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During March N-Reactor operated with a time operated efficiency of
62.4 percent, a production availability and a steam availability to
Washington Public Power Supply System of 56.7 percent. Level operating
efficiency reached a new high of 92.5 percent for the month of March.

Two fuel element failures occurred. The first was caused by fretting
corrosion where a buggy spring contacted the outer element of a 12-inch
piece at the downstream end of a spike column. The second occurred in an
early prototype of the Mark II driver which was undergoing high-exposure
testing.,

The third increment of the coproduct load was charged. All elements of
the coproduct program are proceeding according to schedule and 643 columns
of Mark II fuel are now in the reactor.

Examination of prototypical coproduct fuel, which has reached an expo-
sure of 2100 Mwd/t, shows no evidence of deterioration, fretting, chattering,
or other undesirable performance. Eight additional columns have been sche-
duled for discharge at intervals up to 5500 Mwd/t in a program which is
designed to probe higher exposure level potentials.

A parametric study to evaluate the design changes proposed for the
Mark IV fuel element (designed for achievement of paower levels of 4800 Mw)
has advanced to the point where billets can be ordered. Design features
that may be tested in reactor include narrower supports, W-spring-stop inner
supports, reduced cladding thickness, modified end-closures, revised charging
techniques to permit elimination of the Upper supports on the outer tube,
and two uranium alloys. 1Initial charging of test fuel is scheduled for
early August.

A semi-production scale plan for converting Hanford neptunium to Pu-238
has been prepared and discussed with the Commission. This plan could be
accomplished without expenditure of capital monies. Basic information for
this program is summarized in the special report section of this document
(pages 56 ‘through 67),
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OPERATING STATISTICS

In-reactor residue (Kmwd) 305.6
Highest exposure tube (Mwd/t) 3,846
Input production, plutonium (Kmwd) 71.5
Input production, coproduct (Kmwd) 38,1
Maximum power level attained (Mw) 4,000
Average power level while operating (Mw) 3,706
Time operated efficiency (%) 62.4
Number of shutdowns 6
Scheduled 1
Unscheduled 5
Reactor process data
Power at which computed (Mw) 4,000
Primary coolant inlet temperature (°F) 384
Primary coolant outlet temperature (OF) 511
Maximum moderator temperature (°F) 1,100
Maximum tube power (kw) - 5,024
Primary loop flow (1b/hr) .95,1x10°
Heat Loss
Heat to graphite cooling system (Mw) 39.6
Heat to shield cooling system (Mw) . ' 2.25
Heat to rod cooling system (Mw) 0.42
Steam generation temperature (°F) 354
Steam generation pressure (psig) 127
Dump condenser flow (lb/hr) 325,000
Inlet temperature (°F) 47
Outlet temperature (OF) 72
Nuclear steam generating rate _
Maximum (1000's 1b/hr) 13,360
Steam furnished to WPPSS (1000's 1b/hr) 10,715
Maximum steam dumped (1000's 1b/hr) 5,774
Water collected from gas atmosphere (gal/hr) Negligible
Demineralized water produced (gal/hr) ) 98,640
Helium losses (1000's f£t3) 761
Fuel oil usage (bbl) 21,854
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Reactor flattening efficiency (%)

Fuel conditions

See Reactor Physics Data

Heat flux maximum (Btu/hr-ft2) 587,000
Heat flux average (Btu/hr*ftz) 472,000
Cladding temperature
Maximum (°F) 601
Average (OF) 559
Uranium temperature
Maximum (OF) 894
Average (°F) 799
Fuel Failures 2
Natural Coproduct Coproduct
Fuel Balance (tons) 0.71% 0.95% 1.25% 1.967% 2.1% Total
Fuel charged 0 .78 1.38 0 49.71 51.87
Fuel discharged 0.37 52.93  24.54 0.68 3.26 81.78
Net change -0.37 -52.15 -23.16 -0.68 +46.45 -29.91
Total In Reactor 0 103.48 28.14 0 141.03 272.64
Total In Basin 1.10 331.26 73,75 6.38 9.82 422,31
Fuel Element Qutput (Assemblies) March February CYTD Total
0.95% tube-in-tube -0~ ~0- -0-
0.95% single tube -0~ -0- -2
1.25%-0.95% tube-in-tube -0- -0- -0-
1.96% coproduct -0~ -0~ -0-
1.25% coproduct -0- -0- -0-
2.1% Mark E (driver) 3,412 2,693 7,077
2.1% Mark F (driver) 648 108 1,980
Total assemblies 4,060 2,801 9,059
Tons forecast 56.4 42.8 142.0
Total tons 63.2 43.5 141.6
Percent of forecast 112.1% 101.6% 99.7%
Uranium utilization (2.1%) Est. 75% 78.6% 79%

32.8 tons of .95% scrap shipped during month.
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REACTOR PLANT OPERATION

OPERATING HISTORY

N-Reactor Plant operated 22 days of the month for a time operated
efficiency of 62.4 percent. Steanm availability to Washington Public Power
Supply System and production availability were 56.7 percent.

Level operating efficiency (total plant hours minus hours of
unscheduled outages expressed as percent of total) for a recent 5-week
period was as follows:

Week Ending Actual, % 13-Week Rolling Average, 9%
2=19-67 80.5 88.0
2~26~67 100.0 89.9
3-05-67 100.0 91.6
3-12-67 88.9 91.8
3-19-67 90.5 92.2

Level operating efficiency for the month of March was 92.5 percent. This
represents the Plant's best performance to date.

The plant operated at maximum authorized power level at the beginning
and at the end of the month. The reactor was shut down twice during the
month because of fuel element failure indications and once for a scheduled
outage for fuel replacement and maintenance work. Outage time totaled
280 hours for the month. The fuel failures are discussed in the Technical
Activities section under paragraph 1.5,

A total of 231 tubes were charged into the reactor in March.

Washington Public Power Supply System maintained a nominal production
of 600 Mwe throughout the month, except for load changes required for No. 2
unit warranty rests.

Reactor Physics Data

Date: March 31, 1967
Time: 0800
Reactor Power Level: 4000 Mw
Reactivity in Rods: 6.80 mk
Highest Graphice Temperature: 1082°F
Fuel Types -

Mark I Mark IA Mark TI
Maximum Tube Power: 4892 kw 5025 kw 4898 kw
Specific Power: 189 kw/ft 194 kw/ft 194 kw/ft
Flattening Efficiency 2.0% 80.0% 82.0%
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PLANT PERFORMANCE
Operating Continuity

Maximum authorized power level was maintained from the beginning of the
month until March 8 when the reactor was manually scrammed upon indications
of a fuel failure in process tube 2562. Tube 1261 was discharged as a rup-
ture suspect. Startup was effected on March 9 and continued until shutdown
for a scheduled charge-discharge and maintenance outage on March 12. Opera-
tion was resumed on March 20, concluding an outage of 236.3 hours.

Three automatic flow monitor scrams were experienced on March 22 during
startup from the scheduled outage. A second manual scram occurred on March 24
following indication of a fuel failure in process tube 1644, Operation was
resumed on March 25. Maximum authorized power level was regained on March 29
and held through month end.

Fuel Loading

The third increment of Production Test-75 fuel was loaded during the
March 12 scheduled outage. On March 24 tube 1644 (1.96% U-235) was dis-
charged because of a fuel failure. Tube 1844 (another 1.96% fuel) was also
discharged as a failure potential, along with six additional high-exposure
tubes, to reduce the probability of additional failures.

Steam Generators

Leaks in steam generators 34, 3B, and 4B were repaired during the
March 12 outage., Leak rates at month end were as follows:

Leakage Rate

Steam Generator Gallons per Hour
1B 1.0
2B 7.0
34 22.0
3B 80.0
4B 1.0

Flow Monitor

Three flow-monitor scrams occurred during the startup on March 20. All
were attributed to inlet connector valve position variations. The inlet
connector valve problem was corrected by proper adjustment of the inlet

DECLASSIFIED
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Pressurizer

The pressurizer level control system malfunctioned during the scheduled
outage when the reference legs drained during calibration work. Upgrading
of the system is in process.

Equipment Modification

Modification work completed during March included work on the following
items of equipment:

a. Pressurizer Vessel Temperature Monitor

b. Diversion Header Pressure Control

c. No. 6 Pony Motor Vent Fan

d. Supply Transformers for Emergency Power Panel EE-184
e. D-Elevator Travel and Charging Machine Interlock

f. C-Elevator Shielding Doors

g. Gas Moisture Analyzer

Cell Isolation Valves . X

The installation of gate-type isolation valves in the steam headers
from Cell 4 was completed. Vent valves were installed in the lines for
Cells 3 and 4. These modifications are designed to provide for isolation
of the cells which will allow inspection and maintenance while the reactor
is operating.

Production Testing

A total of 50.9 hours of outage time was used for production test
work. Among production testing activities were physics tests for reactor
criticality which required dropping 81 hoppers of balls during the March
scheduled outage.

DECLASSIFIED)
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Exposure Reduction Program
A program to reduce personnel radiation exposure is in progress.

One concept involves eliminating the C-elevator charging bridges.
Tests performed on a charging mock-up showed that an unsupported end of a
loaded monotube will deflect downward about 3.5 inches. An automatic center~ .
ing and lifting device was designed, fabricated, and successfully demonstrated.
The device permits remote handling of the monotubes, thus eliminating the
need for personnel on the C-elevator except for initial setup.

C-elevator shielding doors were installed to reduce radiation exposure
to charging crews.

Deadlegs in the primary system piping were flushed, and the drain
header in the right rupture monitor room valve rack was decontaminated.
Equipment to decontaminate rear connectors was demonstrated satisfactorily.
Dump Condensers

A leaking tube was plugged in each of dump condensers Nos. 4 and 7.

No other leaks were noted.
Traveling Wire Flux Monitor

Traveling wire flux monitor repairs continued. Eight of the nine wires

are now operable.
Standby Boiler
During the startup on March 25, a hot spot was observed on the left

side skin of the auxiliary plant boiler. Plans are being made to correct
the problem prior to the April scheduled outage.

