

stream.

Bench~scale demonstration of the feasibility of the process for con-
tinuous feed preparation has been completed. Pilot plant testing is being
done (1) to determine necessary equipment items for commercial-scale opera-
tion, in particular, for the difficult task of concentrated product
removal, and (2) to determine scale-up effects from the bench-scale work.
In the runs discussed below, the tower on the pilot plant unit was void of

packing.

*Previously in Section 5.
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6.2.2. Results and Discussion - Run 25

Run 25 in the feed adjustment system was a representation of the
startup operation of the continuous intercycle concentration and denitra-
tion step. The feed to the evaporator/stripper was representative of 1BT

stream expected from the first cycle of the Thorex flowsheet.

The system operated well after some initial operating problems which
resulted from a pressurization of the evaporator/stripper. The product was
made acid deficient without adding any stripping medium other than the
water contained in the simulated 1BT stream. The average feed rate to the
evaporator/stripper during the run was about 1/2 liter/min. This was a
significantly improved rate over those attained in previously reported runs
(Ref. 6-2). Modifications to increase the coil area were responsible for

the improved boil-off rate, which allowed higher feed rates.

This run successfully demonstrated startup with acid~deficient solu-
tion in the evaporator/stripper. The desired product concentration in the
pot was achieved. Future runs will be required to demonstrate startup and
equilibrium operation with nominal 1BT stream as feed. Run 25 achieved the
desired thorium concentration in the product. The stream analyses are

given in Table 6-1,

The evaporator/stripper contained 32 liters of acid-deficient solution
for startup. However, at startup the full steam flow was used. The high
boil-up rate pressurized the evaporator/stripper, and about half of the
solution was pushed into the collection tank for the condensed overheads.
The evaporator was then refilled with the nominal 1BT feed and restarted.
No other operational problems developed during the run. Based on this
startup experience, the recommended startup procedure for future runs will
be to control the volume of the solution to a minimum operating level and

slowly bring the temperature of the solution to boiling.

The concentration of the nominal 1BT feed which was fed to the

evaporator/stripper was 0.16M Th(NO3)4, 0.40M HNOB, O.O15§_A1(N03)3, and
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TABLE 6-1
FEED ADJUSTMENT RUN 25 STREAM SAMPLE ANALYSES

g-moles Ht/ Density

g-mole Th | HY (M) Th (M) AL (M) F~ (M) (g/cm3 at 22°C)
Initial Pot Solution -0.33 ~0.034 1.02 0.074 0.054 1,30
Feed 2.5 0.4 0.16 0.015 | 1.2 x 1072 1.05
Product (after -0.086 -0.231 | 2.70 0.218 | 0.017 1.84

dilution)
Overheads(a) 2.8 x 103 0.441 1.58 x 10_4 1 ppm 2.21 x 10_4 1.015
(a)

These analyses do not reflect the loss of about half of the initial pot solution. These

analyses are an average of the distillate samples, excluding the first sample, which has a high

thorium analysis due to pressurization in the pot. The analysis of the overheads composite sample
yielded the following results: HNO3 = 0.33M, Th = 0.056M, At = 0.006M, F~ = 3.9 x 10_3M,
density = 1.03 g/cm3.



0.012 g KF., The total volume of this feed was about 276 liters and was fed

at the rate of 0.5 liter/min. This feed stream was added directly to the
pot and was not steam stripped for TBP removal. The volume of solution in
the evaporator/stripper was controlled near 20 liters. As the concentra-
tion of thorium increased in the evaporator/stripper, the temperature and
specific gravity also increased. The maximum solution temperature was

135°C at a specific gravity of 2.2,

The product transfer jet system was tested under the conditions of
peak concentration., The transfer of product proceeded without difficulty.
The liquid level dip leg plugged near the peak concentration but was
unplugged by using water. The final product volume in the evaporator/
stripper before dilution was about 16 liters. This solution was diluted

with water to about 27 liters before cooling. .

Some difficulty in sampling the evaporator contents occurred before
and after the operation. The contents of the evaporator/stripper were
apparently not thoroughly mixed after the dilution water was added prior to
sampling. In each case the analyses were representative of the solution
present in the evaporator/stripper prior to dilution. The analysis of the
product in the evaporator/stripper was 2,7M thorium and -0.23M nitric acid

after dilution.

The overheads nitric acid composition is plotted versus time in Fig.
6-2, The analyses of two samples of the evaporator are also shown. The
nitric acid concentration in the overheads is a function of boiling temper-
ature (thorium concentration) of the evaporator/stripper solution, the

acidity of the solution, and the feed acidity.

Based on the analyses of the overheads, about 1% of the fluoride in

the feed was volatilized.

6.2.3. Results and Discussion - Run 26

Run 26 in the feed adjustment system was made to test continuous oper-

ation with feed which was representative of the leacher product. This run
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was used to test both the flowsheet requirements and the operability of the

equipment, The purpose of this flowsheet step is to produce feed for the
first cycle of the solvent extraction., The concentration requirement for

this feed stream is 1.5M Th(NO and 1.0M HNO

3)4 3°

This run demonstrated that a continuous operation can be used to pro-
duce feed which is acceptable for the first cycle of solvent extraction.
The concentrated feed adjustment product had a hydrogen to thorium mole
ratio of 0.34., A ratio of less than 0.67 is required for the solvent
extraction feed. The addition of water to the pot was required to strip

the nitric acid from the thorium.

Very little thorium or fluoride was carried into the overheads stream.
Product was successfully removed from the pot throughout the run. No sig- .

nificant operational or equipment problems occurred during the run.

The evaporator/stripper was started up with acid-deficient solution in
the pot. This solution was brought to boiling temperature, and the feed
addition was begun, The feed was typical of the expected leacher product

solution.

Some perturbations in the startup operation resulted in fluctuations
of the solution density and temperature. During this period of operation
the density of the pot solution increased enough that the dip leg on the
liquid level instrumentation plugged. The dip leg was flushed to remove

the plug.

After the desired liquid level and temperature for steady-state oper-
ation were achieved, water addition was begun as the stripping medium. The
operating solution volume for the pot was about 21 liters. The temperature
was controlled near 135°C, The feed and stripping water were continuously

added at these conditions. Product was also continuously removed.

The distillate acidity during the run is plotted versus time in Fig.

6~-3. The steady-state operation began about 10:15 a.m. During the period
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of constant volume in the pot, the distillate acidity ranged between 3M and .

5M. The only slight decrease in acidity in the distillate which occurred
from 10:00 a.m. until the end of the run was accompanied by essentially no
change in the nitric acid to thorium ratio in the pot. The average volume
ratio of the addition rates for the stripping water and feed during this
operating period was about 1,15, The average addition rate (stripping

water plus feed) was about 0.37 liter/min.

The mole ratio of nitric acid to thorium in the pot during the steady-
state operation was about 0.45. The requirement for feed to solvent
extraction is a ratio of nitric acid to thorium of 0,67. Based on the data
from Run 26, meeting this requirement appears feasible with the continuous

system.

Table 6~2 contains the sample analyses for the various input and out-
put streams of Run 26. Approximately 17 of the fluoride present in the 3
feed was volatilized into the overheads. The amount of thorium entrainment

was very low (approximately 0.01%).

6.2.4. Results and Discussion - Run 27

Run 27 in the feed adjustment system was a representation of the con-
tinuous intercycle concentration and denitration step. The evaporator/
stripper in the leaching room was used for this operation. The feed was
representative of the 1BT stream expected from the first cycle of the Acid-
Thorex flowsheet. The purpose of this run was to demonstrate both startup

and continuous operation of the intercycle step.

The evaporation/stripper system operated well throughout the run.
Pressurization of the evaporator/stripper at startup caused the loss of
some solution from the evaporator/stripper via the overheads. Acid-
deficient product was not obtained from this operation. The average feed

rate to the evaporator/stripper during the run was about 0.61 liter/min.
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TABLE 6-2
COMPOSITION OF FEED ADJUSTMENT RUN 26 STREAM SAMPLE ANALYSES

g-moles ut/

Density

g-mole Th [ HY () | Th ¥ AL (W) F~ (M) (e/cm3 at 25°C)
Initial Boiler Pot -0.086 -0.23 2.70 0.22 0.017 1.82
Feed 9.74 7.69 0.79 0.104 0.075 1.53
Product (after 0.34 0.47 1.38 0.15 0.10 1.60
dilution)
Distillate 1.43 x 104 2.77 2 x 1074 0.48 ppm | 5.1 x 10~4 1.11




The run lasted about 17 hr over a 3-day period. The evaporator/
stripper was started up and shut down each day, with no startup or shutdown
difficulties being experienced except on the first day of startup. About
12 hr of operation were required before the steady-state thorium concentra-
tion was achieved in the evaporator/stripper. After this steady-state con-
centration was achieved, product was semicontinuously removed from the
evaporator/stripper. Sample analyses are given in Table 6-3. Some modifi-
cations in the future operation of the evaporator/stripper will be required

to yield a product which is acid deficient.

The evaporator/stripper was pressurized at startup with resultant loss
of solution from the boiler pot similar to that which occurred in Run 25,
Since these problems with startup control were encountered, the off-gas
train has been significantly modified to reduce the potential of accidental

liquid loss from the boiler pot.

The feed for Run 27 was essentially the same as that used for Run 25.
In Run 27 this feed was also used for the startup material in the
evaporator/stripper, whereas in Run 25 acid-deficient material was used in
the evaporator/stripper for startup. The feed which is equivalent to the
1BT stream is dilute in thorium concentration. About 12 hr of boiling
operation were required to achieve the desired thorium concentration in the
evaporator/stripper. After this concentration (specific gravity of 2.0 at
130°C) was achieved, product was semicontinuously removed for the remainder

of the run,

The product removal system worked well. Steam was used as the motive
fluid for this operation, The steam was on about half of the time after

the desired steady-state concentration had been achieved in the evaporator/

stripper.

An acid-deficient product was not achieved in this operation. The
acid/thorium ratio in the boiler pot is shown as a function of time in Fig.
6-4, Run 25 demonstrated that an acid-deficient condition in the boiler

pot can be maintained without the addition of a stripping medium other than
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TABLE 6-3

FEED ADJUSTMENT RUN 27 STREAM SAMPLE ANALYSES

g-moles H'/ Density
g-mole Th | HY () Th (M) AL (M) F~ (M) (g/cm3 at 25°C)
Initial Pot Solution 2.5 0.50 0.20 0.02 0.015 1.09
Feed 2.7 0.54 0.20 0.025 0.015 1.10
Product (after 0.08 0.12 1.47 0.151 0.075 1.55
dilution)
Overheads ‘® 3 x 10% 0.60 | 2.0 x 107 | <0.25 ppm | 1 x 107% 1.016
(a)

Typical steady-state values.
loss of about half of the initial pot solution via the overheads

These are not average values

for the run and do not reflect the
at startup.
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the water present in the 1BT stream. The steady-state conditions in Run 25
were a specific gravity of about 2.2 at a temperature near 135°C. As men-
tioned above, the steady-state conditions in Run 27 were near a 2.0 spe-~
cific gravity at 130°C. To attain and maintain an acid-deficient condition
in the boiler pot at a temperature lower than 135°C, stripping steam or
water can be added. Another method which can be used is chemical denitra-
tion with an agent such as formic acid. This method has been tested on the

bench scale, but not yet in the evaporator/stripper.

6.3. SOLVENT EXTRACTION (G. W. Reddick)

6.3.1, Introduction

The first cycle of the Thorex solvent extraction process was tested in
the solvent extraction pilot plant. The Thorex process is used to separate
thorium and uranium from the fission products. Thorium and uranium are
partitioned in the first cycle. This flowsheet (see Fig. 6-1) has been
tested in the solvent extraction pilot plant using pulsed columns. In Runs
58, 59, and 60, a Robatel centrifugal contactor was used for the 1A extrac-
tion section. Pulsed columns were used for the remainder of the process

operations.

The advantage of the centrifugal contactor over other types of contac-
tors is the reduction of solvent degradation through reduced residence
time. Creation of solvent degradation products is detrimental to the oper-
ation of the Thorex process. However, a centrifugal contactor has only a

limited capacity to handle solids which may be present in the feed.

6.3.2., Results and Discussion - Run 58

Table 6-4 contains the stream analyses and flow rates for Run 58,
Table 6-5 contains the loss data and the operating conditions. Table 6-6

contains the descriptions of the contactor, columns, and column cartridges.
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TABLE 6-4
STREAM AND ANALYTICAL DATA FOR SOLVENT EXTRACTION RUN 58

Stream Stream U Th HNO; ZrNb Flow Relative
No. (g/1) (g/1) M) (cpm) (ml/min) Flow
1AF 1 26.69 354 0.956 677,000 93 100
(98.9) (100)
(107.5) (100)
1AS 2 ' 0.956 180.5 194
(178.5) (180)
(178.1) (166)
1AA 5 13 28.7 30.9
(31.2) (31.5)
(31.7) (29.5)
1AX 3 [30%TBP] 947.5 1019
(950) (961)
(956.5) (890)
1BX 8 0.188 726 781
(719) (727)
(720) (670)
1CX 12 0.012 582 626
(582) (588)
(577) (537)
1BS 10 [30ZTBP] 215 231
(213) (215)
(208.5) (194)
1AW 4 2.5%x1072 0.181 2,206 77,622
(2.65x1072) (0.488) (2.258) -
(2.55x10-2) (0.494) (1.998) (95,645)
1AP 2.58 40,2 0.226 8374
(3.94) (67.5) (0.222) (14,807)
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TABLE 6-4 (Continued)

s Stream U Th HNO 3 ZrNb Flow Relative
tream No. (g/1) (g/1) ™M) (cpm) (ml/min) Flow
1SR 0.54 - 74.9 1.824 26,815
(0.61) (121.3) (1.859) (27,297)
1SP 2.3 24.3 0.075 56,3
(2.44) (31.1) (0.085) (443)
1BXT 0.52 42.8 0.394 81.8
(0.53) (59.3) (0.390) (571.9)
1BU 11 1.59 5.8x1073 0.017 2.31
(3.06) (1.3x1073) (0.034) (2.14)
1BT 9 w1022 39.4 0.394 64.5
(8x10™3) (27.9) (0.388) -
(3x10-2) (46.5) (0.1353) (366.8)
1BSU 1.35 16.87 0.034 3.01
(1.89) (20.2) (0.024) (8.91)
1cu 13 3.22 1.5x10"3 0.104 7.18
(6.44) (1.5x10-3) (0.104) -
(3.28) (0.4x1073) (0.111) (3.09)
1cW 14 1.05x10"2 1.12x1072 0.0068 1.30
(2.0x10"3) (1.3x10-3) (0.010) (2.55)
108 130 140
(120) (121)
(127) (118)
10W - - - 12.45
(1.82x1072) | (1.9x1073) - (2.12)
100 1x10-3 0.5%1073 1.28
(0.7x10-3) (1.3x1073) (0.65)
(a)

Analytical results are uncertain.



