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LEGAL NOTICE

This report was prepared as on account of Government sponsored wark. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or represeniation, expressed or implied, with respect to the occuracy, com-
pleteness, or usefuiness of the informotion contoined in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liobilities with respect to the use of, or for domages resulting from the use of
any informotion, opparatus, method, or process disclosed in this report,

As used in the obove, "person acting on behalf of the Commission™ includes any employee or
contractor of the Commission, or employes of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contracior prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contractor.
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BUDGETS AND COSTS

HW-73514

April operating costs totaled $2, 057, 000, a decrease of $263, 000 from the
previous month; fiscal year -to-date costs are $21, 966, 000 or 79% of the
$27,946, 000 control budget. Hanford Laboratories research and development
costs for April, compared with last month and the conirol budget are shown

below.
- COST
{Dollars in Thousands) Current Previous FY
Month Month To-Date Budgeti
HLO Programs
02 Program $ 46 $ 49 $ 442 $ 605
03 Program 6 23 33 175
04 Program 746 949 8 934 11 006
05 Program 78 121 794 1 088
06 Program 204 237 2 008 2637
1 080 1379 12 211 15 511
FPD Sponsored 95 115 1 101 1 400
IPD Sponsored 83 138 1101 1 348
CPD Sponsored 117 157 1 340 1 636
Total $1 375 $ 1789 $15 753 $19 895

RESEARCH AND DEVELOPMENT

l, Reactor and Fuels

%
Spent

73
19
81
73
76
79
79
82
82

79

U02 fuel, irradiated in PRTR to a maximum exposure of 2075 MWD/T,

continues to show no mechanical distortion or corrosion,

Hydriding of the Zircaloy-2 cladding on a cold-swaged element irradiated
in VBWR to an exposure of 3400 MWD/T is believed to have caused the

brezak in the fuel jacket subsequent to discharge.

A new electrode design for cathodic etching of both the fuel tube and end
cap prior to magnetic force welding has been successfully demonstrated.

1234361



L vi  HW-73514

Short sections of inverted-cluster and single-rod fuel element cladding
have been successfully fabricated by high veltage electron beam welding,

Remote fabrication studies continue with the successful simultaneous
compaction of all three components of a Mark II~C nested tubular fuel
element, Cladding interactions were determined to be minimal,

Electron microscopy examination of irradiated UQq crystals at 500 C
and 980 C revealed little change in surface appearance due to irradiation,

Six irradiation capsules containing cylindrical specimens of UQO4 for
thermal conductivity studies have been discharged after four years of
irradiation. '

Capsules containing six U-U diffusion couples have been discharged from
the reactor, Preliminary examination reveals that the specimens are in
good condition and that swelling has been nominal,

The operation of in-reactor swelling capsules has been improved by the -
addition of automatic control equipment which will maintain temperatures
during reactor outage pericds. The creep capsules now in the reactor
are accumulating exposures before the application of load.

The development of a fast flux monitor containing a thin film of depleted
UQy is under way., At the present time the resulis look quite encouraging.

.The NPR tube-tube prototype fuel element being irradiated in the M3 loop
of the ETR has been recharged and irradiation is proceeding satisfactorily.
Examination of irradiated fuel closed by production brazing methods
reveals the closure to be of high integrity. No cracks or areas of
insipient failure were detected.

Five NPR inner tube prototype elements exposured to 3000 MWD/T appear
to be in exceptionally good shape. There is no evidence of surface bumping,
clad striations or warp, The brazed closure area appears free of excessive
corrosion,

Reconsideration of the design of the NPR fuel supports has given rise to
several concrete recommendations, Included are additional inspection,
stress relief, and the formning of buggy spring supports to proper height
after assembly of the elements, '
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Autoclave tests of stressed and unstressed Zircaloy-2, rolled strips
revealed that zirconium hydride precipitates preferentially in a direction
parallel to the rolling direction, The application of stress in various
directions had no effect on the hydride precipitation,

The weight gains of etched and pre-autoclaved Zircaloy-2 samples
exposed in-reactor to a simulated NPR gas atmosphere at 350 C were
about twice that of samples exposed to the same atmosphere out of the
reactor. Similar results were obtained for a sample pre-oxidized
beyond breakaway and exposed to the gas atmosphere at 400 C,

The KER~-1, carbon steel loop was decontaminated, There was no
change in the central core temperature of a thermocouple slug after
decontamination nor was there an increase in the corresion rate of
the carbon steel as measured by dissolved hydrogen content of the
coolant,

A random selection of 102 process acceptable, standard 8-inch I & E fuel
elements has been autoclaved 110 hours in steam at 325 C and 2000 psi
without failure. Voids in the Al-S8i were detectable as depressed areas
on the aluminum jacket surface, most of which were on the inner hole.

In preparation for studies of the propagation of briitle cracks in pressure
tubes, experiments established the proper projectile shape and powder
charge to introduce an initial crack twice the wall thickness in length at
the inner surface of pressurized tube samples. This length crack failed
to propagate in 50 per cent cold worked, Zircaloy-2 tubes pressurized

to 90 per cent of burst pressure at 150 and 300 C, At room temperature,
the crack propagated the full length of the sample at a pressure of 80

per cent of the ultimate burst pressure. An initial crack length of eight
times the wall thickness propagated 60 per cent of the specimen length
in an annealed Zircaloy-2 tube pressurized to 90 per cent of its ultimate
strength at 150 C,

The first test irradiation of NPR graphite has been completed at the GETR.
Samples were irradiated at 700 C to an estimated exposure of 1.9 x 1021 nut;
about 5700 MWD/AT in the NPR. Contraction of the NPR (TSX) graphite
was the same as K-Reactor (TSGBF') graphite and the CSF reference
standard: 9, 025 per cent transverse to the extrusion axis and about three
times this amount parallel to the extrusion axis, Samples from the same
capsule at 450 C received an exposure of only 0,7 x 102! nvt (E > 0, 18 Mev)
and contracted 0, 03 per cent in the transverse direction.

12343b3
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Room temperature burst tests were performed on specimens from the
annealed portion of PRTR pressure tubes irradiated to exposures up to
1020 nvt, Irradiation increased the uitimate strength by 30 per cent.
Fracture occurred afier 14 to 25 per cent increase in diameter, As the
exposure increased, the deformation appears to be confined to local
bulging of the diameter in the region of fracture,

Irradiations in the ETR at 600 to 1000 C have demonstrated that high

densgity graphite produced by impregnation with furfural alcohol actually
shows an increacse in the rate of radiation-induced contraction, When

the impregnated samples were heated to graphitization temperature

(2500 to 2800 C}, the increase in the contraction rate was reduced

slightly, but the contraction rate is still higher than that of non-impregnated,
lower density samples. '

Studies to determine the amount of boiling present when fuel elements are
not situated in a coaxial position within process tubes showed that the
presence of supports on the heated surface allowed the initiation of boiling
at greatly lowered heat fluxes,

A hydraulic investigation to determine the thermal hydraulic effects of a
process tube leak caused by a failed front nozzle Vanstone flange disclosed
that the leak could be as much as 2-1/2 gpm, resulting in an 11 C temper-
ature rise in a fringe zone tube, It was alsc concluded that the leak would
not always be detected by a change in Panellit pressure,

Tests to determine the effeciiveness of water mixers placed in process
tubes of the pres=nt production reactiors showed that a mixer consisting

of a 180-degree piral was very effective in producing even coolant
temperatures for the case where the water between the ribs was originally
hotter than the rest of the coolant,

Evaluation of four proposed plutonium fuel element designs (MgO-PuOsy,
ZrOz-PuOZ, stainless steel clad UO -Pu()z, and segregated plutonium-UO,,
19-rod clusters) for irradiation in the PRTR showed that they will not
exceed PRTR tube power, heat flux, or initial reactivity limits.,

The document HW-61236 SUP4, "PRTR Final Safeguards Analysis,
Supplement 4, Gas-Cooled Loop Analysis, " was published, Analyses
revealed no serious adverse effect on the nuclear safety of the PRTR.

DECLASSIFiEp e
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Four UOz-PuO 19-rod clusters, made by swage compaction, are under
irradiation in the PRTR and have accumulated an exposure of about 9 MWD/T,
Rods for an additional 30 clusters were loaded during the month, with rods
for 18 elements processed through autoclaving. '

Results of the accelerated fabrication program were even better than
anticipated for the vibrational compaction project. Fabrication of fuel
elements containing P{JOZ was started and the process debugged so that
four to eight fuel rods were produced per shift, Both the quantity and
quality of the resultant fuel elements were excellent thus establishing that
it is possible to make vibrationally compacted fuel elements in large
numbers despite the additional problems associated with handling Pu02.
Over 200 fuel rods were produced during the month,

Some process control problems were encountered in the early fabrication
phases of the 400 UOz-Puoz rods which were loaded and swaged during
the month. Variations in U02 particle size distribution caused a 200 to
250-gram variation in the amount of oxide loaded into the rods.

X -ray diffraction patterns from ten PuC alloys annealed at 610 C for 65

hours have been analyzed. Between 32 and 41 a/o C, the lattice constants
decreased in a uniform fashion with composition extending from 4, 9718 to
4,9677 A; below 32 afo C, the cell size of the PuC phase remained constant

at 4.9718 A; lines other than PuC on the films were very weak and appear

to conform to a mixture of alpha and delta plutonium; between 41 and 52 a/o C,
the lattice parameters were constant at 4. 980 A and again PugCgq was
observed at 48,2 a/o C.

Plutonium hydride can be converted to the mononitride by heating in anhydrous
ammonia, though first attempts yielded a two-phase product, plutonium
dioxide plus plutonium nitride. Further experiments will be performed in an
atitempt to obtain a single-phase plutonium nitride by this means,

Physics and Instrument Research and Development

In support of the production reactor program, the first of 24 gamma spectro-
meters to be built by GE-APED for the NPR fuel Failure Monitor was
thoroughly tested, returned to the vendor for modification of the high voltage
supply, and received back for final testing,

Delays encountered in process tube replacements at the production reactors
due to breakage of tube splitter blades are expected to be reduced through
establishment of blade testing procedures; eight of thirty new blades {ested

were found to have cracks,
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Buckling measurements were resumed on a mockup of the C Reactor lattice,
These measurements had been suspended while the plutonium-beryllium
neutron sources used to drive the exponential pile were examined, re-canned,
and calibrated by Mound Laboratories. The current measurements are
intended to provide a basis for determining the change in the physics
parameters of C Reactor associated with overboring the process tube
channels,

Nuclear safety and control in the handling of enriched uranium will be aided
by development of three gamma spectroscopy methods for measuring the
enrichment of pieces of uniform or varying sizes and shapes; accuracies
up to 2% of the enrichment level are feasible,

Critical mass physics experiments on the reflecting properties of 1/2"
and 1' thick paraffin were continued. The measurements this month were
made with plutonium nitrate solutions having a concentration of 220 g/1,
This is about twice the concentration used previously, The reflector
savings determined from the experimental data are about the same as
obtained with more dilute plutonium nitrate solutions,

Refined analysis of PCTR data has yielded an improved value of the

limiting critical concentration of Pu-239 in aqueous solutions. The new
value is 8,4 1 1 grams of Pu-238/1, The new value is still about one g/l
higher than calculated values, The previous experimental value was 9.1 g/L.

In the Plutonium Recycle Program, a series of critical approach experi-
ments has been completed using Pu-Al fuel in light water moderated lattices,
The fuel contains 1,8 w/o plutonium in 1/2" diameter rods. Values of the
critical mass and material buckling were obtained for five different spacings
between rods, The results of the study will be useful in furnishing basic
data on plutonium as a fuel for light water lattices as well as for making
estimates of the nuclear safety in processing PRTR fuel. This work
supplements previous measurements made with fuel containing 5 w/o Pu-Al,

Both zero- and one-dimensional analysis methods were used in analyzing
the 5 w/o Pu-Al-HoO approach-to-critical and exponential lattice experi-
ments, The methods gave results in excellent agreement with experiment
in some cases and poor in others. The range of discrepancy in terms of
the multiplication constant was 0.2% to 5% in AK. The studies pointed out
the severity of the neutron spectrum determination problem in these small
all plutonium-fueled assemblies.

DECLASSIFIED ey
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The planned exposures on two low exposure Pu-Al fuel elements were
reached, and the elements were removed from the PRTR during April,
The six modified UQ, elements are scheduled to be loaded in the core
during the shutdown around the first of May. Additional burnup data
were obtained on the low exposure Pu-Al fuel element 5075; the
remainder should be forthcoming in May.

Off-gite work in connection with the atmospheric diffusion program at
Cape Canaveral, Florida, was completed, embracing a total of 76
experiments during a variety of meteorological conditions., In addition
to successiully providing the required diffusion predictions in support
of advanced missile firings, the data comprise an important addition to
the Hanford and Vandenberg data for evaluating topographic and climatic
influences on atmospheric dispersion patterns,

Progress was made in investigations of the effect of wind velocity spectra
on mean horizontal dispersion in the atmosphere, Comparison of
dispersion data from different sites will be facilitated by this work,

Separation of small variations in three parameters in a simulated multi-
layer nondestructive test problem was demonstrated using developmental
multiple parameter eddy current test equipment, The equipment will next

be applied to separation of three or more test parameters in metal specimens
in preparation for application to practical testing problems.

Some temporary difficulty has been encountered in the development of
miniature signaling dosimeters due to occasional sticking of the fine quartz
recharge fiber to the center rod of the modified pencil ion chamber.

3. Chemical Research and Development

Pilot plant studies indicate that the probable cause of the recent Purex
2D and 2E columns' instability and efficiency problems to be due to
unidentified impurities in the aqueous feed to the 2D column, The
impurities appear to follow the uranium-bearing organic stream leaving
the 2D column and subsequently foul the 2E column,

A new Purex 2E column cartridge has been developed, tested and believed
capable of alleviating the current problem of the Purex 2E column,

Second cycle Purex solvent quality is found in laboratory tests to be
significantly improved by a carbonate-permanganate solvent treatment
vice the conventional carbonate treatment,

12343b 1
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Cold shakedown runs of the radiant heat spray calciner, pot calciner and
associated off-gas treatment equipment which is to be installed subse-
quently in heavily shielded hot cells were carried out with synthetic
Purex wastes, Tests results thus far are quite favorable,

Uranium dioxide deposits in the form of a 2-inch long, l-inch diameter
right cylinders have been prepared electrolytically from KC1-LiCl meits
at 500 C. The deposits are composed of radially criented columellar
grains, Typical bulk densities of 10, 8 to 10,9 and lithium impurity
contents of less than 10 ppm are observed.

The presence of thallium in plutonium-uranium bearing chloride melts
is found to effect a three-fold increase in the PuOy/UQ, ratio of the
electrolytically prepared deposit. ’

Dipicrylamine, in comparison with other solvents tested, continues to be
the most effective extractant for the recovery of fission product cesium
from Purex alkaline waste supernate or from neutralized formaldehyde
treated waste.

Preliminary studies to define the path of fission product techneitum in
the Purex plant show that about 70 to 80 per cent of the in-process
inventory leaves the plant with the HAW stream; about 20 per cent follows
the uranium product; and the remainder recycles via the 3WB stream.

Dilute nitric acid {ca. 1 M) was found again to be necessary to initiate
dissolution of irradiated Pu-Al alloy fuel material. Once initiated,
dissolution of the alloy can be carried to completion at a much higher
nitric acid concentration,

In operation of the As-T76 prototype monitor at the 100-F Area, inter-
ference of the As-76 count by a fission radioisotope, iodine-135, was
experienced, Feasibility of using this type of equipment for both As-75
and fuel rupture monitoring is being examined,

Bio logy

The first pigs to show Sr-90 toxicity symptoms in the long-term experiment
were noted during the month, These had been exposed utero and fed 625 pc
Sr-90 daily for 100 days.

Pigs having received 6,4 uc Ra-226/kg body weight are developing
nephritis, Control and Sr-90 animals remain normal in that respect,

DECLASSIFIED wmmmm

1234368



- DEBLASS'HED Xitd HW-73514

DTPA appears much less effective in promoting Np excretion than it is
for Pu.

A dog having deposited 4 nc 1'-'u23902 in its lungs died 2 1/2 years later,

Neosynephrine, Pluronics, and DTPA all markedly increase lung clearance
of Cel44-Prl44 in rats, with DTPA being most effective.

9. Programming

When all of the possible radionuclides which may have potential for use
as heat sources are examined from the standpoint of a few practical
criteria, the list shrinks to a total of only six isctopes:

strontium-90
cesium-137
promethium-147
thorium-228
uranjum-232
plutonium-~238

It is concluded that recovery of promethium-147 should be receiving
additional emphasis.

The decay of plutonium-241 results in serious reduction of the exposure
attainable with Phoenix fuels at low specific power. In consequence, the
fuel life as measured in years passes through a maximum and declines as
specific power is increased, Calculations for one case indicated a -
maximum life of about 15 years for a specific power of about 100 MW

per ton of plutonium, decreasing to a life of only 5 years at 10 MW /ton,

TECHNICAL AND OTHER SERVICES

On April 7 about 11 a, m,, a nuclear excursion occurred in the K-9 vessel of
the Solvent Extraction hood in the Recuplex facility at the 234-5 Building., At
the time of the event, there were 22 employees in the building including four
persons in the Recuplex area, Automatic activation of the criticality alarm
system alerted all persons in the building of the event., Evacuation was prompt
and effective,

Surveys of all persons who were in Z-plant were made at the 200-W First Aid
Station shortly after the evacuation, No personnel were found to be contami-
nated, On the basis of surveys made for neutron activation of Na-23 in the body

__—
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and statements made by the involved employees, four empioyees were
transferred to the Kadlec Hospiial for further tesis and observation.

All of the 24 employees in the Z-plant facility were wearing their film badge
dosimeters as prescribed, Analysis of these dosimeters, analysis of blood
samples and examinations in the Whole Body Counter provided early
preliminary estimates of the radiation doses received. For the four men in the
room where the excursion occurred, their preliminary dose estimates were
known four hours after the excursion. For the other 20 persons in the Z-plant
facility, their doses were known six hours after the event, The four men who wers
were in the room where the excursion occurred received radiation doses of
about 110 rems, 43 rems, 19 rems, and 1,4 rems, respectively., All other
persons in the Z-plant facility received a dose of € 1 rem due to the excursion
except for one employee who was in a nearby office and received 1,7 rems,

The Hanford Laboratories home phone crash alarm system was activated
shortly after the incident. Within one hour after the excursion, initial
staffing of the Emergency Control Center and emergency suppoerting Labora-
tories' facilities were completed, A major portion of the Laboratories' staff
in radiation protection, nuclear physics, and analytical laboratories functions
were assigned to duties in support of the stabilization of the Recuplex facility
during April, Throughout the recovery period normal Hanford radiation
protection control limits were in force,.

Five senior members of the Laboratories' staff served on the Recuplex
Advisory ‘Council or Investigating Commlttee,

Todine-131 emitted from the Purex stack during the period April 2 to April 12
totaled about 44 curies, The high emission is believed to have resulted from
dissolving ''green' metal, Winds of varying speeds and directions dispersed
the contamination so that none was detected except in the immediate vicinity
of the 200 East Area,

Average fallout concentrations at various localities in the Pacific Northwest
ranged from 2,4 to 13 puc/m3 during the month of April. Sporadic increases
noted during the first week of April appeared to be the first evidence of the
spring peaks expected from the USSR testing last fall.

Three minor cases of plutonium deposition, each less than one per cent of the
‘maximum permissible body burden, were confirmed by bioassay analyses
during the month, The total number of plutenium deposition cases that have
occurred at Hanford is 288, of which 208 are currently employed.,

DECLASSIFIED e
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Mathematical expressions have been developed which express the self-
interaction coefficients of annulus-shaped containers with interior radial
baffles, Such containers are used for storing fissile materials, and their
self -interaction coefficients are important in criticality studies.

A formal solution has been obtained to the problem of determining the steady-
state non-viscous flow pattern of a fluid in a cylindrical tank which has been
equipped with an axially located circulating device.

Sets of experimental data are being collected to test the appropriateness of the
tentative format for the creep raw data portion of the mechanical properties
raw data file,

A statistical evaluation of plutonjum analyses on eight types of plutonium oxide
pellets was completed,

SUPPORTING FUNCTIONS

PRTR r~utput was 1044 MWD for a plant efficiency of 49, 7% and a total experi-
mental time efficiency of 51, 7%, Accumulated exposure through April 30 is
7261 MWD, Additional exposure information is as follows:

Maximum UO9 exposure/element 2240 MWD/TU
Average UOQO, exposure/element 1518 MWD/TU
Maximum Pu-Al exposure/element 73.7 MWD
Average Pu-Al exposure/element 44,5 MWD
Maximum Moxtyl exposure/element 12,6 MWD
Average Moxtyl exposure/{element 10,2 MWD

The ninth refueling was performed on April 2, Three new Pu-Al elements
containing high exposure plutonium and three new elements containing a mixture

of PuOg and UQy (Moxtyl) were charged in place of UO, elements. Additionally,
an LX Pu-Alelement and an additional Moxtyl element were charged in mid-month.
The performances of the HX and the Moxtyl elements have been satisfactory,

with no unusual operating problems.

A preliminary study was made of the hazards associated with the transition from
the 3-zone UQ,-Pu-Al loading to a 2-zone UD,-Moxtyl loading. It was concluded
that the proposed change would be safer with respect to an increase in the
negative temperature coefficient and would not change the delayed neutron
fraction significantly.

S
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Work continued on the project exceptions for the Plutonium Recycle Critical
Facility. Safety rod cadmium plating was tested and found to be satisfactory.
The rode were installed and drop tested satisfactorily, The Log-N channels
‘triple trip unit was returned from the vendor and tested satisfactorily.
Preliminary planning was started on the H,O moderated second generation
experimental program. Current efforis include scope, budget, and scheduling
definitions,

Over-all construction for the Fuel Element Rupture Test Facility is estimated
at 94% complete, CPFF work is 87% complete and the water plant is 88%
complete, Minor design changes were initiated to alleviate potentially
hazardous conditions. Design for shielding of the piping and heat exchangers
is approximately 60% complete,

The project for the gas cooled loop is 91% complete. The vendor started
fabrication of the heater. The blower vendor indicated satisfactory progress
toward mid-May testing of the blowers. Formal training of all PRTR operating
personnel was initiated April 19, Some work continued on procedure preparation
and manuals, etc. '

Authorized funds for 11 active projects amount to $2, 721, 600, The total
estimated cost of these projects is $7, 730, 000 of which §1, 274, 000 has been
spent through April 30, 1962, Project proposals covering a Low Level Radio-
chemistry Building and Geological and Hydrological Wells - FY 1962 were
subinitted to the AEC in April,

PRTR operating costs in April included heavy water charges of $21, 459 1o
cover losses of $18, 794 and scrap of $2, 665, This month's loss represents a
significant increase compared with March loss of $7,650. Ii is expected that
scrap valued at $210, 000 will be shipped to Savannah River in the latter part of
May. -

Approximately 2, 300 hours of overtime were worked by Hanford Laboratories
exempt (excluding administrative) employees in connection with the 200-W
criticality incident, Costs aggregating $15, 729 have been billed to CPD for
technical assistance provided by Hanford Laboratories. Costs for Radiation
Protection services and administrative personnel are not included in the above
amount, :

Recruitment - Four Ph,D. applicants visited HAPO for employment interviews.
Four offers were extended; one acceptance and three rejections were received.