DECASSIFTED
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OUTAGE EXPERIENCE

Date Outage Type Duration Reason

3-8-67 Manual Scram 18.7 Fuel Failure - Tube 2562
3-12-67 Scheduled Scram 223.6 Charge-Discharge and Main-

tenance
3-22-67 Auto Scram 0.6 Flow Monitor Trip (V-11)
3-22-67 Auto Scram 0.8 Flow Monitor Trip (V-11)
3-22-67 Auto Scram 11.3 Flow Monitor Trip (V-11)
3-24-67 Manual Scram 25.0 Fuel Failure - Tube 1644
Total Outage Hours 280.0

Production losses were ascribed to:

Reason Hours
Fuel Failures 43.7
Charge-Discharge 107.5
Scheduled Work 104.8
Startup Preparation _24.0 <

Total 280.0

Figure 1 compares time operated efficiency, steam availability, and
production availability over the past several months.

% TIME OPERATED EFFICIENCY (TOE) = T;?iaffeﬁ;zr};fngz(;tﬁfingnu;;zg}{ggﬁﬁh x 100

o = Iime Reactor Operates Above 500 Mwt During Month
% STEAM AVAILABILITY Total Time Elapsed During The Month

x 100

% PRODUCTION AVAILABILITY = Actual TOE plus TOE losses from external causes!

lProduction availability is the percentage of the time the reactor
operates within internally controlled limitations. It excludes time losses
resulting from events such as BPA failure and shutdowns required by WPPSS.
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IN-PLANT TESTS

The status of production tests is as follows:

Production Test

PT-NR-2, Routine Graphite Sample
Trradiations "(HW-80369)

PT-NR-3, Routine Monitoring of
Graphite Oxidation in N-Reactor
(HW-81478)

PT-NR-4, Eval. of Monitor Column
Fuel Elements in N-Reactor
(RL-NRD-218) -

SUPA~2, Authorization for Change
in Discharge Schedule

SUPB, Eval. of Spike Ring
Monitor Column Fuel Elements
in N~-Reactor

PT-NR-6, Isotope Producing Rods
in N-Reactor (HW-81339)

PT-NR-8, Coproducer Demonstration
Test (1.25) (HW-81327)

DECCISSFEY -

Status

Continuing. Four graphite boats being
irradiated in rod channel 74. Ten gra-
phite samples (blocks) were removed from
ball channel 60 during February and the
remaining 19 samples were removed in
March. Plans are to leave the channel
empty until after the PT-NR-~75 Physics
tests in May.

Continuing. Approximately 20 graphite
oxidation samples will be charged in Chan-
nel 1648 as soon as outage time can be
scheduled following use of this channel
during the PT-NR-75 Physics tests.

Continuing. Twenty-one columns of fuel
were discharged in March and five columns
of Mark IA fuel (spike) were charged in
March. These five columns will remain

in reactor during the full coproduct

mode of operation.

Continuing. This change authorized
use of some PT=NR-4 columns for produc-
tion of non-defense plutonium.

Continuing.
Mark IA fuel,

Extended monitoring to

Continuing. Discharge and recharge of
targets from Rod 23 were accomplished on
10-6-66. Target inspection is scheduled
to evaluate recommended residence time
for future charges.

Final report in preparation.
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Production Test

PT-NR-10, N-Reactor Corrosion
Monitoring (HW-82136)

PT-NR-12, Copper Alloys in the N-
Reactor Primary System (HW-82241)

PT~-NR~13, Coproducer Demonstration
Test (1.96) (RL~NRD-299)

PT-NR~14, Irradiation of Th-U Crud
Monitor Elements in N-Reactor
(HW-82385)

PT-NR-27, Steam Generator Moisture
Carryover Detection (HW-84238)

PT-NR~30, Eval. of Ammonia for
Controlling Oxygen in the Graphite
Cooling System (HW-84232)

PT-NR-32, Exposure of Ccrrosicsn
Coupons in N-Reactor Process
Tubes (HW=84367)

PT~NR~33, In-Reactor Enthalpy im-
balance Megsurements (HW=85501)

PT-NR~36, Simulated Driver-Targst
Element (RL-NRD-55)

PT-NR-41, Eval. of the Direct
Addition of Ammonia to the Graphite
Cooling System (RL-NRD~297)

PT-NR-%6, Primary Drive Turbire
Speed Reduction Tests (RL-NRD=%57)

Continuing. Samples are being exposed
in two secondary system facilities;
additional facilities are planned,

Continuing program.

Complete. The last two columns of fuel
{containing iron-aluminum alloy fuel)
irradiated under this test were dis-

charge on March 24.

Final report in preparation,

Final report in preparation.

Final report in preparation.

Contiauing with periodic examinations.
The replacement of coupons in seven
columns was completed dyring March,

Centinuing. Seven thermocouple trains
are now charged, Three trains were
vharged in March. Also, eight thermo~
couple trains were discharged in March.
One thermocouple train is scheduled for
installation during April,

Final reporct in preparation,

Final reporrt in preparation.

Final report in preparation,
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Production Test

PT-NR-48, Corrosicn Test Samples
in End-Caps of the Graphite
Cocling System (RL-NRD-466)

PT~NR~57, Coproducer Target
Element Evaluation (RL-NRD-657)

PT-NR-62, Eval. of Single-Pass
Filtered Water Cooling
(RL-NRD-668)

PT-NR-63, On-Reactor Tests for
New Resistance Temp. Detectors
(RL-NRD-695)

PT-NR-64, Exposure of Zircaloy
Coupons in N-Reactor Process
Tubes (RL-NRD-716)

PT-NR-65, A Test to Demonstrate
the Operability of the Rupture
Monitor System with the Helical
Sample Chamber Design (RL-NRD-726)

PT-NR-66, Coproducer Demonstration
Test (2.1) (RL-NRD-830)

SUP3, Expansion of Coproduct Block

SUP%4, Target Support Variation

DEGLASSIFIED

-15-

Status
Continuing. Sample removal is antici-
pated in May.

Final report in preparation

Approved. This test should be initiated
any time N-Reactor transfers to single-
pass filtered water cooling.

Continuing. Fifteen integral connector
RTD's are presently being evaluated on
reactor. Ten are operating within the
all-tube monitor system and five are
connected into the zone temperature
monitor system. Off-Reactor testing of
RTD's is continuing.

Continuing. One column of fuel was
charged on 10-4-66. This column is to
be discharged in May,

Approved, Test performance delayed to
permit demonstration on a small scale
basis prior to changing over a complete
turret. T

Continuing. Fifteen columns of fuel

with small W-spring supports obtained
goal exposure early in March and were
discharged. Also, one column of fuel
with large W-spring supports was dis-

charged. No fretting corrosion was
detected.
Continuing. Authorized increase in test

size and updated test requirements.

Complete, Authorized use of coproducer
fuel which contain targets using either
hardsized or tandem interference-fit
target supports. Five columns of fuel
with tandem interference-fit targets
obtained goal exposure in February.
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Production Test

SUP7, Spring-Stop Support

SUP11l, Production Test Change
Authorization No. 7

PT-NR-67, Cobalt-60 Production
in N-Reactor (RL-GEN-948)

PT-NR~68, Pu-238 Demonstration
Program (RL-NRD-793)

PT-NR-69, Irradiation of Tubular
Zr-2 Samples in N-Reactor Gas
Atmosphere (RL-NRD-833)

PT~NR-72, Process Tube Rear
Nozzle and Comnector Decontami-
nation (RL-GEN-1489)

PT-NR~75, Coproduct Two Load

Demonstration (RL-GEN~-1065)

SUP1, Reactor Operating Data
Requirements

DECLASSIFIED

Status

Continuing. Authorized use of coproducer
fuel utilizing spring-stop supports on
targets. Also, updated test requirements.

Continuing. This change authorized use of
normal Mark II (PT-75) thermocouple trains
in PT-66 charges.

Complete. Discharge of the cobalt target
was accomplished on 10-5-66, Examination
of the tube for possible fretting was com-
pleted on 11-28-66. No fretting was de-
tected. Targets have been cut and sections
are being examined.

Complete. The initial column of test fuel
and its supporting spike were discharged
during the first week in October. The
second column of test fuel and its sup-
porting spike were discharged early in
February with the last column with its
supporting spike discharged-in March.

Complete. Samples charged on 8-25-66
experienced higher than. anticipated
temmp, These samples were removed during
the February 6 outage.

Continuing. Initial test completed on
3-19-67. A supplement to authorize con-
tinued testing is presently being
prepared.

Continuing. Charging of first increment
was completed early in January, charging
of second increment was completed early
in February, and charging of the third
increment was completed in March.

Continuing. Base data for first, second,
and third increments have been taken.
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Production Test

SUP2, Mark II Physics Tests-
Part 1, Verification of Control
Red and Ball Safety System Shut-
down Margins

SUP6, Authorization to Irradiate
Fuel Charged Under PT-4 during
PT-75

SUP8, Radiological Controls

SUP1l, Ball Functional Test

SUP12, Authorization to Irradiate
Fuel Under PT-13 During PT-75

PT-NR-76, Irradiation of 8-Inch
Fuel Elements for Subsequent
Fuel Failure Testing (RL-GEN=1018)

SUP3, Irradiation of 8-Inch Fuel
Elements for Subsequent Fuel
Failure Testing

SUP4, Irradiation of 8-Inch Fuel

PT-NR-78, Eval. of Mark IC Monitor
Columns in N-Reactor (RL-GEN-1372)

PT-NR-82, Modified Rupture Monitor
Differential Alarm Module Test
(RL-GEN-1413)

DECASSIFED

-17-

Status

Continuing. First, second, and third
control rod system shutdown margins have
been obtained,

Completed.

Continuing. Routine samples are being
taken. There has not been any indica-
tion of tritium in the primary system
coolant,

Continuing. First half of this test
was completed on 3-19-67.

Completed. Last two columns of PT-NR~13
fuel discharged on 3-24-67.

Continuing. The initial column of the
three columns of fuel charged on 9-16-66,
was discharged on 2-6-67. Six additional
columns of fuel (using 8-inch outers
only) were charged on 2:6-67. One addi-
tional column is scheduled for discharge
in 4pril.

Approved. This test supplement authorizes

irradiation of Mark I fuel during PT<NR-75.

Continuing. This test supplement author-
izes use of 8-inch ourers only fuel, Six
columns were charged in February.