TABLE 6-5
PERCENT LOSS, Zr DECONTAMINATION FACTOR, AND FLOODING DATA FOR SOLVENT EXTRACTION RUN 58(3)

Vol Velocity v v Flooding Fre Continuous
Col P a o g q ntinuous
- Losumn urpose (gal/hr/ft2) (em/sec) (em/sec) (cycles/min) Phase
1A Extraction 908.4 < 500 RPM
Centrifugal
Contactor
1S Scrub 820.1 0.149 0.778 101 Organic
Pulse Column| (820.4) (0.147) (0.780) (101)
(824.9) (0.146) (0.786) (101)
1BX Partition 610.2 0.265 0.425 82 Aqueous
Pulse Columnl (608.1) (0.262) (N.425) (82)
(609.1) (0.263) (0.425) (82)
1BS [Partition- 684.1 0.596 0.177 83 Aqueous
Pulse Column| Scrub (677.6) (0.591) (0.175) (83)
(675.0) (0.591) (0.172) (83)
1C U-Strip 563.7 0.212 0.425 86 Aqueous
Pulse Column| (563.8) (0.212) (0.425) (86)
(562.9) (0.211) (0.425) (86) -
10 Solvent 939.6 0.107 0.955 119 Organic
Pulse Column| Wash (932.7) (0.098) (0.956) (119)
(939.3) (0.104) (0.956) (119)
<
Column Aqueous to Percent Loss Zr=Nb DF % Flooding Tem
° Organic Ratio U Th U Basis | Th Basis Frequency emp.
1A 0.319 0.30%  0.17 7.8 9.2 26°¢®)
(0.325) (0.31) (0.43) - - -
(0.332) (0.28) (0.41) (6.8) (8.7) (28°C)
18 0.191 - - 138 93 79 Ambient
(0.188) - - - - (79)
(0.186) - - 21 (15) (72)
1BX 0.625 - 0.02 16.3 - 72 Ambient
(0.618) - - - - (72)
(0.618) - | 4x207H] (260 - (72)
1BS 3.377 0.58 - - 1.2 63 Ambient
(3.376) (0.22) - - - (63)
(3.453) (0.75) - - (1.2) (63)
1C 0.5006 0.49 - 0.7 - 81 53°C
(0.5004) - - - - (81)
(0.4953) (0.08) - (0.7) - (81)
10 0.112 - - - - 67
(0.103) - - - - (67)
(0.109) - - - - (67)
(a)The data in parentheses correspond to a second and third set of operating conditions.
(b)Average of 1AW and 1AP temperatures.
(c)

Analytical results are uncertain. .
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TABLE 6-6
CENTRIFUGAL CONTACTOR AND COLUMN CARTRIDGE DESCRIPTION FOR SOLVENT EXTRACTION RUNS 58, 59, AND 60

Total Height of

Unic Purpose Diameter (mm) Mixing Area (m) Other
1A Contac- |Extrac- 180 0.32 8 stages with 0.4-liter total holdup per stage
tor tion
Plates Plate
Spacing
Nozzle Hole % Free (mm)
Direction | Size (mm) Area
1S Column Scrub 51 6.7 Down 3.2 23 51
1BX Col- |Parti- 76 5.8 Up 4.8 23 Graded®
umn tion
1BS Col- Parti- 51 5.2 Up 4,8 23 51
umn tion,
Scrub
1C Column |U Strip 76 4.6 Up 4.8 23 Graded®
(a)

Graded cartridge is, from the bottom, 2.6 m with

and the remainder with 51-mm spacing.

100~mm spacing,

0.5 m with 76-mm spacing,



No significant operating difficulties were encountered during Run 58,
Some local flooding occurred in the top of the 1S column. The flooding was
caused by the presence of the third phase (second organic phase) in the top
disengaging section., The third phase results from a high thorium concen-
tration in the organic phase., High thorium concentration in the top dis-
~engaging section reduces the density differentials between the organic
phase and the 1AS stream. The 1AS stream is added at the top of the 1S

column. Holdup of the aqueous phase can occur under these conditions.

The flooding in the top of the 1S column is characterized by an
aqueous continuous region which extends into the top disengaging section.
This type of flooding does not always occur when the saturation is raised
high enough to discharge two organic phases into the disengaging section
and may be due, in part, to column plate wetting variations from run to

rune.

Higher than expected uranium and thorium losses (approximately 0.3%)
occurred from the centrifugal contactor via the 1AW stream. High solvent
loading and/or the inability of the centrifugal contactor to separate the
third phase from the aqueous phase may be an explanation for the measurable

losses.

A significant amount of uranium was analyzed in the 1BT stream. Ana-
lytical difficulties are discussed in Section 6.4. Of the 1BT analyses in
Table 6-7, the worst run for separation of uranium from thorium is Run 58.

No operational reason is available to explain this lack of separation.

Run 58 was the first run in the centrifugal contactor which contained
zirconium in the feed. Most of the zirconium-niobium decontamination in
Run 58 occurred in the 1A-1S5 system. However, significant zirconium-

niobium decontamination from uranium occurred in the 1BX column.

6.3.3. Results and Discussion - Run 59

Table 6-8 contains the stream analyses and flow rates for Run 59,

Table 6~9 contains the loss data and the operating conditions.
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COMPARISON OF

TABLE 6-7

1BT AND 1CU ANALYSIS FOR SOLVENT EXTRACTION RUNS 57—60(a)

Run Number

1BT, Uranium Concentration
in Parts per Million
Parts of Thorium

1CU, Thorium Concentration
in Parts per Million
Parts of Uranium

57(P)

58

59

60

350.5
(450.6)
(204.4)

507.6
(286.7)
(645.2)

197.0
(48.1)
(73.2)

79.6
(24.8)
(19.6)

2147.8
(1507.4)
(790.6)

465.8
(232.9)
(122.0)

1107.9
(1269.8)
(762.1)

1435.5
(613.8)
(418.3)

(a)

The uranium analysis of the IBT samples and the thorium analysis of the ICU
samples are all questionable in these rums.
less than those tabulated, as discussed in Section 6.4.

(®)prom Ref. 6-3.

All values are considered to be
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TABLE 6-8

STREAM AND ANALYTICAL DATA FOR SOLVENT EXTRACTION RUN 59

Stream Stream U Th HNO ;3 ZrNb Flow Relative
e No. (g/1) (g/1) ™) (cpm) (ml/min) Flow
1AF 1 34.6 365 0.860 957,400 81 100
(99) (100)
(83) (100)
1A8 2 1.077 167 206
(179) (181)
(175) (211)
1AA 5 13 21 26
(24) (24)
(28) (34)
1AX 3 [30%TBP] " 940 1160
(1058) (1069)
(940) (1133)
1BX 8 0.212 684 844
(698) (705)
(717) (864)
1cx 12 0.0092 554 684
(579) (585)
(521) (628)
1BS 10 {30%TBP] 152 188
(192) (194)
(264) (318)
1AW 4 9,5x10™" 1.5%x10-2 1.789 291,346
(1.0x10"3) (0.56) (1.734) (365,134)
(1.8x1073) (0.15) (1.754) (317,240)
1AP 2.78 42.8 0.42 21,085
(3.88) (61.8) (0.30) (12,264)
(2.22) (26.4) (0.44) (21,447)
1SR 0.30 54,5 1.634 72,749
(0.41) (77.3) (1.651) (68, 844)
(0.54) (104.6) (1.720) (90,294)
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TABLE 6-8 (Continued)

Stream Stream U Th HNO3 ZrNb Flow Relative
re No. (g/1) (8/1) ) (cpm) (m1/min) Flow
1SP 2.80 25.8 216

(2.37) (24,0) (4488)
(2.80) (27.0) (5475)
1BXT 0.80 36.0 0.393 193
(0.63) (43.9) (0.388) (4480)
(0.71) (66.6) (0.393) (3032)
1BU 11 2.02 5%10~" 0.052 < 4.1
(2.54) (2.5x107%) | (0.052) (1500)
(2.70) ) (3.2x10"2) | (0.045) (897)
1BT 9 5.2x10-3 0 26.4 0.391 35
(1.9x1073) (39.5) (0.388) (4255)
(2.7x1073) (36.9) (0.382) (5387)
1BSU 3.19 10.5 0,121 < 5.2
(2.08) (17.4) (0.104) (58)
(1.99) (18.9) (0.069) (58)
1cu 13 3.43 3.8x10”3 < 5.7
(4.41) (5.6x1073) | (0.086) (253)
(5.38) (4.1x1073) | (0.052) (284)
1cwW 14 < 5x10™Y < 5x107% 0.010 < 3.2
(1.1x1073) (< 5x107%) | (0.010) (2471)
(<- 5x107%) (< 5x107%) | (0.012) (75)
10S pH=10.7 109 135
' (139) (140)
(114) (137)
10W < 5x107% < 5x10-3 < 19.1
(0.99) (1.7x1072) (7675)
(0.94) (1.1x1072) (5772)
100 < 5x107% < 5x10="% < 1.0
(< 5x107%) (6x10~%) (23)
(< 5x10™%) (< 5x10~%) (24)
(a)Analytical results are uncertain.



TABLE 6-9

PERCENT LOSS, Zr DECONTAMINATION FACTOR, AND FLOODING DATA FOR SOLVENT EXTRACTION RUN 59(3)

Vol Velocity V; VB Flooding Freq Continuous
Column Purpose (gal/hr/ft?) (cm/sec) (cm/sec) (cycles/min) Phase
1A Extraction < 500 RPM
Centrifugal
Contactor
18 Scrub 805 0,137 0.763 102 Organic
Pulse Column (899) (0.147) (0.869) (94)
(811) (0.144) (0.773) (102)
1BX Partition 612 0.266 0.425 82 Aqueous
Pulse Column (629) (0.255) (0.456) (81)
(621) (0.262) (0.440) (82)
1BS Partition, 608 0.562 0.125 86 Aqueous
Pulse Column Scrub (647) (0.574) (0.158) (84)
(713) (0.589) (0.217) (81)
1C U-Strip 532 0.202 0.399 98 Aqueous
Pulse Column (591) (0.211) (0.456) (94)
(557) (0.190) (0.439) (96)
10 Solvent 873 0.090 0.897 124 Organic
Pulse Column Wash (1010) (0.114) (1.027) (116)
(958) (0.094) (0.989) (118)
Col Aqueous to Percent Loss Zr-Nb DF % Flooding Tem
olumn Organic Ratio U Th U Basis | Th Basis Frequency p.
1A 0.286 0,01 0.01 3.65 5.32 (2200 RPM) 28°C(b)
(0.285) (0.01) (0.56) (8.75) (13.22) (31°c)
(0,304 (0.02) (0.14) (2.86) (3.23) -
1s 0.178 - - 98.3 58.8 81 Ambient
(0.169) - - (1.67) (1.06) (88)
(0.186) - - (4.94) (4.01) (81)
1BX 0.626 - 2x10-3 |> 38.0 - 73 Ambient
(0.558) - (0.09) (3.21) - (74)
(0.596) - (0.13) (5.89) - (73)
188 4.50 0.13@® - - 4,04 63 Ambient
(3.64) (0.11) - - (0.95) (64)
(2.72) (0.10) - - (4.47) (67)
1Cc 0.507 < 0,02 - 1.22 - 72 49°C
(0.463) (0.04) - (10.29) - (76)
(0.433) (<0.02) - (6.29) - (74)
10 0.100 - - 68
(0.111) - - (72)
(0.095) - - 71)
(2) a second and third set of operating conditions.

(b)

(C)Analytical results are uncertain.

The data in parentheses correspond to

Average of 1AP and 1AW temperatures.
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Run 59 utilized the same equipment and flowsheet as Run 58. Dibutyl
phosphate (DBP) was added to the 1AP pump tank during the second half of
the run. During the startup oepration, the 1A contactor became plugged and
no liquid left the contactor via the aqueous 1AW route. Both aqueous and
organic streams were leaving the contactor via the normal organic stream
outlet. To remove the plug, the contactor was flushed by increasing both
the 1AA acid flow rate and the rotating speed of the contactor. The plug
had apparently been formed by the settling of residual solids into an

interstage aqueous port following completion of Run 58.

Run 58 was the first centrifugal contactor run which included zir-
conium in the feed. Some of the solids which are present in this feed
apparently were left in the contactor following the run. Although the feed
stream is filtered prior to the addition to the contactor, some finely
divided particles pass through the filter and probably centrifuged out in

the contactor.

In Run 59, the DBP was added to the TAP pump tank to simulate solvent
degradation effects., The addition of the DBP had the predictable effect of
lowering the zirconium-niobium decontamination in the 1S column and pertur-
bing the dispersion characteristics in the 1C column. The addition of the
DBP was not at a constant flow rate because a siphon was set up in the

addition system which added the DBP in large increments.

The total amount of DBP added was about 88 g. Much of the DBP was
added in the initial increment. However, some DBP was added over a 3-hr
period. Based on the total organic input to the solvent extraction system
during that period, the average DBP concentration in the organic phase was
about 0.43 g of DBP per liter. This is five times the concentration of DBP

expected to be formed in the HRDF due to radiolysis.

After the decrease of zirconium-niobium decontamination with the ini-
tial increment of DBP, the decontamination in the 1S5 column began to
increase, The decontamination did not improve enough to return to values

obtained before the addition of the DBP.
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The presence of DBP in the 1C column effectively increased the zirco-

nium decontamination of uranium in that column. Uranium losses from the 1C

column also increased, as indicated by the uranium concentration in the 10W
stream; however, these losses were not indicated by the 1CW stream

analyses.

Some thorium losses occurred via the 1AW stream in Run 59. These were
similar to the losses reported in Run 58. However, the uranium losses were

in the anticipated range.

6.3.4. Results and Discussion - Run 60

Table 6~10 contains the stream analyses and flow rates for Run 60,

Table 6-11 contains the loss data and the operating conditions.

Run 60 was operationally similar to Runs 58 and 59. Prior to Run 60
the solvent was cleaned using macroreticular ion exchange resin (Ref. 6-3). "
This cleanup removes the heavy metals, fission products, and degradation

products. No DBP addition was made to the system during Run 60.

The 1AS stream was run at two selected flow rates to determine the

effects on zirconium-niobium decontamination in the 1A-1S system.

During Run 60 the 1S column developed an aqueous continuous region
near the top of the column which was similar to the local flood in Run 58.
This flooded condition occurred at the normal 1AS flow rate of 175 ml/min.
The flood dissipated after the planned reduction in 1AS flow rate to 110

ml/min.

The reduction in the 1AS flow rate caused a significant reduction of
the zirconium-niobium separation from thorium. Zirconium-niobium decontam-
ination of uranium was reduced in the 1A-1S system, but the overall decon-
tamination was relatively unchanged. The good decontamination of uranium
was due to the scrubbing of zirconium-niobium in the 1BX column. Most of

the zirconium-niobium in the 1SP stream was stripped from the organic phase
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TABLE 6-10

STREAM AND ANALYTICAL DATA FOR SOLVENT EXTRACTION RUN 60

Stream Stream U Th HNO4 ZrNb Flow Relative Other
No. (g/1) (g/1) M) (cpm) (ml/min) Flow
. +H_
1AF 1 30.7 370 0.53 944,700 115 A17T=0,16M,
(97) F™= 0.07M
(107)
1AS 2 1,072 176
(178)
(110)
1AA 5 ~ 13 16.5
(24)
(30)
1AX 3 [30%TBP] 963 DBP=13,Oppm
(979)
(974)
1BX 8 0.193 708
(716)
(734)
icx 12 0.012 592
(589)
(609)
1BS 10 [30%TBP] 211
(212)
(238)
1AW 4 1.9x1073 1.05 1.58 341,319 Zr=475ppm
(1.8x1073) (0.33) (1.43) (302,324)
(1.2x1073) (0.16) (1.43) (328,042)
1AP 3.15 57.0 0,212 5567
(2.54) (61.5) (0.28) (28,766)
(2.86) (51.0) (0.27) (19,865)
1SR 0.47 88.8 1.58 79,107
(0.56) (127.7) (1.76) (245,784)
(0.49) (108.4) (2.04) (284,592)
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TABLE 6-10 (Continued)

Stream Stream U Th HNO3 ZrNb Flow Relative Other
No. (g/1) (g/1) o (cpm) (ml/min) Flow
1SP 2.59 29.1 0.20 201
(2.48) (30.3) (0.18) (329)
(2.33) (35.1) (0.15) (1373)
1BXT 0.58 43.0 0.39 457
(0.60) (59.4) (0.39) (593)
(0.60) (65.0) (0.38) (2223)
1BU 11 1.87 3x10™" 0.04 23.9
(1.98) (4x1073) (0.02) (29.5)
(2.13) ) )(4.5x10~3) (0.04) (29.2)
-ala
1BT 9 3.2x10" 3 40,2 0.39 593 Zr=6ppm
(1.2x1073) (48.3) (0.39) (635)
(1.1x1073) (56.0) (0.37) (1608) Zr=12ppm
1BSU 1.96 16.0 0.09 13.4
(1.90) (22.0) (0.08) (14)
(1.61) (27.2) (0.07) (32)
1CU 13 4,11 5.9x1073 0.07 43
(7.82) (4.8x10"3) (0.07) (58)
(5.26) (2.2x1073) (0.05) (52)
1cW 14 3x10™" 4x107H4 0.006 4,0
(3x10~%) (9x10™%) (0.012) (2.0)
(4x107%) | (7.7x1073) (0.016) (< 1.2) DBP=10ppm
108 pH=10.7 120
(120)
(118)
10w 1.2x10°3 1.9x1073 37
(5x10™%) {(1.3x1073) (23.5)
(7x107%)  [(2.0%x10"3) (19.4)
100 < 3x107 % < 3x10™“ < 1.0
(< 3x107™%) | (4x107%) (< 1.0)
(< 3x107%) | (4x10™%) (< 1.0) DBP=6ppm

(a)

Analytical results are uncertain.