1234312 DECLASSIFIED o
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This month 50 program offers and 10 direct placemeant offers were extended;
offers accepted included 27 program and four direc* placement; rejections
came from 54 program offerees and five direct placement prospects.

Technical Graduate Program - Six Technical Graduates were placed on
permanent assignment; one new member was added to the roll and one man
terminated, Current program members total 38,

(o il

for Manager
Hanford Laboratories

HM Parker:WHR:st
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METALLURGY FROCRAM

Corrosion Studies

Effect of Heat Treatment on Hydrogen Pickup. The effect of heat

treating Zircaloy-2, low nickel 2ircaloy-2, & heat of ultra fine
grained, low nickel, Zircaloy-2, Zircaloy-4 and crystal bvar zir-
conium on hydrogen pickup during corrosion in 400 C, 1500 psi
steam is being investigated. Each alloy is being tested in the
following heat treasted conditions: ¢ quench, & + f quench,

o anneal, and as-copld rolled.

Pre-transition percent corrosion product hydrogen pickup for Zr-2
is about 10 percent for samples quenched from the § or o + B
phases and about 20 percent for samples in the as-rolled or o
annealed condition. Moreover, there is no lncrease in hydrogen
plekup after transition for P and ¢ + f quenched samples, unlike
the as-rolled and ¢ annesled samples for which hydrogen pickup
increased to 40-50 percent. The hydrogen pickup for low nickel
Zr-2 and Zr-4 are similarly affected by heat treatment, though
the difference noted prior to transition are less significant.

Directional Precipitation of Zirconium Hydride. Investigations

to determine factors affecting the orientation of zirconium hy-
dride platelets in Zircaloy-2 have been conducted. Zircaloy-2
strips plastically deformed 66 percent reduction in thickness by
cold rolling were autoclaved in 450 C steam. A 15,000 psi tensile
stiress was applied in one of three directions, parallel, normal,
and dlagonally, to the direction of plastic deformation. All
samples were autoclaved for a sufficient length of time to lntro.
duce approximately 150 ppm of corrosion product hydrogen into the
Zircal oy-2.

Metallographic cross-sections of the hydrided samples demonstrate
that an oriented precipitation occurs parallel to the direction
of rolling. The applied stress appeared to have no effect on the
directional precipitation of zirconium hydride. Unstressed
samples exposed simultaneously, were found to have the same
pattern of hydride precipitation as the stressed samples.

DECLASSIFIED wanms
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Lorrosion of Beryllium Brazed End Closures and Copper Bonded End
Closures. Additional corrosion results on beryllium brazed end
closures and copper bonded end closures have been obtained. Cor-
rosion for both the welded and unwelded beryllium brazed closure
exposed to 360 C water was approximately 0.3 mil following three
months of exposure as compared to 0.2 mil for the first 1-1/2
months of exposure. The penetration on the samples exposed to
400 C steam is approximately 0.4 mil following 2-1/2 months of
exposure as compared to 0.25 mil for the first 1-1/2-month ex-
posure.

Initial corrosion results on the copper bonded and welded end
closures have shown good corrosion resistance in both 400 C steam
and 360 C water. Uniform penetrations of 0.05 mil in 360 C water
and 0.06 mil in 400 C steam vere measured following cne month of
exposure. However, small portions of the copper contaminated
welded area showed local penetrations of 0.65 mil in both test
media.

Slug Rupture Test. The first batch of 102 standard 8-inch I & E
fuel elements have been autoclaved for 110 hours in 325 C, 2000
psi water without rupture. These elements represented a random
gelection of recent, acceptable production fuel elements. Voids
in the Al-S1 were detectable as depressions in the can surface
after autoclaving. The fuel elements have been returned to FFD
for further measurements and correlation of bond test results
with Al-51 voids.

Non-Isothermal Loop. Initial loop tests with coupons have been
operated successfully at 340 C and 3000 psi for ten days. However,
the failure of one heating element apparently introduced magnesium
oxide {and high pH) into the loop water. An attempt will be made
to replace the damaged heating element.

Additicnal valves and welded fittings have been ordered so that
upon modification, the loop may be cperated isothermally, by
isolating the heat exchanger units.

Metallurgy Studies

Zirconium Components for Coextrusion. To determine the elfects of
both grain size and extrusicn coefficient on interface roughness,
several metals will be coextruded along with urenium in & composite
billet essembly. At the same time a direct comparison between the
interface roughness of alpha extruded and beta heat treated-alpha
extruded uranium will be made.
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Slots were machined along the length on the outer swface of a
uranium billet for an N-outer extrusion. The billet was then cut
in half and one half beta heat treated. The two halves were
butted together and strips of copper, brass, mild steel and
Zirceloy were aligned in the slots. The Zircaloy strip was
immersion plated with copper prior to assembly. The assembly was
canned for extrusion in the regular manner. The extrusion co-
efficients of the metal strips btracket those of uranium and
Zircaloy-2 going from low to high in this order: copper, urenium,
brass, Zircaloy-2 and mild steel. The grain diameters of the
strips ranged from 10 to 80 micromns. After extrusion the inter-
faces between both the uranium and Zircaloy and the test metals
will be analyzed.

The significance of & "memory" effect in Zircaloy coextrusion
components from B prior forming operation was recently observed.
Zircaloy inner clad inner fuel components fabricated by a rolling
process were coextruded. The resulting imner c¢lad had four
equally spaced ribs with heigh%s over twice the clad thickness
protruding into the uranium core.

Metallic Fuel Development

Fuel Irradiations. The NPR tube-in-tube fuel element which 1s
being irradiated in the GEH-M3 Loop in the ETR has been recharged
and irradiation iIs proceeding satisfactorily. The inner tube now
being irradiated has "suitcase handle™ rather than "buggy spring”
supports. At the completion of this irradiation period, the fuel
element will be discharged and the test terminated. The average
total exposure on the outer tube at that time should be approxi-
mately 1200 MWD/T.

Radiometallurgicel examination is continuing on the production
brazed irradiation test from the MI'R, GEH-4-53 and 64. Both end
closures on GEH-4-64 have been sectioned to determine their in-
tegrity. Both closures appear to be in good condition with no
cracks or indications of any incipient failure in the brazed region.
Cracking occurred in the uranium near the end of the tube located
in the lower flux region, but none of the cracks extended either

to the cladding or to the brazed end closure.

The variable braze thickness irradiation test, GEH-4-63, 69 and
70, 18 nearing completion of tis sixth and last cycle of irradia-
tion in the MIR. The total accumilated exposure at the end of the
irradiation should be approximately 1360 MWAD/T.
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Five KIE fuel elements (NPR inner tube prototypes) have been
examined and weighed in the basin for swelling determinations
after attaining 3000 MWD/T exposure. The superficial eppear-
ance of the elements is goed, and there is no evidence of
surfece bumping, clad strlations, or excessive warp. The Zr-Be
brazed closuree appear free of excessive corrosion. Average
fuel swelling is 1.7 % 0.5 v/o. The elements will be shipped
to the Radiometallurgy facility for additicnal evaluation.

Four 17-inch RIE fuel elements, which were used as heaters in
the thermocoupled crud test charge, have been evaluated in the
basin following discharge. The closures were white, apparently
the result of operating in coolant somewhat hotter than usual.
Fuel 7welling for these 750 MWD/T exposure elements was 0.3 +
¢.1 v/o.

Two NPR fuel asssemblies c¢perated as a throw-away charge in
Loop KER-3 were discharged after attaining an exposure of

420 WD/T. Determinations made on the two inner and two outer
fuel tubes showed no measurable fuel swelling.

Examination of a coextruded Zircaloy-2 clad fuel element which
ruptured at about 1700 MWD/T in a KW Reactor production channel
has not revealed the cause of failure. However, examination of
the cap indicates that a buildup of corrosion products between
the cap and the fuel is the most probable mechanism by which
the cap was dislodged from the fuel element.

Early this month, KER Loop 1, which contained a thermocouple
probe, was decontaminated. Pollowing the outage, the probe
operated normally for two days, indicating that no crud film
hsd been deposited on it. The thermocouple probe then falled,
terminating the experiment. Total exposure on the thermocouple
probe at the time of failure was 900 MWD/T. Basin examination
showed that the end cep (at the thermocouple end) was broken
from the rest of the fuel rod. The end cap has been examined
visually in Radiometallurgy. Longitudinal cracks were observed
in the cladding sttached to the end cap and rediel cracks vere
seen in the outer surface of the end cap. The cause of the
failure has not yet been determined.

A 36-inch long KER-size tube-in-tube fuel element which was
irradiated in the GEH-G7 Loop at the ETR has been examined by
Radiometallurgy. This fuel element had a natural uranium-

2 vw/o core. Metallography was completed on sections at the
midlength of both the imner and the outer tubes, and burnup and

.
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density measurements were made at the midlength of both tubes

and at every three inches from the midlength to one end of the
inner tube. The metallography sample at the midlength of the
inrer tube showed the presence of what appears to be a spheroidized
second phese. The calculated temperatures were high enough

(575 C) for spheroidization to have occurred. This second phase
was not seen in the metmllography sample from the cuter tube
where temperatures were lower. A density decrease of approxi-
mtely two percent occurred in the inner tube at a burnup of

1800 MWD/T. The swelling data indicate that the observed fuel
expansion followed that predicted by the perfect gas laws except
that the effective pressure restraining the fission gas expansion
was approximately twice the 2000 psi loop pressure. The addi-
tional apparent pressure 1s due, in part, to restraint offered
by the cledding and in part to the surface tension forces
assoclated with the gas pores.

Four cladding studies capsules were discharged from DR Reactor
at an exposure of 1500 MWD/T and are scheduled for examination
by the Radiometaliurgy Operation.

Examination of one Zircaloy-2 clad uranlum rod recently ir-
radiated in the MIR showed & cladding defect similar to the
necking observed on several other Zircaloy-Z2 clad rods.

However, a transverse cross section shows that a crack has
propageted from the inner surface of the cladding tc the surface,
with little plastic deformation at the fracture except where it
terminates at the clad surface. The fracture did nmot propagate
into the uranium.

Fabrication of components for a second irradiation test of fuel
rods with non-uniform thickness of Zircaloy-2 cladding continued.
Preliminary assembly and welding of the capsule bodies is complete.
Eighteen Zirealoy-2 clad rods were coextruded with intentional
striations of controlled depths at the fuel cladding interface.
These rods have been heat treated and are now being cut for ir-
radjation samples.

Fuel Deformation Studies. To investigate the relative swelling

of uniformly enriched and "dual®™ wranium fuel elements operating

st equivalent power generation and surface temperatures, three
capsule-type experiments are being assembled for irradiation in

the MIR. Assembly and measurement of the fuel samples are com-
plete. To measure the non-uniform straining of the cladding during
irradiation, a fine grid is being etched on the cladding surface.
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Several irradiated 0.593-inch diameter cladding specimens were
tested to failure at room temperature by application of a pure
hoop stress with an expanding mandrel inside the cylindrical
gpecimens. Very little plastic deformation could be obserwved
in a visual examination of the failed specimens. Detailed
examinetion and measurement was started.

Fluted Fuel Development. The design of a single tube, fluted
element was completed. The outer surface of the element will
have eight flutes about 0.1 inch from valley to crest. The
tangential arcs which form the flutes have & radii ratio of
about one-tenth., This results in e shape that resembles an
octagonal prism with rounded corners and slightly concave sides.
The central bore is cylindrical. The nominal dimensions of the
element are 2,327 inches (D and 1.286 inches ID. The element
will be fabricated by coextruding 0.95 percent enriched uranium
and Zirceloy-2 cladding. The design of the extrusion die for
this purpose was completed.

Fuel Closure Development. In an effort to find less expensive
and better brazing materials for the NFR fuel c¢losures, several
pure metals are being studied for their ability to form a bond
or a lower melting brazing alloy by diffusion with the Zircaloy
end cap. (ne of these metals is pure copper. Copper cups have
been made to fit Zircaloy caps and then assembled into the
chemically-milled end of & Zircaloy-clad fuel element. The end
of the element 1s then heated in wvacuum to 1050 C for 30
secaonds, using induction heating. Fifteen psi mechanicasl force
is applied to the end cap and the chamber is back-filled to one-
half atmosphere of argon to collapse any voids in the braze.
Metaliographic examination shows that this method is capable of
producing sound bonds between the Zircaloy cap and both the
uranium and the Zircaloy cladding. Further studies will deter-
mine the strength and corrosion resistance of the bond.

Bot Head Closure Studies. The objective of Phase I is to deter-
mine the conditions for projection welding a cap to a "hot-
beaded” fuel element and obtain a minimm void area between the
cap and the end of the fuel element.

A modificatlon ¢f the weilding prolection has been made on the epd
cap. - Requests have been issued to make a quantity of these caps,
and it is anticipated that the mAchine shop will supply these
within several days. -
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The cobjective of Phase II is to ilnvestigate and develop methods
to obtain a continuous bond between the cap and the end of the
fuel element in an area circumscribed by projection welds.

A geries of exploratory welds were made using assemblies con-
sisting of two Zircaloy caps which had the same size and shape
&8s the fuel element end cap. C(mne disc conteilned projection
welds while the other disc had flat surfaces. 8n and Cu foil
preforms were used as interface materials. Subsequent to pro-
Jection welding, heat trestment was accomplished in the welding
machine by varying the pumber of heat impulses while holding
other parameters constant at arbitrary values.

Curscry metallographic examination indicated that the Sn samples
and most of the copper samples were unsatisfactory. These re-
sults were believed to have occurred because of excessive heat
generation. Results also indicated thet the Cu preforms were
too thick. One welded sample indicated that sufficient heat can
be generated with the resistance welding equipment to make a
complete welded joint across the entire interface of the caps.
Although this demonstration mesy indicate that discs and bars
with similar cross secticns may be joined, it may not be appli-
cable for fuel elements because of the amount of heat generated
and because of accompanylng noticeable deformation.

Previous experimental work has led to the conciusion that the
most promising approach to the prablem of producing consistently
sound bonds at the closures of NPR elements by the "self-brazing"
process 1s to encase the element in a ceramic lined restreining
die, vwhile supplying heat and axial load by means of the heavy-
duty Sciaky spot welder. A principal diffieulty is the lining

of the restraining die. This lining must be hard, smooth,
essentially water-free, and cepable of retaining its electrical
non-conductance at a temperature of 700 €. It must also adhere
firmly to the interior wall of the die but allow the upset end

of the element to be pressed out of the die without seizing.
Several proprietary ceramic coatings and other "home-made" lutes
have been explored. One mixture that hes most of the desired
properties consists of equal parts of Alundum cement and Pertland
cement mixed with Sauereisen thinner to the consistency of texture
peint. A smooth mandrel of proper dimmeter coated with Aquedag
15 inserted in the loosely fltting bore of the die, which is
plugged at one end apd charged with a slight excess of the lute
material. The mandrel serves as a piston, foreing the lute up
into the annulus. After the lute has set, the mandrel is care-
fully pressed out of the die, leaving an Aquadag-lubrciated
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ceramic liner with smooth walls. PFinelly, the lined tube is
dried and baked to harden the ceramic coating.

Copper Welding. Although the porosity encountered in welding
copper with nitrogen as & ghielding gas has not been eliminated,
it has been markedly reduced. The major reduction is caused by
the use of silicon copper. Slight further improvement is made
by the combination of gas flow, torch position, travel speed,
and welding current. Welds on silicon copper show some porosity.
It does not appear to be enough to cause leakage into & welded
and evacuated coextrusion billet, but this remeins to be deter-
mined. Superior penetration is evident.

NPR Fuel Support Development. A number of problems involving
fabrication, height control and fatigue resistance of supports
for the NPR inner fuel tube are under investigation.

Cracking of the supports at the bends during fabricaticn is a
major problem. On the basis of test runs, the following proce-
dure offers a solution to this problem:

1) Stress relief amneal the partially formed supports
prior to forming to finished dimensions.

2) Give the heat treated supports a 100 percent XyGlo
inspecticn.

3) Form the supports to finished height.

The prescribed interference fit between the inner tube supports
and the inner surface of the outer fuel tube is difficult to
achieve, Test runs on & proposed solution to this problem are
encouraging. The supports are installed so thelr height is less
than the width of the annulus between the inner and outer fuel
tubes. The autoclaved inner fuel tube is then assembled insigde
the outer tube and an interference fit between the supports and
the outer tube is produced with a special tool that increases the
height of the supports by shortening the length of the crowned
section.

Failure of inner tube supports in the ETR and high speed movies
of the behavior of the innmer fuel tube in an ex-reactor loop has
caused concern over the possibility of fatigue fallure of the
supports in the N-Reactor. The sultcase handle type support has
not revealed this susceptibility to fatigue failure, presumably
because its spring constant is five or six times greater than '

aNm -
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that of thz buggy spring support. A fuel tube assembled by
sizing up the supports in place as described previcusly had
a spring constant seven times greater than that produced by
the old method of assembly. This spring constant is even
larger than that of & sultcase handle type support, yet &ll
the advanteges of the buggy spring type are retained.

Supports - Dummies, KER Loops 3 and 4. Present supports on the
carbon steel dummies for KER Loops 3 and 4 are hard steel ball
bearings, plug welded in place. The balls are spaced four
around at each end of & 16-inch long dumuy. These supports are
unsatisfactory for use in the loops because of their poor wear
characteristics, fretting potential due to possible chattering,
and their inability to span discontinuities in the process
channel. A soft low carbon steel support simllar in shape to
the N outer fuel tube support is being fabricated for use on

the dummies. The N outer fuel support dies were modlfied to
fabricate this support. It is made from 16 gage (0.061 inch)
sheet stee]l and resistance welded to the dummies. It 1s planned
to have sufficient information (strength characteristics, chemical
composition, and wear properties) available by the next reactor
outage so dummies bearing this support configuration can be
charged.

Uranjum Billet Heat Treatment. Forty-three RQE, twenty-four NIE,
and eignt haif-section NOE uranium coextrusion billets were beta
heat treated as a final fabrication step before coextrusion. The
treatment consists of a simple beta phase heating and quench.
Coextrusion performance of NQE billets from the alpha annealed
and single beta heat treated N process lngot was found to be
generally the same as billets prepared from triple beta heat
treated ingots. The second inget was single beta heat treated,
without the prior alpha soak, and has been scheduled for primary
extrusion.

Cleaning and Pickling. A study to compare the diffusion of metallic
lubricants, copper versus low carbon steel, into Zircaloy-2 clad-
ding during coextrusion was initiated. The purpose of this study

is to evaluate the diffusion of copper and low carbon steel
(ASTM-A-83-60T) during extrusion at 750 C and compare the findings
with diffusion at the standard 600 C coextrusion temperature. The
procedure being followed 18 to take short secticns of 0.6-inch
diameter Zr-2 rods, produced by extrusion in a copper or steel
container at a reduction ratio of 13.6 to 1, and remove the metallic
lubricant by various chemical means. The cleaned sections are

then etched in standerd EF-HNO3 etch solution for 60 seconds. The
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etch solution is analyzed by colorimetric means to determine
the concentration of either copper or iron. BSuccessive layers
of Zircaloy are removed until the layer removed has the
standard composition of Zircaloy-2. Preliminary results show
no appreciable diffusion of copper occurs at 600 C. The dif-
fusion of copper at 750 C is approximately 130 ppm for the first
mil of surface. The mesns by which the metallic lubricant is
chemically removed has & tremendous influence upon the copper
concentration of the Zircaleoy surface. If anly the standard
hot ENO3 strip bath (60 percent HNOZ at 60 C to 70 C) is used,
"average" copper concentrations at 200,000 ppm or greater were
obtained from etching the first half mil of surface. However,
if the standard hot HNO3 strip bath 1s followed by a 1lO-minute
dip in room tempersture HCL, and then by hot HNQ3 for omne to
two minutes the low copper concentration reported above can be
achieved,

To date, cnly limited investigations have been conducted on the
iron clad materlal. Cursory evaluation shows the iron diffusion
at 750 C to be small and not to penetrate more than one to one
and cne-half mils.

Zirconium Alloy Studies. Initial corrosion data were obtained
for the series of zirconium alloys of two oxygen levels and
varylng tin content. Examination after 1l days in 750 F -

1500 psi steam showed all the alloys except the low oxygen pure
zirconium to have adherent black oxide films and weight gains of
approximately 22 mg/dm®. All the alloys after 10 days in 680 F
water had black adherent oxide films. The tests are being con-
tinued to approximetely 130 days of exposure,

Die Lubrication. It has been found that the addition of a thin
film of lithium stearate, applied over the asphalt coating,
improves the lubricating properties of the asphaltum to e con-
siderable extent. 1In drawing Zr-2 wire it has been observed that
the application of a lithium stearate f£ilm allows for a 300 per-
cent increase in the drawing speed of the wire.

An asphalt surface is not normelly wetted by water, but when &
stearate coating is applied, a thin film of water will edhere to
the surface. The die coolant water spray produces such a film
cn the -wire as it is drawn into the die. The coollng effect of
this water within the die acts to increase the film strength of
the asphalt. The stearate also reduces the coefficient of
friction between the carbaloy die and the wire.

o D
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Corrosion and Coolant Systems Development

Hydriding Corrosion Cepsules. The weight gains for Zircaeloy-2
and Zircaloy-§ eamples exposed in-reactor for 167 days to a

" simulated NPR gas atmosphere at 400 C were higher by a factor

of 2 to 3, than comparable samples exposed to the same atmos-
phere out-of-reactor. Three pretreatments were employed:
etched, autoclaved 3 days in 400 C steam and sutoclaved 56 days
in hOO C steam. These pretreatments caused no difference in
relative weight gains of in-reactor and out-of-reactor samples.
Samples exposed in-reactor at 300 and 350 C are in the process
of being removed from the capsule and weighed. All samples will
be analyzed for hydrogen content.

Electricel Resistance of Zr0z Films. The rate of change of elec-
trical resistance of ZrQz films on Zircaloy-2 were measured at
350 and 450 C in water vapor and vacuum. The resistance rise
when oxidizing in water wvapor was higher at 350 C (2 meg ohms)
than at 450 ¢ (200 K ohms ). The resistance dropped below 100.
ohms in vacuum for both temperatures. The rates of rise end fall
have not been reproducible which may be indicative of & non-
reproducible electrical contact resistance.

Another hydriding experiment was conducted at 350 C where elec-
trical resistance of the ZrQOs film and hydrogen absorption were
measured simultaneously. The electrical resistance dropped below
100 ohms and 2-1/2 days later accelerated hydriding occurred
sgreeing with earlier results at 450 C that hydriding occurs when
the electrical resistance of the oxide is low.