Continuing. Two columns of fuel author-«
ized by this production test were charged
during February, and one column was
charged in March.

Continuing. Circuit installed on 3~17~67
but removed because of sensitivity to DC
power supply. Further analysis and off-
reactor testing is in progress.
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FUEL MANUF ACTURE

PRODUCTION STATISTICS

Input (Extrusions)

0.95% Mark 4 (outer)

0.95% Mark N (inner)

0.95% Mark D (single tube)
1.25% Mark A (outer, spike)
2.1% Mark E (driver)

2.1% Mark F (driver)

Total Extrusions

Tons Forecast

Total Tons

Percent of Forecast

Output (Finished Production)

0.95% Tube-in-Tube
0.95% Single Tube
1.25%-0.95% Tube-in~Tube
1.96% Coproduct

1.25% Coproduct

2.1% Mark E (driver)
2.1% Mark F (driver)

Total Assemblies
Tons Forecast

Total Tons

Percent of Forecast

Uranium Utilization (2.1%) Estimate:

DECLASSIFIED
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March ngruary CYTD Total
~0- -0- «0-
-0- -0- -0-
-0~ =0= -0-
-0~ -0- -0-
206 227 662
-0~ =0- ~0-
206 227 662

62.4 47 .4 157.2
42,2 47.2 137.0
67.7 99.6 87.2
-0~ -0~ -0~
-0- =0- 2
-0~ ~0- ' =0~
-0~ -0- -0~
-0~ -0- -0~

3,412 2,693 7,077
648 108 1,980

4,060 2,801 9,059

56.4 £2.8 142.0
63.2 43.5 141.6
112.1 101.6 99,7
75%

78.6% 79%
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PRODUCTION SUMMARY

The below-forecast (68 percent) input production resulted from temporary
component shortages (outer cladding shell Zircaloy) combined with an unusually
high requirement for special extrusion work. A total of 102 special extru-
sions were made during the month.

The above-forecast (112 percent) output production significantly improves
finished fuel inventory position, reduced the in-process inventory to more
favorable levels and increased CYTD performance to 99.8 percent of forecast,

A major gain was made in reducing scrap inventories. A total of 32.8 tons
of uranium scrap was shipped during the month. This increased shipping rate
was made possible by recent changes in shipping procedures which have made
available considerably more shipping capacity for this purpose.

Mark IC Program

Mark IC has been adopted as the designation for the 0.95 w/o enriched
tube-in-tube fuel elements (currently in finished storage) that will be
charged in the reactor immediately after the coproduct demonstration load.
The outer support circle diameter of these fuels will be increased to
2.690-inch + 0.005S-inch by replacing the mild steel shoes with a thicker
steel shoe. Initial reactor tests showed that the increased support circle
diameter balanced the flow between top and bottom in the outer annulus, but
that it would be necessary to force more water through the inner annulus by
restricting the flow in the outer annulus. A steel shoe with tabs on one
end was developed to provide this flow resistance. It was anticipated that
an eight percent reduction of flow in the outer annulus would be achieved
with the modified shoes. The actual flow change was about half this amount.
Plans are now to develop a shoe with tabs on both ends and to prepare fuels
for charging machine testing.

Mark IV

Billet and component designs and specifications have been prepared for
a 100-column reactor test of the Mark IV designs in two different enrichments,
three different cladding ratios, and two different alloys. Materials ordered
for this test are equivalent to abou! an 85-ton input to the fuels shop (or
what would normally be considered about a 2-month production period). Sche-
dules include the production of five reactor columns of each test group by
September.

Special Extrusion Activities

A total of 102 extrusions were made to produce the following materials:
Mark II inner cladding components, Mark IV components, support system stock,
outer cladding billet shells, I&E fuel element cores and aluminum cladding
for Douglas United Nuclear, and material for long billet tests. The latter
material will be used to test a longer billet design for improving material
utilization.

DECLASSIFIED
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Target Reactivity Control

The average Li® content for all targets in the reactor (of a given
- Li AlQy case) must be within specified limits (+ 2 percent). The specified
limits and accumulated Li® content of material produced to date are well
within production specifications.

LiAlO» powder is tested in the 305 test reactor to determine the
Lie,’LiAloz ratio. Test capsules of powder are compared to a standard powder
capsule to determine reactivity relative to the standard. Periodic checks
by mass spectrographic methods are also made. To ensure the desired control,
reactivity testing has been established for the following process locations:
(a) prior to input into the process; (b) after mixing (if Li° content adjust-
ments are required); and (c) after sintering, The after-sintering results
are used to establish Li° values for finished target production.

Fluorine Contamination, LiAlO,

A number of LiAl0Oj powder lots have contained excessive amounts of
fluorine in the as-received condition. This powder was introduced into the
process on the premise that the fluorine content of pellets would be reduced
to acceptable levels during sintering. Subsequent analyses have shown that
fluorine content is reduced approximately 90 percent during sintering.
Therefore, no fluorine problem exists or is expected in the sintered product.

Flame Sprayed Ceramic Product

A technique of flame-spray deposition of LiAlO» was initiated during
the month. This effort is to develop a process to control the isotope level
in the finished target by applying a layer of lithium aluminate at a con-
trolled thickness. This layer thickness would be regulated by the selection
of various diameters of undersized rods of alumina or similar material.
After spraying a calculated excess deposition of the lithium aluminate onto
the core, the product is put through a centerless grinder to reduce it to
the proper controlled diameter. Work on this process in continuing.

An attempt to spray a mixture of lithium carbonate and alumina powders
to react to LiAlO, in the flame was not successful. The powder was not free=
flowing and clogged the metering valves in the spray gun. Coarser and more
granular carbonate will be obtained, and this method of deposition will be
further evaluated. The problem of securing better adhesion to alumina calls
for activating the surface of the alumina with a fluxing agent. There are
pumerous fluxes compatible with the end use of the targets, including several
lithium salts, Investigations of these fluxes will also be made,

It

DEL




o EISE e m

CONVERSION

Backup Boiler Facility
The following types of detail design drawings by Burns and Roe on
the backup boiler facility are being reviewed for conformity with the design
criteria, as well as for safety, maintenance, and operating considerations:
Site plan
Foundation plans and details
Architectural plans and details
Equipment Arrangements
Piping flow diagrams, isometrics, and layouts

Electrical one-line diagrams

Instrument control schematics and panel layouts

Phase II Power Generation

A study has been made to identify conditions which would provide for
optimum Phase II electric power generation, and a method devised for com-
puting power capabilities. The conditions and parameters investigated were
the in-plant steam usages, dry steam effect, enthalpy imbalance, pressurizer
pressure, pressure allowance, and zone temperature monitor (ZTM) limitations
as applied to the maximum steam pressure attainable in the steam generators.
Power capabilities will be computed based on those factors.

DEGLASSIFIED
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TECHNICAL ACTIVITIES

1, BASIC PRODUCTION MISSION
1.1 Mark IV Fuel Development

An initial parametric analysis of the economic incentive (limited to
potential materials cost savings in fuel production) for improved fuel design
was prepared to assist In the design of the Mark IV fuel element. Potential
cost savings per ton of finished fuel varied as a function of fuel weight
(1b/ft), cladding thickness (heavy, intermediate, and thin) and uranium
utilization (output/input) assuming current basic materials prices and main-
tenance of the current number of fuel blanks per extrusion. The relationships
obtained are plotted in Figure 2. The savings for a 24 1b/ft intermediate
cladding thickness design compared to the Mark I fuel amount to $1000 per
ton.of finished fuel, a 20 percent reduction, assuming no decline in uranium
utilization,

Design studies have been made to obtain near-prototypical dimensions
of Mark IV fuel for development and production testing., These studies
explored the potential benefits in product cost that might accrue from
increases in fuel length, decreases in cladding thicknesses and decreases
in effective width of supports.

The designs incorporate the following variables:

a. QOuter support width: 0.125 inch . ,

b, Inner support width:* 0.125 inch

¢. Inner support type, W-spring + stops

d. Column length, 35 feet and 31 feet

e, Fuel length, 26,5 inches and 23.2 inches

f. Reduced cladding thicknesses on both inner and outer
elements as shown below:

Cladding Thicknesses of Fuel Elements

Quter Element Inner Flement

Case Outer Clad Inner Clad Outer Clad Inner Clad
1 30 25 40 25
2 (base) 25 20 30 20
3 20 15 20 15

[DECCASSIFIED]
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Figure 2.

|
22 23 24 25
Fuel Weight (1b/ft)

Base: Mark 1 - FY-66

Cost Savings (Materials) as a Function of Fuel Weight, Cladding

Thickness ( Flex) and Uranium Utilization.
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Billets are being ordered to fabricate about 60 columns of fuel
elements for a production test that is to be charged into the reactor in
August 1967. A column of fuel elements with Mark IV outside dimensions was
made from available components on site and was charged into the 189-D test
loop. The main purpose of this test is to determine the performance of
0.125-inch W-springs and rigid supports with a tube-in-tube element,

Six other fuel element design variables will be studied in this
program:

a. An alternate composition - 250 ppm Fe + 250 ppm Si
will be compared with the Mark II composition of
800 ppm Al + 400 ppm Fe.

b. A spike design that will operate at a specific power
about equivalent to 4800 Mw reactor operation when the
reactor is operating at 4000 Mw.

c. Shaped end closures - two alternate candidates for the
standard V-bottomed end cap are:

(1) A tapered design where the fuel element wall
thickness decreases at the.cap-to-core junction.

(2) A desigr whersa the claddings are thickened at
the juncticn of the cap-to-core but the element
wall thickness remains constant.

d. The use of a spline (during charge-discharge) that would
allow fuel elements to be charged into the reactor without
having supports contact the process tube, thereby eliminating
the supports positioned at 10 and 2 o'clock.

€. An end-spider suppcrt for the inner fuel element. This
concept may include an integral support for the assembly,

f. Minimum thicknesses of cladding. An attempt will be made
to manufacture fuel elements having only 10 mils of cladding,

The principal value of production test results will be a demonstration
of satisfactory thermal hydraulic performance and in proving the feasibility
of a number of mechanical design modifications. This will require that the
test include a significant number of fuey elements, and fabrication of 60
columns of fuel is therefore plamned.