TABLE 6-11
PERCENT LOSS, Zr DECONTAMINATION FACTOR, AND FLOODING DATA FOR SOLVENT EXTRACTION RUN 60(8)

Vol Velocity v, v, Flooding Freq Continuous
Col P a o
o tumn urpose (gal/hr/ft2) (cm/sec) (cm/sec) (cycles/min) Phase
1A Extraction (<500 RPM)
Centrifugal
Contactor
18 Scrub 828 0,145 0.791 101 Organic
Pulse Column (841) (0.146) (0.804) (99)
(788) (0.090) (0.800) (105)
1BX Partition 608 0.258 0.429 82 Aqueous
Pulse Column (616) (0.261) (0.435) (82)
(629) (0.268) (0.443) (81)
1BS Partition- 668 0.581 0.173 84 Aqueous
Pulse Column Scrub (675) (0.588) (0.174) (83)
(707) (0.603) (0.196) (82)
1cC U-Strip 571 0.216 0.429 95 Aqueous
Pulse Column (575) (0.215) (0.435) (95)
(588) (0.222) (0.442) (94)
10 Solvent 941 0.098 0.965 118 Organic
Pulse Column Wash (953) (0.099) (0.978) (118)
(967) (0.097) (0.996) (118)
Col Aqueous to Percent Loss Zr-Nb DF % Flooding Tem
0 Lumn Organic Ratio u Th U Basis | Th Basis Frequency emp.
1A 0.319 0.02 0.76 17.41 26.1 (1200 RPM) | 27°¢(®)
(0.305) (0.02) 0.27) (2.72) (5.46) (32°0C)
(0.254) (0.01) (0.10) (4.43) (6.56) -
1S 0.183 - - 22.8 14,1 83 Ambient
(0.182) - - (85.4) (43.1) (72)
(0.113) - - (11.8) (9.96) (68)
1BX 0.603 - <10-3 6.07 - 72 Ambient
(0.601) - (0.01) (8.90) - (72)
(0.606) - (0.01) (43.0) - (73)
18S 3.355 0.06¢) - - 0.72 63 Ambient
(3.377) (0.03) - - (0.76) (64)
(3.084) (0.02) - - (1.19) (65) B
1cC 0.504 0.01 - 1,22 - 69 52°C
(0.495) (0.01) - (2.01) - (69)
(0.502) (0.01) - (1.39) - (70)
10 0.102 - - - - 68
(0.101) - - - - (69)
(0.097) - - - - (69)

(a)Thé data in parentheses correspond to a second and third

(b)Average of 1AP and 1AW temperatures.

(c)

Analytical results are uncertain.
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along with the thorium. The additional zirconium-niobium, which reached

the 1BX column after the 1AS stream flow rate was reduced, left the parti-

tion system in the 1BT stream and accounted for the reduction of the

thorium decontamination.

Significant thorium losses occurred via the 1AW stream before the 1AS
stream flow rate was reduced. Reducing the 1AS flow rate had the expected
effect on the losses. Uranium losses via the 1AW stream were not signifi-

cantly affected, remaining low.

The uranium concentration in the 1BT stream was lower than that
observed in Runs 57 (Ref. 6-3), 58, and 59. This reduction can be
partially attributed to the improved quality of the solvent following

cleanup with the macroreticular resin,

6.3.5. Zirconium-Niobium Decontamination Using Robatel Contactor

The zirconium decontamination factors (DFs) were as much as 507% higher
with the centrifugal contactor than those measured with the all-pulse-
column system (Fig. 6-5). This DF improvement could be due to reduced
extraction of zirconium in the high-acid end of the extraction section

caused by the lower residence time in the centrifugal contactor.

6.4, LOW-LEVEL HEAVY METAL ANALYSES -~ SOLVENT EXTRACTION STREAMS
(R. G. Wilbourn)

6.4.1. Introduction

Particularly difficult analytical challenges are encountered in the
1BT and 1CU Thorex solvent extraction stream samples. The 1BT and 1CU
samples are generated during solvent extraction partitioning and have the
following composition: (1) 1BT = 40 g/liter thorium, 0-10 mg/liter

uranium; (2) 1CU = 8 g/liter uranium, 0-10 mg/liter thorium. .
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Fig. 6~5., Measured Zr-95 decontamination factors
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Procedures were developed during the reporting period to permit rapid
analyses of 1BT and 1CU stream samples and to resolve apparent discrep-
ancies between expected trace metal levels (based on solvent extraction run
parameters) and results obtained from the GA Analytical Chemistry Depart-

ment. Details of the analytical procedures are given in Section 6.4.3.1.

6.4.2., Titrimetric 1BT Uranium Stream and Thorium Nitrate Salt Analyses

A titrimetric procedure has been evaluated for 1BT stream samples.
Earlier work at ERDA's New Brunswick Laboratory (Ref. 6-4) has shown the
feasibility of a titrimetric determination for low levels of uranium in the
absence of thorium. Results from the present study indicate a titrimetric
approach is also suitable for the determination of 0.5 to 10.0 mg/liter
uranium in 1BT solutions containing <40 g/liter thorium. Data for recovery
of uranium "spikes'" indicate an error of <57 absolute is attainable in this
compositional range. In addition, the titrimetric procedure is specific
for uranium (thorium and zirconium do not interfere), and therefore separa-
tion is not needed, Samples (1BT) may be prepared for analysis directly
from nitric acid solution by volume reduction of a 200-ml aliquot. Sample
preparation and analysis may be done in the same container, virtually elim-
inating contamination potential. The only apparent constraint for the

titrimetric procedure is the need for a 200-ml sample.

A comparison of titrimetric recovery data for low-level uranium stand-
ards with and without the presence of 40 g/liter thorium is given in Fig,
6-6. This figure indicates no deleterious effect of the presence of 40

g/liter thorium in the 0.5 to 10 mg/liter uranium range.

As a further check of the method, the GA Quality Assurance Department
was requested to prepare standards containing 40 g/liter thorium and O to
10 mg/liter uranium for analysis by Aqueous Separations personnel. The

results obtained for the QA standards are given in Table 6-12,

Figures 6-~7 and 6-8 contain data for the uranium analysis of 1BT

stream samples from solvent extraction runs S$72 and S73, The relatively
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Fig. 6-6. 1BT stream analyses - effect of 40 g/liter thorium content on

uranium recovery
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TABLE 6-12 (a)
URANIUM ANALYSIS OF QA STANDARDS - DATA SUMMARY

Standard
Solution U Makeup U Analysis Accuracy
No. (mg/liter) (mg/liter) %)
1 0 <0.07 -
2 4,0 3.88 97.0
3 1.0 0.97 97.0
4 7.0 6.78 96.9
5 9.0 8.85 98.3
(a)
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large uranium concentration measured for the S72 1BT sample (Vw300 mg
U/liter) reflects flooding difficulties reported for this run. The
composition of the S73 1BT sample (43.7 g Th/liter, “0.08 mg U/liter) is
considered to be representative of thorium partition product from a normal

first cycle Thorex solvent extraction run.

The titrimetric procedure was also utilized during the reporting
period to establish the uranium impurity level in reagent grade
Th (NO
Th (NO

3)4-4H20 used in preparation of above standard solutions and

3)4
extraction runs., Results are presented graphically in Fig. 6-9.

'xHZO (Tennessee Nuclear) purchased for use in future solvent

The titrimetric procedure for low-level uranium analysis of 1BT sam-—
ples has been verified and accepted by the GA Analytical Chemistry Depart~

ment and will be used for the analysis of future 1BT stream samples.

6.4.3., Colorimetric 1CU Stream Thorium Analysis

A colorimetric procedure for thorium analysis based on a reaction with
Thorin Dye (Ref. 6~5) was modified to increase the sensitivity for thorium.
The tolerance level for uranium in the modified procedure is quite high
(absorbance for 1 mg uranium in the final solution being equivalent to the
absorbance obtained for 3 mg thorium), as shown in Fig. 6-10. Because of
the high uranium~to-thorium ratio generally present in 1CU stream samples
(20 x 103/1.0), a heavy metal separation is required prior to application
of the colorimetric procedure. However, the degree of separation required
is not high, as it is only necessary to bring the uranium content of the

sample aliquot within the above-noted tolerance level.

In the present work, two methods of 1CU heavy metal separation were
evaluated: solvent extraction and ion exchange chromatography. Ion
exchange is the more rapid method and gave reproducible results with
standard solutions. Ion exchange is therefore recommended as the separa-
tive method prior to colorimetry. The ion exchange separation of uranium

from thorium is well documented (Ref. 6-6) and is based on the formation of
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uranium—-chloride complexes (assumed to be U02C13- and U02C14=) in a strong
HC1l medium, Thorium forms no anion complex and therefore can be eluted

from an anion exchange resin,

Results obtained with the colorimetric procedure for NBS 960 uranium
metal and Run S73 1CU samples are given in Table 6-13. The low thorium
values obtained for the S73 1CU samples demonstrate a high degree of
uranium—thorium separation is achievable in the Thorex solvent extraction

studies.

6.4.3.1. Detailed Procedure for 1BT Uranium Analysis

A stepwise procedure for the preparation and titrimetric uranium

analysis of 1BT solvent extraction stream samples is given below:

1. In a thoroughly cleaned 400-ml beaker, evaporate 200 m]l of 1BT
sample (aliquot may contain <8 g of thorium) to ~50 ml on a hot

plate.

2. Add 45 ml of 85% H3P04 and swirl to dissolve any thorium phos-
phate formed. Continue heating until the total volume is 60 ml.
Add 2 drops of 17 K20r207 solution,

3. Cool to ambient temperature, Insert a Teflon stir bar and ini-

tiate slow stirring, Add 2 ml of concentrated HN03.

4., Add 5 ml of 15M sulfanic acid solution down the sides of the

beaker.

5. Add 5 ml of 1M FeSO, solution to the body of the sample solution.

4
Wait 30 sec.
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1CU THORIUM ANALYSES - DATA SUMMARY

TABLE 6-13

( Thorium
Aliquot Calc. Uranium Thorium Spike Spike-corrected a) Concentration
Volume Content in Aliquot Added Thorium Content of Sample

Sample (ml) (mg) (ug) Absorbance (ug) (mg/1)
NBS 960 5.0 125 None 0.001 0.5 0,1
NBS 960 5.0 125 10 0.032 1.0 0.2
S$73 1CcUu 1 15.0 123 None 0.010 3.5 0.23
§$73 1CU 1 15.0 123 20 0.067 2.5 0,17
S73 1CU 2 15.0 114 None 0.015 5.5 0.37
S73 1CU 3 15.0 134 None 0.006 2.0 0.13
(a)

See Fig. 6-10.



6. Add V10 ml of molybdate solution* to the sample solution down the .
sides of the beaker., Wait 3 min after disappearance of the brown

color.

7. Slowly add 100 ml of distilled water down the sides of the

beaker.
8. Add "125 mg solid VOSO4. Wait 30 sec.

Cr,0

9, Titrate to an end point potential of 590 mV with 0.01§_K2 207

solution using a microburet.

10. Calculation: sample uranium content, mg/liter = (ml KZCrZO

Cr207) (meq. wt. U) (5).

7

titrant) (N of K,

6.4.,3.2., Detailed Procedure for 1CU Thorium Analysis

A stepwise procedure for the preparation and colorimetric thorium

analysis of 1CU solvent extraction stream samples is given below:

1. Transfer a sample aliquot containing £125 mg uranium (V15 ml for
a typical 1CU sample) to a 100-ml beaker. Add 5 ml of concen-

trated HNO, and evaporate to dryness on a hot plate.

3

2. Dissolve the residue in 5 ml of 9M HCl and transfer the solution
to a 5-ml AG 1x8, 100-200 mesh resin bed previously conditioned

with 10 bed volumes of 9M HC1l in a 1 ecm x 15 cm glass column.

3. Pass the sample solution through the resin bed and elute the

thorium with 5 bed volumes of 9M HCl.

4, Evaporate the effluent containing thorium to V5 ml on a hot plate

and add 5 ml of concentrated nitric and 3.0 ml of concentrated -

#Molybdate solution is prepared as follows: Dissolve 4.0 g
[(NH4)6M07024'4H20] in 400 ml of distilled Hp0. Add 100 ml of 1.5M -
sulfanic acid and mix. Add 500 ml of concentrated HNO3 and mix.

6-42




perchloric acid. Heat until incipient HClO4 fumes are observed.

Cool to ambient temperature.

5. Transfer the sample solution to a 100-ml volumetric flask, dilute
to v80 ml, and add 10.0 ml of 0.1% w/v Thorin solution. Dilute

to mark and mix,

6. Prepare a set of thorium calibration standards by transferring O,
10, 20, 50, and 100 ug thorium to 100-ml volumetric flasks. Add
3.0 ml of concentrated HClO4 and proceed as in step 5.

7. Measure the absorbance of the standard and sample solutions at
550 nm in 5-cm cells and determine the sample thorium content by
comparison with standards (see Fig. 6-10).

6.5. PHOSPHORUS DISTRIBUTION DURING CONCENTRATION OF URANYL NITRATE

6.5.1. Introduction

Work was performed during the reporting period to determine the dis-
tribution of phosphorus during concentration of 1CU (uranium partition
stream) with steam stripping in recent LWR solvent extraction operations.
The data are reported here for cross reference into the Thorium Utilization
Program. Steam stripping is currently being used in pilot plant equipment
for the removal of organic phosphorus containing compounds, e.g., tributyl
and dibutyl phosphate, present in the 1CU stream as a result of solvent
contact. This operation is done to clean up the uranium stream prior to

recycle as feed for subsequent runs.

6.5.2., Discussion

Samples generated during concentration of 1CU feed were analyzed for

phosphorus by colorimetry following reduction of a phospho-molybdate com-

plex to "molybdenum blue." The method is commonly used for phosphorus
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analysis in nuclear materials (Ref. 6-~7). A plot of absorbance versus
phosphorus concentration obtained with this procedure is given in Fig.

6-11,

Sample aliquots were prepared for phosphorus analysis by hydrolyzing
organic phosphorus compounds to POA- ion by treatment with 5 ml of concen-
trated nitric acid and 3 ml of concentrated perchloric acid. The resultant
solutions were diluted as necessary to bring the phosphorus content within

the range of the analytical method.

Data summaries for samples from three concentrator runs are presented
in Table 6-14. Duplicate results for the phosphorus content of a TBP-water
solution (phosphorus make-up value = 34 ug/ml) of 28 ug/ml and 34 ug/ml
were obtained for representative aliquots processed through the sample

preparation step.