KPR Pump Sleeve Test. An NFR pump sleeve fabricated from 17-4 PR,
B-900 stainmiess steel has been exposed to simulated KPR conditions
for one month; 120 C, 250 psi, pH 9(LiOH), low oxygen. A fluores-
cent dye penetrant test after this period did not show any cracks
caused by a corrosion process. The pump sleeve will be further
examined at one month interwvals.

Thermocouple Slug. The KER-1 Loop was decontaminated during the

outage of March 30, uwsing two treatments with Phos-1 on both the
in-reactor and ex-reactor portions. On April 4, the thermocouple
slug ruptured after four days of operation at pH 10 (LiOH) follow-
ing the decontamination. The delayed peutron monitor rose in-
stantaneously to full scale. The clad of the thermocouple slug

was found to have ruptured completely around the circumference near:
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the fuel end-cap junction. Visual examination of the Zr-2 clad
thermocouple slug and heater elements showed no crud depositian.
No significant change was noticed in the temperature drop be-
tween the center of the slug and the water before and after de-
contamination.

Dynemic Corrosion of Urenium. Four rune (two at 100 C and two
at 130 C in water) were made in TF-9 during the month to deter-
mine the weight loss of & special bare urenium agsembly. After
corrosion rates have been established, a similar element will be
used in H-Reactor to provide & controlled rate of activity re-
lease for testing of rupture detection instruments. The fuel
assenbly consists of thin wafers of urenium to give & total
surface area of 2000 square centimeters. The two fiwve-hour runs
at 100 C produced & weight gain of about 3 grams. The two five-
hour runs at 130 C produced a weight loss of 76 and 116 grems,
the difference being that the oxide was thick enough to slough
off at the beginning of the second run. Several more runs will
be made at lower temperatures.

Hydrogen Generation and Analysis Studies. A total of seven
samples of KER-1 coolant were apalyzed for hydrogen content
during the month, Before the system was decontaminated, the
water contained 1.5 to 2.5 c¢/1 (STP) and after decontamination,
an average of 5 cc/l (STP). Although these results show a
definite increase in dissolved hydrogen concentraticn in the
coolant following decontBmination, the concentrations are still
well below the 8 to 10 ce/l1 (STP) measured immediately after the
fuel charge was inserted in the loop. Analysis of these results
indicate that corrosion of the carbon steel piping in the loop
was not greatly accelerated by the decontamination process used.

A colorimetric procedure for measuring dissolved hydrogen concen-
tration is being evaluated. The procedure involves mixing a
coclant sample with a solution of methylene blue and palladous
chloride. The palladium activates the hydrogen which in turn re-
duces the methylene blue to & colorless complex. Thls procedure
is affected by the presence of other oxidizing or reducing agents
and would be useful only during equilibrium operating periods.
Data obtained to date are too preliminary to determine whether or
not the procedure is accurate (or specific) enough for our needs.

Single-Pass Decontaminant for KPR. The search for a reagent for

single-pass decontemination of NFR resulted in the cheice of
amnonium citrate after evaluating bisulfate and sulfamic cleaners
with the citrate. Laboratory results were good. An average DF
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of 100 was obtained with &8 corrosion of carbon steel rate of
0.0k mil per hour at 85 C and 95 C.

Nozzle Snap Rings. Corrosion tesis of nozzle snap rings fab-
ricated from Inconel and Inconel-X are continulng in 57-60 C,
filtered Columbie River water. No change 1in appearance has
occurred during the past month.

Samples of Inconel and Inconel-X stressed to the yield strength
were removed from bolling 42 percent magnesium chloride after
five weeks of exposure. No stress corrosion cracking was found.
Stressed 304 stainless steel contrcls failed within one week.

A few pits were noted on the Inconel while the Inconel-X
appeared in excellent condition.

Corrosion Tests in pH 10 Water. A corrosion test in TF-4 at NPR
primary system inlet temperature in pH 1¢ (LiOH) deionized water
1s in progress. After 1200 hours of exposure, corrosion rates of
0.2 mil/year on A212 carbon steel and 0.01l6 mil/year on 30k
stainless steel. No weight changes have been observed on Zr-2.
The carbon steel corrosion rete is comparable to that obtained
in 300 C pE 10 water.

Corrosion Inhibltor. Screening tests are performed to evaluate
the effectiveness of several additives in inhiblting the corrosion
of aluminum and steel in room temperature static water. The first
group of aluminum and carbon steel samples have been discharged
from beaker tests of sixteen different inhibitor combinations.
Corrosion of carbon sieel samples continues to spread across the
metal surfaces in all inhibited solutions, but at different rates
In different solutions. Tubercules are forming on some aluminum
samples 1n scme solutions, and aluminum samples are beginning to
tamish in other solutions. After seven weeks of exposure the five
most promising mixtures are: (1) 100 ppm sodium nitrite;

{2) 100 ppm sodium chrome glucosate; (3) 50 ppm sodium dichromate
plus 50 ppm Calquartz 1645 (sodium silicate); (%) 50 ppm sodium
nitrite plus 50 ppm sodium silicate (NapO - 3.25 SiOp); and

(5) 100 ppm sodium hexametaphosphate (calgon).

Visual examination of these samples is not complete. However,
total weight loeses confirm the observations that sodium nitrite
and sodium hexametaphosphate are promising inhibitors for both
aluminum and carbon steel, the mixture of scdium nitrite plus
sodium silicate is a promising inhibitor for aluminum, and sodium
chrome glucosate is & promising inhibitor for carbon steel.
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Structural Materials Development

Burst Tests of NPR Pressure Tubes. Burst tests were performed
on three sections of NPR pressure tubes. The samples were
selected from tubes that had received 35 percent cold work

(% CW) in the final forming step. The tubes were autoclaved
at 425 C for three dsys prior to being sectioned for samples.
The average burst pressure was 11,600 psi at 300 C compared
to 10,000 psi for the 18% CW tubes. The circumferential
elongation varied from 11 to 26% for 35% CW and 15 to 33% for
18% CW. The maximum local elongation measured on & grid
pattern was 45% for the 35% CW tubes.

Burst Test of Irradiated Pressure Tubes. A prototype unit for
burst testing irradieted pressure tubes at elevated temperature
is under test. Two steel tubes were tested with circumferential
grooves to induce 8 circumferential break. The sudden formation
of steam projects the specimen into an aluminum pad set in the
top of the furance. The shock of the impact is absorbed by the
plastic deformation of the aluminum thus preventing shock lcading
of the containment wvessel. Electrical resistance strain geges
were used to monitor the strains induced in the wall of the con-
tainment vessel. Maximum strains caused by the release of pres-
sure and the projectile striking the top of the furnace were
equivalent to the streins caused by a static pressure of 215 psi,
well below design conditions.

Non-Metallic Materials

Graphite Burnout Monitoring. Burnout rates calculated from mea-
surements on small monitoring samples irradiated in channel 2577
in DR Reactor from 1-7-62 to 3-31-62 show the familiar burnout
profile. Peak rates measured on two samples located 96 and 100
inches in from the front of the graphite stack were 34.4 and 107
percent per 1000 operating days, respectively,

A computer program for calculating graphite bummout rates based
on static equilibrium data was developed by G. E. Zima (see
HW-71737)- This program was used to calculate burmout profiles
vwhich were compared with experimental findings et KB and D Re-
actors. The basic equation involved is:

R = K(A ACL/AX)®

where R is the burnout rate in wt % per 1000 operating days per
cfm of inert gas flow, K and m are constants and AC1/AX is the
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change in the carbon load of the gas over a given zone length.
The carbon load is the ratio of the carbon content of the gas
{as weight of carbon) to the weight of inert gas. A is a
factor relating tc the geometry of the system.

The calculated burnout profiles show pesks forward of the

stack center line. By varying the value of A and estimating
the flow in the burnout channel, agreement with observed peak
burnout can be obtained. However, thus far the calculated peaks
appear broader (at KE and D) than the observed peaks; also the
maximum at D Reactor is closer to the stack center line than is
calculated. PFurthermore, in the area downstream from the maxi-
mim graphite temperature the program predicts high carbon de-
position rates, which are not observed. A value of m = 2
appears to give a better correlation than m = 1, & result
similar to that reported by Zime in comparing laboratory burnout
rates with the program.

Radiation Damage - NPR Reflector Graphite. The properties of
NPR reflector graphite from thne Great Lakes Carbon Corporation
(Grade GLC-Rl) and from the Naticpal Cerbon Compeny (Grade AGOT-
1S} were measured and reported in HW-66996. The first irredia-
tion dats at approximately 500 C have now been obtained on these
graphites after an exposure of 640C MAD/AT in KW Remctor. As
shown in the table the dimensicnal changes were virtually the
same for these grades.

Dimensicnsl Chenges After 6400 MWD/AT at 500 C

length Change, %
Grade Transverse Parallel
GLC-R1 - 0.041 - 0.099
AGOT-1I5 - 0.037 - 0.10%9

NPR Core Graphite Irrediations. Preliminary post-irradiation
results have been obtalned for the graphite samples from the

first capsule, H-4-1, in the series of long-term irradiations

of NPR graphite in the General ERlectric Test Reactor. The

samples were irradiated at temperatures in the range 450 to

700 C. Maximm exposure 1s estimated to be 1.8 x 1021 nvt

(B > 0.18 Mev), which is equivalent to approximately 14,000 MWD/AT
in C Reactor and 5700 MHD/AT in the NPR. Bxposures are based on
calculated PDQ average fluxes with the distributiom based on

flux monltors from the previous EGCR graphite irrsdiation
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experiments in & different position in the GETR. Verification
of exposures from flux monitors at each sample positicn is in
progress.

The contraction of samples irradiated at 700 C at the peak ex-
posure of 1.8 x 104l nvt (E > 0.18 Mev) was approximately

0.025 percent for NPR (TSX) graphite, K-Reactor (TSGBF)} graphite
and the TSP reference standards samples cut transverse to the
extrusion axis. BSamples cut parallel to the extrusiom axis con-
tracted at a rate two to three times the transverse samples.

The contraction rate of transverse samples irradisted in the seme
capsule at 450 C to an exposure of 0.7 x 10°L nvt {E > 0.18 Mev)
was about twice the rate at 700 C.

The second capsule in the NPR graphite irradiation series, H-5-1,
has successfully completed the third cycle of reactor operation
with all nine thermocouples functioning properly.  The third
capsule in the series, H-6-1, has completed the first cycle of
operation. All nine thermocouples are operating satisfactorily.
The plastic materials irn the seal pot have shown no evidence of
fellure. Apparently the shielding provided by the lead in the
annular space between the leadout tubes has been satisfactory.

Thermal Hydraulie Studies

Thermal Hydraulic Characteristics of I&E Fuel Elements in a K-
Reactor Process Tube. Laboratory experiments vere periormed to
extend the knowledge of hydraulic demand data for I&E fuel ele-
ments in K Reactor. These data, which express the relationship
between pressure drop and flow at a constant tube power, are use-
ful in establishing the flow trip requirements of the process
tube pressure gages. These dsta are an extension of previous
work performed for a different sized fuel and at slightly lower
power levels.

The test section simdated a 38.plece charge of K-IV-N fuel
elements in a K Reactor process tube. It consisted of & 1.L47-
inch D by 0.385-inch ID electrically heated rod in a 28.5-foot
long, 1.658-inch ID process tube. Metals of different electri-
cal resistivities were used in fabricating tihe rod to produce a
cosine heat generation along the length of the test section.

Experimental procedures consisted of first establishing an
equilibrium flow rate which resulted in an outlet temperature

of 130 C at a given tube power. Then, vhile the heat generation
was held constant, readings of pressures, temperatures and flow

e | N
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were obtained as the flow was slowly reduced in a stepwise
manner. Each run was terminated at boiling burnout conditions
as detected by a large temperature surge at some point on the
heater rod.

Data were obtained for rums at 500, 1000, 1500, 2000, and 2300 kw.
A preliminary analysis of the data indicated a faverable compari-
son with the data obtained previously and reperted in HW-64029.
me interesting occurrence, which was also cobserved in the prev-
ious tests, was & flow fluctuation between the hole and annular
flow passages under boiling conditions during the 500 and 1000 kw
runs. This has tentatively been attributed to the following
process. Elither the hole or annular flow passage experiences an
unstable flow condition soon after boiling starts in the test
section. This causes a flow reduction in the unstable flow
passage with a corresponding flow increase in the other passage.
Film boiling conditions ere then established in the unstable flow
passage with a corresponding flow increase in the other passage.
Film boiling conditions are then established in the unstable flow
passage and with the accompanying decrease in the heat transfer
coefficient some ¢f the heat transfer is shifted to the other
flow passage. With a sufficient shift in heat transfer, the

flow conditions are no longer unstable in the stricken passage
and flow conditions return to normal. This in turn inecreases the
heat transfer coefficient and when the heat transfer shifts back
to normal, unstable flow conditions are again set up in the same
flow passage. This process repeats itself at a frequency de-

- pendent upon the thermal conductivity, specific heat, and mass

of the heated rod. During this time the total flow rate remmins
nearly constant. The phenomenon is being studied further to de-
termine its effect on reactor safety.

Visual Studies of Boiling on Hanford Type Fuel Elements. Studies
were continued to dérine the heat transfer conditions when fuel
elements are not situated in a8 coaxial position within a process
tube. The test section in this study consisted of a 13.6-inch
long electrically heated rod, 1.304 inches (D, placed within &
1.504 ID glass tube such that the distance between the rod and
glass wall was 0.030 inch. For selected runs metal strips were
fastened to the rod in a manner to simulate the support pleces
used on "self-supported" fuel elements.

Tests were mede at two flow rates with and without the metsel
strips attached. The conditions for these runs are listed in the
following table:
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Flow Qutlet Temp. Mex. Heat
Rate OF below Surface Flux Attained
_gpm Bolling Temp. Conditions B/hr-£12 Comments
20 121 No supports TOO, 000 No boiling
20 127 Supports 552,000 Extensive boiling
present with fiim boiling
in places
Lo 90 Supports 703,000 Moderate boiling
present
e} 163 Supports 905,000 Moderate boiling
present with £ilm boiling
in places

High speed motion pictures were taken of each of these conditians.

It was concluded from these runs that the presence of the supports
greatly influences the amount of boiling that occurs when the
fuel is displaced toward the wall of the process tube,

Process Tube Flow Following a Failure of a Vanstone Flange.
Laboratory tests and reactor experience have shown that the use
of bumpered and self-supported fuel elements require larger
charge-discharge forces than the o0ld style fuel pieces used in
ribbed process tubes. Repeated usage of large forces may weaken
the process tube at the front Vanstone flange with possible sub-
sequent failure during reactor operatiori. This would result in
reducticn of coolant flow past the fuel as water leaks through
the thin annulus between the gun barrel and the process tube into
the graphite stack.

An experiment was performed in the hydraulics laboratory to
determine the pressure-flow relationship for the leak through a
falled front nozzle Vanstone flange. Using the resultant dats,
calculations were performed to determine the change in flow past
the fuel charge following such a failure. The results show that
the most severe tube fiow reduction would occur in fringe zone
tubes operating near critical flow in the inlet orifices. Even
with this condition the flow reduction for a typical BDF fringe
tube would be less then 2-1/2 gpm. With an initial outlet
temperature of 130 €, the leak would cause the outlet temperature
to rise to 141 C. The reduction in flow past the fuel of a
central zone tube would be less than 1 gpm. Thus, & front

oo L
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Veanstone failure would not reduce the coolant flow past the fuel
enough to ceuse flow instebility.

The results also show that a Panellit pressure trip could not be
assured on failure of & front Vanstone. A Panellit pressure
change of only about 20 psi would occur on & fringe tube and a
change of only about %0 psi would occur cn a central tube. The
above results which were obtained for BDF type reactors would
_&ls8o apply to C and K Reactors and, in fact, the flow reductlon
past the fuel would be slightly less for C than K Reactors.

Flow Mixing Studies. Tests were continued in the hydraulies
laboratory to determine the effectiveress of water mixers placed
in process tubes of the present production reactors. . The tests
are conducted by introducing two water streams of different
temperatures upstream of & water mixer and measuring the water
temperature distribution around the annulus and in the hole of
the I&E fuel downstream of the mixer. In the latest tests the
inlet water temperature betweer the ribs was adjusted {by steam
injection) to be about 7 to 10 F hotter than the remainder of the
channel. This allowed the specific determination of the effec-
tiveness of the mixers in reducing the high between-rib-tempera-
tures such as are occurring at the K Reactors.

The data indicate that a simple 180 degree spiral does quite
well in mixing the fluid streams. Although all of the tempera-
tures downstream of the mixer egreed within + 1 F, there does
geem to be a slight preferential displacement of the between-rib
fluid tco the top of the annulus.

A split spirsl combination (helf left hand, half right hand)
mixer with the spirals diverging from the rib area showed about
equal mixing effectiveness as the simple spiral. When it was
oriented to converge at the rib area, it was not as effective.
Thus, the split spiral has the disadvantage that it must Dbe
oriented within the tube.

Teats are being re-run to make sure this preferential displace-
merit is repeatable rather than being random scatier of the data.

Boiling Burnout Data. Considerable boiling burnout data have
been obtained during the past year using a 12-foot long, O.lk-
inch ID test section in first a horizontal position and then a
vertical position. A comparlson of the data for these two
positions has been made.
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The compgrison at low coolant mass velocities (0.5 x 105 and

1.0 x 106 1b/hr-sq ft) showed generally higher burnout heat
fluxes for the vertical cese; up to a factor of two greater

than for the horlzontal case at comparable coolant enthalpies.
Local steem quelities at burnout ranged from 25% to 60% at

these low mass velocities. At mass veloclities from 2 x 10° to

7 x 10° 1b/hr-sq f£t, with local coclant conditions ranging from
about 20 F subcooled to steam qualities slightly above 308,
results for the horizontal and vertical cases showed e¢wcellent
agreement. Further, tests with inlet temperatures near satura-
tion and with mass velocities of 5.0 x 10° to 7.0 x 10° 1v/hr-
sq Tt produced upstream burnout for beth orientations, also witha
good sgreement between burncut heat fluxes at comgarable locel
enthalpies. Thus, at mass velocities of 2.0 x 10° lb/hr-sq ft
and higher, there is no apparent crientation effect with the size
test section used. At lower mass velocitles, stratification mey
have affected the burnout heat flux for the horizontal case.

A cursory exemination wes also made on the effects of pressure
since boiling burnout experiments using O.4k-inch ID tubular
test sections have been conducted at 1500 psig, 1000 psig, and
100 psig. Results for these three pressures were compared to
determine the applicability of 1500 psig data, which comprises
by far the greater part, to other pressures. For mass velocities
up to 2 x 106 1b/hr-gq ft, the range over which date at 100 psig
were obtained, decreasing pressures produced higher burnout heat
fluxes at comparable steam gualities. However, when the data
were plotted as burnout heat flux versus leocal enthalpy, results
for three pressures generally agreed quite well.

At mass velocities above 2 x 10© 1b/hr-sq ft, amnd up to

7 x 100 1b/hr-sq ft, no data were available at 100 psig. A
compariscon of data taken at 1000 psig and 1500 psig in this

flow range showed that at comparable enthalpies the burnout

heat flux was lower at 1000 psig than at 1500 psig; the differ-
ence increasing with increasing mass wvelocity. At the upper end
of this flow range, burnout heat fluxes at 1000 psig were approxi-
mately one half of those at 1500 psig at the same coolant enthalpy.
However, in this region ccmparable burnout heat fluxes were ob-.
tained at comparable steam qualities at the two pressures, a fact
which may be coincidental.

The data at the three pressures indicate that there is & mass
velocity dependent effect of pressure on burnout heat flux.
However, the data examined so far are insufficient to establish
any definite relatliomship. Further investigations, both ana-
lytical and experimental, will be made to define and explaln this
behavior.
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WEAPCNS - 3000 PROGRAM

Research and development in the fleld of plutonium metallurgy con-
tinued in support of the Eanford 234-5 Building Operations and
wedpans development programs of the University of California Law-
rence Radistion Laboratory (Project Whitmey). Details of these
activities are reported separately via distribution lists appro-

priate to weapons development vork.

REACTOR DRVELOPMENT - 4000 PROGRAM

l.

FLUTCNIUM RECYCLE PROGRAM

Thermal HBydraulics Studies

Cansequences of Fallure of the FRIR Rupture Loop Pressure
Control Valve. The PRIR rupture test facility has essentially
& once-through coolant system. The flovw is fraom & storage tank
through & positive displacement pump, through the test section,
through a pressure contrcl valve which reduces the pressure to
near atmospheric, and then elther directly into the storage tank,
or through ion exchange units into the storage tanks. The locp
is operated at about 2000 psi and 600 F in the test sectiaon.
Calculations were made to mssess the possibility of rupturing
the ion exchange unit or the storage tank 1f the pressure re-
ducing valve were to fail to the full open position. The cal-
culations are not complete, but extrapolatiocns of the results
obtained so far indicate little likelihood of rupturing the
storage tank. The extraepolation does not glve so clear an indi-
cation for the case where the flow is through the icn exchange
units. Tn this case it appears quite possible that bursting
pressures would be reached. Calculations were alsc made which
show that if an crifice with a pressure drop of 200 to 300 psi
at normal flow were placed upstream of the pressure comtrol
valve, neither the storage tank nor the ion exchange units would
buret if the control valve failed open.

Hazards Analysis

PRIR Gas-Cooled Loop. The document HW-61236 SURM, "PRTR Final
Safeguards Analysis, Supplement 4, Gas-Cooled Lop Analysic,™ was
published, Ansalyses revealed no serious mdverce effect of the
gas loop o the nuclear safety of the PRTR. The radiologlical
consequences of a reactor accldent are not changed by the pres-
ence of the loop.

Frojronemen  wassrm
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PRTR Hazards Studies. An evalustion of four plutonium fuel
element designs to be tested in the PRTR was completed. These
elements include MgQ-PuQy, ZrQ,-Puly, stainless steel clad
UQg-PuQy and segregated plutonium-UQ, 19-rod clusters. Neutron
flux distribution calculatlions in conjunction with heat transfer
considerations Indicate that these fuel elements will not exceed
PRIR tube power and heat flux limits. Alsgo, the reactivity
worth of these elements was found to be under the maxinum
specilfied for standard spike fuel.

Additional caleulations were completed to obtain kinetle com-
stants for use in analog studies of PRIR excursions with a
mixed crystal loading. A value of 0.5 x 10-3 seconds was ob-
tained for the prompt neutron lifetime of this loading. This
is a reduction by about 20 percent of the value for the spike
loaded core. Since the fraction of fissions occurring in plu-
tonium and uranium sbould not be much different than at present,
~he effective delayed nmeutron fraction for the reactor with a
mixed crystal loading should be relatively unchanged.