[DECLASSIFIED
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1.2 Mark IC Development

Flow tests were completed of Mark IC fuels having tabs on the shoes
on their outer supports to divert flow from the outer annulus to the other
two subchannels. Results were as follows:

a. No deleterious effects resulted from ex-reactor loop
testing period of about 480 hours at 130 percent normal
flow and at 570 F.

b. Flow testing in a glass tube with tabs on only one
side of the shoes showed that the tabs created only
local disturbances in flow and had no discernable
effect on the flow direction of the main stream down-
stream from supports. The results indicated that more
efficient vanes would be required to swirl water in the
outer annulus to offset the eccentricity effects which
product an imbalance in the temperature rise in the
outer annulus.

c. Charging tests performed in the ex-reactor mockup
indicated that the shoes with tabs had no greater
potential for tube scratching than standard shoes.

These tests indicated that it would be safe to charge one column of
Mark I fuel with modified shoes, and such a column (with thermocouples) was
charged during the outage which started March 12.

1.3 Mark I Fuel Element Performance

Mark I fuel elements (from monitor column 2855) that reached a tube
average exposure of 5305 Mwd/t (more than two and one half times normal goal
exposure) are undergoing a thorough examination. As noted in last month's
record report, considerable cladding wrinkles were observed at this high
exposure level.

Recent examinations also showed that nine inner fuel elements are
longer than their matching outer elements. Four outer elements are shorter
than the specified length, but none of the inner fuel element lengths were
below specified values., All elements are manufactured with the outer element
about 0.60-inch longer. Thus it appears that the effects of irradiation
will cause outer fuel elements to shorten during long-term exposures. The
shortening appears to be occurring preferentially in the outer elements in
the downstream three-quarters of the charge. Examinations are continuing.

DECLASSIFIED o
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1.4 Failure Mechanism Studies

In last month's record report, research to determine the cause of
end-associated failures was reported. The primary work then discussed was
measurement of the change in shape of the end closure region of a Mark I
inner fuel element as it was heated from 20 C to 500 C. The key conclusions
derived from that study were:

4. Zircaloy end caps provide restraint to the uranium
and/or the uranium has a different preferred orienta-
tion over the last six-tenths of an inch than the
remainder of the fuel element.

b. There is no sharp line of strain demarcation at the
cap-core interface.

A brazed closure of an inner fuel element was made recently with a
thin sheet of mica between the end cap and the uranium core. The mica
c¢reated an unbonded condition for study. When this closure was heated from
room temperature to 500 C, a sharper line of strain demarcation was found
at the cap-core interface. This indicates an increased tendency for shear
failure of the outer and inner claddings at the base of the end cap.

Other studies to characterize irradiated brazed closures further were
also carried out. Using the end cap profilometer in the N-Reactor fuel exami-
nation facility, the shapes of closures were measured using Mark I outer
fuel elements from a high exposure monitor column (No. 2855 at 5305 Mwd/t
tube average exposure). Two important findings were made: )

a. The shape of the outer cladding over the endmost one inch

of the element has been defined, and

b. The fuel tube wall thickness variation of the endmost one inch
has been identified as a function of fuel element position,

The wall thickness data that were obtained are shown in Figure 3,
Each element is represented by a line segment with an "X" marking its ends.
The X's represent the amount in mils by which the wall thickness of the fuel
element exceeds the thickness of the end cap measured at a section through
the weld bead. To construct this plot, it was assumed that (a) the thick-
ness of an end cap at a section through its weld bead is a constant, and
(b) the wall thickness of the upstream end of the upstream element did not
change during irradiation.
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Figure 4 shows outside cladding profiles of the endmost inch of outer
fuel elements. Each curve is typical of four curves that were traced for
each fuel element. The abscissa scale is four times actual size and the
ordinate scale is 100 times. Two lmportant conclusions may be drawn from
these curves:

a. End caps appear to be bending at high exposure.

b, Fuel element diameters at the center of the column have
increased from 22 to 30 mils.

According to the data in Figure 3, wall thickness increased from 30
to 50 mils on the average. Thus, inner diameter decreases of from 38 to
70 mils are computed. This conclusion is in agreement with dimensional
change data that were observed in the K~Reactor test loop irradiations. It
is not compatible with data that were reported in last month's report which
indicated that both inner and outer radii may increase during irradiation,
with wall thickness decreasing.

A further analytical effort that remains to be completed in this
study of end closure performance is that of combining the "As-irradiated
shape'" of an end closure with its “"high-temperature shape." This will show
the shape of a high-exposure fuel element at in-reactor operating conditions.

1.5 Analysis of Failed Fuel Elements

Two fuel elements failed during the March report period. One was a
12-inch Mark I outer element in the downstream position. The mechanism was
fretting corrosion caused by the buggy-spring supports on the inner elements
reacting with the inner cladding on the outer element. The second failure
occurred in an outer tube (driver) element of an early coproduct fuel proto-
type. This rupture was in a high-exposure PT-13 columa. This column
contained all Mark II iron~-aluminum alloy drivers, 1.96 enriched, with
lithium-aluminum targets. The column average exposure was 4094 Mwd/t; the
failed piece was the second element from the upstream end with an estimated
3243 Mwd/t exposure. The upstream six inches of the element was broken from
the other 22 inches, but was held in place by the target element. The end
cap on the end nearest the apparent failure was almost severed from the
element. A small wire was caught on the outer support of the failed element,
but no evidence connecting it with the failure has been found. The mechanism
of this failure is not completely understood at this time. All the other
elements in the column were separated, examined, weighed and measured with
the end cap profilometer. Light-to-medium wrinkling (2-mil high bumps), and
incipient buggy-spring fretting (less than 1 mil), were observed on the
inner bores. Swelling measurements were highly erratic with a maximum of
3.8 percent, and a few - negative values near the ends of the column. Further
examination of the failed fuel ig planned.
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Fuel Element Weld Bead Radius
Position In Minus Fuel Radius
Column Quter Cladding Profile (mils)
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Outlec 1 -1.0
2 -105

4
5 +3.5
T~ 5.0
7
+5.5
8

7

+10.5
10
11 +11.5

12

" - 1.0

+5.0
1q/(—J/_/"\\\\\‘—___"—__#:j-“—\\\_¢Q\\\\\\~\_ﬂ;tl3.0
14

+3.5
0.0
15

Cap To Core
Interface l-inch From Weld

Weld Bead

Figure 4. Shape of the Outer Cladding of Mark I outer Fuel Elements -
Column 2855 (Tube Average Exposure - 5305 Mwd/t)
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Exposure
Failure Tube Date of Power Tube Element Fuel Type of Hour Prod.
Number Number Failure (kw) (Mwd/t) (Mwd/t) Type Failure Loss Loss

37 2562 3-8-67 4920 1282 180 Mark I  Outer 18.7 3117
Fretting

38 L644 3-24-67 4017 4094 3243 Mark II Exam. In 25.0 3167
Progress

Radiometallurgy work to determine the cause of three Mark I inner
fuel element end-associated failures (failure numbers 26, 27, and 28) is
essentially complete. The findings point to cracks and/or inclusions in
the braze metal as being the most significant departures from the quality
and integrity which was expected in these fuel elements; however, in no case
was evidence found that indicated water entry through the braze metal to the
uranium,

As discussed in last month's record report, fuel element failure
number 35 suffered the most extensive loss of core metal and cladding of
any failure to date. During Radiometallurgy examination, it was found that
the inner cladding of the outer fuel element had a tiny (1/64-inch x 3/16-
inch) hole near the point where a buggy spring support on the inner fuel
element contacted the inner cladding. Borescope examination of the water
side of the inner cladding disclosed a fretting penetration and one of the
buggy springs on the inner fuel element showed that a foreign object had
lodged against the upstream loop and fretted both the loop and the weld tab.
Further examination showed that the outer cladding of the innet fuel element
had a severely fretted area at the side of the buggy spring support. The
fretting member was not found. Nevertheless, examination has proved that it
was present and that it was the cause of failure.

1.6 Reactor Long-Term Reactivity Transients

Reactor reactivity changes with fuel exposures have been deduced
from a long history of operating data. The results for Mark I and Mark IA
fuels are presented in Figures 5 and 6, where they are compared with values
calculated by FLEX and MOFDA computer codes. Inspection indicates that the
MOFDA code quite accurately matches the shape of reactivity curve, but is
based high by about 18 mk. FLEX code matches the total curve more exactly,
Comparisons of this type provide information which will be used to improve
computer codes.
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1.7 Graphite Studies

Initial parallel and transverse measurements on graphite bar samples
removed from ball channel 60 last month show that the graphite has gone
through the initial growth phase predicted and has just started to contract.
The small dimensional changes agree quite well with the appropriate isotherm
on TSX (graphite) data from General Electric test reactor experiments and
data from other Hanford reactor tests. At this low exposure there is no
measurable size effect.

1.8 Decontamination

Laboratory and loop demonstration tests to confirm the suitability
of the procedure specified for Cell 3 decontamination are underway. Inade-
quate performance (a decontamination factor of two) of the alkaline
permangandte-acid procedure in decontaminating the left rupture monitor room
drain headers last month raised concern about the capability of the proce-
dure to decontaminate steam generator tubing. Allowing for the same
procedural deficiencies - old caked acid, low flow rate, and poor temperature
control - the process was checked on a laboratory scale in the N-Reactor
water quality laboratory. A piece of steam generator tubing removed from
steam generator 3A in February was given the alkaline permanganate-acid
treatment using the same materials used for the rupture monitor line drain
header. The activity of the tubing sample was reduced from 24 mr/hr to
900 c¢/m, a decontamination factor of about 80. It is therefore apparent
that the factor which prevented good decontamination of the rupture monitor
line drain header does not apply to the steam generator tubing.

1.9 Primary Loop Studies
Primary Piping Monitoring

Procedures are being prepared to establish a program for monitoring
the primary piping. Three regions have been identified where testing for
weld flaws is desirable. Two are high-stress regions and one is a high-
vibration zone. Testing will be done with ultrasonic methods over an area
one inch on either side of the welds in those regilons. A region of high-
flow velocity with change of direction where erosion of the pipe wall could
be expected will also be selected for testing. A region of high thermal
stress, where make-up water is injected, will also be included in the program,
Direct measurements of pipe diameters will also be made to determine any
geometric changes. This program will be initiated during April.
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Primary Coolant Shrinkage

A study of the primary loop volume response during a reactor scram
has been started to define more precisely the Present primary loop shrinkage
rates. This will provide a basis for comparison with full coproduct opera-
tion and higher power level operation (4800 Mw power ascension).