Results for sample phosphorus distribution indicate the bulk of phos-
phorus was transferred to the overhead in three concentration runs and the
phosphorus to uranium recycle fuel specification of 200 ppm was achieved in

all product samples. However, material balances are not greater than 50%.
REFERENCES

6-1. Reddick, G. W., "Solvent Extraction in HTGR Reprocessing - Interim
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February 1976.

6~-2. "Thorium Utilization Program Quarterly Progress Report for the Period
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TABLE 6-14
PHOSPHORUS DATA SUMMARY

Phosphorus Uranium P/U
Content Content Product
Sample (ug/ml) o) (rpm)
Run L-1
1CU feed 20
1CU product 9 1.65 23
Overhead 1 4
Overhead 2 3
Overhead 3 2
Overhead 4 3
Overhead 5 3
Overhead 6 2
Overhead 7 5
Run L-2
1CU feed -
1CU product 6 1.20 32
Overhead 1 13
Overhead 2 14
Overhead 3 13
Overhead 4 17
Overhead 5 18
Overhead 6 19
Run L~-3
1CU feed 20
1CU product 8 1.35 25
Overhead 1 16
Overhead 2 14
Overhead 3 10
Overhead 4 6
Overhead 5 8
Overhead 6 8
Overhead 7 6
Overhead 8 9
Overhead
composite 9
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7. DRY SOLIDS HANDLING

7.1. SUMMARY

Progress with component and system testing continues. Inlet filter
pressure drops have been measured. The experimental determination of the
volume of three bunkers has established a general pattern, which enables
calculation of the storage volume of the remaining bunkers. The testing of
in-bunker filters is complete. The performance of fixed speed blowers can
be accurately predicted. Experiments with rotary feeder valves have demon-
strated their suitability for installation in the system. An evaluation of
the electronic data processing system of the bunker load cells together
with repeatability trials has indicated the direction in which improvements
could most profitably be sought. The evaluation of different types of

samplers has begun. Tests with two samplers thus far are encouraging.
Results obtained with the primary burner product removal system have
been analyzed. There is a measure of agreement between observation and
prediction, Particle breakage results have been closely examined. The
experience so far with the secondary burner product removal system has been

used as the basis for upgrading the design.

A substantial measure of agreement between results from shear cells at

GA and ORNL has been found using crushed graphite.

7.2. INTRODUCTION

The development work, as described in the Experimental Plan, is

divided into several stages:

1. Cold laboratory development.
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Hot laboratory development.

Cold engineering development.

Hot engineering development.

Cold prototype development,

(o) B I T I V)
.

Procedure development.
During the quarter, progress was made in development stages 1 and 3.
7.3. COLD LABORATORY DEVELOPMENT (DEVELOPMENT STAGE 1) (P. C. Richards)

The behavior of particulate solids in gravity flow equipment depends
on material properties such as internal friction, cohesive strength, wall
friction, and density. In order to establish the effect of irradiation on
cohesive strength and internal friction, ORNL and GA are conducting a joint
investigation using crushed graphite. The flow properties of particulate
solids are measured on a laboratory scale in a shear cell. For this inves-
tigation Jenike shear cells are used. A cylindrical top, filled with
material, is loaded with weights and pushed across a filled cylindrical
base at a constant speed. The force required to overcome friction in the
shear plane between the top and the base is recorded. The strength
required by a particulate solid depends on the stresses it has undergone

during consolidation. The testing of a sample comprises:

1. Consolidation of the material in the cell under a normal load V

and a shear load S.

2, Shearing of the same material under a smaller vertical load V and

a smaller shear load S.

The determination of a yield locus, which is required to determine
angles of internal friction and cohesion, requires testing at least three
samples, each with different values of V, but all with the same value of V.
V and V are applied in the form of weights, and S and S are recorded by the

shear tester as the top of the shear cell is pushed across the base. The
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values of S tend to vary from sample to sample, and they are normalized, or
pro-rated, to one value, and the corresponding values of S are similarly

adjusted. The yield locus is then drawn as shown in Fig. 7-1.

Before proceeding with the determination of the effect of irradiation
on flow properties, agreement between shear cell results in the two loca-
tions is required. After some differences between the shear cells at the
two locations had been eliminated, duplicate experiments were done with
graphite crushed at ORNL. Before testing, the material was put through a
0.001-m screen. Since the shear cell is only 0.1 m in diameter, and since
packing arrays of particles where there are fewer than 100 on a container
diameter are not very reproducible, 0.001 m is a practical maximum allow-
able particle size for accurate measurements. The results are given in
Table 7-1. Each measurement, at a given V and V, was repeated at least
once. As can be seen, the shear forces recorded by ORNL were lower than
those at GA., A further difference is the weight of graphite in the top

half of the cell, as measured after each sample is tested:

ORNL: range 101-109 g, average 104.4 g

[
]

GA: range 111-112 g, average 111.5 g

This indicates a less severe preconsolidation of the samples at ORNL. It
would also explain the trend toward lower shear forces under equal normal
loads. Rather than subject the two sets of results to the vagaries of
geometrical constructions, as shown in Fig., 7-1, a statistical analysis of
the values of S/S from the two locations, which would indicate precisely

the measure of agreement, was performed. The results of the analysis are

shown in Table 7-2.

The agreement between the two sets of results is most encouraging,
with the exception of those at V = 2,27 kg, V = 0.769 kg. It is to be
hoped that resolution of the differences between densities in the shear

cells will make the agreement even better. Even in the absence of
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TABLE 7-1
SHEAR CELL RESULTS WITH CRUSHED GRAPHITE (MINUS 1 mm)
AT GA AND ORNL

v, S, _
Normal Shear Force v, 3,
Force During During Normal Force Shear Force
Consolidation | Consolidation During Shear During Shear
(kg) (kg) (kg) (kg) Location
2.72 2.81,2.63 1.81 1.90,1.82
2,72 2.72,2.93 1.35 1.42,1.06 GA
2.72 2.72,2.88 0.900 1.00,1.60
2,72 2.51,2.59,2.51 1.81 1.76,1.80,1.68
2,72 2.43,2,47,2.43 1.35 1.28,1.32,1.32 ORNL
2.72 2.43,2.,59,2.40 0.900 0.844,0.922,0.803
2.27 2.20,2.31,1.98 1.52 1.54,1.56,1.45
2.27 2.39,2.36,2.15 1.13 1.24,1.06,1.22 GA
2.27 2.31,2.36,2.19 0.769 1.00,0.970,0.890
2,27 1.96,1,96,1.96 1.52 1.36,1.41,1.36
2.27 1.96,2.03,2.08 1.13 1.08,1.04,1.13 ORNL
2,27 1.96,1.96,1.96 0.769 0.604,0.681,0.681
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TABLE 7-2
COMPARISON OF THE SHEAR CELL RESULTS WITH CRUSHED GRAPHITE AT GA AND ORNL

_ Chance That
v, v, the_Values
Normal Force Normal Force _ of S/S Come
During During S/S, Ratio of Shear Forces in From the Same
Consolidation Shear Shear and Consolidation Distribution
(kg) (kg) At GA At ORNL (%)
2.72 1.81 0.674,0.690 0.703,0.697,0.671 >25
2.72 1.35 0.520,0.554 0.532,0.540,0.548 >25
2.72 0.900 0.368,0.362 0.355,0.364,0.344 25
2.27 1.52 0.700,0.677,0.734 0.700,0.720,0.700 >25
2.27 1.13 0.520,0.450,0.567 0.560,0.519,0.547 >25
2.27 0.769 0.433,0.412,0.405 0.320,0.300,0.360 1




improvement, however, the measure of agreement is probably sufficient for

proceeding with hot cell testing.

7.4. COLD ENGINEERING DEVELOPMENT (DEVELOPMENT STAGE 3) (E. J. Cook,
P. C. Richards)

7.4.1, Qualification Testing

The activities in the coming months will be concerned with qualifi-
cation testing, which can be defined as partial verification of the design
under simulated conditions, followed by complete verification during
sequential operation. The testing is divided into two phases. Phase I is

concerned with component testing and Phase II with system testing.

The solids handling system is divided into six subsystems (see Fig.
7-2):
Subsystem No., 1, Crusher product removal system.

Subsystem No. Primary burner feed system.

Subsystem No. 3. Primary burner product removal system.

Subsystem No, Particle classifier feed system.

Subsystem No. Particle crusher feed system.

AN U W N =
L[]

Subsystem No, 6. Secondary burner product removal system,

7.4.,1.1, Component Qualification and Improvement

In the last quarterly report (Ref., 7-1), a detailed description of
various components of the solids handling systems was given. Progress in

component testing has been made with the following:

Inlet filters
Bunkers

In-bunker filters
Blowers

Feeders
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Weigh cells

Samplers

7.4.1.,1.1, 1Inlet Filters. The pressure drop across the inlet filters

of the various transport systems was measured so that future degradation of
filter performance may be monitored. The filters were all tested individ-
ually on the same transport system so that results could be compared
directly. The results were disappointing since the measured pressure drops
exceeded the manufacturer's rated pressure drop numbers in all cases.* The
pressure drop data are given in Table 7-3. Although the inlet filters
presently do not pose a significant hindrance to transport system opera-
tion, they do reduce the total system capacities somewhat. The filters
will be studied closely during operation of each individual system to

determine the specific impact on the performance of each system.

7.4.1.1.2, Bunkers. The solids handling system bunker volumes were
determined by a combination of experimental and analysis methods. The
original design volume, as calculated, was found to be conservative. Since
feed material enters a bunker tangentially, the material was assumed to
fill from the bunker walls inward, declining in height as a function of the
material's angle of repose., Calculations of bunker volumes under these
assumptions were conservative, assuring that actual bunker volumes would be

greater than the minimum required by the design criteria.

The actual volumes of three bunkers were determined experimentally by
filling the bunkers with known volumes of crushed graphite until the high-
level sensors signalled. Upon inspection, the material was found to be
deposited in a uniform, nearly flat configuration as shown in Fig. 7-3,
This material configuration closely approximates the actual internal bunker

volume as calculated up to the top of the high~level sensors. From these

*This is presumably caused by the contraction in flow area (from a
diameter of 0,30 m to 0.048 m or 0.035 m),
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TABLE 7-3
MEASURED PRESSURE DROP ACROSS INLET FILTERS

Inlet Filter Location

AP Measured
(Pa at 212.3 m3/s)

AP Rated
(Pa at 424.7 m3/s)

Fuel element size reduction system
Crusher product bunker

Primary burner

Secondary burner

Primary burner product bunker(a)

(a)
(a)

Fissile classifier product burner
Fertile classifier product bunker

Spare filter

1145

1071

1170

1071

1942

1868

2141

1195

234

229

229

234

239

239

234

239

(a)

0.035~-m filter outlet; all others are 0.048 m.
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results, the volumes of the remaining bunkers were determined by calcu-
lation.* The volumes of these remaining bunkers are probably still con-
servative to some degree, because fuel particles have a low angle of repose
and will tend to deposit within a bunker in a level configuration, even
more so than crushed graphite, allowing a slightly larger portion of the
bunker to be filled. Results of the bunker volume experiments and volume

calculations are compared in Table 7-4.

7.4.1.1,3. In-Bunker Filters. The procedure for pre-loading and

testing the efficiency of the in-~bunker filters was described in detail in
the last quarterly report (Ref. 7-1), together with efficiency results from
four of the bunkers. The filter testing is now complete, and, for com-
pleteness, all the results are given in Table 7~5. The difference in the
mean values is substantially smaller than the joint estimate of the stand-
ard deviation. In other words, there is no significant change in the size
of particles deposited on filter exhaust lines. This verifies the effi-

ciency of the filters,

During operation of the secondary burner product removal system (see
Section 7.4.1.2.4, Fig. 7-~15), a rupture disc downstream of the bunker
burst and the blower inlet filter was subsequently dismantled, with no
trace of radioactivity revealed. Secondary burner product is one of the
finest powders present in the head-end process (average size of 60 um) and
is radiocactive. This finding further verifies the effectiveness of the in-

bunker filters.

7.4.1.1.4. Blowers. Although no specific tests are required to
verify the performance of the blowers, knowledge of their behavior is

required for the time when the speed must be set for permanent operation.

*The original equipment qualification plans included filling the
classifier and particle crusher feed bunkers with design basis materials
until the high~level alarms were activated. Since the volume of material
required can be estimated with a fair degree of certainty, such experi-
ments are not required. Furthermore, a severe strain on the available
fuel particle inventory would have resulted.
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TABLE 7-4
EFFECTIVE BUNKER VOLUMES

Volume
Experimentally Below Top
Design Volume Determined Volume of Sensor
Bunker (m3) (m3) (m3)
Crusher product 0.550 0.736 0.790
Primary burner 0.136 0.283 0.252
product
Primary burner 0.110 0.150 0.158
feed
Classifier feed 0.082 0.130
Particle crusher 0.034 0.086
feed
Secondary burner 0.028 Has no level 0.110

product

sensors

(to top of cone)




TABLE 7-5
SIZE DISTRIBUTIONS OF SAMPLE WIPES TAKEN FROM
IN-BUNKER FILTER EXHAUST LINES

No. Particles in Sample Percent Particles >4.2 um

Subsystem Before After Before After
No. Loading Loading Loading Loading

1 1764 3496 55.8 43.1

2 1465 389 20.8 45.2

3 344 709 58.2 58.0

4 1204 648 60.2 32.3

5 1563 1687 48.6 50.1

6 962 247 59.1 43.1
Mean 50.5 45.3

Value(a)
(a) ’

Difference in the mean values = 5.2. Joint estimate of
the standard deviation = 12.3.




The solids handling system has six blowers, one of which has a vari-
able speed motor to serve the classifier, while the other five have fixed
speed motors. The speed at which the blower rotates is controlled by the
relative sizes of the sheaves, or pulleys, on the motor and blower shafts.
The Gardner-Denver Company, which supplied the blowers, gives performance
specifications for the relevant model (3PDRY9) (see Fig. 7-4). The data can

be accurately described by the following formula:

rpm__ 2118 V + 30 + 0.833 P
1000 151 = 1.57 P ’

where rpm = blower speed (revolutions/min),
V = gas volume flow rate (m3/s) (standard),

P

underpressure at blower inlet (kPa).

Opportunities to verify this formula occurred during experiments with the

secondary burner product removal system (see Section 7.4.1.2.4).

7.4.1.1.5, Feeders. Rotary feeder valves with variable speed drives

were tested for possible use in the pilot plant under the following

bunkers:
1. Crusher product bunker.
2. Primary burner product bunker.
3. Fertile classifier product bunker.
4, Fissile classifier product bunker.

The valves could be utilized in place of the fixed size orifices now used
to control the feed rate from these bunkers into their respective transport
systems. A substantial variation in flow rates through a fixed size ori-
fice can be expected with the range of materials likely to be deposited in
the bunkers. Rather than replace fixed orifices each time that a different
material or mixture of materials is deposited into a bunker, a rotary
feeder could be used, by varying its speed, to control feed rates into

transport systems. Another, similar problem is imposed by the tendency of
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fuel particles to segregate in the bottom of bunkers containing fuel par-
ticle and graphite mixtures, causing an initial surge of fuel particles
upon emptying a bunker, and thus overwhelming the conveying system. A
rotary feeder valve would dampen any such surges by providing steady and

controllable feed rates,

The tests were preliminary in nature and were performed to establish
vane clearances and throughput capacities of the rotary valves. Steel
shot, glass beads, and crushed graphite were used as feed materials for the
tests to simulate actual feed materials encountered in pilot plant opera-
tions without the radiological safety constraints that would have been
required if actual feed materials had been used. By comparing the particle
size and density of the steel and glass with that of fuel particles, rotary
valve performance may be extrapolated to predict valve performance with
fuel particles., By varying valve clearances and valve speeds during the
tests, the proper valve settings were determined for subsequent system
testing to verify the valve performance under actual operating conditions
in future sequential pilot plant tests. Results of these tests are shown

in Fig. 7-5.