Plutonium Fuels Development

U0z -PuQ; Fuel for PRTR. The firsi four UQg-PuQ, 19-rod clusters
mide by swage compaction are under irradiation in the PRTR and
have accumilated an exposure of about 9 MWD/T. Rods for an ad-

. ditional 30 clusters have been loaded during the month mnd, of
these, rods for 18 elements have been processed through auto-
claving. Eight to ten elements are scheduled for charging into
PRTR in early May.

The results of the accelerated fabrication program put into
effect for the month of April were even better than anticipated
for the vibrational compaction project. Fabrication of fuel
elements containing PuQp was started, and the process was de-
bugged so that it produced from four to eight fuel rods per shift
during the month. Both the quantity and quality of the resultant
Tuel elements were excellent, thus establishing that it is pos-
8ible to make vibrationally compacted fuel elements in large
numbers despite the additional problems associated with handling
PuQ;. The procedures devised for contrelling contaminetion and
for insuring uniformity of the PuQ, in the fuel elements worked
very well and over 200 fuel rods were produced.

Some process control problems were encountered in the early fab-
rication phases of the four hundred UQ,-PuQ, rods which were
loaded and swaged during the month. Variations in UQ, particle
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size distribution caused & 200- to 250-gram variation in the
amount of oxlde loaded into the rods. C(leaner size fraction
control was achieved by increased screening efficiency and &
different blend was selected which repeatedly produced a powder
load in the weight range desired for our particular sweging
requirements. In addition, the new bleand reached the desired
tap density without tamping which reduced over-all loading time.

Some layering of the fine UQy-PuQ; and the coarse UQ, has been
cbserved in these rods due to differentisl settling retes of
the size fractions involved,; although longer range uniformity
is good. Mixirg funnels built on & maze or multi-splitting
principle were used on several rods to improve increment mixing
end to slow the drop of the larger particles. Autoradiograephy
indicated improved core uniformity, but additlonal improvements
are desirable for more severe fuel applications. The effect of
the amplitude of 60-cycle vibrations on intermixing of adjscent
increments in the tube during loading is alss being studied.

Modifications were made on the swege which permit a greater
degree of control over the positioning of the die throw wedges.
A motor driven system which replaced a mechanical lock pin
device greatly reduces the time required to change wedge set-
tirgs and gives the operator more flexibility in his selection.

Special Fuel Elements for PRTR Ivradiation. 2lrcaloy clad
10-rod clusters containing MgO-Pul, and Zrdy-PuQ, fuel

meterial are being fabriceted feor irradiation testing in the
PRTR. Experimental work on the MgQ-PuQ, element is further
advanced than the ZrQg-Pul, element, end it will be ready for
irradiation firgt. The elemerts are being fabricaeted by swage
compaction using swageable end caps. Fused pure Mg0O end fused
stabllized 2ZrQ, (5 w/o Ca0 added) are the inert diluents. As-
calcined -325 mesh PuQ, containing 11.61l percent Pu-240 will be
blended with -325 mesh MgO. This mixture of filnes and the
coarse fraction materiml will te incrementally loaded into the
tubes before swaging. Each element will contain 371 grams of
PuQ, vhich is a fuel composition of MgO - 2.1 w/o PuQ, and Zr0,-
1.3 w/o PuQ,. Several experiments have been performed to deter-
mine the optimm particle size fractions, using available
material, which produce the highest tap and swaged densities.
Swaged densities in the range of 87 to 90 percent of theoretical
can be easily attained and the final density is reletively in-
sensitive to the size fraction compositicn of the Mgd within
certain limits. A swaged density of 88-89 percent 1s obtained
with as-received MgO which hes five percent fines added. This
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type of material will be used for the MgO-PuQ; element. The
radial power distributions calculated for these elements are
essentially the same as for an Al-Pu spike fuel element and
enough high exposure plutonium enrichment has been added to
match the initial reactivity of & standard low exposure Al-Pu
gpike element. Under these conditions, then, these elements
should generate about eleven percent more power than & standard
low exposure Al-Pu splke element operating in the same npeutron
flux.

A process 1s being developed for preparing a PRTR 19-rod cluster
in which the "o0ld" plutonium is segregated from the ™new" plu-~
tonium formed in the UQ,. A typizal fuel rod will be composed
of & Zr-2 outer tube (0.565-inch D, 0.030-inch wall), an Al -
7.5 w/o Pu - 2 w/o Ni alloy inner tube (0.495-inch OB, 0.030-
inch wall), and e natural UQ, core {80-86 percent of theoretical
density). A completed fuel rod will contain 14 grams of plutonium
and the UQ, will be densified by use of the vibrational com-
paction technique. The tentative process for producing the Al-
Pu-Ri alloy tube is as follows: cast extrusion billet, hot
extrude tube, drawv with mandrel, straighten, remove mandrel,
drav without mandrel, straighten, cut to length, and degrease.
Drawing is regquired beceuse the extrusion press does not have a
mandrel manipulator so that the extruded tube has a tapered
wall thlckness along its length. Tests have been conducted
with aluminum billets and & tube has been extruded. UQ, com-
paction experiments were performed with different loading and
clamping techniques and with various UQ, size fractions. As
anticipated, the panner and degree of coupling between the inner
and outer tubes affects the ultimmte density of the UQ, core at
the compscticn step.

Phoenix Experiment. The irradistion and reactivity measurements
on the high exposure aluminum-plutonium samples are continuing
in the MIR and ARMP. The current status of the irradiations is
as follows: the sample which initially contained 6.25 w/o Pu-240
(GBH-21-1) has been irrsdiated for its fourth cycle and ARMF mea-
surements have heen made; the sapmple containing plutanium with
16.33 v/o Pu-240 (GRH-21-3) is now being irradiated for its
fourth cycle; and the sample containing plutonium with initially
27.17 v/o Pu-240 (GEH-21-19) has completed two cycles of irredia-
tion.

The irradiation samples will soon attain their originally pre-
dicted goal exposure of five MIR cycles. The ARMF data are bheing
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evaluated to determine whether the originally estimated ex-
posure is adequate or if the samples should be given additional
irradiation.

Irradiation Testing. Two UQ,-PuQ, capsules were returmed to

the MIR for additional irradiation. One of the high density
oxide capsules (GEH-14-85) contains UQ, - 2.57 afo PuQ, and

is scheduled for insertion. The second contains UQ, - 4.13 afo
PuQ, and is tentatively scheduled for insertion du.rigg Cycle 17h.
Current average exposure for both 1s about 160 x 1040 fissione/
em3 or 5500 MWD/T of UQ,-Pug,.

Microhardness data were obtained on some irradiated UQ,~-PuQy
capsules. All specimens showed a dersity increase in the
central reglon. The most marked changes occurred in the low
density specimens. Post-Iirradiation measurements show neax-
thecretical densities in these pleces.

The irradiated Zircalcy-elad capsule (GEH-14-27) containing an
Al - 2.1 wfo Pu - 2.0 ¥/o Ni alloy core and fabricated by in-
Jection casting is being exaiived. Diameter measurements on
this specimen and on the earlier companion plece (GEH-14-28)
reveal little change. No marked change in external sasppearance
was observed. '

Uranium Fuels Development

FRTR Fuel Element Performance. Periodic examinations of PRTR
UQ; fuel elements continue tc show no mecharicel distortion and
no corrosion of the fuel elements. Maximuim exposures reached
thus far are: Mark I ccld swaged Uy, 2075 MWD/Ty; Mark I hot
swaged UQy, 561 MWD/Ty; Mark I vibrationally compacted UQ,,

642 MID/Ty; Merk II-C vibrationally compacted UQ, (nested
tubular element), 883 MRD/Ty. :

Physics Test Elements. Inspection and testing of compoments for
8ix vibraticnally compacted UQ;, Mark-I fuel elements were com-
pleted. The fuel elements have cobalt-zirconlum wire flux
monitor-spacing members and will be used for in-reactor instru-
ment tests. Detalled gamma-ray attenustion measurementis of L0
of the fuel rods were completed to permit correlations of fuel
density with neutron flux profile.

Gharacterization of Fused UQ,. Particle size distribution mea-
surements on -200 mesh (-7h micron) fused UQ, indicate that
90 wfo of this mesh fraction is composed of 20 micron {-600 mesh)
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perticles. Formerly it was thought that this -200 mesh fused

UQ, consisted of & broad spectrum of particle sizes from -T4
microne downward. Measurements by a new direct counting tech-
nique {Coulter Counter) and Fisher sub-sieve analyzer upon

-200 mesh powders prepared by crushing or milling indicate that
fused UQ, is characteristically reduced to particle size range

of 10-30 microns (-600 mesh). Particle size distribution measure-
pents are planned upon other types of material, such as electro-
deposited and high energy impact formed UQ;.

Thermocouple Test. The thermocoupled, 19-rod FPRIR fuel element
was disassembled for sectlioning and correlation of the micro-
structure of the core material with tempersatures measured during
irradiation. The axial power generation will be determined by
burnup analyses of samples taken at short intervals along the
lengthk of two fuel rods.

Fuel Evaluation. A nine-rod cluster fuel element, fabricated
by swaeging, which wes successfully irradisted in the VBWR to
an exposure of 3400 MWD/Ty at a peak surface heat flux of
approximately 280,000 BTU/hr-ft2, was returned to HAPO for
examination. Four fuel rods in the cluster were broken off
Just below the end cap weld jolnt, subsequent to discharge of
the cluster from the VBWR. Preliminary metellographic examina-
tion has revealed hydriding of the Zircaloy-2 cladding in the
region of the break.

Cathodic Etching. A new electrode design was employed in the
investigation of cathodic etching prior to completing fuel element
end closures by magnetic force welding. This electrode provided
the maneuverablliiy required to etch both the rod c¢ladding end
the end cap. Remotizing studies are continuing.

Cladding Studies. Sections of inverted-cluster and single-rod
fuel element cladding fabricated by high voltage electron beam
welding were returned from the vendor. Evaluation of the welds
and over-all fuel element design is in progress; preliminary

data indicate that several changes are desirable for the end
closures and the internal design of the inverted cluster element.
High voltege electron beam welding of the single-rod test sections
was considered successful; no changes in the design appear to be
necessary.

Remote Fabrication Studies. Simidtaneous compaction of fuel into
all three components of & Merk II-C nested tubular fuel element
is being investigated. To determine cladding interactions under
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the most vigorous vibrationsl compacticn conditions, a fully
assembled Mark II-C (nested tubular) element was suspended
from an overhead steel beam and the full power of = 5000-1b-
thrust-output vibrator applied to the beam. The energy trans-
mission efficiency of this system is not known, but accelero-
meter measurements made on the fuel element indicated that
accelerations up tc 95 g were achieved. The only cladding com-
ponent to fail was a one-eighth-inch pin which held the center
rod in place. The element will be completely disassembled and
inspected for other ciadding damage. In addition to the maxi-
mum power tests an endurance test was made during which the
element was vibrated for ten minutes at frequencles wvaried
continuously from 150 to 300 c¢ps at an output power level pro-
ducing an acceleration of 50 g.

X-rays of the fuel in the cladding components after testing
showed an increase in compaction efficiency over that

achieved in vibrating the companents separately, particularly

in the outer tube. This is significant in thet no follower rod
could be used during these tests. Fellower rod pressure was '
previously deemed necessary to achieve the maximum density.

If this situation can be duplicated and expanded, it will sig-
nificantly simplify remcte control conmpaction operations.

Meterials Developmernt

PRTR Aluminum Correcsion. Aluminum corrosion in a water vepor
argon mixture was examined at 260 and 215 C. The atmosphere
consisted of approximately 58% A, 414 H 0, 0.6 H,, and 0.3% ;.
In one experiment & minute leak contaminated the atmosphere
with carbon tetrachloride and its decompositiom products such
as CO, CQy, HCl, etc. The weight gains of the alloys at 315 C
for 1600 hours were less than 0.8 mg/di® in the following de~
creasing order: 6063-76, 6061-T6, X-8001, and a special alloy
2.1% Fe, 0.6% Ni balance sluminum. The Wweight gains at 260 C
for 3640 hours were less than 1.5 mg/dm® in the following de-
creasing order: 6063-T£, X-800L, 606L-T6, and the speclal
alloy. The chloride contaminated test at 315 C for 27k0 hours
showed much higher weight galns for the 6061-T6, 6063-T6 with
intergranular attack and blistering. The X-8001 and the special
alloy were relatively unattacked by comparison and had only a
slight increase in weight gain over the same alloys in the un-
contaminated 315 C test st the same exposure.

PRTR Rupture Locp Deionization System. The makeup delonization
system was regenerated twice ard exhausted once during the past
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month. Regeneration of the cation snd anion exchangers was
accomplished without difficulty in each cese. Performance of
these units during exhaustion met both exchange capacity and
effluent purity specifications even though the system was pro-
cessing Yakima River water (175 ppm total solids) rather than
the Columbia River water (80-100 ppm total solids) that it was
designed to process., As expected, the effluent purity was
higher after the second regemeration (5-10 micromho/cm) than
after the first {20-30 micromho/cm).

Initial regeneration of the mixed bed unit was hindered by
problems encountered in malntaining constant flow rates in the
acid and caustic regenerant streams. Performance studies of
the second exhausticn cyecle are now in progress.

Corrosion of Zircaloy-2 under Heat Transfer Conditions. Testlng
of Zr-o cisdding was initiated at 250,000 Btu/bor-ft< and 580 F
in high purity water ajjusted to & pH of 10.0 with LICH. A
thermocoupie was inserted in the Zr-2 to monitor temperature
increases as corrosion occurred. The small (0.025-inch) thermo-
couple suffered a mechanical feilure and the test has been in
progress without measuring the surfuce temperature directly.
Heat transfer caiculations estimete the Zr-2 surface temperature
at 637 P; this temperature is just below the pcint at which
nucleate boiling occurs. The test was designed to provide
information on 2Zr-2 corrosion under copditions which might cause
LiOH cancentration on fuel elementis. Examipation of the specimen
after 277 hours revealed no unusual effects; the surface of the
Zr-2 was covered with & shiny, adberent black ZrQ, film. After
a total of T46 houre, the shiny black film was covered with a
very loose thin film of a reddish deposit in the heat transfer
region. No estimate of thickness is possible except that the
cruad layer wes less than 0.1 mil thick. The sample wis re-
charged for additlional exposure.

Pre- and Post-Irradiation Evaluation of PRTR Pressure Tubes. A
total of 10 replacement process tubes have passed all tests and
are ready for use in-reactor.

Creep rupture tests are being performed on the ahnealed portioh
of the Zr-2 PRIR process tubes. The following table is & summary
of the results to date:
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Creep Rupture of Zr-2, PRTR Pressure Tubes at 550 F

Stress Time Total Strein Secondary

psl hr. percent Creep Rate
43,700 1(2) 60 -

4o,900 772(8) 43 1.5 x 10°5
39,600 216k 3.48 9 x 10~7
36,200 2161 1.28 7 x 1077

(a) Tube ruptured.

Three pressure tubes have been removed from the PRIR for de-
tailed tests and examination. Room temperature burst tests
were performed on sections of these tubes with different ex-
posure histories. The following table summarizes the resuliis

to date:
Rooan Temperature Burst Tests
on Irradiated Zr-2, PRTR Pressure Tubes
Tube Exposure Burst Ultimate
Location nvt - Bl Mev Pressure Hoop Stress
Control None 8535 97,700
1154 1033 (a) Th50 86,200
1756 106 (a) 950 106,200
1659 1017 (ag 8475 97,000
115k 5 x 1089 (b) 7600 86,700
1659 1.5 x 1020 9700 111,000

(a) These samples were cut from the region of the lower
fuel support contact marks in the tubes. A steep
flux gradient exists in this region and the exposure
is estimated for the point of initial failure only.

(b) Peiled with a short crack oriented 45 degrees to the
tube axis. Failures with similar appearance have
occurred in unirradiated samples at defects in the
tube wall.

From observations made to date, the effect of irradiation on the
appearance of the fracture was nil. The deformation prior to
fracture appears to be confined to a& local bulging for Iirradiated
tubes vhereas for unirradiated tubes the diameter increases along
the entire gage length of the tube prior to the formation of a
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local bulge at the point of fracture., The sample from channel
1154 that failed at & small crack is of special note in that
the crack having propagated through the wall of the tube was
then arrested even though the tube was pressurized to about 90
percent of its wWltimete strength.

Measurements of the depth of contact corrosion marks in the tube
removed from channel 1659 were 1 mil end 5 mils where the lower
fuel supports had contacted the tube and 5.5 mils where the wire
wrap from &n individual rod contacted the tube.

Merk II1 Monitoring Equipment. Some undervater viewing experi-
ments using the TV-Omiscope system, were perfoymed in the 314
Building PRTR process tube mockup. An appreclable amount of il-
lumination will be needed. The heat from the illuminating lamps
produced small bubbles which tended to collect on the glass
surface of the objective lense. These bubbles can be swept from
the objective lense if the water velocity pest the objective
lense is sufficiently high. More tests are needed to establish
the minimun relative water velocity. Galvanic corrosion occurred
in the lamp sockets and more corrosion resistant lamp socket
material will eventually be needed for underwater use.

The TV camera-eyepiece section of the borescope has been returned
to the vendor to incresse the TV camera imege size. A 37 percent
increase in image size Is regquired to produce a full-sized
picture on the TV monitor.

A rubber ring to wipe off conteminated water upon probe re-
traction has been designed and fabricated. Testlng to obtain
the most effective configuration 1s continuing.

A system for coiling the TV and instrument cables hes been de-
signed and tested. This system was found to be necessary to
protect the electrical cables and avoid interference with the
necesgary vertical traverse of the PRIR process tube inspection
probe,

A granular quartz-filled silicone-resin molding was cbtained for
the gas gap body. Machining problems with this molding compound
heve been encountered by the fabricator of the gas gap instrument.
Resclution of these difficulties is under way at present,

Brittle Fracture Btudies. Brittle fracture studies were con-
tinved. By verying the weight of the projectile, its position
in the gun barrel, and the strength of the powder charge, it is
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possible to gauge the impact so that & crack will uve formed on
the inside surface of a given type of tubing. The proper com-
binations were determined experimentally for each type of tubing
and vary with wall thicknees, diameier, and degree of cold work
of each material. On a given type of tubing & lighter impact is
required to form a crack at elevated temperatures than at room
temperature. Pressurization of the specimen does not appreciably
&lter the parameters required for crack-formation.

Using these newly developed parameters confirmation was obtained
of a previously reported series of tests on 65 percent cold
worked XER tubing. In the original tests, when the crack &id
not propagate, a hole had been sheared through the tube wall
vith no evidence that a crack had actually been formed. Using
the new test parameters, s crack was definitely formed on the
inside surface of tubes where no further propagation occurred.

A similsar series was run on 50 percent cold worked, Zr-2, KER
tubing at room temperature, 150 C, and 300 C. Pressures equal
to 90 percent of ultimate burst pressure failed to propagate a
crack at the two elevated temperatures although an initial
crack sufficient to form & leak was formed by the lmpact of the
projectile. At roaom temperature the crack did nct propagate

at 75 percent of the ultimate burst pressure but propagated the
full length of the specimen at 80 percent of the ultimate burst
pressure,

A test was run on a section of annealed KER tubing with a hy-
drided spot 1.2 inches long (8 times wall thickness). The tube
was pressurized to 90 percent of ultimate at 150 C. The pro- -
Jectlle formed an initial crack the length of the hydrided spot.
This crack then propagated to 58 percent of the full length of
the specimen before being arrested in the annealed material.

A test under identical conditions except with & hydrided spot
only two wall thicknesses in length produced identical length
of crack.

2. PLUTONIUM UTILIZATION STUDIES

Plutonium Oxide

The following data were obtained on the lattice expansion of PuQ,
g8 a function of temperature.
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Temp., C B¢ 4 8/ac x 103
23 5.3958 + 0.0002
23¢° 5.4080 + 0.0002 2.224
5C0 5.4186 £ 0.0005 4,225
604 5.4227 £ 0,000k L.ou8
Bie. 5.434 & 0.001 7.134
902 5.433 x 0.002 7.969

The lattice expansion date when plotted against dilatometer
results are in quite good agreement. At higher temperatures
therme]l diffuse scattering results in broadened lines and it
is apparent that higher temperature deta will have to result
from the lower angle spectra &t the expense of accuracy.

Samples of UQp-PuQ, which were melted in helium were snalyzed

chemically to obtain sdditional data on plutonium losses. The
following illustrates the losses found and are ccnsistent with
previous data.

Percent PuCy
Initial Composition After Melting
U0; -~ 25 w/o Puly 20.3
U0, - 40 w/o PuGy 36.2
U0, - 75 w/o Puly 62.9
U0 - 90 w/o PuQy 71,7
U0, - 95 v/o PuGy 8.7

Initial experiments have been run to_determine precise O/Pu
ratios coulombmetrically via the Put3/Pu** couple. First re-
sults are encouraging end additional runs are planned.

Plutonium Carbide

The x-ray diffraction patterns from the ten PuC alloys sanealed

at 610 C for 65 hours have been snalyzed. Between 32 and 4l a/o

C the lattice constants decreased in a uniform fashion with com-
position extending from 4.9718 to 4.9677A. Below 32 &/o C the
cell size of the PuC phase remained constant at 4.9718A. Lines’
other than PuC on the films were very weak and appear to conform
to & mixture of alpha and delta plutomium. Because of their low
intensity, a large degree of certainty cennot be placed on this
identification. DBetween 41 and 52 afo C the lattice parameters
were constant at 4.980A and again PugCy was observed at U8.2 mfo C.
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A change in lattice parameter of a 48.2 afo C sample with time
has been noted. The sample, which was arc melted and annealed
between 400-550 C, gave a cell size of 4.9T48A immediately after
the anneml. After storage for about & month, this value in-
creased to 4.9774A. No explanation is readily apparent. Other
specimens are presently being re-examined.

Continuing work on the reaction of dry hydrogen with PuC has
shown that the hyperstoichiometric PuC does not suffer the same
attack as the hypostolchiometric exhibdite. A sample of 53.0 afo
C has been exposed for 17 days with no sign of attack. As &
first test of the effects of heat treatment on the resistance to
attack, a 46.0 a/o sample which was made by resintering fused
PuC is presenily being exposed.

A drop casting hearth for the arc melter was designed and built.

Using graphite molds of & "hot top" design it produces sound rods
about 5/16-inch diameter by 1-1/k-inch long. These will be used

for dilstometer and resistivity measurements.