The scheduled outage starting March 12 was initiated by a "scramming
down" of the reactor to obtain additional information on the N-Reactor scram
transient. The three pressurizer level transmitters were observed during
the scram transient to determine if the level indicator in the control cir-
cuit was in error. The three level transmitters were all in good agreement
with each other and the Control Room instrumentation. The high speed
recordings from this scram are now being evaluated to further define the
N-Reactor primary loop shrinkage following a scram. The high-pressure injec~-
tion system flow instrumentation was also calibrated during this outage.

1.10 Analog Computer Studies
N-Reactor Transients

A summary of the first phase for more accurately predicting N-Reactor
transients is given below.

The recorded 46-inch header pressure transient following an 800 Mwe
load rejection was programmed into the analog computer model, and the primary
thermal mixing lag was varied to obtain reactor power ramps close to those
observed during the Washington Public Power Supply trip-off (N-4) tests.

During the trip-off tests, the recorded plant transient reponses were
less severe than those predicted by the simulated transients (both analog
and digital). See Figure 7. Of main concern were the deviations between
the simulated and plant responses in the 46-inch steam header pressure. Of
primary interest were its decay from its peak value, (reached after the tur-
bine load rejection) to its setpoint; and the effect that this rate of
pressure change had on the reactor power rate~of-rise.

Using the recorded 46-inch header pressure transient following an
800 Mwe turbine trip, as shown in Figure 8, the simulated reactor power
rates-of-rise as functions of the mixing time constant and different water
and metal reactivity coefficients were obtained as given in Figure 9. The
simulated power ramps for Curves 2 and 3 are within the observed range of
100-150 megawatts per minute.
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Figure 7. Accumulative Shrinkage Primary Loop
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N=Reactor Plant Model

A detailed description of the N-Reactor computer model is contained
in HW-82589, ANALOG SIMULATION OF THE HANFORD N-REACTOR PLANT, by CD Swanson,
et al, September 1, 1964.

The reactor kinetics model used was one with standard space-independent
kinetic equations. Heat balance equations both for the fuel elements and
coolants were included along with the reactivity effects from the changes in
the water and metal temperatures. Consequently, estimates of the metal-
water time constants are considered in the model. The reactivity effects of
changes in the graphite temperature were not included.

Both the transport lags (deadtime) and mixing lags were included in
primary loop considerations. The transport lags were essentially equivalent
to the volume of the cold and hot legs, divided by the nominal total flowrate.
The values used were 25 and 17 seconds, respectively. For the transport legs,
there is a waiting time after which the output changes in a manner similar to
the input. For the mixing leg, assumed to be a first order lag, the output
starts changing as soon as the input does, but gradually approaches the final
values.

Neither heat losses from, nor the heating and cooling of the piping
between the steam generators and the reactor were included in the simulation
model. However, the heating and cooling of the 353,000 pounds of metal in
twelve steam generators was considered. .,

As noted previously, the recorded main steam header pressure transient
for a dual turbine trip from 800 Mwe on December 8, 1966 was programmed into
the simulation model. During the Pressure and accompanying temperature
transient, the heating and cooling of the steam generator shell metal was
not included in the model.

Simulation Results

Figure 10 shows a comparison of the recorded and simulated steam
generator coclant outlet temperature changes following the 800 Mwe load
rejecticn. The family of curves represents the simulated temperature
response after applying different time constants (0-40 seconds),

As illustrated, after considering a thermal lag (T = 0), the primary
coolant changed 16 F. After applying different lags of 10, 20, and 40
seconds, the temperature changed about 14, 12, and 10 degrees, respectively.
Note that the simulated temperature begins to match the recorded response
when the thermal lag is about 20 seconds - although they are offset by 5-10
seconds,
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Input Signal Output Signal

Transport Lag

T = time between input change
and beginning of output
change

fo———
First Order Time Lag f T 63.2%
|
' I
— rp—

T = time constant, the time
to reach 63.2% of total
response

Figure 10. Lag Outputs For a Step Change In Input

41~ UNCLASSTIFIED




DEL

G DECLASSIIED] « —  wewvsws

The only significant change made to the mathematical model to bring
steam generator coolant outlet temperature change more in line with the
recorded response was to "refit" the linear equations of steam temperature
as a function of pressure, and the steam and water enthalpy as functions of
pressure over a narrower pressure range (130 to 180 psia). These changes
gave the results shown in Figure 11.

Using the recorded 46-inch header pressure transient and the
accompanying primary coolant temperature transient for T = 0 (given in
Figure 11), the reactor power rate-of-rise as a function of the mixing
time constant was calculated for different water and metal coefficients
of reactivity. The results are summarized in Figure 9.

The mixing time constant is calculated by dividing the nominal
volumetric flow-rate into the volume of the "mixing tank." 1In all previous
analog runs, this mixing tank was assumed to have the equivalent volume of
the inlet header and the inlet vertical risers (not the cross-over lines or
the inlet downcomers). At first, the increase in the time constant was
thought to be simply a means to bring the simulated power ramps in line with
the observed ramps. However, a more detailed analysis of system volumes
shows that this time constant has physical meaning which should not be
ignored for values up to 25 seconds.

Conclusions

As a result of these comparisons, efforts to improve the simulation
models will be directed to duplicate the 46-inch header pressure transient.
The results in Figure 8 indicate that the observed physics transients can
be duplicated fairly well once the proper steam pressure transients have
been more precisely defined.

N-Plant parameters which will be designated for entry on the high
speed scram recorder will include primary coolant temperatures from the
different steam generators, cells, and inlet risers. These data will give
an estimate of the amount of coolant mixing and temperature distribution at
the inlet of the reactor following turbine trip-offs. The data will also
serve as a basis for other reactor inlet temperature transient studies such
as valving in a steam generator cell during reactor operation.

1.11 Nuclear Health and Safety

During the last report period no release to the environs of radio-
active or chemical effluents in liquid or gaseous form occurred in which
the AEC, U.S. Public Health Service, or Washington State limits were exceeded.
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2. COPRODUCT MISSION
2.1 Production Schedule

The third increment of coproduct fuel was charged into the reactor
during the March 12 outage, and eight more columns were charged during the
March 24 outage, bringing the total Mark II inventory to 643 columns. All
aspects of the program are on schedule and the coproduct demonstration
continues to proceed smoothly.

Results of physics behavior during operation with the first two
increments have been close to predictions.

As scheduled, a test was run during the March 12 outage to determine
how many ball columns would be required to hold the reactor sub-critical with
all rods withdrawn. It was found that 81 ball columns would satisfy this

equirement. Extrapolation of these data to a prediction of the number of
Eall columns required to hold the reactor sub-critical when fully loaded
ith coproduct fuel is underway.

Fifteen columns of Production Test-66 coproduct fuel irradiated to
goal exposure of 2100 Mwd/t were discharged for yield determination. Prior
to charging the third increment of the coproduct demonstration, three
columns of this fuel were visually examined and found to be free of defects.

The remaining Production Test-66 columns will be used to probe higher
exposures. In addition to this block of 14 columns (one column was dis-
charged for examination of long W-spring supports), there are eight PT-66
columns scheduled for discharge at intervals between 2100 and 5500 Mwd/t.

If irradiation proceeds successfully, the l4-column block still in the
reactor may be irradiated to 5000 Mwd/t (12 percent Pu-240) in order to
obtain a yield determination on these columns. This would provide a yield
determination at a sufficiently high exposure to verify predicted tritium
and plutonium conversions as functions of exposure.

:
Pellets in the bottom layer reached 700 C and in the top layer 600 C.

These data indicate 97.5 percent of the tritium in a charge will be recovered
in a 50-hour extraction. The crucible is to be sectioned for corrosion
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A projection of the needs for Mark II and Mark IIA fuel 1indicates
that maximum full-load coproduct demonstration objectives will be met by
fabricating a total of 1300 Mark II columns, 300 Mark IIA columns, and 50
Mark IIB columns. This split will permit recharging all fuel columns as
they reach goal exposure, recharging three increments (in June, July, and
August) and starting the transition to Mark IC fuel in September.

2.2 Mark II Fuel Performance

Significant quantities of Mark II fuel have now been discharged from
the reactor at goal exposure, and important analyses have been completed.
Five columns with tandem interference-fit buggy springs, three with 0.8-inch
W-springs and two with 1.2-inch W-springs have been examined in the N-Reactor
fuel examination facility. All drivers and targets were found to be in
excellent condition. A few fretted areas were found under the interference-
fit buggy springs, but none were deeper than 10 mils. What was thought to
be shallow depressions were observed under the crowns of the W-springs.
Sectioning through one of the worst of these "depressions' showed that it
had no measurable depth. Apparently the effect was an optical illusion
under basin viewing conditions.

Radiometallurgical examinations of target elements from Production
Test-NR-66, irradiated to exposures of 2160 Mwd/t, have produced the
following information:

a. No apparent change in warpage has resulted from .the,
irradiations.

b. Free gas volumes collected from the drilled targets
indicate that gas concentrations will increase linearly
with incréased exposure.

c¢. There are insufficient data available at present to
define what the tritium fraction of this free gas
would be. It is expected, however, that it too will
increase with exposure and will approach 8 to 10 per-
cent of the total tritium content in a high exposure
target.