7.4.1,1.6, Weigh Cells. Preliminary weigh system calibration was
performed to determine an accuracy level which may be feasible to attain
with the present equipment. Under optimum or static conditions (no pilot
plant operation or nearby work activity), the individual systems functioned
within *1/27% accuracy for the maximum design load only. The design load is
much smaller than the possible bunker loads in most cases, since the bunker
design volumes were conservatively estimated as explained in Section

7.4.1.1.2.

One-half percent accuracy is considered adequate for the pilot plant
operations, so further work on the weigh system has been to improve the
accuracy under more dynamic conditions, such as pilot plant operation.
Preliminary evaluation of the weigh system dealt with the Orbitran elec-

tronics, including the load cells., Discussions were held with Orbitran,
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Inc., concerning discrepancies in the Orbitran documentation and the
technical aspects of the system. The discrepancies in the documentation
were resolved and corrections made when necessary. The system calibration
(Cal min./max.) was discussed. This circuitry checks the system from the
junction box at the bunker back through the electronics. Any electrical
changes in the external cabling due to moisture or temperature are designed
to be electronically compensated for in the preamplifier stage of the

system.

Data have been recorded from each channel of all systems with the
exception of the unused channels 3 and 4 of System C. Data recorded con-
sisted of Cal min., Cal max., and static zero. These data were recorded
once each day. Over a 6-day period, no appreciable change in calibration
data was noted. The static zero includes any pertubations the load cells
may see because of extraneous stresses applied through either the bunkers
or support structure. Of the 10 bunkers, six had a zero change of less
than 0.17% of full scale, and the remaining four had a zero change of less
than 0.27 of full scale. No heavy work was performed in the pit area or on
the evaluated platform during this time and no systems were active. These
data will continue to be recorded for some time. In addition, a weight
will be placed on one of the bunkers once each day to check that system's

repeatability at some known load and to get a check on "return to zero."

The Orbitran system has a resolution of 10 g (0.022 1b). This means
that it can detect and display a change in load of 10 g. It is a highly
sensitive system, and any load equal to or greater than 10 g transmitted to
the load cell through either the bunker or the structure will be seen as a
change in output on the display. In other words, not only are the external
connections to the bunker very important, the external connections to the
support structure are equally important. For example, the particle crusher
and the particle crusher feed bunker are supported by a common structure.
When the particle crusher is running, vibration from it is transmitted
through the common support structure to the load cell pad, causing a *1-kg

fluctuation in the particle crusher feed bunker weight display. The fines



east and west bunkers are also supported by a common structure. Any weight ‘

added to either bunker is transmitted, to some degree, to the load cell pad

of the other bunker.

Preliminary evaluation of the weigh system indicates that the elec~
tronics portion of the system is performing within the specifications as
purchased. Some bunkers have zero shifts due to insufficient isolation of
forces from bunker connections, primarily from inaccurately installed
bellows, All support structures for the bunkers have extraneous items
attached to them, causing vibration and false loads to be transmitted to
the load cell pads. The support structures are the portions of the weigh
system which limit the system accuracy. Further work is planned for the
support structure design in conjunction with necessary structural changes

required for addition of product samplers.

7.4.1.,1.7. Samplers. In a previous quarterly report (Ref. 7-2), the
need for sampling in the pilot plant was discussed. A selection of sam-
plers has been acquired, and in the coming months each will be tested for
suitability prior to installation in the relevant part of the system. At
the same time, other ideas for taking samples will be investigated.
Crusher product and primary burner product sampling tests are discussed

below.

Crusher Product Sampling. A cross cutting sampler acquired for use

under the crusher product bunker was tested during the quarter. This par-
ticular sampler extracts samples from gravity flows. A hollow blade moves
in a flat arc across the falling stream of feed material. A portion of the
material stream falls down the hollow blade to the discharge tube., The
speed at which the hollow blade sweeps across the material stream may be
varied as well as the frequency of such moves, allowing some flexibility in

individual and bulk sample sizes.

This device is gentle with the material, making it suitable from a
particle breakage standpoint. Considerable height is required, however, to

fit the sampler in a gravity flow line —-- approximately 1 m (see Fig. 7-6).
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The sampler was adjusted to separate approximately 1% of the crushed
graphite feed material flowing from a 0.051-m orifice at approximately 0.57
kg/s. A 3-sec interval between sampler sweeps was used. The size distri-
bution of the material separated by the cross cutting sampler was deter-~
mined by screening and compared with the size distributions of several
samples of the feed material taken by a more conventional 12-to-1 splitter.
In all cases, the screened size distributions did not differ significantly,
providing justification for further tests with the sampler installed
beneath the crusher product hopper for future sequential operation of the

pilot plant,

Primary Burner Product Sampling. A tube sampler was designed, fabri-

cated, and tested for use beneath the primary burner outlet. The sampler
(see Fig. 7-7) consists of a 3.79~-mm-I.D. tube extending through the wall
of the discharge line into the product flow path. A second tube attached
to the sample tube provides a gas purge to clean the sampler and to control
flow of material into the sampler. The tube sampler was bench tested using
a high-temperature, variable position knifegate valve which is also to be
located beneath the primary burner. The knifegate valve is a bonnetless
type with an electropneumatic actuator and electronic position transmitter
located behind heat shields (see Fig. 7-8). Throughput rates of the
knifegate valve were studied in parallel with the tube sampler tests (see

Fig. 7-9).

For these tests, glass beads with a particle diameter on the order of
500 um and a bulk density of 1500 kg/m3 were used as the feed material.
The valve operated under choked feed conditions. Sample size data taken by
the tube sampler and throughput rates of the variable width knifegate wvalve
were studied by varying the aperture voltage and the purge conditions (see
Fig. 7-10). The sample size increases with aperture size increase. With
the aperture size constant, the sample size remains fairly constant regard-

less of purge gas quantity (see Fig. 7-11).

Once the sampler and valve are installed beneath the primary burner,

additional tests will be performed to determine how accurately the tube
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sampler product size distribution matches the particle size distribution of

the feed material.

7.4.1.2., System Qualification

7.4.1.2.1. Introduction. The goal of system qualification is to

ensure that each subsystem can convey material at a rate compatible with
upstream and downstream operations so that particle breakage is minimal.
This involves establishing the conveying characteristics of each system by
measuring pressure drops at different solids flow rates over a range of gas
velocities. The determination of the saltation point, i.e., where the
suspension collapses and particles fill up the line, is also required. The
ability to restart, after plugging the line, by use of the blower only

should also be investigated.

The solids handling test rig, described in previous quarterly reports,
is equipped with a variable speed blower, which is being used for system
qualification. Once the optimal conditions for a given system have been

determined, a fixed speed blower, suitably set, can be used.

The final part of system qualification, which is the measurement of
fuel particle breakage during sequential operation, can be performed only
during pilot plant operation with loaded fuel elements.

Progress with system testing is described below.

7.4.1.2.2. Primary Burner Feed System (Subsystem No. 2). The primary

burner feed system tests consisted of transporting crushed graphite from
the crusher product bunker to the primary burner feed bunker. The variable
speed blower from the test rig was used so that transport gas velocities
could be varied. Pressure drop data across the transport system were col-
lected for various blower settings, with the transport gas velocity being
lowered until unsteady flow was approached. These data will be presented

in future reports.
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7.4,1.2.3. Primary Burner Product Removal System (Subsystem No. 3).

In the last quarterly report (Ref. 7-1), the experiments in the system to
date were described. Since then, the results obtained from the removal of
heated fuel particles have been analyzed. Also, particle breakage data

have been scrutinized in more detail.

The system is shown in Fig. 7-12,

Heat Transfer. The full analysis of the heat transfer would be com-

plex. Primary burner product in the form of burned-back fuel particles
enters a conveying gas stream which is at ambient temperature., Through a
combination of forced convection and radiation, the gas is heated. Forced
convection of the gas/solids mixture, together with direct radiation from
the fuel particles, heats the conveying pipe. As the discharge of a batch
of product proceeds, the conveying pipe becomes hotter and steadily loses
more heat to the surroundings through natural convection and radiation. As
the mixture of gas and solids enters the bunker, the particles fall down
and the gas rises and circulates around the filters, together with any
figés, until all the gas passes through the filters, which themselves
absorb the heat of the gas. The particles meanwhile heat the surrounding
bunker by conduction and the filters by radiation and natural convection of
the interstitial gas. The conveying gas reaching the blower increases in

temperature as the in-bunker filters are heated.

The forced convective heat transfer from particles to gas in the
conveying line depends strongly upon the slip velocity, or the difference
in the gas and particle velocities. Since the initially stationary par-
ticles must be accelerated, and re-accelerated after each bend in the sys-
tem, and since the gas temperature and hence velocity are changing, both
with time and position in the line, the estimation of the slip velocity is

complicated.

Nevertheless, an attempt to correlate measurement with simplified

prediction needs to be made for system qualification and improvement. The
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data comprise solids flow rate, pressure differences, gas flow rate, par-

ticle inlet temperature, and gas temperature in the bunker, T

7-12).

1 (see Fig.

The thermometer was some 0.48 m above the conveying pipe inlet, so

the conveying gas would have cooled off somewhat. The simple analysis has

been divided into steady-state and transient transfer, as discussed below.

1.

Steady-state heat transfer.

Assumptions:

a. Radiation from particles is negligible.

b. The temperature of the wall is steady along the length of
the system. The conveyed solids are accelerated instanta-
neously and maintain a constant slip velocity of twice the
terminal velocity.

Ce Conduction through the pipe wall is rapid.

Heat transfer from particles to gas: Kunii and Levenspiel (Ref.

7-3) quote the expression

Nu =-2P=240.6pc!/3 Rpe /2 ,
P kg P
uC
V -V )d
kg i P u
4d p g
Assume (V -V ) =2V =2 PP ,
T 3C_p
D'g
where C_ = 18/Re0'6 Re < 550
D p L] p H]
Re = V. d
P (pg T p)/u,
hp = particle heat transfer coefficient (W/mz-K),
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d_ = particle diameter (m),
kg = gas thermal conductivity (W/m-K),
U = gas viscosity (Ns/mz),
C, = gas specific heat (J/kg-K),
= gas density (kg/m3),
= gas velocity (m/s),
= particle velocity (m/s),
= terminal velocity (m/s),
= particle density (kg/m3),
= acceleration due to gravity (m/sz),
Nu_ = particle Nusselt number,
Pr = Prandtl number,

Re_ = particle Reynolds number.

The particle heat transfer coefficient is based on particle

external surface area. This can be calculated from

F

L 2
A = e £ . 4md ,
P (VG ZVT) m p
where Ap = external surface area of particles (mz),
L = length of conveying pipe (m),
(VG - ZVT) = particle velocity (m/s),

Fp = mass flow rate of particles (kg/s),

mp = mass of one particle (kg),

[aN
vl
it

particle diameter (m).

Heat transfer from flowing suspension to wall: Few investiga-

tions into forced convective heat transfer from flowing gas-
solids suspensions have been published. Hawes et al. (Ref. 7-4)
obtained a correlation between the heat transfer coefficient and

the loading of graphite in carbon dioxide and nitrogen, i.e.,

Nu ,
mixture _

gas & p gas




where C, = specific heat of particles (J/kg-K),
P
Fg = mass flow rate of gas (kg/s).

Heat transfer from outside of conveying pipe: The heat is

transferred by a combination of natural convection and radiation.
The dependence on temperature is almost linear such that the

combined effects may be expressed by
h = 0,0738 T s
ow w
where h = heat transfer coefficient from outside wall of
ow . ' 5
conveying pipe (W/m™-K),

Tw = temperature of wall (°C).

The combination of these three resistances to heat transfer gives

hpAp (Tp - Tg) hmixture Aiw (Tg - Tw)

(T -T ) =Q ’

A .
ow ow w ambient

Q=TFC AT + F.C, T,
P 24
where Aiw = area of inside of pipe wall (mz),
ow - area of outside of pipe wall (mz),
Tambient = temperature of outside surroundings (°C),

Q = heat flux (W).
Other temperatures refer to mean values.

In order to compensate for the initial heating of the gas, assume
that the gas and particles are in thermal equilibrium at the
beginning, as given by

FC, (T, -T ) =Fc (I ),

P pp pb g pg pi - Tambient
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where T
P

, = temperature of particles leaving the burner (°C),

Tpi = initial particle temperature in the conveying line.

These equations can be solved to give the wall temperature and

the drop in temperature of the particles and gas as they pass

through the system, as well as the individual heat transfer coef-

ficients, These are needed for the analysis of the transient

heat transfer,

Transient heat transfer.

Assumptions:

The particles heat up the gas instantaneously and then

transfer heat to the wall according to

11 1
x hA Tn A
PP mixture iw

where x (W/K) is a combined coefficient.

The heat transfer from the wall is constant and equal to the
steady-state value (this tends to decrease the rate of
heating of the pipe, but the mass of metal of the pipe does

not include fittings, valves, etc.).

The gas temperature is close to that of the wall.

The heat balance is

m C
PP

dT
W
= - = —_— A T -T
P ATP * (Tp Tw) mprw dt how ow ( \ ambient)

where m = mass of wall (kg),

(@]
]

specific heat of wall material (J/kg-K).
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ATp, the temperature change of the particles, is related to the

mean and initial particle temperatures by

ATp
T = T ———2— .

PPy

The equation can be solved to give

_a _fa -Bt
Tw = B (8 Twi) e s

where Twi = initial wall temperature,
i xFC T

o = p Pi + AowhowTambient
x+FC m C m C ’
L( ppp) WP, WP,
prC A h
B = ow ow .
x +FC m C m
( ppp) WP, WP,

The gas temperature, assumed to be close to the wall temperature

in this analysis, is not measured at the end of the conveying

line, however, but higher up in the bunker. In order to get some

indication of how much temperature is lost between the end of
conveying line and the thermometer, assume that the gas heats

the shell of the bunker according to

dT Fng
——§=(T-T) g
dt s SC ’
Py
where T = temperature of bunker shell (°C),
m, = mass of relevant part of bunker shell (kg),
Cp = gpecific heat of shell material (J/kg-K);
s

i.e., the gas and bunker shell are assumed to come to thermal

the
up

equilibrium. No account is taken of heat loss from the outside

of the bunker.
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Let

2o (o -Bt -
Tg =3 <B TWi) e . (7-1)
Let
Fgcp
g _
m C =Y s
S p

_a et -1 (%" Twi> Y [ -(B-Y)t] st
T =7 \"g -y KRG 1 -e +-;?E °c) (7-2)
These equations have been solved for air at 200°C, 0.225 kg/s of
FSV TRISO A particles which were discharged from the 0.40-m pri-
mary burner at temperatures of 200°C, 400°C, and 680°C. The pre-
dicted gas temperatures at the end of the conveying line (Eq.
7-1) and at the thermometer (Eq. 7-2) are given in Fig. 7-13
together with the measurements. It can be seen that the measure-
ments are bracketed by the two sets of gas temperature predic-
tions. The initial and equilibrium gas temperatures at the end
of the conveying line, given in Table 7-6, can be used with a

measure of confidence for pressure drop calculations.