Compatibility studies have shown that e BeQ coating on graphite
is effective in inhibiting the reaction detween graphite and PuC
for short times at 1550 C &5 long as the coating remains integral.
Wherever the coating is broken, though, the carbide stlcks badliy.
ZrQ, shows some promise but is generally less satisfactory than
the BeO. Several other coatings heve been tried with verious
degrees of success. A slip was mede with TaC in ethyl alcohol
and graphite was coated with an apparently tight layer. Upon
heating, though, the layer often spalls. Where the layer remalns
unbroken, good protection is afforded. Thin coats which are sub-
sequently reacted with the graphite substrate are presently being
tried. Ancther approach under study is the evaporation of Ta
metal onte graphite and conversion to TaC by high temperature re-
action. :

Plutonium Nitride

X-ray diffraction analyses of the arc melted plutonium nitride
generally involve the Debye-Sherrer powder method. FPowder is
obtained by filing the arc melted button in a nitrogen atmos-
phere and screening out the -325 mesh frection. Evidence now
indicates that this fraction is not representative of the meterial
as a vhole. JX-may diffractometer charts often show strong alpha
plutonium lines from the polished button, vhereas -325 mesh
powder filed from the same button gives only & trace or no indi-
cation of free plutonium on & Debye-Sherrer film. Tt is thought
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that during f1ling the brittle phase, plutonium nitride, is
preferentially comminuted. Screening then leaves the more
ductile plutonium in the coarser plus 325 mesh fraction.
Melting experiments using the arc melted material will be de-
ferred until a specimen free of residual plutcnium is obtained.

Photomicrographs were taken of an arc melted plutonium nitride
button containing residual plutonium. Chromic oxide and tetar-
phosphoric acid were both found to be suitable etchents, with
chromic oxide perhaps the better of the two. The plutonium
nitride is in the form-of dendrites in a plutonium matrix. It
appears that approximately 80 percent of the plutonium combined
with the nitrogen to form plutonium nitride. Chemical analyses
of this same specimen for plutonium support the 80 percent con-
verslon estimate. The Nessler ammonium procedure was used to
anslyze quantitatively for nitrogen; however, it gave low values.

Plutonium hydride can be converted to the mononltride by heating
in anhydrous ammonis, though first sttempts ylelded a two-phase
product, plutonium dioxide plus plutonium nitride. Further ex-
periments will be performed in an attempt to obtain & single-
phase plutonium nitride by this means.

3. UO, FUELS RESEARCH

Electron Microscopy

Examination of an irradiated (5000 MWD/T) UQ, crystal continued,
using reflection electron microscopy techniques. The crystal was
surface-heated using an arc-image fummace to abcut 500 C above
-ambient temperature; in a second experiment the specimen was bulk-
heated using the standard wire-wound microscope furnace to 980 C.
Both fracture and polished surfaces were examined during the
heating and cooling cycles of about 40 minutes each. Oaly minor
changes in the surfaces were observed, similar to those reported
previocusly cn non-irradiated crystals. It appears likely thai
higher temperatures, longer irradistions, and/or higher magnifi-
cation may be required to observe irradiation-induced surface
effects.

Greatly increased electron beam densities have been achieved from
an electron gun being developed for & specimen heeting attachment

for reflection electron microscopy by coating a carburized fila-
ment with LaBg.
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Etching Procedure for UQ, Single Crystals

Difficulty in interpreting ceramographic results of UQ, single
crystals is complicated by the variations in microstructure
resulting from different etching techniques. A standard etching
procedure should be established to compare ceramcgraphic data
from 4ifferent specimens. Preliminary studles suggest & one
minute etch with 10 percent H;50, -90 percent Hy0, et room
temperature. The etching characterlatics are affected by the
crystal orientation.

U& Thermal Conductivity

The thermal conductivity program in cooperstion with BMI has
been resumed. Measurements on the non-irradiated UQ, single
crystal were extended to 1200 C, and calculation of resulis is
in progress. The crystal was returned to HAPO for low level
irradiation prior to further measurements. The crystel has
survived the physical handling and thermal cycling necessary
for the measurements, with only minor physical damsge appearent
{surface discoloration, edge chips, etc.)

Refurbishing equipment at BMI for measurements or the final
sintered UQ, rod in the original irradiated series is in pro-
gress. A pulsed-energy-input meihod of determining thermal
diffusivity being evaluated at BMI sppears promising for small
ceramic samples. BMI personnel plan some explorstory measure-
mentes on Uy &t elevated temperatures in comnection with the
HLO-BMI cocperative investigation of UQ, thermal conductivity.

The last in e series of six irradistion capsules, containing
cylindrical specimens of UQp, for thermal and electrical con-
ductivity and ceramographic studies, was discharged after four
years of irradiation. The specimens kave an exposure twice
that of previous specimens.

Precompaction and Hot Isostatic Pressing of UQ,

Bwaging followed by hot isostatic pressing offers a promising
method for compacting inexpensive fuel maeterials to uniform,

high density fuel elements. Mixtures of fused UQ, and micronized
UQ, were swaged in 0.007-inch thick stainless steel cladding, and
then hot isostatically pressed to densities greater than 95 per-
cent TD.
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L. BASIC SWELLING PROGRAM

Irradiation Program

The irradiastion of four general swelling capsules 1s continuing.
These capsules are being irradiated in tandem, two to each test
hole. The control temperature is 625 C on two of the capsules
and 575 C on & third, These temperatures are held constant by
means of auxiliary electrical heat regardless of reactor opera-
ting conditions. The fourth capsule operates at slightly over
LOO C only during reactor operation. An additional capsule is
complete and another capsule is approximately sixty percent com-
plete. These two capsules will also be lrradiated in tandem.

Two capsules previously irradiated are in Radiometnllurgy for dis-
assembly and specimen recovery. Redesign and development of
compcnents for the metallographic swelling capsule 1s continuing.
The inability to weld ontc the sheath of the 1/16-inch sheathed
‘heaters to be used for this capsule nas presented some sealing
problems. It has been necessary to resort to high tempsrature
silver brazing in order to obtain satisfactory seals. The
evecimen holder has been designed and is being fabricated,
Assembly of & prototype capsule is proceeding.

Post-Irradiation Examinstion

As indicated in previous reports, uranium irradisted tec two burnup
levels, 0.29 a/o and C.41 afo, respectively, at approximately
350 C under conditlons of restraint swells considerably during
vacuum annealing at temperatures above 600 C. The higher burnup
specimens, O.41 a/o, undergo velume increases which are far
greater than those of the lower burnup specimens, 0.29 afo.

The respective volume increases associated with the annealing

at 600 C for one hour are: 16.3 percent and 5.0 percent., The
annesling treatment caused extensive change to the as-irradiated
pore size distributions. In contrast, specimen 4.k which was
irrediated at 575 C to & burnup of 0.28 a/o under conditions of
no restraint showed no change in pore size distribution after a
100-hour post-irradistion anneal at 575 €., The pore volume
fraction and pore vold density exhibited no change. Since this
particular specimen (4-4) had an extremely large number of very
small pores, micrographs at 35,000x were used in addition o the
standard micrographs at 15,000x. A well defined peak in the pore
volume fraction distribution curve was revealed in the data ob-
tained from the 35,000x micrographs, but the resolution was not
sufficient at lower magnification to observe this peak. Since
no chenge oceurred, it is coneluded that the pore configuretion
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attained in unrestrained uranium specimens irradisted in the high
alpha range (approximately 600 C) is thermally stable at tempera-
tures at or below the irradiation temperature. Simllar compari-

sons are currently being made on unrestrained specimens (irradia-
ted to particular burnups at prescribed temperatures) before and

after anneallng.

Two capsules, GEH-14-33%4 and 336, each containing six coaxial U-U
diffusion couples, have been opened after irradiation and the
specimens have been reclaimed. Sampling techniques, which have
been developed, will permit eventual determinetion of the U-235
burnup in the enriched layer and the depleted core of all speci-
mens; the exposure gradient along the length of the capsules
will be established. .

The specimens generslly appear to be in excellent condition. The
enriched U-235 shell, bonded metallurgically to the Zircaloy-2
clad, appears dark under macroscoplc viewing. This coloraticn

is due to the bumping and growth of the enriched shell during the
low temperature (« 300 C) irrediations. The enriched shells in
specimens from capsule 336, which received twice the exposure of
specimens in capsule 334, have grown the most. The amount of
growth observed, however, is considerably less than that observed
in previously described copper clad (non-bonded) specimens,
GEH-14-281 and 282. Presumably, the Zirceloy-2 clad which is
bonded to the enriched U-235 shell restrains the growth of this
shell. A sample from each of the two capsules has been pro-
cessed for metaliography. The Zircalcy-2 U-235 lnterface has
remained intact. No porosity has beern detected 1n the enriched
layer. An additionsl sample from each of the two capsules is
being emnealed at 650 C for 100 hours to precipitate gas pores
in the enriched layer. If diffusion of gas atoms into the core
depleted in U-235 does not occur to a measurable extent, similaer
specimens will be appealed at higher temperatures. Gas atom dif-
fusion into the Zircaloy-2 clad will also be investigated.

5. IRRADIATION DAMAGE TO FEEACTOR METALS

Alloy Selection

Efforts to procure sufficient quantities of the alloys selected

for study under this progrem have continued. Additicnal contacts,
both written and personal, have been made to procure heat

analysis data apd fabrication histories of past heats of alloys.
Samples from five different heats of some alloys have been re-
quested in plate form. From this material differences in mechanical
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properties will be determined, as well as differences in
chemical composition. Recent date indicete marked differ-
ences exist between heats in high temperature tensile and
stress to rupture strength in Hastelloy X-280 alloys.
Reascns for thege differences heve not been determined.

In-Reactor Measurement of Mechanical Properties

Twe creep capsules operating in the reactor were used to
check temperature and pressure control instrumentetion during
the month. No creep data were obtained. Some instruments
required recertification for accuracy gince they had been in
continual use on creep tests since installation.

A new temperature control system has been developed and 1s

now being checked in the laboratory to provide sutomatic

control during reasctor cutages. The present temperature

control system for the creep capsules muist be adjusted man-
uelly at every reactor shutdown and startup tc maintain &
constent temperature. It is desirable to automatically control
the temperature &s an unscheduled shutdown would give a twenty
to thirty degree excursion if the manual adjustuments were not
mede. A new system, overcoming the requirement of manual ad-
Justments, has been developed. The new control system reguires
only one controller with additional amplifiers to control both
the heating and cooling in a capsule. The new system uses one
coatroller to control ome zone of the fumace from one thermo-
couple. All other thermocouples are ther compared to the thermo-
couple on control to obtain a signal if & temperature difference
exists., This output difference, or signal; from the centrol
thermocouple and the compared thermocouple is amplified and fed
to the furnace zone of the compared thermocouple with & phase
shift to reduce the signal from the twe thermocouples to zero.

In this way, all temperatures are maintained the same as the

one thermocouple on control. Laboratory tests with one standard
controller and solid state, high power, amplifiers have shown
thet control of temperature and gradients to within plus or minus
one degree 1s possible. The control system also operates the
flow valves to cool the capsule vwhen cooling is required. Again,
this control of cooling 1s also autometic and does not require
manual adjustment during reactor outages. '

A standby data printing system has been received and checked out.
The standby equipment was ordered when the date printer, on two

occasions, burned out the printing solencids during operation.
No cause for burning the sclenoids could be found. However,
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during checkout of the standby printer and matrix processor,

& possible cause for the original Qifficulty may have been
found. The checkout revealed improper serisl operation of
relays in the circuits. The poor operation of the serializing
relays was caused from shipping vibration. When the relays
were properly adjusted, no further difficulty was experienced
and the system operated perfectly for six weeks. The standby
system was ther installed In the deta logging system at the
reactor and the ¢ld system at the reactor was brought to the
legboratory. The malfunctioning printer is now being checked
for proper serial operation of the relays and 1f performance

is satisfactory a digital voltmeter will be added to the system.
The voltmeter wilil provide the capability of recording addi-
tional veriables with the strain and time. The recording of
additional variables, including stress, temperature, electrical
power and coelant flow, will aid in interpreting the data,
analyzing the creep curve &and evaluating the performance of the
capsule.

Two headers from the lot of capsules were identified as having
Inconel pins instead of chromel and alume] pins. The incorrect
pins were found during checking of the capsule components as
modifications for internal water cooling were being made. The
neaders are used in the capsule to separate the high pressure
sectlon from the low pressure shroud tubes. The insulated
electrical connections, water tubes, pressure tubes, reference
tubes and rotating shafts all go through this header. The
proper alloy should be used in the pins for thermocouple con-
nections to eliminate possible errors if a temperature gradient
should exist on & dissimilar metal combination. The headers
were reworked and proper pins installed in all electrical and
thermocouple locations. _

A new statistlcal model for creep is belng developed which may
explain the low values for the activation energy for creep
measured on the in-reactor specimen at 30,000 psl stress and

300 C. The model is based on & statistical random welk of vacan-
cles to a dislocation line, resulting in a statistical dis-
location climb. This model may be applicable to other metals
and explain the anomalies reported in their activation energy
spectrmms not explained by thermodynamics.

Irradiation Effects on Structural Materials

The purpose of this progrem is to investigate the combined
effectes of radiation and reactor environment on the mechanical
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properties of structural materials. Special attention will be
given to the determination of mechanical property changes pro-
duced in metals by irradiation at elevated temperatures in
contact with water.

The remainder of the 83 specimen quadrants scheduled for ir-
radiation in the ETR, G-7 hot water loop were assembled and
"shipped to the ETR. These juedrants will keep the loop full
through cycle 54 at which time specimens prepared from standard
material lots procured on the program will be inserted. Assembly
of control quadrants for the ex-reactor loop was completed and
Zircaloy-2 specimens corresponding to ETR cycles 30 and 40 were
discharged during the month. The oxide film on these specimens
was uniform, and there were no signs of pitting.

Upon completion of ETR cycle 44, 36 tensile and 48 bend test
specimens of Zircaloy-2 were discharged. These specimens re-
ceived estimeted exposures ranging from 5 x 1019 to 1021 nvt
(1 Mev}, and were replaced with 72 Zircaloy-2 notch-tensile
specimens. In order to facilitate calculation of notch-tensile
parameters, a Fortran program for the 7090 computer was written.

Twenty-nine Zircaloy-Z tensile specimens representing the 0, 20,
and 40 percent levels of cold work and irradiated at 280 C to
approximately 3 x 1019 nvt (>l Mev) vere tested at room tempera-
ture. Crosshead speeds were varied from 0.005 to 2 in/mih. The
data obtalned were compared with data for similar specimens ir-
radiated at ETR bulk water temperatures (sbout 80 C) to

0.8k x 1019 nvt (»1 Mev). Comparing tensile date for the two
irradjation temperatures revealed only minor differences in
either strength or ductility. If the factor of 3.5 difference
in total exposure between the two sets of irradiations is found
to significantly affect properties, then some recovery due to
280 C operation would be indicated. The strain-rate sensitivity
and directional effects for the specimens irradiated at 280 C
were gimijar to those for unirradiated specimens cortresponding
to equal levels of cold work.

Dama.gg Mechanisms in Iron

The purpose of this program of study is to establish the nature

of Interactions between defects present in iron prior to ir-
radiation and defects produced by irradiation. Controlled pre-
irradiation defects will consist of interstitial carbon and
nitrogen, as well as substitutional titanium in various proportions.
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Iron of a purity of 99.99 percent and 95.95 percent has been
ordered. Impurity defects will be introduced in this metal.
Required laboratory equipment is being assembled and tested.
Foil specimens of high purity ircm, 0.003-inch thick and 1/2-
inch diameter (Johnson and Methey stock) are being heat treated
for transmission electron microscope studies. After charac-
terization, these folls will be irradiated and changes will

Ye ascertained.

A problem in neutron damage studies is the eccurate designation
of integrated fast flux (emergies >1 Mev). Ti and Ni wires are
commonly used to determine fast fiux. In order to calculate
integrated neutron flux from either of the above monitors, the
shape of the neutron spectrum must be assumed. An attempt is
being made to evaluate the possibiliiy of measuring fast inte-
grated neutron flux by utilizing thin evaporated films contain-
ing atoms which undergo fast fission. Evaporated films of UOp,
in which the uranium U-235 content had been depleted by a factor
of twenty, were prepared with thicknesses in the range of 24 to
132 A (calculated). These films and wire monitors, contained in
a cadmium capsule, are currently being irradiated. Afver ir-
radiation the films will be examined by transmission electron
microscopy and fission fragment tracks will be counted and
measured. The data will then be analyzed to ascertain whether
this technique can supply information on Integrated flux for
particular neutron energy ranges.

6. GAS-GRAPHITE STUDIES

EGCR Graphite ITrradiations

The fourth capsule in the series of long term EGCR graphite ir-
radiations, H-3-4, has completed the second cycle of irradiation
in the General Electric Test Reactor. The meximum exposure re-
ceived by samples which have been irradiated in s}l four H-3
capsules is estimated to be 9.5 x 1071 (B >0.18 Mev), which is
equal to spproximately 65,000 MWD/AT in the EGCR.

During the second irradiation cycle on the H-3-4 capsule diffi-
culties were encountered in keeping the maximum sample tempera-
tures belovw 850 C. The samples being exposed at the maximm
temperature had been previously exposed to 8.7 x 1021 nvt

(E >0.18 Mev), and it was imperative that the samples follow the
established temperature pattern. The desired temperature pattern
was successfully attained through the combination of three
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actions: the capsule was removed and inspected; the reactor
core loading was rearranged to shift the flux; and the reactor
was run &t less than full power for several deys. The cause
of the temperature pesking I1s a matter of speculation; it may
have been due to & slight shifting of the samples inside the
capsule durlng the previous shutdewn. Such a shift could have
changed the heat transfer characteristics.

Dimensional Stability of Fuel-Support-Sleeve Graphite. A graphite
which has a scmewhat lower degree of preferred orientation than
conventionel nuclesr grephites will be used for the EGCR fuel
element support sleeves. BSeveral variations of this graphite,
produced by Speer Carbon Company and generally known as Type 901,
have been irradiated at about 600 C to determine dimensional
stability. Samples extruded through a 3 by 8-inch die and

given single and double impregnations were compared with &

sample from the same mix extraded through & Y-inch round die

and given a single impregnation. Sampies of the same type but
produced from & new source cof raw meterials end extruded witih

3 x 8-inch die were included along with standard samples of CSF
graphites.

After an exposure' of 3120 MWD/AT at approximetely 600 C, the
following relative bekavior waes obgserved:

1. The effect of the re-Iimpregratics did not significantly
alter the magnitude »f average coriraction in either the
transverse cr parallel directisms. In the singly impreg-
nated sample, however, a variatlior in trapsverse samples
was noted., Samples parallel tc the 3-inch dimension of
the die contracted 1/3 less than these from the 8-inch
direction. This difference was apparently masked in the

re-impregnated sample.

2. The radiation-induced centraction of samples from the 4-
inch round extrusion wes nearly iscircpic, whereas
graphites extruded with the rectangular die behaved -uch
like conventional nuclear graphites.

3. The new raw mgterisl reduced contraction in both the
transverse and parallel directions.

Altering the pore structure by impregnaticn has apparently

changed the enisoiropy of the radiaticn-induced dimensicnal
chsnges. This explanation implies that the pores were elongated
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and oriented in a preferred direction. Irradiation of these
samples will be continued to provide information on the rate
of contraction.

Molten Metal Impregnation of Graphite

Filling the graphite pores with metal is useful in the metallo-
graphic examination of the structure of various carbong and

- graphites. It also provides a means of measuring the density
profile of graphite and thereby of examining the depth of oxi-
dation of moderator bars under various oxidizing conditioms.

Methods have been developed tno impregnate the pores of graphite
with such molten metale as Zn, Sr, Bi, Pb and Ag. Graphite of
dimensions 1/2 by 1/2 by 1 inch have been successfully impreg-
nated. The equipment consists ¢of & bigh pressure autoclave, an
electrical resistance furnace, a vacuum pump; & cylinder of
helium and accessory tubing and valves.

After metallographic examination of the impregnated graphite
samples, it wes concluded that bismath would De the best choice
for an impregrant. Bismatk enters and £ills the pores as small
as 1y dismeter at the center of the sample; however, in some
instances pores of larger diameter are not completely filled.
These may be connected by very small diameter pipes and require
mich longer outgassing ard f£illing time than was allowed.

Irradiation of Graphite Containing B,C

Three irrediations have beer concluded on graphite containing
B,C, one in the Snout II facility at approximately 30 C to sn
exposure of 7.5 MAD/AT and two in a Hanford hot test hole at
approximately 575 C to exposures of 150 and 300 MWD/AT. No
large difference in dimensionsl changes between nuclear grede
graphite and graphite contairing up to 7 wt % boron was ob-
served in these irradiations. However, some deleterious
effects of pitting and corrosion of the B,C samples were ob-
served which casts some doubt as to the stability of B,C in &
8lightly oxidizing atmosphere. It 15 now Xnown that the re-
actiom, B,C + CQ, yielding B,Q, occurs &t & measurable rate
under the conditlons of these tests. The reaction is alsc en-
henced with the presence of water vapor, although the presence
of water vapor is not suspected in these irradiations. A
material which hed cemented several samples together and formed
& glazed coating on the flux momitor holders was confirmed &s

B0y by analysis.
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A new lIrrsdiation technique is being explored in which it is
planned to irradiate the samples in a vacuum. Preliminery
estimates of heating by the reaction BO (n,a) Li7 are being
made, and the effects of sample configuretion on self-shielding
are being studied to facilitate experiment design.

EGCR Graphite Oxidetion Study

A study of the oxidation charscteristics of the BEGCR moderator
has been conducted at Hanford to provide & basis to estimate
potential combustion hazards in the event of & depressurization
accident. Resulis of this study were recently discussed with
representatives of the AEC, ORNL and Allis Chalmers Company to
enable machine calculations to be made on the hazards analysis.
Of particular interest were several factors to be applied to
the basic oxidation rate for use in combustion calculations.
Each is .ummarized briefly.

1. Gamms rediation: Oxidation experiments have been conducted
in the temperasture range of interest (>500 C) in the ab-
sence of radiation, and in the presence of two levels of
gamme flux intemsity, 2.5 x 10° and 1 x 106 r/hr. A de-
crease in the activation emergy was observed from 50 kcal/
mole for radiation intensities of O and 2.5 x 102 r/hr to
30 kcal/mole for a radistion intensity of 1 x 106 r/hr.
Recently the gamma flux following an EGCR most credible
accident was estimated to ve 1 x 107 r/hr. In order to
establish the oxidation rate at this higher intensity an
oxidation study will be conducted in the core of the PRTR
on & high priority basis.

2, Depth of oxidation: An analytical expression was derived
and verified experimentally for determining the depth of
oxldation in EGCR graphite after a given amount of oxida-
tion. This expression will enable calculation of the heat
generating mess which is essential in a combustion analysis.

3. Prior meutron damage: Oxidation experiments have been
conducted on samples which have been irradiasted to a
neutron dose approximately equivalent to 50 percent of
the expected EGCR moderator life. A rate enhancement
of less than & factor of two has been observed.

L. Oxidation inhibitor: On the basis of the maximum credible
accldent now postulated for the BGCR, 8 reliable oxidation
inhibitor cannot yet be recommended that would effectively
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extinguish a fire or prevent one from starting. It was

concluded that a research program in this field 1s vital
to the Gas Cooled Reactor Program and the AEC has asked

that such & study be conducted at Hanford.