The latest results still indicate that the room temperature internal
pressures within the aluminum target cans will be of the order of 20 atmos-
pheres. This produces stresses well below the yield stress of even fully
annealed aluminum. During operation, assuming an average target element
temperature of 325 C and complete gas release (fission gases, H20 and CO and
CO2 gases from allowable sintered pellet contents - 150 ppm of the CO and
C03), it is calculated that a 7000 psi hoop stress will exist in the Zr~2

cladding. This is within the working stress limit (20,000 psi) by more than
a factor of 2.
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2.3 Coproduct Physics Test Preparations

Preparations are in progress to perform physics testing in May. The
initial intention for the hot physics test series was to heat the primary
loop by introducing energy through pumping (AP losses) as was done during
the N-1 test series. Since exposed fuel is present, the need for rupture
monitoring resulted in a series of special requirements--special instrumen-
tation to detect fission products in each riser, a method for quickly
returning the rupture monitor to service, and methods of quickly diverting
all channels on a riser to minimize loop contamination. Recent investiga-~
tions show that the leak rate from the primary loop is high enough to allow
energy losses due to leaks, radiation, and partial flow in the rupture
monitor which might limit the test to below 400 F. A study is in progress
to determine whether the steam generators can be utilized as condensers to
heat the loop. Up to three times as much energy can be introduced by this
method. Normal usage of the rupture monitor could be made under these
conditions, and leakage energy losses would be compensated for. Test tempera-
tures would be in the range of 420 to 450 F.

2.4 Tritium Monitoring

The continuous monitor for tritium in the storage basin atmosphere
was placed in operation during the month and stripping of the lithium
aluminum targets (Production Test-NR-13) was initiated.

2.5 Shipment of Targets to Savannah River

Preparations for shipment of targets (Production Test-NR-13 and
Production Test-NR-66) to Savannah River Operation continued during the
month. The rail car to be used with the SCRUP cast for shipments to
Savannah River Operations has arrived on plant. The vehicle, a Union
Pacific car of 70-ton capacity, has been inspected and studies of ways to
attach the cask to the car are under way.

2.6 Storage Basin Corrosion of Aluminum-Jacketed Target Elements

The continuing test of the corrosion of aluminum- jacketed target
elements in N-Reactor storage basin water was concluded February 4 after
element exposures of 5 to 10 months in storage basin water. The conclusions
from the test were:

a. Elements that had been canned in Zr-2 jackets by standard
procedures and dejacketed with the stripper showed greater
pitting than pieces that had not been canned in Zr-2. No
pits were observed on the unjacketed elements after an expo-
sure of 10 months while shallow pits from 2 to 15 mils deep
occurred on the jacketed and stripped elements after eight
months exposure.
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b. Deliberate surface abnormalities, such as embedded Zr-2
particles in the aluminum surface and unacceptably high
tungsten inclusions in the welds, showed no indications
of attack after five months of exposure.

c. Localized penetration of stripped target elements will
not occur during storage in basin water for six months.

These tests indicate that corrosion of aluminum-clad targets will
not present a problem for the planned periods of basin storage.

2.8 Flow Loop Tests

Life testing of Mark II fuel elements continued during the past
month in the out-of-pile (189-D) test loop. The most recent series is
summarized in Table 2-1I.

Tests were conducted to determine the pressure drop across a column
of 13.25-inch Mark II fuel elements in order to establish the effect of
having more supports in the flow stream. Results show very little differ-
ence in over-all pressure drop between the 13.25 and 26.5-inch elements.
Flow split tests will also be performed using these elements.

2.9 Increased Reactor Power Level Program

The basic objective of the proposed increased power demonstration
program is to permit realization of N-Reactor's maximum power capability
on a timely schedule. This demonstration represents the first step in a
more comprehensive program to utilize the reactor's "stretch" capacity.
The incentives for higher power level operation are many. One of the most
important incentives is the increased product flexibility which may be
derived from higher power operation. In addition, higher power operation
will result in lower product unit costs and higher total production.

The demonstration will have several specific objectives which are
related to the over-all power increase program. The demonstration will
permit early verification of system and equipment capacities and responses.
The data on response and capacities will be directly applicable to subse-
quent higher power operation with both coproduct fuel and plutonium-only
fuel.

a. Verification of heat removal System capacities will be
completed with enough lead time to permit any modifications
or changes necessary with no sacrifice in potential higher
power operation.
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TABLE 2-1
' Test W-Spring
Support No. of Test Test Time Force
Type Element Cond Time . Accum. (pounds)
Spider 4 340 gpm 484.5 484,5%%
570 F hours

Buggy 4 484.5

Spring
W-Spring 1 2887.75

(hand

formed)
W-Spring 1 2309.75 68
(machine

formed)
W-Spring 2 1789.75 74, 74
(production

grade) .
W-Spring 2 1434.25 83, 73
(production

grade)
W-Spring 1 767.0
W-Spring 1 767.0

(13-Inch

reworks)

*Outer supports have shoes with tabs,

**Test completed March 3, 1967.
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b. Verification of reactor transient response will be made to allow
system tuning as required prior to continuous higher power opera-
tion. Of these transient responses, the most important will be
the response of the reactor to a scram at increased power levels.

Because of the limited duration of the current coproduct testing
program, this increased power demonstration will provide the only oppor-
tunity to obtain data and experience with the Mark II fuel at higher power
levels. This would, of course, be highly desirable for future development
of coproduct fuel should the reactor eventually go to sustained coproduct
operation. A portion of the benefit for coproduct fuel has already been
realized as a result of the intensive engineering investigation which was
required for the hazards analysis. This analysis has provided a framework
from which future studies will be based.

A document, RL-GEN-1493, describing increased power program objectives
has been issued. The document gives the schedule, expected operating parame-
ters, and necessary testing and data requirements.

3. TRANSPLUTONIUM TECHNOLOGY

Results accbmplished in March not at a reportable stage.

4. PLUTONIUM=-238

The chemical separation of the second column of neplunium targets
is in progress. To date, six elements (12 pieces) have been processed with
the dissolution and separation of the remainder of the column continuing.
There are no analytical results to date.

The mechanical separation progressed as scheduled with only slight
difficulty encountered during removal of the graphite plug and sleeve, The
flux monitor wires were sent to the Battelle Northwest Analytical Chemistry
Laboratory for analysis.

The processing of the first six elements of the third column for
the Douglas United Nuclear fast turnaround demonstration is scheduled so
program continuity will be retained. The targets were discharged on March 17
and transferred to the radiometallurgy laboratory on March 20. Following
mechanical separation, the elements were transferred to the chemical separa-
tion facilities on March 24 and dissolution commenced on Mareh 27. Approxi-
mately 400 grams of neptunium nitrate were available for use by Douglas
United Nuclear April 1, 1967.
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Results of measurements- of the initial U-236 content in Mark I
fuel indicate concentration of 60 ppm. Feeding this value into our calcu-
lations, rather than zero ppm as before, requires that the U-236 resonance
integral be reduced to about 400 barns, rather than 480 barns, in order to
match the experimental yields of Np-237 reported by Isochem. The value of
400 barns is a commonly accepted value, being at the low edge of measured
data rather than the high. These adjustments also result in calculated
neptunium yields compatible with those calculated by Douglas United Nuclear.
Revisions to the N-Reactor conversion ratio tables will be initiated.

A semi-production scheme for converting Hanford neptunium to Pu=-238
has been prepared and discussed with the Commission. The basic text of the
report is contained as a special section of this document.

5. OTHER ISOTOPES

Isotope Production Study

The productivity of the 68 fringe channels has been calculated for
several isotopes. In all cases it was assumed that each target column would
be supported by three spike colums and that the target blackness would be
adjusted to a net reactivity effect of zero. The production amounts, product
quality, irradiation time, and target throughput are given in Table 5-1I.

Because each column is supported by three spike columns, the loss
of standard product per year is 19.3 kg of plutonium at 12 pexrcent Pu-240
for the plutonium-only mode. Assuming a $500,000 capital investment, a
5-year pay~-off period, and a 7.5 percent interest rate, capital charges

have been assigned as shown in Table 5-II. Also shown are irradiation
~charges. |

6. ENRICHED FUEL PROCESSING

Results accomplished in March not at a reportable stage.,

7. TARGET SPACE ENHANCEMENT

Not a Hanford Atomic Products Department program at present,
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TABLE 5-1

PRODUCTIVITY OF THE 68 SPARE CHANNELS

Annual
Annual Irradiation Target Target
Isotope Production Quality Time, Mo.. Throughput  Material
Po-210 .9 kg - 6 66 tons Bi
H-3 .28 kg - 6 40 kg Nat Li
Pu-238 20 kg 95% 4 720 kg Np
U-233 26.8 kg - 6 17,140 kg Th
Co~60 3.3 MC 17 Ci/g 24 195 kg Co
Tm=-170 4.7 kg .35 w/g Tm 12 145 kg Tm
TABLE 5-II '
CAPITAL AND OPERATING CHARGES FOR ISOTOPE PRODUCTION
IN THE 68 SPARE CHANNELS
Irradiation Estimated
Isotope Capital Expense Expense, $§/g Market Value
Po-210, $/w %dMﬂ“
“~H-3, $§/g !

Pu-238, $/g

U_233: $/g

Co-60, §/Ci 0.037 0.146 0.10

Tm-170, $/2 2,19 8.55 10.00

"Po-210 the loss of standard production is considerably less than the 19.3
kg for the other isotopes.
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8. NUCLEAR SAFETY
8.1 Metal-Water Reaction Studies

Calculations of hydrogen evolution rates and other consequences of
a reactor accident involving a primary system dump and emergency raw water
system failure have been completely rechecked. A report is being issued
giving simplified versions of the uranium and Zr-2 steam corrosion laws,
in analytical as well as graphical form. Given the metal surface areas and
temperatures for an accident model, one can quickly determine hydrogen
production, depth of attack, energy production, and chemical power as a
function of time,

A second report will be issued to describe the factors that may
affect the behavior of fuel and cladding during an accident giving the
results of analytical studies of several models. Several conclusions have
been reached as a result. of these studies.

a. The protective nature of the oxides found on uranium and Zr-2
during steam corrosion at high temperatures is a prominent aspect
of the problem.