Pressure Drop. The pressure drop formula published by the Engineering

Equipment Users Association, EEUA (Ref. 7-5), is as follows:

1 =2 L
AP = -E-pnsvG (F1 + F2 5 + F3N) + angH s
where AP = pressure difference (Pa),
. s _ - 2= 3
P = mon-slip density = Py + (Fpo4/ﬂD VG) (kg/m7),
Fp = particle flow rate (kg/s),
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Fig. 7-13. Measured and predicted gas temperatures at end of primary burner

product removal system
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TABLE 7-6
PRESSURE DROPS AND GAS VELOCITIES OBSERVED
DURING DISCHARGE OF HOT PARTICLES INTO
PRIMARY BURNER PRODUCT REMOVAL SYSTEM

Observed
Mean Gas Velocity at Conveying Line
Particle Temperature Ambient Temperature Pressure Drop
. (m/s) (kPa)
in Burner
(°C) Initial Final Initial Final
200 29 20 13.4 11.9
400 24 18 15.0 12.2 )
680 23 18 16.6 12.9
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VG = mean gas velocity (m/s),

Bg = mean gas density (kg/ms),

L = length of conveying system (m),

H = change in elevation (m),

D = internal diameter of the conveying line (m),

F1 = acceleration factor = 2.5,

F, = friction factor = 0.0127 + 2.71/\7(2;,
F3 = bend factor = 0.5 for gradual bends,
N = number of bends.

As discussed in the last quarterly report (Ref. 7-1), half of the
value of the pressure drop gives a very acceptable estimate for conveying
materials at ambient temperatures. In Fig. 7-14, the pressure drops
observed during the conveying of hot particles are compared with predic-
tions based on ambient temperatures and with predictions based on calcu-
lated temperatures, The six points refer to the initial and final tempera-
tures and pressure drops (see Table 7-7). The acceleration pressure drop,
F, « (1/2) anVé, was calculated using inlet temperatures, and the

1
remainder using mean temperatures.

Even though Fig. 7-14 demonstrates the need to consider the effect of
temperature, as expressed in gas velocity and density, it can be seen that
the modified EEUA method is not very successful at predicting the pressure
drop. The phenomena occurring in the system are complex, and this simple
method requires an additional safety margin to take account of an increased
pressure drop when conveying material at elevated temperatures., This is of
immediate importance for the secondary burner removal system and of future

interest for hot reprocessing facilities.

Particle Breakage. Data from the initial experiments in the 0.40-m

primary burner have been analyzed in order to ascertain the breakage during
fluidization and during transport. The fuel particles used were FSV TRISO

A particles, which have the nominal specifications given in Table 7-8.
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TABLE 7-7
GAS/PARTICLE MIXTURE TEMPERATURES AT BEGINNING
AND END OF PRIMARY BURNER PRODUCT REMOVAL SYSTEM

. A Outlet Mixture Mean Mixture
Particle Inlet Mixture o o
Temperature (°C) Temperature (°C)
Temperature Temperature
in Burner (Calculated) Equilibrium Initial Equilibrium
(°c) (°C) Initial (Calculated)|(Calculated)| (Calculated)
200 160 16 126 88 143
400 316 38 234 177 275
680 538 32 358 285 448
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TABLE 7-8

NOMINAL SPECIFICATIONS AND RANGE OF VALUES

FOR FSV FERTILE TRISO "A" FUEL PARTICLES

Nominal
Weight
Range of | Nominal Range of | Nominal of Each
Thickness | Thickness Densities | Density Material
Material (um) (Hm) (kg/m3) | (kg/m3) (8)
Thorium carbide 300-410 355 >8400 9200 21.6 x 10_5
(diameter) | (diameter)
Buffer layer 45-65 55 900-1300 1100 3.21 x 10_5
Inner isotropic 20-40 30 1750-1950 1850 4.29 x 10_5
carbon
Silicon carbide 20-30 25 >3170 3190 7.57 x 10_5
Outer isotropic 230 35 1700-1900 1800 7.38 x 10-5
carbon
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‘ The analysis of samples taken from particles after they have been

transported is performed as follows:
1. Divide into fractions above and below 450 um.
2. Burn both in an oven at 900°C for 24 hr.

3. Divide the ash into burned-back particles, hulls (silicon

carbide), and oxide (thorium oxide).

Experience to date has shown that the oxide passes through a 125-um screen.

Hulls and particles are separated by brushing small samples and cbllecting

hulls. This procedure is tedious, and the use of small samples reduces the
: time required. The smaller the quantities involved, however, the larger

the relative weighing error.

The particle breakage as a result of fluidization is assessed by
analyzing the contents of the fines hoppers. This is done by taking a
number of samples, measuring the particle size distribution, and then

analyzing each size fraction after burning.
The interpretation of the results is complicated by four factors:

1. Number of fragments in the initial feed. The particles used in
the experiments had, in large part, not been through the final
washing stage of the manufacturing process. Consequently, some
thorium oxide fines were probably adhering to the outside of the
particles. Prior to being put into the burner, the particles
were sieved and the oversize (+864 pum) and undersize (-412 um)
material was discarded. Since the nominal diameter of a complete
particle is 645 um, it is quite possible that a half-particle

. fragment is retained on a 412-pym screen. The thorium carbide
kernel is pyrophoric and given time will oxidize to thorium

oxide, which is a fine powder, much of which will fall out of a
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fragment. In other words, an initial excess of hulls was

probably present in the feed.

2. Breakage during storage and analysis. A number of particles will
"pop" during storage, sieving, and, above all, burning. Once
this has been recognized, however, some allowance can be made,

for instance:

a, Assume all +425-um material comprises whole particles and

fragments from which thorium oxide has been detached.

b. Any thorium oxide found in the burned-back +425-um fraction

is therefore assumed to have come from 'popped" particles.

3. Re~use of particles. The inventory of fuel particles is limited,
and so the same ones need to be re-used. The general trend of
the material found in the fines hoppers is for there to be excess
thorium oxide. This indicates an excess of hulls in the particle

bed., This effect will be cumulative.

4, Deviations from the specification. Table 7-8 shows the range of
coating thicknesses and densities. If a high density were to
occur with a thick coat, the relative proportion of a given com—
ponent could change significantly. Furthermore, the particles
available were rejected for one reason or another. The measure
of confidence with which the relative quantities of Th02, silicon

carbide, and carbon can be used is therefore small.

Despite such difficulties, it is important to glean as much informa-
tion as possible from breakage data because the primary burner product
removal system must be developed to a point where there is minimal particle
breakage. This development must take place in conjunction with experiments
in the burner, which are few in number. Hence, the maximum information

must be obtained from each experiment.
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The primary burner runs to date are as follows:

Run

A-1
A-2.1

Description

Crushed graphite heatup. Transported cold.
Heatup of fuel particles (180 kg). Transported cold.

A-2,2 Heatup of fuel particles (470 kg). Transported hot.

A-3.1

A-3,2

The b

Heatup of simulated feed (130 kg). Material left in
burner.

Heatup of simulated feed (270 kg). Additional feed was
added.

Excess of 140 kg added after the tests. Transported cold.

reakage data have been calculated based on the following

assumptions:

1.

Thorium oxide indicates broken particles. The presence of an
unknown but possibly significant amount of silicon carbide
fragments is not thought to be indicative of breakage. Another
interpretation of the results, which show excess silicon carbide,
is that significant quantities of ThO2 have not been located.

The filters in the primary burner are the same as those in the
solids handling system. Results obtained as part of the solids
handling equipment qualification testing (see Section 7.4.1.1.3)
have shown them to be very efficient. Careful examination of the
burner filter chamber and fines hoppers has failed to reveal
quantities of Th02.
Only that thorium oxide found in -425-um fractions is relevant.
Thorium oxide in +425-um fractions is attributed to particles
which "popped" during burning of the sample. The effect of
"popping' was measured with a sample which was carefully
inspected and found to contain no fragments. The resulting ash
was analyzed by brushing and weighing and also by dissolution of
the fragments. The results are shown in Table 7-9. Approxi-

mately 2% of those examined as whole particles broke as the
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TABLE 7-9
RESULTS OF BURNING BACK WHOLE PARTICLES TO MEASURE
THE NUMBER WHICH BREAK DURING BURNING

Wt 7 particles in = 100.00 g
Wt % particles out = 82.92 g
Wt 7% fragments = 1.27 g

Analyzed by Analyzed by
Brushing and Weighing Dissolution
Wt % sic, (g) 0.40 0.31
Wt % ThO, (g) 0.87 0.96
Wt 7% ThCy 0.84 0.93
(ThOy +71.03) (g)
Ratio —RC2 2.10 3.00
SicC
(nominally 2.84) :
Percent particles broken
Based on SiC (x 5.83) 2,33 1.81 .
Based on ThCy (x 2.04) 1.71 2.23
Average 2.02 2.02

Combined average = 2.02%
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result of being burned back. The dual methods of analysis of the
fragments gave some difference in the ratio of ThCz/SiC, but they
bracketed the nominal value, which is used for the rest of the

analysis.

The figure of 2Z is of interest for the analysis of breakage
during combustion in the burner. Since those particles which
broke are presumably defective, the number which break during

successive burning experiments will decrease significantly.

Table 7-10 gives the percentage of particles broken during fluidiza-
tion and transport for each burner run. The figures are based on thorium
oxide found in -425-um fractions in fines hoppers and the primary burner
product bunker. The percentages of excess of silicon carbide hulls are
also given for the transported product. These are based on subtracting
from the weighed amount of silicon carbide the silicon carbide associated
with the weighed amount of ThO2 found in the +425-um fractions. To this is
added the excess silicon carbide found in the -425-um fractions. In all
cases, the total excess silicon carbide in the transported material was
larger than the silicon carbide deficiency found in the material in the

fines hoppers.,

The breakage during conveying, particularly in run A-2.2, when par-

ticles were transported at elevated temperatures, is pleasingly small.

7.4.1,2.4., Secondary Burner Product Removal System (Subsystem No. 6).

Experimental data and analytical results for this system are discussed

below,

Experimental Data. A summary of the operational experience with this

system is given below.

Heatup, 8/17/76: BISO particle heatup test. At ambient temperature,

50 kg of fully coated BISO particles were successfully conveyed with

the fixed speed blower at 2100 rpm.
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TABLE 7~10

PARTICLE BREAKAGE DURING FLUIDIZATION AND TRANSPORT OF FSV

TRISO "A" FERTILE PARTICLES DURING 0.40-m PRIMARY BURNER HEATUP TESTS

Percent Excess SiC
in Transported
Material (after

Percent Percent adjusting for SiC
Run Number Broken in Broken in deficiency in

(weight of material, kg) Fluidization | Conveying fines hoppers)
A-2.1 0. 31 0.68 0.96
(180 kg fuel particles)
A-2.2 0.78 0.56 1.60(@
(470 kg fuel particles) 0.70
A-3.1
(26 kg fuel particles, 1.50 0.54 0.52

104 kg graphite) (b)
A-3.2 0.54
(42 kg fuel particles,

178 kg graphite) (b) 1.00()
Excess feed {0.38 {0.37
(15 kg fuel particles, — 0.34 0.50

125 kg graphite) (P)

(a)Contains 0.37% from particles from A~2.1 which were reused.

(b)The weight of fuel particles is based on an analysis of material
removed from the burner after testing and excess feed removed after
the burner tests. The proportion of particles was probably higher in

A-3.1 and lower in A-3.2, and so the percent breakage is probably
lower for A-3.1 and higher for A-3.2.

(C)The breakage figure is based on the additional 16 kg of fuel
particles added after run A-3.1.
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Run 1, 9/15/76: FSV TRISO fertile ash. Approximately 45 kg were dis-

charged at ambient temperatures. The variable speed blower was set at
65Z power. The underpressure at the blower exceeded 40 kPa, the
relief valve opened, and the line plugged. The small amount left in

the burner was removed at 1007 power.

Run 2, 10/5/76: As for run 1, but 100% power was used. The line

plugged. The remaining material (23 kg) was removed with the fixed
speed blower (0.5 kg/s, AP = 37 kPa).

Run 3, 12/8/76: As for run 1, but the fixed speed blower was

resheaved from 2100 to 2550 rpm, the underpressure relief valve was
reset to 50 kPa, and the bunker top was stiffened. The 46~kg batch
was successfully conveyed at 0.69 kg/s at a AP of 47 kPa, which

remained steady.

Run 4, 1/18/77: The burner product was at a temperature of 140°C.

Transport was interrupted when a bursting disc, intended as a backup,
ruptured. The line plugged and transport could not be restarted.
After cleaning, and blinding off the bursting disc, the remainder was

transported.

Run 5, 2/3/77: The burner product was at 100°C. Shortly after dis-

charge began, the AP exceeded 48-1/2 kPa and the relief valve opened.
The secondary burner outlet valve was closed promptly. The line
cleared itself, presumably due to the presence of only modest quan-
tities of product, and transport was resumed. The AP never became

higher than 47 kPa and died away quite quickly.

This rather scant amount of experimental data will be the basis of the

redesign of the system. Until a new system is installed, the burner can

best be discharged in bursts, whereby the burner outlet valve is closed

before the pressure drop becomes excessive. The ultimate goal of the

secondary burner product removal system is to convey product leaving the

burner at 800°C, so that the burner does not need to be cooled and reheated
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between successive batches, In order to make design calculations, design

methods must be verified using the available experimental data.

Analysis of Gas Only Flow, The secondary burner product removal sys-

tem is shown in Fig. 7~15. The pressure in the bunker, P2, was observed
prior to each attempt to convey product using the fixed speed blower. In
Section 7.4.1.1.4, a formula connecting blower speed, pressure drop, and
capacity is given., Verification of this expression was obtained by calcu-

lating the gas flow through the conveying line from the pressure drop.

Case 1: Speed of blower = 2100 rpm, P1 = 1.5 kPa, P2 - P1 = 10.3 kPa,
P4 = 14,3 kPa, Assume the conveying line is hydrodynamically

smooth, The Blasius expression for the friction factor can

be used (C, = 0.08 Re™ 174y,

mean gas density = 1,12 kg/mB,

where 5 =
D = conveying line diameter = 0.0475 m,
U = gas viscosity = 2 x 10—5 Ns/mz,
L/D = 294,

Using these data, V = mean gas velocity = 66 m/s.

The system inlet flow rate is therefore 0.104 m3/s. Based on

the blower formula, the inlet flow rate is 0.108 m3/s.

Case 2: Blower speed = 2550 rpm, P1 = 1.6 kPa, P2 - P1 = 13.8 kPa,

P, = 18.4 kPa.

The conveying line pressure drop yields a flow of 0.123 m3/s.

The blower formula gives 0.126 m3/s.
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These two cases give ample verification of the performance of a fixed
speed blower. Henceforth, the blower formula can be used for analyzing

experimental data and for design calculations.

Analysis of Gas and Solid Flow. As described above in the discussion

of experimental data, there are only two useful readings, from runs 2 and
3. The duration of the runs is small, and some doubt exists with respect
to the ability of the pressure gauges to respond to any rapid changes.
Similarly, changes in pressure drop will cause the load cells to fluctuate,
making the assessment of any initial surge in the solids flow rate diffi-
cult. For the purposes of these calculations, the solids flow rate is
assumed to be constant. The pressure drop in the conveying line can be
obtained from P4 by deducting the contributions from the off-gas system,
the filters, and the initial part of the conveying system. The blower
formula can be used to calculate the gas flow. The pressure drop in the
conveying line can be predicted using the method published by the EEUA
(Ref, 7-5), which is described in Section 7.4.1.2.3. The comparison
between observation and prediction is given in Table 7-11, While the
agreement is fair, it is not as good as that obtained with cold fuel par-
ticles and crushed graphite as reported in the last quarterly report (Ref.
7-1). The failure of the system to convey secondary burner product at an
elevated temperature amplifies the experience so far with the primary
burner product removal system in that the increase in pressure drop is more

severe than would be predicted by the EEUA model.