5. Surface impurities: 8urface impurities may influence
oxidation; horever, the type and amount of these im-
purities which would deposit in a combustion zone is
difficult to estimate. The oxidation rate of discharged
fuel sleeves will be measured to detect the presence of
any catalytic effects of impurities in the EGCR coolant.

6. Gas purification of fuel sleeves: Based on the oxidatlon
rate of gas-purified graphites, it is estimated that the
oxldation rate of fuel sleeves could De reduced by a
factor of 1/2 by gas purification.

7. Moisture: Holcatalytic effect of moisture on the oxida-
tion rate of graphite in air has been detected in Hanford
experiments.

8. Interactions: The most likely interaction of the above

factors is one involving gamme rediation and water vapor,
which could result in complex gas.gas reactioms. '

GRAPHITE RADIATION DAMAGR STUDIES

Effect of Impregnation on High Temperature Contrection

The first irradiation has been completed on & series of samples
which are intended to determine the effect of impregnation with
furfuryl alcohol on high-temperature radiation-induced contrac-
tion. Data from the irradiaticn in the range 600 to 1000 C in
hot capsules in the ETR are found in the table. Each capsule
contained four samples: unimpregneated; impregnated and baked
50 900 C; impregnated and graphitized at 2650; impregnated and
graphitized at 2900 C. Since each capsule was subjected to a
s8lightly different neutron flux and, due to varistions in gamms
flux, operated at slightly different temperatures, comparisons
should be made only among samples in a single capsule. However,
the results clearly indicate that impregnation decreases the
dimensional stability of both TSX and HLM-85, an HTGR candidate
graphite, under high temperature irradiation. Samples have been
returned to the ETR for additional exposure.
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Coantraction of Impregnated Graphites

Estimated

Integrated Length Change, $

flux, nvt Noti- regnated
Graphite {E>0.18 Mev) impregnated GO0 C 2090 C 2900 C
PSX 9.9 x 1020 -0.027 -0.149 -0.069 -0.065
TSX 10.6 -0.165 ~-0.205 -0.222 -0.178
TSX 6.2 -0.0295 ~0.070 -0.037 =-0.0325
HLM 7-0 -0.080 -0.09% -0.100 -0.110
HLM €.7 -0.0695 -0.0835 -0.0815 -C.076

Flux Intensity Test

The graphite irradiation capsule, GEH-13-8, designed to study
the effect of flux intensity on property changes at a con-
trolled sample temperature, ls operating setisfactorily in the
second cycle in the ETR., The four positions having heaters are
being contirolled at 650 C. The heater in Position 1 began
operating erraticelly near the end of the last cycle and is now
functioning intermittently. Thus far the sample temperature has
been maintained in the range 625 mnd 650 C. Three of the sample
positions are heated only by garma heating, and the thermocouples
in these positions continue to function properly.

ALUMINUM CORROSION AND ALLOY DEVELOPMENT

In-Reactor Pesting of Aluminum Alloys

The H-1 Loop was operated 10 days at 200 C as a part of the
startup procedure. Upon completing this run, the loop was
charged with six coupon holders in high, low, and zero flux,
containing coupons of X-8001 and A288 aluminum, nickel-plated
aluminmon, Zircaloy-2, carbon steel, and stainless steel. A few
of the Zircaloy-2 and stainless steel coupons contained silver
foils under the surface to determine whether crud deposition is
increased by an internal beta source. The test is being run
with dejonizéd water (pH 6-7). The desired temperature is 300 C;
however, it may not be pcssible to attaln 8 temperature thie

high.

Design has been started to modify H-1 to permit charging of
fuel elements.

UNCLASSI¥IED



UNCLASSIFIED CA-47 EW-73514

The operating procedure for C-1 Loop is about 75 percent com-
plete. The production test to install an improved in-reactor
test sectior is routing for approvals. The coupan holders,
designed for l-inch x 5/8-inch coupon, are being fabricated.

Dymamic Corrosion Behavior of a Nev Aluminum Alloy

Dynamic corrosion tests on samples of the KY aluminum alloy
(1.8 Pe, 1.2 Bi, High Purity Aluminum Base) have completed
three months (2130 hours) at 330 C, 2500 pai, with 9.4 gai/hr
refreshment and 25 fps linear flow rate. Preliminary date at
10, 30 and 90 days indicate a linear corrosion rate for X-8001,
while the rate for the KY alloy appears to diminish. Coupons
placed in the low flow section of the autoclave shov. penetra-
tions of 1.8 mils for X-8001 compared to 0.57 mil for the new
alloy at 1900 hours. These tests conflrm improved high tempera-
ture (>320 C) corrosion behavior of the KY alloy relative to
X-8001 under low flow conditions previously reported by Bowen
(EW-68253). Preliminary data also indicate improved behavior
of the KY alloy under dynamic comditions.

9. AEC-AECL PROGRAM

Twenty transverse notches were spark machined on the outside
surface of & 0.680-inch ID by 0.035-inch wall Zircaloy tube.
These notches were all 30 mils long and varied in depth from
1.4k to 17.5 mils in approximately ome mil increments. With the
crystal aligned for the transverse test the ultrasonic response
of each of these notches was measured. A ten megacycle 1/2-inch
by 1/4-inch flat rectangular lithium sulfete crystal was used at
a 21 degree entry angle. Similar results were obtained at a

17 degree entry angle.

Analysis of the resulting curve of ultrasonic response versus
notch depth reveals that the response vs depth is nonlinear,

the initial slope of the curve rises sharply to depths up to

4 mils, then decreases to a much smaller slope for grooves up
to 17.5 mils deep.

10. REACTOR BTUDIRS PROGRAM

Advanced Reactor Concept Studies

Several design parameters were selected for the initiaml refer-
ence design study of a plutomium-fueled power reactor for space-
craft applications. The reactor to be studled will be a 30 Mw
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therwal. (~5 Mwe) fast reactor. Fuel will be plutonium oxide
with tantalum cladding. The coclant will be voiling rubidium,
operating at 1000 € outlet temperature and 150 psia. Heat
will be extracted by & turbogenerator and rejected at & redia-
tion temperature of 670 C.

Choice of fuel for this study was arbitrarily limited to
plutonium oxide or carbide bhecause of leck of data on other
plutonium compounds which are potentially ¢f interest. The
oxide was selected because of its higher melting point and
compatibility with the tantalum jacket material.

A preliminery comparison of metal coclants indicated that
rubidium would be preferable to potassium or sodium at this
operating temperature primarily because of its lcower specific
volume, particularly in the radieicr. Nevertheless, the
specific volume is high enough to present significant problerms
in reactor plant and piping arrangement and core design. Tae
accompanying higher operating pressure mey &lso present struc-
tural design problems, but these have not yet been studied.

Study of therwal hydraulic considerations in the use of boiling
metals was Initisted during the morih to develop & basis for
estimating poterntial rubidium vapor gquality at the reactor exit.
Moisture separation schemes are also being studied.

A parapetric study of rubidium cooled, plutonium fueled fast
reactor cores was initiated in cooperation with the Applied
Physics QOperetion. Additicnal neutron cross seection data for
rubidium, beryllium, U-23k, U-236 and nitrogen were generated
from the GAM-1 data tepe to supplemert the 16 group set being
used for this study.

RADTATION EFFECTS N METALS - 5000 PROGRAM

Preparation, encapsulation, and irradiation of & variety of molyb-
demmn specimens have continued. Both single crystal and poly-
crystalline specimens containing several levels of carbon &s an
interstitial impurity are being studied to establish the combined
effect of neutron irradiation and carbon impurity level on the
properties of the metal.

Molybdenum folls of two carbon levels, 15 ppm &nd 450 ppm carbon,
were quenched from 2000 €, thinned, and examined by electron trans-
mission microscopy. Numerous small dislocation loops, 50 to 500
angotroms in diemeter, were observed. Zones free of loops
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surrounded carblde particles; similar denuded zones were also Qb-
served at grain boundaries. The carbides and bounderies are eX-

cellept sinks for vacancies and accournt for the absence of locps

in their immediate vicinity.

A capsule containing four molybderum single crystal bend test
Spegimens has been discharged from the reactor at an exposure of
104° nvt. Flux monitors are being analyzed to insure that the
goal exposure was reached.

An Investigation of field ion microscopy as & technique for radie-
tion damage studies is in progress., Molybdenum single crystal
emitters containing carbon as an impurity are being prepared for
this study. Preliminary evaluation of the technique will be made
with ‘mirradisted molybderum before irradiating pre-shaped emitters.

The crystallographic orientations of the axis of molybdenum single-
crystal tensile specimens, 112 in ail, have been determined. The
range of orlentations is not as great as was desired, most rod
axes lying on or near the plane containing [100] and [110] (the
Q01 zome). At least three of the four predicted modes of deforma-
ticn can be investigeted, however.

Twenty-four single-crystal specimens have been prepered with 110
faces for x-ray measurements. Preliminery resuiis on four low-
carbon crystals indicate a lattice parameter of 3.1472 A + 0.000L A.
Measurements on high-carbon and medium-carbon crystals are incomplete.

A fixture has been designed which permits back-reflection Laue
x-ray photographs of strained single-crystal tensile specimens.
This fixture will meintein & load on the specimen during x-ray
examination of any gliven deformation stage.

An irradimtion proposal is being prepared to cover 1€ capsules which
cantain the following specimens: six capsules containing 16 single
crystal tensile specimens and six x-ray specimens per capsule; SiX
capsules containing four polycrystalline tensile specimens per cap-
sule; three capsules containing two polycrystalline stored energy
and two length change apecimens per capsule; and three capsules con-
taining nine annealed polycrystalline resistivity specimens per cap-
sule. Specimens in these 18 capsules will be exposed to a high fast
flux for three exposure levels.

Five capsules containing & total of 27 annealed polycrystalline re-
sistivity specimens are being irradiated to three exposures in a
moderate fest fiux environment. Cold worked polycrystalline
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reslstivity specimens are being irradimsted in the same environment
so that e comparison of the two may be made.

CUSTOMER WORK

ll

RADIOMETALLURGY EXAMINATIONS

The radiography source of Finished Products Operation, CPD, was
removed from the shielding and repleced with an 80 curie Co-60
source. (RM 349) Two x-ray diffraction samples from the inside
and outside surfaces of a Purex waste tank were run; both x-ray
diffraction patterns exhibtited the same pattern. It was thought
that any damage to the tank would show up on the sample from the
inside of the tank. (RM 366)

The relative preferred orientation of an unfeiled irradiasted
dingot fuel element was obtained by x-ray. These data were com-
pared with the previous orientation data obtained on failed
elements and the comparison showed the failed fuel elements have
& greater degree of preferred orientation than the non-failed
elements. (RM 437) Examination of two I&E enriched production
elements with ruptures in the spire revealed the ruptures were
caused by severe groove pitting that penetrated the internsl
aluminum ¢ladding. (RM 444)

Visual and metallographic examination of a process tube fallure
from 3070-F revealed that the tube had failed by a fatigue
mechanism.

BQUIPMENT PROJECTS

CGB-857, Physical and Mechanical Properties Testing Cell. The

minor medificatlions, necessitated by manipulator Interference,
to the High Level Utility Cell have been forwarded to the wvendor
and the scheduled delivery date for the cell castings remains
June 15, 1962,

CGH-858, High Level Utility Cell. Installation of the milling

mAchine wes completed. The decladder has arrived on the site
and is being installed in the cell. Cell facilities are about
90 percent complete and construction forces are scheduled to
complete their work within two weeks. Pending any unforeseen
difficulties work on the project should be completed before
June 1, 1962.
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Micro Sampling Equipment. The micro drilling plug containing
a 10X viewing scope and precision drilling spindle was com-
pleted by the Technical Shop. Fabrication of a sample collec-
ting equipment is in progress.

Measuring Equipment. The remote micrometer with O to 2-inch
capacilty was received and placed in operation. The micrometer
features a stage with vertical motion to center round specimens
at their diameters. The micrometer head is located on the ex-
terior of the cell and accuracy has proven to be within 1 mil.

Burst Test Equipment. The newly designed equipment consists of
B steel mandrel with & Neoprene sleeve vulcanized to the metal
mandrel, sealing being effected by the same principle as a tube-
less tire. Tests have been completed successfully on six speci-
mens of Zr-2 cladding approximately 5/8-inch in diameter. Slight
modification would be required to use the same type of equipment
at elevated temperatures and on larger tubes.

Remote Macro Camera. A summary paper titled "Improved Macro
Camera for Hot Cell Application™ was submitted for review by
the ANS Hot Laboratory Division Program Committee for the 10th
Hot laberatory and Equipmeni Conference.

METALLOGRAPHIC LABORATORY

Examination of NPR carbon steel connector tubing at areas pin-
pointed by non-destructive testing has shown surface defects
from 2 to 3 mils deep and occasionally as deep as 10 mils.
These defects are inclusions of a foreign material, primarily
iron oxide, which have become imbedded in the surface during
mechanical reduction of the tubing. During bend testing these
defects cause partial fracturing of the tube wall to a depth
exceeding 100 mils. The steel beneath this thin outer layer
appears to be of good quality.

Surfaces of copper, Zircaloy-2, uranium and aluminum have been
cleaned by Coextruded Products Operation using thelr cathodic
cleaning apparatus. The cathodic etching (cleaning) apparatus

is in the developmental stage and work 1s in progress to deter-
mine optimum etching conditions for cleaning metal components
prior to coextrusion. Argon etching pressure has been varied

in the current test. Each of the four metals was etched under
five different argon pressure conditions. Following cleaning,
the metals were submitted to be replicated and subsequently
examined in the electron microscope. Examination of the replicas
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from areas representing the five etching conditions dn a single
metal reveals no significant changes have been induced by vary-
ing the argon pressure.

N-REACTCR CHARGING MACHINE

Modifications. The hydraulic motor which powered the vertical
1ift drive assembly developed a serious shaft seal leak. A new
shaft seal was installed and operastion of the motor is satis-
factory.

The vaives which control the hydraulic connector cylinders
caused considerable shock to the charging machine when the
valves were de-energized to allovw the hydraulic comnectors

to retract. With the assistance of & Vicker's service man,
this problem was investigated. It was recommended thet the
valves be changed to a double solencid, three-position valve,
A modified spool and & time delay relay will be used also with
these new valves to correct the shock condition.

The charging machine transfer arms, when moved to positions 2
or 3, oscillated when they arrived st the desired position.
This problem was caused partially by the electrical system
tending to hunt and partially by the drive system which hed
considerable backiash. New drive shafts (torgue tube) and
splid-sleeve type couplings were installed to reduce the back-
lash and shaft anguler deflection. Although this helped, it
did not solve the problem. Plans for further modification of
this system are under way.

The prototype test assembly for removal of pistons from empty
magazines was fabricated end installed. The assembly was tested
and works very well.

The new trolley wheels for the "C" elevator magazine support
were fabricated, instajled, and tested, but did not operate
satisfactorily. An alternate design will be tested.

Tepting. Nozzle-Fuel Foot Test No. 1 vas completed and an in-

formal report issued. The severe galling which was experienced
between autoclaved components has prompted a request for further
investigation into the matter,

All of the laberatory work has been completed on Design Test
Fo. 8, Idler Roller Test.
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Al]l preparatory work is complete for Design Test No. 20,
Process Tube Charging.

5. FISSION PRODUCT TRANSIERNT SAMPLES FOR PHILLIPS

Fabrication of 72 fission product trensient samples for Phillips
Petroleum Company 1s continuing. Coextrusion of a number of
these tubular elements clad with high purity aluminum containing
A1 - 3.2 wfo Pu alloy cores has repeatedly shown "dogboning" or
core thickening at the trailing ends. Several core end con-
figurations have been used and it appears that the minimm
"dogbone" attasinable with these alloys results in a cladding
thickness 0.004-inch to 0.005-inch less than specifications re-
quire. Additions of 2 wfo Si to the high purity aluminum
cladding materiel appears to have eliminated some of the "dog-
boning". Ome extrusion of this type resulted in a cladding

. thickness within specifications.

ar, Reactor and Fuels Research
Manager, and Development

FW Albaugh:kb
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FISSIONABLE MATERIALS - 02 PROGRAM

REACTOR

N-Reactor Progran

The exponential mockup of N-Reactor hes been rebuilt with modifications

as outlined last month. Vertical traverses have been measured in the pile
with enriched, wet fuel with six control rods. This measurement was taken
without control rod extensions in the base region. This result will be
compared with the measurement with extensions in place to see if there is
any reduction of control rod transients near the base.

An experiment hes been made to determine the thermal peutron leakage into

a 1/2" BPz tube that has been covered with a cadmium sleeve which does not
enclose the connector end. When the connector end was covered with cadmium,
the counting rate wvas reduced by about 2%. Such corrections must be ap-
plied hefore true cadmium ratios are obtained.

Qptimization of Retubed latiices

The Pu-Be scurces have been returmed from Mound Laboratories where they
were examined; recanned, and calibrated. Measurements heve been resumed
for the CII-N fuel in the water-cooled, C-~reactor lattice.

POTR Measurements for large Diameter Fuels

A Quarterly Report was written entitled “"Lattice Parameter Measurements
for a 1.66-inch Uranium Rod in a 6.5-inch Graphite Lattice."

Data Correlaticn and Analysis

The derivation of effective cross sections for reector lattices by fitting
one-group Pz calculations to copper flux traverses was contimied to in-
crease the range of lattices included in the analysis. Values of f for
the analysis of exponentlal experiments can be calculated by using cross
sections derived from this analysis. Several multigroup calculations were
made in an attempt to derive effective neutron temperatures from the

S "
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analysis. PFour cases gave results which could be represented by

Tn/Tm = 1 + 0.204A, where A = hza . Other cases gave poor results because

8
of uncertaintles in interpreting cadmium ratic measurements.

Double-~Focusing Beta-Ray Spectrameter

A Iu-1T6m source was obtained for the double-focusing bets-ray spectrometer
from an irradiation of Lup0Os;. This was made possible by using graphite as
the source mount. The purpose of preparing the source in this way was to
prepare a stronger scurce than had been pessible previously. " The source
alsc was counted with & 256 channel analyzer in crder to determine the
amount of Ne2t contamination which had been trouklesome previously.

The mamentum distributlion of the high energy beta particles which were
emitted by the scurce were measured with the beta spectrometer. The distri-
bution 1s being analyzed with the programs FERMI; FERMI-AUX and LLESQ.

The Modified Heavy Gas Model and Neutron Spectra

Investigation of the effects of preserving the logarithmic decrement rather
than the average energy logs per collision in modifying the gas model has
been completed for graphite. The results differ significantly from those
obtained directly from the code SPECTRUM. Hence, in the thermal region
praserving the logarithmic decrement produces an unsatisfactory theory.
This suggests & need to investigate the rcle played by the logarithmic
decrement in slowing down theory; such an investigation is now being con-
sidered. :

Computational Programming Services

A number of simplifications in input have been added to TRIPOO4; the reactor
kinetics code. The program now gives users the option of cmitting certain
data, for which it then supplies stendard values. An improved method of
choosing the next parameter is conditionally operative. This is expected
to greatly speed convergence on cases which are sensitive to small changes -
in the parsmeter. On a preliminary test with a loose convergence criterion,
the new method gave convergence in four iterations where %9 iterations had
not satlsfied the same convergence criterion with the olid method. The TRIP
document ie ready for rough draft typing.

Reactor Lattice Physics has requested a program, BEVTeC®, combining the two

exponential data procesaing codes VIeCL and CoOFIT2. BVIECO first processes,
vertical traverse data as VIeCL now does. It then varies the vertical
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extrapolation (A;), using & specified set of poirts, until & minimun aB®
(measure of the quality of the least squares fit) is found. The By) and
», from this "best fit" are then used by the COFIT2 method to determine Ay
and Ay (extrepolation in the horizontal directions) from two horizontal
traverses. The LAz and Ap are then re-entered into the VIPeCL portion of the
progrem, and a final fit is made with the "best"” values of extrapolation
in all three directlons. In planning BVTeCO, primary consideration was
given to campatibility with present datse decks, rather than program
efficlency; present VIeCL and COFIT2 data may be submitted to BVTeCO intact
and without alteration. Nevertheless, a significant saving in machine time
is expected and elapsed time (from experiment to final results) will be

cut by a fmctor ranging from five to ten. BVTeCS is in debug.

Instrumentation

The prototype unit for twenty-four transistorized gamma spectrometers to be
fabricated by GE-APED for the KPR Fuel Failure Monitor was extensively
tested and then returned to the vendor for modification >f the high voltage
supply. Modifications weére completed and the spectrameter was Just recelved
back for final testing. A meeting was held with GE-APED, CEXUO, and Kailser
Engineers representatives to discuss other possible changes in the twenty-
four finsl units, with a proposed change to solid-state relays throughout
and to a different method of readout.

Drafting of the formal final report on the experimental Fast and Siow Scan-
ning-Type Fuel Failure Monitor comtinued. Sections completed included the
ratio-trip circultry, comparison of ratio-trip to difference-trip circuits,
slip-ring performance, and general mechanical design of the scauner.

The IFD Appropriaetion Request for experimental fuel element rupture instru-
mentation for the PRTR Rupture Test Loop was approved. Final design apd
specification of eguipment sre now begirning.

A new multi-channel pulse-height analyzer was used to further study gamma
scintillation spectroscopy methods for determining the emrickment of wranium
gamples. Three different schemes have been developed for different accur-
acy requlrements and sample geametrles, If all samples are identical in
size and shape {e.g., FPD fuel cores), & single channel measurement of the
U-235 185-kev gamma will allow measurement of the enrichment to better
than 5% of its value. The errors ere primarily due to small veriations in
sample density and plecement. If the samples are variable in silze, but of
the order of 0.25" thick by 0.5" or larger in diameter, the enrichment cen
be measured to within 104 of its value with a two-channel system. The
second channel measures the Campton continuum from U-23%8 daughters at a
higher energy, about 250 kev. This is used to normalize the count fram the
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first channel. If the samples are of similar size, the accuracy increases
tc srout 2%. If the samples are more varied,; cr high accuracy is required,
accuracies of the crder of 2% of the enrichment can be obtaired with a
three-channel system. The third channel measures the slope of the U-2%8
continuum, which changes with sample geometry, to permit a ccrrection for
the normalization. The responses of all three methods do not vary linearly
with enrichment for values above 10%, but all three could be calibrated to
the stated accurecies for values upr to full enrichment. Equipment is being
designed for an FFD fuel core enrichment monitor and for an instrument to
measure the enrichment of samples of varying sizes and shapes in the HLO 306
Bullding metellurgy labs. Both are expected tc be helpful aids in nuclear
safety control.