Parabolic reaction kinetics ensure a steadily decreasing rate

of A hydrogen evolution as the oxide films thicken with time. .
The rate constants are well known. This conclusion is supported
by laboratory data, by engineering test results and, in the case
of Zr-2, by industry-wide acceptance.

b. The strength, tenacity and self-healing characteristics of the
oxide film should virtually prevent longitudinal movement of
molten uranium in a steam environment. This, however, has not
yet been demonstrated in prototype tests.,

c. The fission gases cause cladding failure below the melting
point of uranium (1020-1040 C). Failure of the cladding is by
formation of a short longitudinal crack. A solid state U-Xe
foam is extruded through the crack. If the presence of the xenon
as a cover gas does not protect the uranium from rapid corrosion
during foaming (because of increased surface area) then melting
and superheating should speed the separation of gas and metal,
causing it to settle down to a quiet, oxide-covered pool.
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d. Corrosion product-to-metal volume ratios are such that, at about
40 percent of complete reaction, there is no more free space in
the process channel. Diffusion of steam through the compatcted
corrosion products should become limiting. For accidents that
are terminated after several hours, this appears to be a more
reasonable:Ximit than complete reaction..of fuel, claddimng, and
tube.

e. If molten uranium should contact the process tube and the
temperature not exceed about 1300 C, the process tube should
be able to contain the debris for at least several hours.

f. The molten pool model (with the uranium area doubled) appears to
be the most realistic model. The logic is not that this is
assured as the ultimate configuration but that the initial confi-
gurations one would expect near the melting point offer less
surface area than this model. 1If chemical heating should cause
the temperature to rise significantly, then failure could spread
to the outer tube. If the temperature remains high, the outer
uranium may melt and something resembling the molten pool confi-
guration should be the result..

At this point the correct temperature to assume has not been defined.
There is reason to believe, however, that the whole mass would cool to the
process tube temperature - leading to a low rate of hydrogen production.
Even if the temperature remains at 1200 C, the rate of hydrogen production
is not very great. Only if it should substantially exceed 1200 C would
large hydrogen volumes be predicted. T

Figure 12 portrays a range of possibilities covered in the model
studies. The volumes of hydrogen shown are for one column only. One can
extend this to various size accidents by appropriate multiplication of the
ordinate. The curve labeled "Steam Flow Limit -  Rate" refers to use of
maximum inner annulus and central hole water flow rate in a damaged fuel
column (0.055 lb/sec/tube) and assuming an infinite corrosion rate. The
curve labeled '"Zr-2 Corrosion Only'" refers to the model in which it is
assumed that the fuel and tube reach the maximum temperatures (inner-1100 C,
outer-1000 C, and tube-900 C) without failure of the cladding. For the mol-
ten pool medel, the breadth of the band indicates the effect of doubling the
uranium area. Effort will be continued to define and establish conditions
which would prevail under accident assumptions with the objective of limit-
ing the model to the most realistic cases.
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8.2 Primary Loop Blowdewn After Pipe Rupture

The study of the transient primary coolant depressurization following
a pipe rupture is currently being modeled for solution on the Dynamics System
Analyzer (Dyna Sar IV). The model is constructed with the conventional partial
differential equation needed for the solution. The loop will be considered in
appropriate sections and the partial derivations with respect to position will
be described algebraically; the resulting ordinary differential equation will
be integrated by Dyna Sar.

The model will provide estimates of coolant flow, pressure, and tempera-
ture profiles; steam release from the break; and transport time from reactor
exit to break location for various break sizes. For the initial efforts, only
inlet header breaks upstream of the check valves are being considered.

8.3 Fission Product Release Tests

As reported in the February Record Report, one column of Production Test-
76 fuel (which included three 8-inch fuel assemblies) was discharged in prepara-
tion for resumption of fission-product release tests. The fuel must cool 40
days but not more than 90 days for the fission product inventory to be within
allowable limits. The tests are to be resumed in mid-April following hydrogen
evaluation tests with unirradiated fuel, which are now underway.

8.4 Results from Soil Sampling Wells (N-Reactor Crib)

Several soil-sampling wells have been drilled in the vicinity of the N-
Reactor to determine the distribution of isotopes in the soil 'and to record
their movement towards the river. Three walls have been completed and a fourth
iz being drilled im the vicinity of the N-Reactor crib. Results for Strontium-
90 and Cesium-137 tests approximated predicted valueb and are well within estab-
lished limits.

8.5 Pipe Rupture Study

A study of the process tube coonectors and the primary risers was made
to determine if a single process pipe break can proliferate into multiple fail=-
ures. In a previous study for HAPD, General Electric consultant Dr. W.J. Love
examined the process tubes for the same purpose, using both analytical and
experimental techniques. In the current analysis, conservative assumptions
were used which demonstrated that the primary system piping is adequately
designed to prevent proliferation of a single failure.

9. WASTE MANAGEMENT
Not a Hanfcrd Atomic Products Department program at present.,
10. COLUMBIA RIVER STUDIES

Not a Hanford Atomic Products Department progrem at present.
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PRODUCTION PROGRAM
FOR IRRADIATING ALL HANFORD-PRODUCED NEPTUNIUM

INTRODUCTION

Current space technology needs and projected future demands for indus-
trial uses have created a strong interest in expanding the production and
reducing the cost of plutonium~-238. A manifestation of this interest was
the creation of a program by the AEC in FY-1966 to evaluate Hanford's capa-
bility to produce Pu-238 on a continuing basis. The program entailed
irradiating three three-quarter length columns containing 44 target elements
of neptunium and aluminum alloy (4000 grams of neptunium) in the N-Reactor
neutron flux field and individual targets in K-Reactor (400 grams of nep-
tunium). The demonstration program has been largely completed, and an
advantageous economic and production potential has been identified. The
large-scale program at N-Reactor has established a sound base to derive a
complete production program by providing information on:

Production potential
Chemical separation technology
Target fabrication technology

Program continuity
The purpose of this document is to present the basis for and a general
outline of a process scheme, initiated within the calendar year, to produce
in N-Reactor significant quantities of Pu-238 by irradiating all Hanford-
generated neptunium. The complete target fabrication and product separation
to support this production plan will be performed in previously demonstrated
facilities without capital expenditure.

The production scheme presented and the program being proposed for
K-Reactor will demonstrate the full production capability at Hanford and
will provide a firm basis for expanding the program should the anticipated
post-1970 market develop.

SUMMARY
The irradiation of neptunium elements for the production of Pu-238 will

again demonstrate the multiproduct capability of the N-Reactor plant and
will enhance the diversification effort for marketable reactor products.
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TABLE I
NEETUNTUM RECYCLE PROGRAM

BY OUARTER*

CY=-1967. CY-1968 CY~-1969 CY-1970 CY-1971
Qarter $ E 1 s F 1 S F 1 S F 1 8 F I
1 8 24 11 18 57 18 26 83 27 29 105
2 8 11 35 11 20 64 20 29 90 29 31 105
3 8 8 8 17 38 17 25 67 26 32 94 33 21 104
4 8 16 8 17 47 18 26 75 26 37 103 29 25 85

*NOTE: The kilogram values for Separation (S8) and Fabrication (F) are
totals, however, the value for Irradiation (I) is the maximum
quantity in the reactor at any one time during the quarter.

-
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WITH DELETIONS

The production plan proposed for N-Reactor is to:

a. Divert the neptunium production stream from the Isochem
Purex facility to the fabrication of 15 w/o neptunium-
aluminum alloy target elements.

b. Expose to the N-Reactor flux for 250 days at 4000 Mw.

c. Chemical processing of irradiated elements in
existing pilot-scale facilities.

d. Recycle to produce target elements for further
irradiation.

Each phase of the production plan has been demonstrated, and the
proposal can be accomplished within the calendar year with a minimum
research and development effort and no capital expenditure. The proposed

plan can produce up to 15 percent more Pu-238 than the present process
for the 1968 to 1970 period

Using targets containing 15 percent neptunium in a 10-month irradiation
and a 3-month ex-reactor processing cycle, the capacity of all needed facili-
ties is adequate to process the entire quantity of neptunium from Purex, as
well as the recycled material through calendar year 1970. Should the market
for Pu-238 develop as projected and with the availability of neptunium from
commercial power reactors, the need for expanded production facilities with-
in the AEC complex would occur during calendar year 1971. The experience
and detailed engineering data gained by this interim production scheme would
provide a solid base for the design and construction of such facilities.

The quantity of neptunium at each phase of the program on a quarterly
basis is tabulated in Table I. The yearly operating cost is shown in Table II.

BASIS

The technological basis for the Pu-238 production proposal is concluded
from the 4000-gram neptunium irradiation test initiated at N-Reactor early
in calendar year 1966. The demonstration program utilized 14 cast alloy
target elements containing 9.2 w/o neptunium in aluminum and 30 cast alloy
elements of 6.5 w/0 neptunium in aluminum. The charge makeup and the expo-
sure history for the 44 target elements are detailed in Table. ITI.

The process flowsheet derived for the total production plan and demon-

strated during the test period is shown in Figure 13 along with an alternate
plan. Each step was completed with gocd success and continued routine opera-

ot L
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- | TABLE 1II
HEBI.ASS IFIE[? Pu-238 PRODUCTION PROPOSAL
WITH DELETIONS OPERATING COST
Unit Cost Operating Budget
$ X 1000
Element 1967 1968 1969 1970
« Conversion
Fuel Fabrication
Scheme 1 (Iso) 185 16 52 84 114
Scheme 2 (BNW) 238 21 67 108 147
Chemical Separation
Decladding 219 28 65 102
® Irradiation(l)
TOTAL
Scheme 1 1555 41 246 507 ' 779
Scheme 2 1608 46 261 531 812

Average Unit Cost ($/g
Scheme 1

Scheme 2

)

("

each element contains .-187 grams" neptunium

at 22.5% conversion yields 42 grams plutonium per element to full

exposure.
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TABLE III

CHARGE DETAIL AND EXPOSURE HISTORY
Pu-238 DEMONSTRATION PROGRAM

RL-GEN-1300 3

Charge Discharge Days at Target
Column Charge Makeup Date Date 4000 Mw Burnup
1 14 elements 3-25-66 10-3-66 74 13.8
at 9.2 w/o Np
2 15 elements 5-29-66 2-6-67 112 17.0%
at 6.5 w/o Np
3 15 elements 5-29-66 3-12-67 141 22.0%
at 6.5 w/o Np
*Calculated Values

-60~
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Scheme 1
Isochem Withdraw Np(NO3)4
Isochem Convert to NpOs
Isochem Form Master Alloy
Isochem Fabricate Aluminum-Clad
Elements
GE Zr-2 Clad and
Inspection
GE N-Reactor Irradiation
GE Declad N-Basin
BNW Separations

RL-GEN-1300 3

Scheme 2

Isochem

Isochem

BNW

BNW

GE

GE

GE

BNW

Figure 13. Pu-238 Production Proposal Flowsheet
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The rate and efficiency of neptunium conversion and the annual produc-
tion levels being forecast are based on measured results recorded from the
experimental program. These data show, for the 9.2 w/o neptunium-aluminum
target exposed for 74 full power days, 9.0 percent of the neptunium atoms
charged are converted to plutonium of which 94.4 percent are Pu-238,

For the production plan, a 15 percent neptunium target element will be
used, the objective being to reduce the total number of elements required
and increase the exposure time to reach a given product purity and hence
increase the total number of Np-237 atoms converted to Pu-238. The 250
full power day exposure time to be utilized for the proposed production
mission will yield a product purity of 80 percent at a conversion efficiency
cf 86 percent, as compared to the 80 percent purity and 82 percent conver-
sion efficiency of the present process.