System Design Improvement. Let the improved system have a total

pressure drop of 20 kPa, of which 16.7 kPa is in the conveying line., Let
the inlet velocity be 34 m/s. The mean velocity is therefore 40.4 m/s.
The solids flow rate is assumed to be 0.692 kg/s. The EEUA formula then

becomes

0.173 + 0.0770 + 0.00385 _ 17.29 .
D D2 D3
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TABLE 7-11
COMPARISON BETWEEN OBSERVED AND PREDICTED VALUES OF PRESSURE
DROPS IN SECONDARY BURNER PRODUCT REMOVAL SYSTEM

Mean
Solids Gas Conveying Line AP APobs ~ APpred
Py Flow |Velocity |Observed | Predicted APpred
Run No. | (kPa) | (kg/s) {(m/s) (kPa) (kPa) (%)
2 37.0 0.500 42.8 34.1 24.9 37
3 47.0 0.692 43.7 44,6 33.6 33
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The solution is D = 0,089 m. There are two standard pipe sizes in the

range: 0.0856 m (3-1/2-in. 0.D., 3.37-in. I.D.) and 0.0983 m (4-in. 0.D.,

3.87-in, I.D.). The range of pressures that can be expected, together with
the speeds of the two blowers, is given in Table 7-12. The pressure range
is the EEUA prediction plus 357%. The blower speeds are based on leaving
the present blower at 2550 rpm and setting the speed of the second blower.
The range of gas velocities comes from the effect of the range of pressure

drops on blower performance,

The basis for selecting a low system pressure drop is the need to
allow a generous margin for increased pressure losses when conveying

product at elevated temperatures.
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TABLE 7-12

PREDICTED PERFORMANCE OF CANDIDATE PIPE SIZE FOR AN IMPROVED SECONDARY BURNER PRODUCT REMOVAL SYSTEM

Pressure Drop

System Mean
Pipe in Conveying Pressure Blower Inlet Gas Gas
Diameter Line Drop Speeds Velocity Velocity
(m) (kPa) (kPa) (rpm) (m/s) (m/s)
Current 44,6 47 2550 34 44
0.0475
0.0856 18,1 to 24.4 21,4 to 27.7 2550 to 1780 31 to 34 36 to 40
(3-1/2 in.)
0.0983 14,0 to 18.9 17.3 to 22,2 2550 to 2600 31 to 34 35 to 40
(4 in.)




8. GASEOUS EFFLUENT TREATMENT (U. Park)

Support work on HRDF and HET off-gas treatment was provided during the
quarter. However, the overall activity was at a low level owing to the
diversion of the cognizant engineer to a previously committed project (the

prototype secondary burner design report).



9. PLANT MANAGEMENT

9.1. SUMMARY

The Work Plan for the Maintainability and Reliability Phase I study
was prepared, and methodology development was initiated. The HET concep-
tual design has been completed to the 907% level and the Conceptual Design
Report is in progress. HET Technical Review meetings were held Quring the
quarter to discuss the facility and equipment arrangement, cost estimating
ground rules, sampling plan, waste handling, off-gas treatment, and spent
fuel shipping. System description and design criteria activities were ini-
tiated for an integrated HRDF Reprocessing Head-End and Solvent Extraction

remote maintenance system.
9.2, MAINTAINABILITY AND RELIABILITY (L. Abraham)

9.2.1. Introduction

Work on Phase I of this study was initiated in January 1977. The
objective of the Phase I study is to establish preliminary availability
allocation requirements for the HRDF reprocessing facility and its major
process systems, based on the HRDF Recycle Plant overall availability
requirement. A specific near-term objective is to develop a methodology

for establishing availability requirements of major systems.
9.2,2, Activity

A work plan for the Phase I study, which extends to October 1977, was

prepared, and methodology development was initiated.



For the purpose of developing appropriate methodology, the availabil-
ity requirements of the major systems in a limited portion of the HRDF
reprocessing facility are being investigated. The dry head-end was chosen
for this purpose, and 1007 major system reliability is being assumed. In a
subsequent parametric analysis, several assumed levels of reliability and
maintenance downtimes will be factored into the availability allocation

study.

Three assumed cases of HRDF dry head-end equipment system capacity and
the associated numbers of required parallel systems were defined, and func-
tional diagrams depicting the three cases were completed. Figure 9-1 is
the functional diagram for Case III, Corresponding operating profiles for
each assumed major equipment system were then prepared. An example of sys-
tem operating profiles is shown in Fig. 9~2. The next step will be to
determine the major system availability requirements for the three cases at

an assumed level of 1007 system reliability.

9.3. HOT ENGINEERING TEST REPROCESSING PRELIMINARY DESIGN

9.3.1. HET Project (HCC, VHP, RMB, NWJ, NDH, GEB)

The conceptual design work on the HETE~Reprocessing systems initiated
during the previous reporting period has been completed essentially to the
90% level, The piping and instrumentation diagrams were finalized for each
process system and are being final-~drafted for the HET Conceptual Design
Report. Conceptual design and arrangement drawings have been completed for
the process system mechanical equipment and the equipment for remote main-
tenance. For all equipment of each process system, the material take-off
data have been completed and transmitted to the architect-engineer prepara-
tory to the cost estimating effort to be done by the architect-engineer.
The drafts for the HET Conceptual Design Report are being prepared by the
prime engineers for each HET-Reprocessing system. The completed report is
scheduled for submittal to the architect-engineer for final report editing

on March 4, 1977,
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1. UNIFRAME CRUSHING, REF. DESIGN, 4 FE/hr CAPACITY AT 119 kg/FE
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Fig. 9-2. Operating profiles for two head-end systems
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During the present quarter, a number of HETP technical review meetings
and working sessions were attended by the project engineers. Following the
review of the initial mechanical equipment and facility arrangement draw-
ings submitted early in December, equipment and facility interface details
were identified and design problems were resolved at a working session on

December 9, 1976,

A formal review by representatives from ORO, UCC-ND, ORNL, GA, and
RMPCo covering the progress up to the 30% level was made at the 30% Tech-
nical Review Meeting held on January 15-16, 1977. A major action item from
this meeting was to resolve the need for individual off-gas treatment sys-

tems for the primary and secondary burners.

On January 18-20, 1977, a Cost Estimating and Technical Review Meeting
was held at ORNL with attendees from each of the HETP participants for the
purpose of setting up the project cost estimating ground rules in accord-
ance with ERDA requirements. In working sessions, an initial HET-
Reprocessing sampling plan was developed, the HETF waste handling plans
were reviewed, the dual train off-gas question was resolved in favor of a
partial dual system, the GA plan for a HET-Reprocessing spent fuel feed
material shipping and handling system was presented, and the spent fuel
element segmenting and material concept utilizing ORNL facilities was

reviewed.

The GA spent fuel handling concept for packaging and shipping FSV fuel
elements from the INEL Irradiated Fuel Storage Facility was discussed with
ACC staff at an INEL meeting on February 1-2, 1977. The handling method
incorporating the use of a Peach Bottom spent fuel shipping cask and seal-
welded single~use fuel element canister was reviewed and tentatively
accepted by ACC personnel. A work scope has been prepared to initiate the

ACC conceptual work and cost estimate.
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9.3.2. HETE-Reprocessing Systems

The HET-Reprocessing systems and equipment have been developed from
the HET Criteria Document into the conceptual design described briefly in

the following sections.

9.3.2.1. Primary Burning System - 1200 (DTY, NWJ, RMB, LAO)

The primary burning system burns away graphite and exposed outer car-
bon coating from irradiated HTGR type fuel particles to produce uniform
batches of ash and burned-back fissile-fertile particles with a minimum of
particle breakage. All operations are performed in Cell E of the TURF.

The primary functions are:

1. Receiving batches of crushed spent fuel elements from the fuel

size reduction system (1100).

2. Feeding batches of crushed spent fuel to the primary fluidized

bed burner.

3. Burning away graphite and exposed carbon from the fissile and

fertile particles in a fluidized bed.

4, Removing and collecting fines and particulates from the burner

off-gas.

5. Returning the material from fines collection to the fluidized bed

burner for further oxidation of carbon.

6. Discharging burner ash for transfer to System 1300 for classifi-

cation of the burned-back particles.

Figure 9-3 shows the major items of equipment contained in this sys-
tem, including the feed hopper and feeder, the primary fluidized bed

burner, and the separation and recycle units including a fines sampler.
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9.3.2.2, Particle Classification and Material Handling System - 1300

(DDL, PCR, NWJ, RMB, LAO)

The Particle Classification and Material Handling System separates the

burned-back batches of mixed fissile-fertile particles from primary burning

into two separate fractions with minimum crossover. The material handling

functions provide inter-system handling by pneumatic transport, including

the receipt, weighing, and sampling of solid material for the head-end pro-

cesses.

All operations are performed in Cell D of the TURF. The primary

functions are:

1.

Receiving (from System 1100), weighing, and storing batches of

crushed fuel elements in storage hoppers.

Transferring crushed fuel to the primary burner feed hopper.

Receiving batches of mixed fissile and fertile particles from the

Primary Burning System (1200).

Feeding batches of granular fissile and fertile particles, con-
taining some graphite and fine ash, to the classifier at a con-

trolled rate.

Classifying fissile and fertile particles into two separate

streams,

Collecting the classified fissile and fertile particle streams in

receiving hoppers.
Transferring fertile and fissile product back to the classifier

for reclassification, to the particle crushers in System 1400, or

to System 1900 for canning.
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8. Receiving batches of secondary burning product oxide, sampling
the material, and transferring the material into product transfer

cans.

9. Providing sampling capability for all solids streams.

The major items of equipment contained in this system are shown in
Fig. 9-4, including the pneumatic transport systems, the central receiving
weigh hopper, the crushed fuel element storage hoppers, the pneumatic zig-
zag type classifier with the vibratory feeder and collection hoppers, and

the in-line solids samplers.

9.3.2.3. Particle Crushing and Secondary Burning System - 1400
(JBS, WSR, NWJ, RMB, LAO)

The Particle Crushing and Secondary Burning System receives and
crushes classified batches of silicon carbide coated particles, burns away
the exposed carbon coating, and oxidizes the thorium and/or uranium carbide
kernels. All operations are performed in Cell E of the TURF. The primary

functions of this system are:

1. Receiving batches of classified (fissile or fertile) burned-back

fuel particles from System 1900.

2, Feeding batches of granular spent fuel particles to the crusher.

3. Crushing the silicon carbide coated fuel particles.

4, Feeding the product from the crusher to the secondary fluidized

bed burner.

5. Burning away all carbonaceous material from the broken fuel ker-
nels in a fluidized bed and simultaneously converting the heavy

metal carbides to oxides.
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6., Removing particulates from the off-gas stream with in-vessel

sintered metal filters.
7. Discharging burner ash for transport to System 1300.
8. Providing sampling of crushed fuel particles.
Figure 9-5 shows the major items of equipment in this system, which
includes the particle roll crusher, secondary fluidized bed burner, and

feed sampler.

9.3.2.4, Dissolution and Feed Adjustment System — 1500 (GEB, NWJ, LAO)

The Dissolution and Feed Adjustment System receives the oxide product
from the secondary burner, dissolves the heavy-metal-bearing solids into an
aqueous solution, separates and dries the insols, and adjusts the solution
to conditions required for the solvent extraction feed. All operations are

performed in Cell G of the TURF. The primary functions are:

1. Receiving solids from System 1400 via System 1900, Solid Product
Handling.

2, Dissolving the contained heavy metals.

3. Separating the solutions from the insols.

4, Washing and rinsing the insols, with the solution joining the

solution from dissolution.

5. Adjusting the combined solutions to the required solvent extrac-

tion feed conditions,

6. Drying the separated insols.,



7. Placing the dried insols into transfer cans for handling by Sys-

tem 1900, Solid Waste and Scrap Disposal.

The major items of equipment contained in this system include the
dissolver, the centrifuge, the insols dryer, the dissolver solution sample
tank, the feed adjustment hold tank, the feed concentrator and feed concen-
trator product tank, and the 1AF feed storage tank. The design concepts
for the dissolver and the insols dryer are shown in Figs. 9-6 and 9-7.
Figure 9-8 shows the conceptual design for the solution sample tank, the
feed adjustment hold tank, and the feed adjustment product tank. The feed
concentrator and the storage tanks for the 1A solvent extraction column are

shown in Figs. 9-9 and 9-10,

9.3.2.5. Solvent Extraction System ~ 1600 (GEB, NWJ, LAO)

The Solvent Extraction System receives the adjusted aqueous feed from
System 1500 and, using the Acid-Thorex process, recovers, partially puri-
fies, and separates the thorium, uranium, contained fission products, and
chemical impurities. All operations are performed in Cell G of the TURF.

The primary functions are:

1. Co—extracting uranium and thorium from the fission products and

contaminants in the feed solution,

2. Partitioning uranium and thorium by selectively returning the

thorium to the aqueous phase,

3. Stripping the uranium into the aqueous phase for storage or

further processing.

4, Providing for solvent cleanup for recycle.

5. Providing for flowing stream samples of process streams.
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The major items of equipment in System 1600 include:

1. The 1A extraction column shown in Fig. 9-11.

2. The 1BX and 1C partition columns shown in Fig, 9-12,

3. The 1BS partition scrub column shown in Fig. 9-13.

4, The 10 solvent wash column shown in Fig. 9-14.

5. The 1A feed storage tank and the 1B solvent tank shown in Fig.
9-15.

6. The storage tanks for the 1A column feed, 1A waste stream, and 1B

thorium stream shown in Fig. 9-16.

7. The column drain tank and 10 organic storage tank shown in Fig.
9"'1 7.

9.4. HRDF REMOTE MAINTENANCE

9,4,1, Introduction

During the quarter a study was initiated with the objective of estab-
lishing overall systems descriptions and design criteria for an integrated
remote maintenance system for the HRDF-Reprocessing Head-End and Solvent

Extraction Systems.

Activities were directed toward specific definition of the task work
scope. This effort encompassed preparation of a work plan which identified
the task objectives, outlined the technical approach to be followed, and
established reporting milestones.
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Additional activities included preparation of a report outline cover-
ing the reprocessing head-end systems and performance of a literature

search covering previous maintenance experience.

9.4,2, Activity

The work plan developed for this task has established the following

objectives:

1. In conjunction with separate maintainability, reliability, and
availability studies, establish overall plant remote maintenarice

requirements and philosophies.

2. Identify interface parameters required to establish prototypical
equipment configurations and facility arrangements compatible

with process equipment remote maintenance techniques.

3. Establish requirements for integrated remote maintenance plant
support equipment and facilities, including in-plant handling of

failed equipment and preparation for disposal.

In order to accomplish these objectives, the technical approach to be
taken will include a comprehensive study of previous maintenance work with
particular attention given to techniques which have proven successful.
These will be studied to determine their suitability for the various HRDF
maintenance programs. In addition, studies will be made to determine the
current state of development for maintenance equipment and techniques to
determine if advanced technology in this area has application to HRDF
maintenance programs. In addition, process equipment design concepts and
facility arrangements will be studied in conjunction with availability,
maintainability, and reliability data to establish optimum equipment and
facility maintenance interface criteria. These studies will include iden-
tification of recommended maintenance development programs which will be

required to establish final design criteria.
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As part of this effort, three milestone reports were identified. The
first report will deal with the head-end maintenance, while the second
report will cover the solvent extraction systems. The third report will
address an integrated remote maintenance system and will include complete

systems descriptions and design criteria.

An outline for the first of these reports was prepared and reviewed
internally with cognizant design and operating personnel. Based on the
agreed upon format, a preliminary draft report for the head-end system
reviewing current maintenance strategies in the industry has been prepared
and is being circulated for preliminary policy review. The draft report
draws conclusions based on previous industry maintenance experience and
provides recommended maintenance philosophies, many of which are applicable
to both the head-end and aqueous process systems. Policy decisions are
involved regarding the acceptability of the recommendations and the extent

to which they will be implemented in the current development program.
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10. HET FUEL SHIPPING

10,1, SUMMARY

The objective of the HET Fuel Shipping Subtask is to coordinate the
design and development of all equipment required to ensure economic and
timely shipment of the spent FSV fuel selected as feed material for the
HETP. Shipment will be required from the Irradiated Fuel Storage Facility
(IFSF) in Idaho to the ORNL-TURF facility.