Systems Stuliles

Technical consultations regarding NPR instrumentation continued in support
of the NFR Project Section. A recammended electrical network tc make the
109 Building instrument outputs compatible with the central date logger
inputs was accepted by bcth vendors concerned. Changes were recommended
in the requirements for a power supply for the flow moniter in order to
obtaln responsive bidding. A functional reviev of the primary coclant
pressure contrcl system wes completed and reported in s memorandurm. Fur-
ther attenticn was given to problems in isoleting the flow logger inmputs
from the fizw monitor signel lines,

Work began on the preparation of preliminary specifizations for the NPR
Similator analog computer. On the basis ¢f present scoping, the computer
will ccnsist of a double conscle with 325 amplifiers and associated non-
lingar equipment, a single console with 100 amplifiers an@ associated non-
linesr equipment, and &ll necessary auxillary equipment, e.g.; recorders,
large screen scope, and speclsl test equipment. The double conscie will be
used in the plant simuletor and the single conscle will be used for
detalled studies on sub-systems. The specifications will be based on cur-
rent state-of-the-art equipment. The samputer will be capable of fast
solution repetition and semiantomatic problem setup. A review of the
needed control room simiiastion equipment has been started in light of
recent design changes and Increased knowledge of expected opersting proced-
u.reSo

Mirther experimenta’ dats were obtalned for the reactor control study.

The effects of control rod movements on the signals from four in-core
neutron flux monitors were measured at 105-KW. Additional tests with other
control rods are planred. Attempts will be made ¢ correlate these data
to obtain estimates of spatial reactor transfer functicns.
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An eleven region reactor kinetics simudation has been developed and checked
on the analog computer. The transient response is excellent and shows
errors less than 0.25% of full scale. This simation is being programmed
on the EASE and GEDA computers for refined studies of reasctor instrumenta-
tion as related to nuclear safety and control. A method was found for
eliminating eleven amplifiers from the simulation; these will provide
spares which will reduce the downtime due to component fallure during the
problem runs.

SEPARATIONS

Experiments with Plutonium Solutions

Critical mass experiments were temporarily suspended during the month
following the criticaelity incident at Recuplex o April 7. Three of the
neutron detection instruments normally used in the critical experiments
were removed to the 234-5 Building for neutron flux monitoring during the
subsequent operations of securing this building.

Seversl critical mass measurements were completed during the first portion
of the month prior tc the criticality excursiom at Recuplex, and the subse-
quent removel of these instruments. Measurements were msde with the 14-

inch sphere bare, and with reflectors of 1/2-inch and cne inch of pareffin,
including several experiments in which the sphere was only partially covered
with paraffin. The experiments with these paraffin reflectors provided
additional daets from which to obtain more consistent values for the reflector
savings of paraffin. The data resulting from these measurements are pre-
sented in the following teble. (Table I)

Calculations for the reflector savings cf the paraffin and the stainless
steel shell of the criticelity vessel are presented below.

L FREIVEY
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REFLECTOR SAVINGS

Pu Reflector

Concentration Critical Volume  Equivalent Savings
Reflector g8 (liters) Radius {em) (em)
0.084™ 88 2zl 29.5 19.17 0.1%
Corrected to 221 30,1 19.350
"Bare" Unit#*
Q.0LkL" 85 + 220 24.8 18,10 1.20
" paraffin
OC.0k4™ 85 + 221 22.0 17.07 2,23
1" paraffin

* Correction factor for the thin stainless steel shell of the vessel, 1k
ml/mil of 88, previously determined.

In the next series of experiments a water reflector will be used. The
removable reflector tank has been installed in preparation for the experi-
ments with the lhk-inch sphere fully water reflected. The neutron detection
instruments which were used at the 234-5 Building,; have now been re-
installed at the laboratory in preparation for these measurements.

Experiments with Plutonium (xide -~ Plastic Mlxtures

The fabrication of the split half machine for use in eriticality experi-
ments with PuOp-plestic mixtures is about 90 percent complete. Preliminary
testing of the electrical part of the machine has begun. The electrical
design for wiring changes needed in the 209-E Building for the instella-
tion of this device is alsc about 90 percent completed.

Limiting Criticel Concentration of u255 in Aqueous Solutions by Monte
Carlo Techniques

The value cbtained from Monte Carlc calculations for the limiting criticel
concentration of 93% enriched UOpFz sclutiom is 13.7 g U/e. This is to

be compared with the experimental value of 12.97 & .05 g U/g (12.1 g U22/3)
determined from PCTR experiments and critical experiments at ORNL, res-
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pectivaly.

The value of k, was camputed for concentrations of 12.97 g U/j and 1%.5 g
U/# with the HISMC Monte Carlo Code. A total of four thousand neutron his-
tories were traced for each concentration. The results of these calcula-
tions are summarized in the following table.

MONTE CARLO CALCULATION OF ko
FOR ENRICHED UOpF2 SOLUTION

Run 12.97 g U/g N 13.50 g U/#
No. Fissions Absorptions Keo Flssions Absorptions X
1 396 .51 1018.23 G463 427 .45 1017.38  1.0210
2 40l.11 994 .10 9805 Lo3.25 97h.17  1.0059
3 39k.11 973.42 9843 398.14 1015.42 0.9528
Lo 413,18 1011.58 9925 407 .14 989.31  1.0000
ke = 0.981 £ .010 Ke = .995 £ 012

limiting Critical Concentrations of Pu239 in an Agueous Solution

Measurements were previously made in the PCTR to detenmfnﬁ the limiting
critical concentration of Pu®29 in an aqueous solution. 2) 1n preparing

(1) Mesterson, R. H., Neeley, V. I. and Powell, T. J., "Limited Critical
Concentrations for a Plutonium Nitrate Solution and for a Uranium-235
Solution, " Nuclear Physics Research Quarterly Report for Jenuary,
February, and March, 1962, HW-T3116. .

(2) Gwin, R. and D. W. Magnuson, "The Measurement of Ela and Other Nuclear
Properties of U232 and P35 in Critical Aqueous Sclutioms," Nuclear
Science & Engineering, 12, 364-380 (1962).

(3) Mesterson, R. H., V. I. Neeley, and T. J. Powell, "Limited Critical
Concentrations for & Plutonium Nitrate Solution and for a Uranium-235
Solution," Nuclear Physics Resesrch Quarterly Report for January,
Februsry, March, 1962, AW-T73116.
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a report covering this work, the data were re-analyzed (and corrected) to
yleld a value of 8.4 £ 1 gn Pu39/t (the previcus value given was

9.1 gu/t). The new value is more consistent with computed values, being
only about 1 gm/f sbove the theoretis values.

Consulting Services on Nuclear Safety - Criticallty Hazards

Participation on Hazards Review Group for Recuplex Criticality Incident

Consulting servizes on the 234-5 Building criticality excursion were pro-
vided to CPD during April 7-26, 1962, The excursion took place at 10;59
a.m.; April 7, in the K-9 tank located in the SE hoo? of Recurlex (Room
221). From an analysis of the reutron decay with time, while the unit
was in the suberitical estate; it is estimated that K-3 vltimatsly became
subcritical; and remained s¢ thereafrer. at -12:30 a.m. on Monday cf
April 9. GHazards reviews were made of all actions taken t¢ re-senter the
Recuplex ares:. to determine a kill procedure, and ultimately to assure
that eriticality would not recur.

Neutron Flux Measurements in Recuplex Facility Following Criticality
Incident

In connection with the recent criticality excursion at Recuplex, Critical
Mass Physics persconnel set up three complete neutron monitoring channels
at the 234-5 Building. Tke electronics and asscciated reccrders were
located in Corridor 912 near the entrance to Corrider 3.

The "Sefety Sncooper” positioned the first two counters on the floor behind
the SE hood at about 8 ft. from vessel K-9 (the criticality vessel) on
April 13. These counters were perhape the only units in the area sensitive
enough, and at the same time gtrategi-zally located, to obtain any useful
information on vessel K-9 while in the subecritical state.

The third chamnel was installed a week later on a mgvable cart ard was
used to monitor the neutron flux adjacent to. and in the vicinity of,
the RB hood.

These counters were used to monitor all operations such as 1) personnel
entry into Room 221 (a "neutron instrumented” approach to vessel X~ was
used), {2) closing valve 312 which would have stopped air sparge if this
were occurring, (3) shutting off the vacuum to ¥K-9, (&) draining the solu-
tion from X-9, (5) procedure for poiscning the large X apd L tanks with
cadmium; (6) sampling procedure for the variocus tanks.
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1234435



DECLASSIFIED .

- - A

A small decrease in the neutron flux could be observed (= few percent in
some cases) a5 cadmium was added to the large K and L tanks.

During the draining of vessel K-9 it wag possible to obtain an estimate

of the critical volume from the change in neutron flux. Since the draining
process was more or less contlnuous,; but scmewhat intermittent, 1t was not
possible to accurately correlate the observed flux values with sclution
volune in K-9. Also, there is some question concerning the hold up in

the line from X-9 to the receiver vessel.

From the neutron flux measurements during the draining process, the eriti-
cal volume in K-9 is estimated to be ~ 43 t 2 liters. The analytical
results of the solution for Pu concentration were 35 g Pu/#; with 120 g
NO;,/L, The above volume is in qualitative agreement with the estimated
critical volume of ~. 42 liters, as predicted from theory for the above
solution in K-9.

Subcritical Interactions

The interaction probability function has been analytically integrated for
cases of (1) equal parallel slabs, (2) equal perpendicular slaebs, and
partiglly integrated for (%) equal parallel cylinders., Evaluation of the
anglytic functions requires far less machine time than straight numerical
integration (in fact, for single cases the calculation can be done easily
by hand), end the answers are more accurate, since the number of mesh
points 1s no longer a variable, Comparison with the eigenvalues of last
month's report shows two trends. PFirst, the calculated keppy are about
1-1.5% closer to the measured value. Secondly, for a series of calculations
at different height and separation for the same system; the eigenvalue is
nearly constant. BEvidently the increasing or decreasing trends in Kepf
shovn by numerical integration are & functiom of the number of mesh points
used.

In summary, a system has been foupd which predicts well the interactions
of more than two camponents, or components of unequel thickness, but equal
interascting area. A complete write-up of the method and the results are
to be included in the Physics Research Quarterly Report.

Transport Théory Analysis of Pu-Metal Solutions

The difficulties reported last month have been traced to a mislabeled table
of hydrogen cross section data in LAMS-2543. The table is labeled "Aniso-
tropic Bydrogen Cross Sections,"” but in reality it is the isotroplc cross
gsections with & small correction for second moment scatter.
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The simple systems of bare ¢ and d-phase Pu and fully reflected B-phase
were run successfully, indicating thaet the actual problem of Pu metal sur-
rounded by & Pu selution shoull give good results also.

Instrumentation and Systems Stuiies

Similation studies of a separations "C" column comtinued to evaluate
several tentative mathematical models deveicped by Chemical Research and
Development. Some special techniques were developed for use with this
study. The similation was operated one hundred times faster than prev-
iously, thus generating 2 complete solution in one second. This made It
possible t¢ use the repetitive mode of computer operation and tc display
the sclution cn the iarge screen linear cscilloscepe. The experimentally
determined conzentration curves for the twsrty runs were set up on an
arbitrary function generator. This was summed with the computed concen-
tration curve to form an error signal. The error signal was squared and
integrated to produce the error square integral. This integral is & very
sensitive measure of the "fit" between the twe curves. The X-Y recorder
wae set up with an automstic pen dropping circuit, thus meking it possible
to make a point plot, The chart paper was marked with three axes; a verti-
cal axis for the value of the error square integral, & horizontal axis for
the value of one of the variables, ani a diagonal axis for the value of
another variable. If the variable driving the horizontal axis is swept
slowly through a gilven range, camplete sclutions can be generated for many
values .of this variable. For each sclution, one value of the error square
integral is determined and plotted as a point. If the reference points for
the variable along the diasgonal axis are changed as the variable ltselfl
chenges, then the final result iz a chart representing cross sections of
an error surface. Eighteen ¢f the runs based on ong cf the mathematical
nodels were made. Two of the runs 414 not match the modeli. These runs
will be made with a different mathematical model. This work is still in
Progress.

Consultation was provided on the design and location of cebling for a C-
column data logging system. Specifications were campiled for the several
types of cable needed to carry same thirty different signals, and a tenta-
tive low-nolse grounding configuration was developed.

Instrument maintenance problems at the Critical Mass Laboratory have
increased. New procedural checks of the criticality alarm system revealed
that three neutron systems had inoperative neutron counter tubes. It
wag determined that the tubes had been overvoltaged 100% through a fault
in the design of the high voltage power supply. The cirzult has been
redesigned to limit the output voltage.
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The temperature control system on the water reflector tank on the critical
assembly at the Critical Mass Ia&b is being installed. The system will
maintain & constant water temperature during critical. experiments.

Circuit develcopment continued for the control rod drive assembly for use

at the Critical Mases laboratory. All circultry except the selsyn position
indicator performed correctly. To cbtain the desired position accuracy of
0.001 inck, it was required that the transmitter selsyn rotate 280 times
for one revolution of the cable drum. During rod free fall, the selsyn
inertia, magnified by the gear reduction; caused pin and set-screw failures
in the gear train. After discussion of requirements, the pnsition accuracy
was changed to 0.01 inch, and this permitted changes in the gear train to
nearly; but nct completely, eliminate the problem. Finally, it was agreed
t¢ de-energize the transmitter selsyn during free-fall; however. this
reguires the operator tc manvally position the control room indicator after
each scram. This was egreed to and will be used. As an alternate, the
selsyn could have bheen clutch-coupled to the motor shaft; however, clutch
slippage would reflect as phase shift with the position Indicator then
being inccrrect. This method was discarded. Following the foregoing,

the rod drop time under control was measured at 1.1 seconds ln comparison
to free fall time of abcut C.4 second. All final required mechanical com-
ponents heve been ordered.

A number of neuwtron and gamma monitoring systems were installed in the
234-5 Building fcllowing the recuplex criticality incident. Three neutron
monitors {a IiI{E.) scintillation crystal, a fission counter, and a boron-
lined prcportiomal counter) were installed for neutron multiplication meas-
urements. Six other neutron charnsls using double-moderated BF3 tubes and
scintillation detectcrs were installed to obtain neutron flux apd dose-rate
data, One of these vwas equipped with triggered multisweep oscllloscopes
to record possible fast bursts over five decades of intensity. 7Two gamma
channels were installed fcr dose-rate monitoring. All the temporary instru-
nmentation operated without fallure frcm the time of installation until
removal one Lo two weeks lmter,

NEUTRON CROSS SECTICON PROGRAM

Quasi-ElLastic FNeutron Scattering from Water

The processing of the quasi-elastic scattering data for neutrons of ener-
gies of 0.1, 0.15, and 0.25 ev was completed. The analysis of the diffus-
ive broasdening of the quasi-elastic peak and its dependence on momentum
transfer was also completed. The diffusive broadening which was observed
is not inconsistent with the simple diffusion model for the dynamics of the
water with which the neutron interacts, However, the coefficient of self-
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diffusion for water which is inferred from these results is spproximetely
50 percent larger than values ottained by other means; including the dif-
Tusive boradening measured elsewhere using very low energy neutrons. The
significance of this result iz not explained at the present time. An
abstract of this work was prepared and submitted for the Symposium on the
Inelastic Scattering of Neutrons to be held by the Internationel Atomic
Energy Agency in September 1962,

Inelastle Scattering of Neutrons from Water

A preliminary analysis has been completed of the results of inelastic
scattering of neutrons of initial emergies of 0.15, 0.2, 0.3, and 0.4 ev
from rocm temperatire water. The results were formilsted in terms of the
Egelstaff Scattering law function S(q.p) where B and q are the reduced
energy and momentum changes, respectively. These results cover the approxi-
mate ranges 2 <P £ 10 and 0.5 < g £ 15. The results have been compared
with the most recent results obtained by the Harwell-Chalk River cooperative
meastrements program. The Hanford results agree quite well with the Chalk
River results in the region of overlap whick is appraximately for g £ 6.

The Banford results are of generally much greater precision, however. The
S(:p) values have been used to derive the generalized frequency distribu-
tion functioz p(P) of water. The p(P) functicn which is derived shows

the effects of the higher energy molecular states of water. Work is in
progress to determine more accurste correctlons for finite sample thickness
and veriation in spectrometer efficiency for a more complete analysis of
the data. In =ddition, a few experimental runs for initial neutron energies
of 0.k ev are being repeated to resolve discrerancies noted in the prelimi-
nary asnalysis. These measurements have been interrupted because the spec-
trometer shielding was dismantled to permit reactor malntensnce. An abstract
on the inelsstic scattering results was prepared and submitted for the
International Atomic Energy Agency Symposium on the Inelastic Scattering

of Neutrons to be held in September 1962,

Fast Neutron Cross Sections

The analysis of the total cross gection data taken last December has dbeen
campleted. The effects of zero-time instability were corrected for success-
felly in five out of the six samples whirh were investigated. The results
of these measurements have been prepared for a quarterly repcrt publica-
tion.

Rediographic testing was performed on 22 samples for total cross section

measurenents. Voids were observed in the samples of 1i, Na, K, S; and Bi.
The flaws in the Na and K samples are probably tcc small tc be significant.
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The preparation of a computer program for the reduction and analysis of
total cross section data has been started.

Instrumentation

Assembly of the 102h-channel time-of-flight analyger is T75% completed.

This analyzer will be used with s rotating crystel neutron beam chopper

for slow neutron energy spectra measurements in experiments with the neutron
diffracticn spectrometer. The analyzer can be split into two 512-chanmel

or four 256-chanmel sections. Transfer of data from one section of memory
to ancother, as well as subtraction or addition of any two sections, will

be possible, Data stored in memory cam be displayed on an oscilloscope or
recorded on a parellel printer.

REACTOR DEVELOPMENT - O PROGRAM

PIUTCNIUM RECYCLE

Status of PRTR Fuel Irradiation E;geriments

Low Exposure Plutonium-Aluminum Elements {PRTR Test 13)

Element 5052 in location 1247 was dlscharged to the basin on April 2; 1962,
having accumulated 30.7 MWD exposure. Element 5095 in location 1556 was
discharged to the basim on April 18, 1962, with an exposure of about 41.3
MWD. The first element was discharged February 2, 1962, after 13.1 MWD
exposure.

Mark I UQp Elements (PRTR Test 37)

Twe elements are assembled and a&ll six will be ready for charging during the
extended shutdown scheduled for the first two weeks In Mgsy. Wrappling wires
have been engraved with serial numbers and rod wraps are marked with an "X"
to identify points where the wires cross the outer surface of the rods. The
wire wrap arocund the element is similarly marked at each crossing of the
magor gusset direction. The test proposal, HW-73166 RD; was issued March 29,
1562, .

Gamme. Scanning Facllity

Interference in B cell with the proposed supercritical loop instellation
is being investigated.

F234440 -



Radiochemical and Mass Spectrometer Work

All thirteen samples from element 5075 have been anelyzed for plutonium
content by cowlometric titration, for Cs-137 gamma activity, for Sr-90
beta activity, and slpha counting extracted plutonium iz in process. Three
samples have been analyzed for plutonium-isctopic composition. Analysis

of the results for consistency and interpretation has begun.

Foil Irradiations (PRTR Test ki)

A test proposal concerning the flux monitoring foil irradiations in FRTR
fuel e%ements was submitted to PRTR Technical Planning Operation or April
135, 1962,

Preparations were made for sttaching bare and cadmium coveread lutetium
foils o two unirradiated Pu-Al elements., These folls will be irradiated
et minimum power in the FPRTR for 30 minutes during the next startup. Cal-
culations which will enable more accurate corrections to be made to the
lutetium data have been requested from APO.

4 collimetor has been set up and tested for use in counting Co-Al flux
monitors. These monitors are mounted on the fuel elements being Irrasdiated
in the PRTR. The collimator was tested using Co-Al monitors which were
obtained in an experiment conducted in the MIR at Idaho Falls.

Other experiments were conducted with a 255 channel analyzer in preparation
for counting Zr-Co flux monitors,

PRTR "Phoenix" Fuel Experiment

Further work on the possible PRTR Phoenix experiment has been carried out.
The power change in the UQp reglons of the central irradistion cell was
analyzed, and it was found that the power increase is quite large--in one
region up to six times the power with nmatural UQz, and in the other region
up to twelve times. This pertains to the case of 30% U-235 retaining the
present absorption cross section in the process tube. It seems that the
U-235 enrichment must be limited t¢ less than ten percent, and that, Iinsteed,
the Pu enrichlment of the test sample can be increased, thereby, maintain-
ing the necessary Westcott r value without exceeding tube power limits in
the cell. Presently, calculations are being carried out for 5 w/o Pu-Al
in the central region.
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Critical Mass Studies for 1.8 w/o Pu-Al Fuel in H0

Bxperiments to determine nmuclear parameters for 1.8 w/o Pu-Al fuel are heing
conducted in the tank in the TIR reactor room. The experiments consist of
approach to critical and exponential messurements with lattice spacing of
0.75, 0.80, 0.85, 0.90, and 0.95 inches. The information will be used

to revise the specifications for fuel element storage in the PRUF cell and
t¢ check the analytical techniques for H>0 moderated reactors. In twrn
these techniques will be used to furnish information about the HpO moderated
lattices planned for the PRCF.

The approaches to critical have all been completed. Table I gives the
critical loadings which were indicated by extrspolation of the inverse
multiplication curves. The highest multiplications occurred for leoadings
of 95% of the critical masses. The results for the 0.80 inch lattice spac-
ing have not been analyzed by the least squares method. There may be a
smzll change when this analysis is mede.

TABLE I

Spacing (in. geater- “No. of  weigh  Total Bx
to-Center) E/Pu Rods (kg Pu) (10-0cm-2)

0.75 638 580 £ 2 %.13 6335

0.80 819 509 3.62 6339

0.85 1013 Lok % 2 3,52 5954

0.90 1218 516t 2 3.67 5340

0.95 35 578 ¢ 2 h.12 4582

#* The B mumbers include 609 x 10-6em*2 for a vertical buckling
and assume an extrapolation length of 7.7 cm since the loadings
gre totelly reflected in a1l dimensions.

The Pu—Al rods are 44 inches long, 0.500 inches in diameter apd contain
1.82 w/o Eu An average cu@position for the Pu by weight is 93.93% Pu239,
5.629 Pu240, 0.4424 Pu 1 and 0.014% Pu242, An average composition for the
aluminum by weight is 0.65% Si, 1.65% Ni, 0.47% Fe, and 97.23% Al. The
allgg is clad in 0.030 inch thick Zircaloy-2 with an outside dlemeter of
0.5606",
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Work that remains 10 be dome are the exponentisl experiments on the 0.75
and 0.80 inch lattice. Also, since the fuel rods that have been used in
these experiments have different amounts of Pugho content (5 to 65), an
approach to critical using zoned loadings in the 0.85 inch lattice instead
of a random loading that was used might De of interest and i1s being con-
sidered. :

These measurements will help establish nuclear safety specifications for
PRTR fuel, reprocessing, and will supplement similar measurements to be
made later in the PRCF.

Zero-Dimenslonal Analysls of Pu-Al-HoO Assemblies

The cbjective of this brief study was to examine the applicsability of the
Westcott cross section formalism to the analysis of some Pu-Al-Hy0 assemb-
lles, and to suggest possible prescriptions for survey calcwlations of
reacter classes not directly tracteble by means of the Westcott routines.
While more refined methods of analysis, of course, exist, the simple zero-
dimensional approach is presently widely used in resctor survey calcula-
tions.