The data for the 9.2 w/o and 15 w/o neptunium in aluminum target ele-
ments are tabulated in Table IV. Using the results for the latter case, the
annual recycle production level through 1970 is calculated and tabulated in
Table V.

PRODUCTION PROGRAM

The pilot-scale production program demonstrated at N-Reactor requires
minimal research and development effort and no capital expenditures to
expand to a routine operation involving all available Hanford-produced
neptunium, The major operational steps in the process flow are detailed
below.

Fabrication

The target element to be used for the Pu-238 program will be an improved
version of the cast neptunium-aluminum alloyed element used in the demonstra-
tion program, the major difference being an approximate 65 percent increase
in the neptunium concentration (i.e., 15 w/o as compared to 9.2 w/o for the
first column of the demonstration load) in the alloy.

The target element fabrication facility, based on experience to date,
can produce usable target elements at the rate of approximately 150 elements
(29 kg nmeptunium) or ten columns per month on an operating schedule of one
shift per day. This rate is an estimated equilibrium figure and should be
treated as a maximum quantity; however, the quarterly fabrication rate
requirement is not expected to exceed 30 kg of neptunium during any one
quarter before 1971. The process flow, rate of production, and manpower
are detailed in Table VI.
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TABLE 1V

EXPERIMENTAL Pu-238 DATA

(Column Average)

Np per Column Pu per Column (1 )
Target Exposure Irradiated Remaining Total Pu-238 a‘*/1-p €
w/o fpd Y ams orams grams YA ok %
9.2 74 1612.1 1455  145.7  9%4.4 9.02 9.8 94.8(2
15¢3) 250 2790.0 2051 636 80.0 22.8 26.5 86.0
(1) & - Atom of plutonium produced per atom of neptunium charged,

expressed as a percent,
(1-8) - Fraction of neptunium consumed per cycle, expressed as a

percent,

(2) Pu_Total = 94.8
Pu -Total + Grams Fissioned

(3) These data for the 15 w/o target are calculated values.
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TABLE V

YEARLY PRODUCTION
USING HANFORD NEPTUNIUM

Nep tunium Maximum No. kg kg

Available Target Columns Np-237 Plutonium
Year kg During Year Throughput Delivered
1967(1) 24 6 - - -
1968 45 17 26, (126) (2 5.4
1969 50 27 57 (300) 12.8
1970 58 36 89  (467) 20.1
1971(3) 23 36 119 (625) 27.0

- 3

(Diast three quarters of 1967. All neptunium quantities based on
revised conversion ratio data.

(2) Number of target elements fabricated from given neptunium quantity.
(3)Neptunium addition in 1971 equivalent to burmout in 1970.
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Process Flow

Form master alloy
Form and cast aluminum-
neptunium alloy

Machine assembly to
specifications

Clean aluminum tube
cladding

Insert:alloy in outer
cladding; insert gra-

phite rod; weld aluminum

end closure
Insert into Zr-2
shroud; weld Zr-2
end closure

Weld Zr-2Z supports;
leak check; etch

Autoclave*®

Leak check

Attach support covers;
final inspection

TABLE VI

FABRICATION DETAIL

Rate of Production

1.6 elements per shift

8 elements per shift

6.5 elements per shift

15 elements per shift

15 elements per shift

12 elements per shift

15 elements per shift

15 elements per
autoclave cycle plus
2 days

15 elements per half
shift

15 elements per half
shift

RL-GEN-1300 3

Manpower

1 engineer,
3 technicians

1 engineer,
3 technicians

1 engineer,
3 technicians

2 technicians

1 engineer,

3 technicians

2 technicians

1 engineer
3 technicians

2 technicians

1 technician

-

engineer
2 technicians

*For a cycle of 16 hours, the throughput would be approximately 60 elements
per week with two autoclaves.

[DECLASSIFED
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Irradiation

The irradiation scheme to be utilized for the program will include a
target and adjacent driver geometry as demonstrated by the production test.
The drivers-to-target ratio will be 8 to 1 with a maximum of 36 target
columns and 288 Mark I-A driver columns in the reactor at any one time
through calendar year 1970. The maximum number of target columns in the
reactor at any one time is listed by year in Table I, along with the total
neptunium throughput and the plutonium production rate. The target elements
for the production proposal will be discharged after approximately 300
calendar days of exposure (250 full power days). The outer cladding and
graphite insert will be removed in the fuel examination facility at N-Reactor
and transferred to Chemical Separations, Battelle Northwest. The decladding
operation was demonstrated in the Radiometallurgy Laboratory of Battelle
Northwest; however, on a full-scale production mode, the decladding opera-
tion will be moved to the reactor area.

Chemical Separation

The chemical separation will involve a mercury catalyzed HNO3 dissolu-
tion and two anion exchange cycles as demonstrated by the experimental
production program. Since all phases of the separation process are performed
in the laboratory hot cell, the manpower requirement of one chemist and one
operator per shift is constant. The chemical separation process is graphi-
cally displayed in simplified form in Figure 14 with the percentage of
separation and the neptunium and plutonium product lost to-.the,waste stream
indicated on the flow diagram. The separation process has a maximum through-
put controlled by the aluminum content in the dissolver tank and the anion
exchange column. The process flow rate as demonstrated is 6 kg of alloy per
85 hours when the process waste stream is held and discharged to a retainer
tank at the conclusion of each process cycle. However, if the waste material
is discharged on a continual basis, the process cycles can overlap and the
throughput potential is 12 kg of alloy per 127 hours. If an A-B-C-D shift
and an 80 percent operating efficiency are assumed, the annual throughput
will be:

a. Alloy throughput - 662 kg per year

b. Neptunium throughput - 99.3 kg per year.

The annual throughput potential is approximately 50 percent greater
than the anticipated annual neptunium throughput to 1971. This throughput
could be increased by 25 percent by utilizing a larger dissolver tank. The
neptunium nitrate will be isolated and transferred to Isochem's Z-Plaut where
the oxide conversion will be made and the cycle repeated. Two items neces-
sary for program continuity that require some further schedule work are (1)
storage facilities for and transportation of process waste, and (2) transpor-
tation of kilogram quantities of neptunium nitrate on a regular schedule.

DECLASSIFIED] + . p—
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Dissolution and Feed
Preparation
6 kg Alloy/22 Hours

15.6 g/1 Np
.03 g/1 Pu Anion
Np Stream Exchang
.19% Pu
T
8 kg/month
Anion
Exchange

Pu Séream
1.6 kg/month

Figure 14. Chemical Separation Process
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Np to Waste .45%
Pu to Waste .15%
Al and Fission Products

F Wash
Np to Waste .53%
Pu to Waste .05%

Np to Waste .04%
Pu to Waste .50%
Pu Wash Cycle
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SUGGESTION PLAN PARTICIPATION

March CY~-1967
Number of Eligible Employees 431 435 (Average)
Number of Suggestions Received 37 139
Number of Suggestions Acted Upon 32 225
Number of Suggestions Adopted 16 54
Net Annual Savings $644 $8,785
Amount of Awards $215 $1,295
Percent of Awards to Savings 33.4 14.7
Average Amount of Awards $ 13.44 $ 23,98
Adoption Rate Per 1,000 Employees —- 495
(annualized)
INVENTIONS
Name Title
R. Cooperstein Extraction of Tritium from
Lithium Aluminate Targets
R. R. Studer Methods of Fabrication of
Lithium-Bearing Targets for
Irradiation

~76- UNCLASSIFIED



UNCLASSIFIED

AEC-RL

1-5. D, G. Williams

AEC~WASHINGTON

6-7. F. P. Baranowski,

DISTRIBUTION

Division of Production

AEC-SAVANNAH RIVER OPERATIONS

8. Post Office Box A
BATTELLE NORTHWEST

9. F. W. Albaugh
10. J. J. Cadwell
11. F. G. Dawson
12. D. R. DeHalas
13. R. L. Dillon
14, S. L. Fawcett
15. D. D. Lanning
16. G. A. Last
17. J. E. Minor
18. R. E. Nightingale
19. R. S. Paul
20. E. E. Voiland
21. M. T. Walling
22, D. C. Worlton
23. H. H. Yoshikawa
ISOCHEM
24, Je N. Judy
25. R. E. Tomlinson
26. J. H. Warren

-77-

RL-GEN-1300 3

DOUGLAS UNITED NUCLEAR
27. T. W. Ambrose

28. R. W. Hallet

29. C. D. Harrington
30. W. M. Mathis

31. R. Nilson

32. 0. C. Schroeder
33. W. K. Woods
GENERAL ELECTRIC

34. J. R. Bolliger

35. L. C. Clossey

36. D. H. Curtiss

37. C. T. Davis

38. R. L. Dickeman-700 Area
39. R. L. Dickeman-N-Area
40. W. J. Ferguson/G. 0. Amy
41. G. C. Fullmer .,
42. L. W. Lang

43. D. W. Leiby

44. M. C. Leverett

45, M. Lewis

46. J. S. McMahon

47. R. E. Middaugh

48. N, R. Miller

49. T. D. Naylor

50. W. S. Nechodom

51. J. W. Nickolaus
52. J. W. Riches

53. R. K. Robinson

54. A. E. Schubert-NED
55. W. A. Shanks

56. C. H. Shaw

57. GE Files

58. GE Record
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