Current program activities are being directed toward definition of the
shipping system conceptual design and identification of equipment and

transportation costs,

During the quarter efforts have been focused on completion of the con-
ceptual design report, development of detailed costs, and identification of
all system interfaces, This activity has included final selection of the
PB-2 cask as the reference design and confirmation of the design and suita-
bility of the welded canister concept. The decision to use the PB-2 cask

as the reference design in lieu of the FSV cask was based on:

1, Marginal availability of the FSV cask.
2, Better operational suitability of the PB-2 cask.

3. Lower risk in licensing the PB-2 cask.
The reference shipping system design has been reviewed with both ORNL

and Allied Chemical from an operational and interface standpoint and has

been accepted for use on the HETP,
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10,2. WELDED SHIPPING CANISTER DESIGN (FIG. 10-1).

The selection of a welded shipping canister design as the primary con-
tainment for the PB-2 shipping system provides handling and licensing
advantages over alternate concepts. The metallurgical seal is more reli-
able and not subject to radiation degradation as a bolted and gasketed
closure would be., This contributes to improved system licensability and
reduces concerns about canisters leaking into the fuel storage basin (FSB)

when removed from the cask at the TURF facility.

Additional design and analysis were performed during the quarter to
finalize the canister configuration. This was done in conjunction with
Allied Chemical and ORNL/RMPCo to assure compatibility of all interfaces.
Further design analysis of the cask internal support assemblies has con-
firmed the suitability of the canister design from the standpoint of the

shipping environment.

10,3, PB-~2 CASK DESIGN EVALUATION

Design evaluation of the cask system continued through the quarter in
conjunction with finalization of the canister design., A detailed review of
the cask safety analysis report (SAR) was performed to establish the
licensability of the system. This included investigation of the thermal,
shielding, criticality, and structural characteristics associated with
shipping the FSV fuel in the PB-2 cask., An estimate of the impact of the
different fuel characteristics and structural responses for the new inter-
nal configuration on the existing license was made. These investigations
will be documented in a separate conceptual design report which is sched-

uled for release March 31, 1977,

The final shipping arrangement adopted is shown in Fig. 10-2,

Details of the cask internal adapters required to support the shipping
canister within the cask during transport are shown in Fig. 10-3,
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11. HTGR RECYCLE DEMONSTRATION FACILITY

11.1., SUMMARY

The Reprocessing Flowsheet Review and Material Balance Study of repro-
cessing head-end processes and the off-gas treatment system is in technical
review., Material balances and summary assumption statements for each pro-
cess stream were prepared for the Reprocessing Yields and Material Through-
put Study. The Spent Fuel Element Decay Heat and Source Term Analysis
report was completed and is available for distribution. The SIMSCRIPT
program language has been chosen for the reprocessing model to be used in

the simulation of the Reprocessing Plant Operating Modes Study.
11.2., REPROCESSING FLOWSHEET REVIEW AND MATERIAL BALANCE (L. Abraham)
11.2.1. Introduction

This study is part of the continuing technology assessment to ensure
that (1) the proposed HRDF flowsheet incorporates recent technology devel-
opment improvements and new design data, and (2) supporting technical pro-
grams are apprised of flowsheet design issues requiring resolution. The
updated reprocessing flowsheet is intended to become an approved baseline
document for HRDF design definition and to provide guidance for technical

development activities.

During the preceding quarter, HRDF flowsheets for the reprocessing
head-end and off-gas treatment systems were updated to incorporate process
and design improvements developed at GA and other sites during the past
year. The flowsheet revisions included a number of changes which address

specific design issues and are summarized in Ref, 11-1,
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11.2.2, Activity

During this reporting period, topical report drafts covering the flow-
sheet review and material balances for the head-end process and off-gas
treatment systems were completed and circulated for technical review within
the Recycle Development Department. The review comments are currently

being resolved and incorporated into the report drafts as appropriate.

Topics addressed in the flowsheet review and material balance report

include:

1. Design basis for flowsheet review.

2, Assumed operating mode,

3. Technical issues and resultant flowsheet changes. .
4, Process system description.

5. Process development requirements. .
6. Material balance assumptions and detailed material balances.

7. Updated process flowsheets,

11.3. REPROCESSING YIELDS AND MATERIAL THROUGHPUT (N. Holder)

11.3.1., Introduction

This study defines the basis for material balances to accompany the
HRDF reprocessing flowsheets described in the previous quarterly report
(Ref. 11-1). As previously reported, HRDF feed material characteristics
have been defined based on average fuel element specifications (Ref. 11-2)
and equilibrium spent fuel element content (Refs, 11-3,11-4) for large HTGR
TRISO/BISO fuel, A daily throughput basis for reprocessing operations was
defined based on the large HIGR standard makeup fuel element discharged at
reactor reload 13 and cooled for 180 days (Refs. 11-3,11-4). Particle
breakage limit and particle classification efficiency goals were estab-

lished for use in detailed material balances for HRDF reprocessing.
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11.3.2. Activity

Detailed material balances for head-end and off-gas treatment systems
were prepared to accompany the Reprocessing Flowsheet Review report. Sum~-
mary assumption statements for each process stream included in the material
balances were also prepared. The material balances are currently being
internally reviewed with the flowsheet review report and are scheduled for

publication in May 1977.

A draft report entitled "Reprocessing Yields and Material Throughput
HTGR Recycle Demonstration Facility' has been prepared and is being inter-
nally reviewed., Publication is scheduled for May 1977. This report
addresses feed and product specifications, waste stream composition, spec-
ial nuclear material inventory effects, contaminant paths, and throughput
rates for each head-end process step. The resulting head-end product
streams to solvent extraction are shown in Table 11-1, The products result

from an average daily feed throughput as shown in Table 11-2,
11.3.3. Conclusions

Definitive process yields cannot be predicted with confidence for HRDF
at the present time due to insufficient experimental data and to pending
fuel design changes (Lead Unit Plant). The current study has, however,
resulted in uranium loss projections (Table 11-3) that can be used as guid-
ance for the development program. Those operations where losses can be
reasonably predicted generally indicate negligible losses, except in the
areas affected by particle crossover due to particle breakage and/or sepa-
ration efficiencies. The relatively high potential losses attributable to
crossover have resulted in the addition to the flowsheet of means for
recovery of fuel particles remaining in the leaching insols. Losses due to
material holdup in equipment removed for repair or replacement, holdup in
filters, and special nuclear material in agglomerates formed in burning can
all be identified and the need for recovery established from cold pilot

plant and hot engineering test data obtained over the next few years.
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TABLE 11-1

HRDF PHASE I - LEACHER PRODUCT TO SOLVENT EXTRACTION

Fertile Fissile

Leacher Leacher

Product Product
Avg. liquid flow (1/DY) (@) 1479.6 1132.2
Heat load (w/liter)(b) 5.1 5.0
Activity (Ci/liter) 1351.9 1145.6
Carbon (g/liter) 0.3 0.2
Uranium (g/liter) 7.3 8.0
Thorium (g/liter) 224.,2 Negl.
Plutonium (g/liter) Negl. 0.4
Fission products (g/liter) 7.3 15.5
Boron (g/liter) - 0.4
HNO, (M) 8.4 2.0
FoM 0.05 —_
Al o 0.1 -
catt o 0.075 0.075
Total No; 1) 13.0 2.5

(a)

Exclusive of rework material.

Based on 233

equivalent operating days/year, 43 standard large

HIGR makeup elements/day (Refs. 11-3, 11-4),

(b)Decay heat only.
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TABLE 11-2
ASSUMED HRDF - PHASE I AVERAGE DAILY THROUGHPUT
(kg of feed)

(a)

Fuel Fissile Fertile SicC
Elements Particles Particles Hulls Uranium Thorium

Crushing 5098
Primary burning 5098
Classifying 185 419 9
Fertile leaching 4 407
Particle crushing 181 12 9
Particle burning 181 12 9
Fissile leaching 44 12 90
Thorex solvent extraction 1 332
Purex solvent extraction 9 Negl.

(a)

Based on 43 standard large HTGR makeup fuel elements per day.



TABLE 11-3
URANIUM LOSS PROJECTIONS - HRDF REPROCESSING

Unit Operation

Percent Combined
U-235/U-233 Loss

Basis

FE crushing

Material transport
(solids)

Primary burning

Particle separation

Fertile leaching

Secondary crushing
and burning

0.001

To be determined

To be determined

0.3

0.04

To be determined

0.004

<0.4

To be determined

11-6

0.5%Z material holdup for first
fuel element of a customer batch
(arbitrarily assumes holdup
equally distributed between par-
ticles and graphite).

Holdup in transport lines for a
minimum of 27 transfers.

Holdup in filters and hoppers
for a minimum of 16 storage
locations.

<1 U material loss to off-gas.
Holdup in filters and equipment.
Agglomerate content.

Fissile particles retired from
320 25RS elements at equilibrium
Phase II.

Fissile kernel crossover to
retired stream at equilibrium -
Phase II (1.5% of whole kernels,
75% of broken kernels).

Holdup in equipment and filters.

Insoluble compounds based on LWR
U0y fuel dissolution results.

Fissile particle crossover to
fertile particle stream -
recovery efficiency to be
determined.

Agglomerate content,

Equipment and filter holdup.

Material loss to off-gas,




TABLE 11-3 (CONTINUED)

Unit Operation

Percent Combined
U-235/U-233 Loss

Basis

Fissile leaching

All

All

0.02

0.001

<0.2

<2.1

To be determined

To be determined

0.17% of fissile fraction uranium
in hulls,

Insoluble compounds based on LWR
UO2 dissolution results,

Whole fissile particle content in
insols - recovery efficiency to
be determined,

Fertile kernel content in insols
from crossover ~ recovery
efficiency to be determined.

Sampling losses due to archive
samples and destructive testing.

Decontamination waste streams for
equipment removed for repair or
replacement,
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Losses due to sampling can be reduced by specifying analytical techniques

that will allow maximum return of sample material to processes,

11.3.4. Recommendations

Development recommendations resulting from the study are summarized in
Table 11-4. Many of these recommendations are already included in appro~
priate activity and experimental plans, and the dates that data will be
available are shown in Table 11-4, Crossover material recovery can be
assessed with equipment already included in development plans. A sampling

plan for HRDF will no doubt be included in future Task 600 work.

11,4, SPENT FUEL ELEMENT DECAY HEAT AND SOURCE TERM ANALYSIS (V. Pierce)

The topical report covering this task (Ref., 11-4) has been completed

and approved and is available for distribution. .

11.5., SIMULATION OF REPROCESSING PLANT OPERATING MODES (N. Holder)

11.5.1. Introduction

The objective of this subtask is to develop a computerized simulation
model of the HRDF reprocessing plant. Specific problems to be studied and

reported are:

1. The effects of system reliability on plant performance.

2, The dependence of system performance on the level of surge

capacities available.

3. The effects of batch versus continuous operation on system

performance.
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TABLE 11~4
DEVELOPMENT PLAN INFORMATION AVAILABILITY FOR HRDF
(APPLICABLE TO YIELDS AND THROUGHPUT)

Information Required

Development Recommendations

Data Available

Particle breakage

Special nuclear material
holdup and losses

(a)

(1) Characterize cold pilot system particle breakage for typically
sized and coated BISO and TRISO particles in ratios expected for
various HRDF process operations (including crossover material
ratios).

(2) Compare radioactive vs. non-radioactive particle breakage for
non-typical fuel in hot engineering test systems.

(3) Obtain strength calculations for irradiated and non-irradiated
LHTGR and FSV particles.

(4) Extrapolate data from (2) and (3) to (1) to predict breakage for
HRDF.

Filter holdup

(1) Characterize material holdup in filters for LHTGR fuel (heavy
metal vs, other) in cold pilot systems.

(2) Compare filter material held up for irradiated and non-irradiated
non-typical fuel in HET-Repro. systems.

(3) Extrapolate (2) to (1) to project HRDF holdup and need to recover
SNM for holdup.

Equipment holdup

(1) Determine degree of equipment cleanout achievable in cold pilot
systems for LHTGR fuel.

(2) Characterize material remaining in failed equipment (heavy metal vs.
other) in cold pilot systems for LHTGR fuel.

(3) Compare degree of cleanout and characterize material holdup for
irradiated and non-irradiated non-typical fuel in HET-Repro.
systems.

(4) Extrapolate (3) to (1) and (2) to project SNM losses to HRDF and
determine need for recovery of decontamination materials.

Refers to data summary period at end of hot engineering tests.

1977 - 1978

1985 - 1986
TBD

1986

1977 - 1978

1985 - 1986 @)

1986
1977 - 1978
1977 - 1978
1985 - 1986
1986
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TABLE 11-4 (CONTINUED)

Information Required

Development Recommendations

Data Available

Special nuclear, etc.
(continued)

Product contamination

Throughput rates and

surge storage
requirements

Crossover material recovery

(M
(2)

(3)
(4)

(1M

(2)

(3

4)

M

(2)

(3

(4)

(5)

Characterize classification efficiency for insols.

Characterize particle breakage in various ratios of crossover
streams in transport..

Establish fertile particle dissolution rate in fissile dissolver.

Characterize uranium in hulls and agglomerates for LHTGR fuel to
determine need for recovery.

Characterize any contamination added to product by equipment wear
and failures

Cold pilot systems
Hot engineering systems

Determine paths of cold contaminants to product vs. waste streams,
e.g.,
Sulfur

Boron and other poisons
Metallic impurities

Determine paths of radioactive contaminants to product vs., waste
streams (e.g., semi-volatiles).

Extrapolate to HRDF to determine product cleanup and waste stream
treatment requirements.

Perform computer simulation of process operations to project
required throughput rates and surge requirements.

Verify selected throughput rates in cold pilot process and identify
required scale factors.

Identify irradiated fuel effects on throughput rates in hot engi-
neering test systems.

Identify sampling and analytical requirements and evaluate
techniques for achieving required data turnaround.

Evaluate fuel surge storage requirements and capacities, and
reactor discharge and fuel shipping schedule effects on
throughput.

TBD
TBD

TBD
TBD

1977 on
1986

1978 on

1985 - 1986

1978

1978 on

1986

TBD

TBD




This subtask interfaces with the maintainability and reliability sub-
task described in Section 9.1 for the development of system operating pro~-

files and availability data.
11.5.2, Activity

A review of previous GPSS (General Purpose Systems Simulator) and
SIMSCRIPT programming language modeling work at GA has been completed.
SIMSCRIPT was tentatively chosen as the preferred language for the repro-
cessing model, since it appears to be a better tool for modeling systems
that are more complex than a normal manufacturing operation. SIMSCRIPT
will require more programming time but should be less expensive to run. In
addition, a spent fuel shipping model in SIMSCRIPT language was previously
prepared (Ref, 11-5), A reprocessing model in SIMSCRIPT can be interfaced
with the transportation model in the future to assess the effect of

shipping and storage on reprocessing throughput,

The SIMSCRIPT programming language package has been obtained and
entered on the GA UNIVAC 1110 catalog file system. A simple model of the
fuel element crushing system (Fig. 11-1) is being programmed as a trial

case for familiarization with SIMSCRIPT capabilities.

Information on the GASP IV simulation language has been ordered for
comparison with SIMSCRIPT. The GASP IV language may be advantageous as it
can be compiled in a FORTRAN compiler and could eventually interface with

ORNL refabrication modeling work.
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Fig. 11-1. SIMSCRIPT fuel element crushing model
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