The Westcott parameters can be used 4o generate reaction cross sections
for well-modersted assemblies and, hence, k, can be determined. For the
analysis of finite assemblies, separate leakage calculations must be
performed to arrive at a K pp value which can be compared with the experi-
mental value. For this purpose the Deutsch preseriptions(h:5) vere used.

The Pu-Al-Ho0 experiments, analyzed in this study, are reported in referencs
(6). Summarizing briefly: 24" long, .506" diameter Pu-Al alloy rods with

5 u/o Pu enrichment, clad with 30 mils of Zircaloy-2 were positioned in a
hexagonal pattern in a light water medium. The Pu contained ~ 5% of Pu-240.
The lattice pitch was varied from .75" to 1.80" and neutron multiplication
and exponential measurements were conducted.

(4) Deutsch, R. W., "Computing Three-Group Constants for Neutron Diffus-
ion," Rucleonics 15(1): L7 (1957).

(5) Deutsch, R. W., "Method for Analyzing low-Enrichment Light-Water
Cores,” GNEC-133, October 5, 1960.

(6) Neeley, V. I., R. C, Lloyd, and E. D. Clayton, "Neutron Multiplication

Measurement with Pu-Al Alloy Rods in Light Water,™" Hw-T70944, August
29, 1961.

® JEUSSHD e
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In analyzing these assemblies & series of “refinements" were considered
separately:

Effect of "neutron temperature.”

Effect of "Bell correction.”

Effect of thermal disadvantage factors.

Effect of reactor leskage on reactor spectrum.

Effect of spectrum departure from the Maxwellian - l/E shape,

P T Py Ty
WA O R
St Mt N N

If all those effects are taken into account; the calculated values nearly
fall within the experimental error. All the above effects can, of course,
not be directly deduced fram a zero-dimensional study using Westcott
parameters. Hence, for survey calculstions, a series of normalizations
are required; which improve the calculational accuracy somewhat, without
unduly camplicating the calculational procedure.

Heterogeneous Pu-E»O Reactor Physics Calculations

An effort is being made to use three-group diffusion theory and related
theoretical models of cross section specifications to coampute the behavior
of multiplying systems of Pu-Al rods in Hy0. The experimentsl data used
in these enalyses are described in the preceding secticn.

The pertinent result for theoretical comparison is the estimated critical
number of rods at each lattice spacing, shown in Table I:

TABLE I
ESTIMATED CRITICAL NUMBER OF RODS

lattice Spacing Bxperimental Theoretical Results Calc.
(inches) Ko. of Rods I 11 111 IV Kepe*
0.7 356.1 37L.6 366 390 350 0.990

0.85 230.2 258.7 0.971

0.90 192.0 230.,7 0.954

1.00 170.1 200.5 0.960

1.10 166.5 191.5 0.970

1.20 181.1 196.1 0.984

1.30 215.5 2179 0.998

1.50 307.8 370.5° 0.981

* For the experimental number of rods using method I.
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Theoretical values were coamputed using the SWAP code. All cross sectioms
for materiels other than fuel, and the high enerf¥ group fuel cross sections
are group-averaged values obtained frar APEX-515 ). Thermsl fuel cross
sections are Westcott cross sections with an upper energy limit at 3.681 KT.
Macroscopic epithermal {group 2) fuel cross sections are given by:

- 0 No Opeak
&-'mmW%&“wWﬁ(l“ﬁﬁ%¢%

where
T = S = 1 D
° (/) theory result I
D = fuel rod dlameter
8o &1 ‘
T
ZL + S5 (Vosyy)
Iy = total moderator cross section \ theory result II
Vo = rod volume
Vy, = moderator volume in unit cell
No = 1sotopie nuclear density
S, = non-1/V correction for the epithermal group
by, = group cutoff parameter
g = non-1l/v correction on Maxwellian
T, = 293K
T = neutron temperature
Opeak = CYOSS gection value at resopnance pesk
Eg - = fuel rod scattering cross sections

(7) Henderson, W. B. and Mary J. Stanley, "Cross Sections for Reactor Analy-
sis," APEX-515, GE-ANPD, 1957.

- DECLASSIFIED —

1234445



DECLASSIFIED

- 0 -7

The above model assumes the infinite dilution resonance integrals given by
Westcott, and an empirical resconance self-shielding prescription. In re-
sults I and II of Table I, cross sections are based on an assumed 20 C
neutron temperafgse, group croes section decreased slightly, using the
results of Bell « Result IIY differs fram result IT in that the neutron
temperature {140 ¢) in the fuel is coamputed by the method given by Deutsch:

2
Teer Zy (KT)
=11+ 0.75 __E_E;_

with Torr and T in degrees K and the homogenized cell velues of the cross
sections, '

Results I, II, and IIT assume an axial reflector savings of 9.0 cm on each,
and in all three epergy groups. The core in all cases consists of an homog-
enized medium, specified by cross sections which are volume- end flux-welghted
values camputed in a cell flux celeculation using SWAP.

Reactor calculations have shown that in the tightly packed lattices the epi-
thermal -to-thermal flux ratio drops sharply in the core near the reflector
boundary. This effectively increases the specific muitiplication rate in
that zone. Calculations show that in the case of the core with lattice
spacing of 0.85 inch, removal of an cutermost rod perturbs the system ~0.9
mk, whereas, the removal of a center rod has an effect of -0.2 mk. Result
IV reflects the results of a perturbation caleculation to correct result III
for the lower spectral ratio near the top and bottom reflectors.

The corrections of results II, III, and IV are expected 1o be strongest in
the more tightly packed lattices, and of nearly no effect in the case of the
1.5 inch lattice.

The Plutonium Recycle Critical Faecllity

Experiments in which H,0 is used as moderator in the PRCF are scheduled for
approximately eight months after the startup with D>0. Ietters which des-
cribe some of the modifications which are necessary to the PRCF and which
contain a degeription of the scope of the experimental program have been
forwarded to PRCFQ and MEEO. These letters will be a basgis for scoping the
design modifications.

(8) Letter to Blitor, George I. Bell (LASL), Nuclear Science and Engineer-
ing, Vol. 5, p. 138, 1959.
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The detailed procedure for the first startup test was reviewed and revisions
suggested to TPO. A chronological outline and tentative time schedule for
the startup experiments hams been prepared. The total time estimated for the
experiments is 50-60 eight-hour days. This is longer than the original
estimste of two months. The reason for the difference is that parts of the
experiments which are to be done towards the end of the startup include

some post-startup experiments. They are scheduled to be done during the
startup.

Graphite Lattice Parameters for Low Exposure Pu-Al Fuel

Previcus attempts to use Program 8(9)'for the analysis cof plutonium-alumi-
num fueled laittices were unsuccessful. Inconsistencies in input data have
beer. found ard corrected during the past month. A calculaticn has been
made in which non-negative fluxes were obtained. The values c¢f the variocus
ecross sections in at least the two thermal groups still need refinement.
Also, thf a?isotropic scattering cross sections that have been calculated
by GAM=-1 10) are incorrect. This is due to & peculierity of the code it-
self. The program integrates the scattering kernel over the neutron cur-
rent spectrum to obtain the anisctropic scattering cross sections. How-
ever, in an infinite, homogeneous system the current venishes everywhere
and the code glves zero for all the anisotroplc cross sections. Altempts
to circumvent this by keeping the system large but finite have been unsuc-
cessful. Because of this difficulty, it has been decided to proceed with
the cell calculation; neglecting anisctropic scattering for the present
time.

Ceramic Reactors for Space Agplications

The effect of changing from graphite to nickel reflectors for some compact
ceramic reactors was briefly examined. The analyses showed that a 2.5 cm

nickel reflectcr substituted for a 10 cm graphite reflector increased the

total reactor weight. It was also found that 2.5 cm of graphite is nearly
as effective as 2.5 cm of nickel as a reflector. Hence, this substitution
of nickel for graphite does not seem promising.

(9) Duane, B. G., Neutron and Photon Transport - Flane Cylinder Sphere
Program S Variational Optimum Formulation, XDC-59-9-118, Jen. 9, 1959.

(10) Joanou, G. D. and Dudek, J. 5., GAM-1: A Consistent P1 Muitigroup
Code for the Calculation of Fast Neutron Spectra and Multigroup
Constants, GA-1850., June 28, 196l.
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In comnection with the ceramic reactor work, another set of 16-group cross
sections for use in the HFN code has been prepered and placed on tape. This
set is based on data from LAMS-2543 by Hansen and Roach. Thus far, the
agreement between calculations using this set and the Yifteh, Ckrent, and
Moldauer (YOM) set of cross sections is quite poor, and an explanation of
the differences is being sought.

Fast-Thermal Reactor Comg;exes: "#iel Reuse™

The single pass fuel reuse cycle described in the last report has now been
extended to a double cycle. The results are presently being analyzed.
(work on fuel reuse 1s being carried out jointly with Frogramming Opera-
tion.)

Code Develcopment

CALX

The planned modifications to the MELEAGER burnup code have become 50 exten-
sive that it was decided to give the new burnup code a new name - CAIX.

Its companion cross section code, which will combine results from GAM and
TEMPEST into & single CALX deta tape will be known as SIGMA-3.

Data Processing personnel have modified GAM. The modified GAM optiomally
writes the results of its slowing-down calculation 0 a binary tape, for
further analysis by SIGMA-3 (or scme other program}. A similar modifica-
tion to TEMPEST will be made, Data Processing has also changed GAM to
allow a more flexible treatment of resonance self-shielding, though the
code for putting the needed additional parameters on the data tape is still
being planned.

The multi-group spectrum code for CALX, which is similar to ANNE, is essen-
tially all coded. SIGMA-3 remains to be written.

Transport Theory Development Work

Application of the S, transport anslysls to evaluation of miltiple-scatter-
ing effects, in support of cross section measurement work on the double~
diffraction neutron spectrometer, revealed evidence of numerical instability
in the calculation of back-scattered flux near the emergent-beam face of
thin foils. Further scrutiny of symptoms and trends indicated that angu-
larly-integrated flux and current met neutron balance requirements satis-
factorily, and traced the origin of the instability to a fluectuous distor-
tion of higher harmenics within a mean free path of slgb-void interfaces.
This subtle effect escaped previous observation perhaps because most nuclear

___ -
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analysis work is done in cylindricel geometry with maJor attention focused
upon criticality; power distribution, or foil aectivation rather than upon
the fine structure of the peutron anguler distribution,

Reformulaticn of the transport analysis to provide numericel stabllity
control by flexivle selection of sngular Integration sequence, as summarized
in Figure 1, has eliminated the ipgtability difficulty. Bat the reason for
the success of this procedure is not yet fully understood. From botb physi-
cal analogy, and from methematical consideration of the integral equation
formiation of transport theory,; it becomes clear that numerical stabllity
is best when the transport integration follows the last-free-flight path
for the flux ani the next-free-flight path for the adjcint.,

Yet; there seems to be more to it than this. For all the integration pat-
terns in Flgure 1 meet this basic requirement, and yet each pattern displeys

a8 geametry-dependent range of instability. BEmpiricelly, it appears that the
angular integration must not pass through the transverse direction in rec-
tapngular gecmetry, but must pass through the transverse direction in curvi-
linear geometry, fcr best numericel stability.

In summary, however, the improved double-S, transport analysis (GE-BAPO
program §) now provides sufficient flexibility in choice ¢f angular integra-
tion sequence to achieve numerical stability in all gecmetries. As indicatel
in Figure 1, the recommended "always safe" cholces are the double-§, alter-
nating sequence (pattern A) for rectanguler gecmetry and the double-S,
successive sequence {pattern B) for curvilirear geometry.

A vide range of other angular integration sequences has been incorporated
into the improved analysis, to facilitate further stability-optimization
study. BExploratory theory-improvement work involving selection of other
integration sequences wmust, of course, be accompanied by close scrutiny for
any evidence of mumerical instability {non-physical flux distortion persist-
ing for meny iterations).

The improved analysis hes been programmed for the IBM~T090, is being dis-
tributed internslly to those doing transpcrt analysis work, and is expected
to be suitably documented for extermsl distributior in the next Physics Re~
search Quarterly Report.

RBU

[

The Monte Carlo flow charts are campleted and preliminary investigation
shows the logic to be correct. The changes in logic necessary tc allow
treatment of bound scattering centers on the neutror thermalization process
have been campleted in the collision routine.

. DECLASSIFIED —-—
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Figure 1: GE-HAPO Program S

Double-5, Radiesl-Angular Integration Sequence, with
Chain«compounded Nest of Three-Pass Albedo Loops,
Shown for Double-8, Angular Basls

OOQ wm . OOO

Gecmetry Maximm-Stability Integration Sequence
Sequence Zero Quter Albedo Non-zerc Quter Albedo
A. Rectangular. 1=-6w2n5=3aL, 1-6=1-6-1-6~
Altemtipg . 2-5=2u5.2-5.
BelheBaliaBal,
B. Curvilinear. 1-2e3-4-5-6. 1-2-3-hu3-b-320.5-
Buccessive. 2, T T, N T, 0 "
2-3-lp-3eliuByu5u6-
1+2-3 e BakmFka5

2-3ebm3ubaFalim5e

2-3-b-3bn3ba56-
1-2-3-ba3-he3obo5o

2u3bim3ulinBeln5o
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Results cf discussions during a recent meeting at Atamics Intermational
have provided several possible refinements in the Monte Carlo techniques
used in RRU. These refinements are planned for use in an advanced version
of the RBU Monte Carlo to be formulated in the future. Purther planning
of future investigations using RBU indicates that the analyses of lattice
experiments; following the current evaluation of wranium and plutonium
solution experiments will provide the necessary information needed to
begin the combined Monte Carlo, Diffusion, and Burnup studles assoclated
with the PRP program.

Instrumentation an? Systems Studies

Recormendations were made regarding instrument adjustments tc lmprove
operation of the PRTR Fuel Failure Monitor. These inzluded; Electronic
system tests; calibration with & standard 5127 source, setting of dis-
criminator levels. tests to obtain phototubes with low drift characleris-
tics, and reduction of excessively high count rates.

The experimental prototype transistorized PRTR Liquid Effluent Monitor was
tested for the month with an EMI/US-9536~-B phototube. Continmuous operation;
with a radiomuclide source at 105 counts per minute, was satisfactory with
no gain-drift changes observed on the recorder chart. Twc of the stable
phototubes were tested. The commercial contacting-type meters have not
proven satisfactory for this application due to same feedback between the
trip relays and the measuring circuit. Investigations were started on two
types of commercial magnetic amplifiers for possible use in the alarm-trip
circuits. The instrument was deslgned to monitor apd provide alarm fungtions
for gamm?-emitting radicnuclides in 1iquid from 1077 gamma ue/cc to 1071
gamma ye/ce, :

The feasibility study for acquisition of an experimental process conbrol
computer is being revised to agree with the format required for campliance
with an administrative directive from the Ccmmission.

Arrangements have been made tc install transducers on the PRTR degasser
system as required to simultanecusly record degasser pressure, level and
liquid effiuent flow during the next scheduled ocutege. The transducers
have been tested in the laboratory. Recording of these quantities will be
used with other available dats in an attempt to determine the cause of the
erratic variations in meagured degasser level and effluent fliow.

The equipment required to mesasure and record PRTR moderator level simultan~
eously with neutron flux has been assembled and tested. It ls planned to
:nstall the equipment during the next FRTR outage. The test may not be
scheduled until the following outage, however, due tc the priority of cother
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tests. Recordings will be made on magnetic tape of neutron fiux level from
twc sources and of moderator level height from two scurces. The recordings
will be made &t "zero power" level; i.e.; in the reighborhood of ten kilo-
watts. It has been observed that the moderator level varies in a scamewhat
randcm msnner when power is held at equilibrium--especially at & low level.
It 15 expected that analysis of the contribution of moderator level varia-
tions to & Plux frequency response curve might improve the accuracy of meas-
urements of the ratio B/#%, and might even yield information as to the
source of the moderator level fluctuations. Most of the electronic equip-
ment necessary for the recording has been scquired. A diagram was prepared
showing the intended pozition of each comronent in the 309 Building.

The four-transducer, ultrascnic rescnance probe assembly for measuring the
wall thicknese of the PRTR process tubes has been assembled., The probe

and its associated electronics are to be incorporated into the present FRIR
process tube inspection system following a series of performance and call-
bration tests in the 314 Building mockup facllity. This equipment will
measure the tube wall thickness (at 90° intervals) over a 0.055 inch range
{(0.125 to 0.180 inch) at traverse speeds up to four feet per minute. From
bench test results, an over-all system accuracy within £ 0,002 inch is
expected. It may be necessary tc mount the oscillator near the top of the
inspection tower tc minimize cable losses.

U233 - Thorium Experiments in the PCTR

Specifications for e35.Thorium axide fuel elements were prepared and sent
tc Brookhaven. The fuel elements would be used for experiments in the PCTR
on beth graphite and water lattices, the latter in conjunction with s Brook-
heven series of experiments on similar elements. There is still & questicn
concerning the compatibility of the use of the elements by Brookhaven and
by Hanford Laboratories.

NEUTRON FLUX MONITORS

Technical editing of the formal report on long-life plutonium and urarium
in-core neutron flux detectors of the Phoenix or regenerating types was
completed. Reproduction and issuance of the report is delayed pending )
classification review; same of the calculetions may be relatable to plamned
future experimental tests in a Hanford production reactor.

Concurrent with a change of technical persomnel on this program, the analyti-
cal results and planned experimental tests have been critically reviewed.

The findings to date indicate that: (1) The Phoenix concept at least
doubles the lifetime of a detector within a given sensitivity range;

(2) Use of fertile and fissile nuclides of plutonium and uranium provides
methods for obteining various levels of semsitivity; (3) The time the
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detector sensitivity stays within pre-established limits for usefulness
depends upon both inherent sensitivity and flux enviromment; and (4) Devie~
tions fram nominal reactor environment can influence detector sensitlivity
in an exposure-dependent manner.

Efforts are belng made to formulate h more concise description of the inter-
related parameters for regenerating detectors to guide the next phase of
experimental studies.

The experimentel microwave equipment, long delayed in delivery, arrived and
was assembled during the month. Work 1s under way to reduce system nolse,
increase gensitivity; and calibrate on known atsorption lines of NHz. Bx-
periments are being desligned to firet exggine the feasibility ¢f monitoring
neutron flux by means of the €125(n,7)C1%° reacticr.

NONDESTRUCTIVE TESTING RESEARCH

Electromagnetic Testing

The separation of small variaticns in three parameters in a simulated multi-
layer nondestructive test problem has been demonstrated using multiple
parameter eddy current testing equipment now under development. Palse read-
out of the parameters being observed, that 1is, apparent interchannel inter-
ference, has been reduced to eight percent of full scale or less. This
represents the end of the phase of the work in which the objective was tc
demonstrate that more than two parameters could be separated by the proposed
method. In the next phase the separation of three or more parameters in
metal test specimens will be demonstrated, and design dats will be obtained
for applying the new testing technique to a production testing problem.

The present separation results obtained in the three-parasmeter case are due
to improvements in the over-all stability of the equipment and in changes
made in the similated test specimen to increase the difference between
gignals from the three parameters., AB the parameters which are varled
become more nearly identicsel, the separation becomes more difficult, and
the interchannel interference increeses. Separation error similarly in-
creases as the number of parsmeters are increased.

Heat Transfer Testin§

Further development of heat transfer testing instrumentation has been aimed
at detection of small differences 1n heat transfer due to metallurgical
differences in fuel core to cladding bonds. Differences in surface emissi-
vity of the fuel elements is the present factor determining the upper sensi-
tivity limit of the test. A duel radiocmeter for use in an emissivity-

ar -
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inderendent heat transfer testing system has been fabricated. Installation
ef a 50-kw, 10-kc induction heater for special heat transfer testing sppli-
cations is coamplete. Initial tests show 1t will be desirable to compensate
for the distributed inductance of the high frequency leads ctonmecting the
generator to the work stetionm.

X~Ray - Stress Analysis

Stress anaiysis by the conventicnal X-ray diffraecticn line shift method can
be applied to well annealed, elastically-strained steel with an accuracy

of about £ 204. An attempt to measure stresges in welded steel pipes,

using available equipment. has shown that plastic deformation cccurred in
regions near the welds. Due to this plastic deformation; reasonable accuracy
can only be obtained on stress relieved pipes. Fven after stress relieving.
the average of a number of measurements are required tc.glve a reasonable
indication of the engineering stress in the pilpes, since some microscopie
residual strees remains. The average of six mesasurements adjacent tc the
weld in twc pipes stress relileved ome-hsalf hour at 1325%F, and in one stress
relieved one-half hcur at 800CF, gave an estimated accuracy of about : 5000
psi.

Each stress measurement regquires a least squares fit of a straight line
plot to four data polnts, and determinatior cf the standard deviation of
the slope of the line. Because of the number of measurements and the
statistical analysis required, the X-ray line shift method is too cumber-
scme in its present form for use as a routine production test for welded
gteel pipes. Ite mailn usefulmess would be as a research tocl.

There appeared to be a correlation between the stress relief temperature
and the 95% confidence interval of the stress measurement. This 1s reason-
able, since the errors in measurement are largely due to micrc resldual
stresses.

Although pramising. the results would have tc be confirmed by further
experiments because of the possible effect of initial conditions and
composition variations. Statistical asnalysis of the data is continuing;
but no further experimental work 1s planned st this time.

A meeting was held with NPR Primary Loop Engineering and Offsite Inspection
to discuss possible application of X-ray strese measurement techniques to
NPR piping. The new maximum temperature indicatlon method disclosed in
HWIR-1498 was described, and its poseible use to replace thermocouples now
being used to monitor stress relieving temperatures was discussed.

».

- ;.. DEBMSS’H ED -



DECLASSIFIED

vy wi- A

Zirconium Hydride Detection

Dislocation theory indicates that the stress dependence of witrasonlce
attenuation in Zircaloy-2 may be different from that in hydrided Zirceloy-2
samples. To obtain more information on work in this field, a literature
search was made. Several good references were found describing the sensi-
tivity of ultrasonic attenuation end velocity to elastic and plastic deform-
ation {between 0 and 0.5% strain), and recovery. Most of this work was
performed by Alers, Hikata, and Truell, who used the pulse technlque des-
cribed by Roderick and Truell {Journal of Applied Physies, 23, 267 (1952)),
at frequencies between 5 and 10 megacycles. ese investigators explain
their results on the basis of dislocation theory. It was also foupd that
dynanic stress affects the sttenuation mere than static stress. Investi-
gators at Oak Ridge have made measurements of wltrasconic attenuation in
Zircaloy-2, and they found that the attenuation was proportional to the
fourth power of frequency, indicating that Rayleigh scattering is the
principal mechanism of the attemmation (these measurements were made between
5 and Mc). Most investigators have used salol as the coupling media

for their attenusation measurements.

Experiments made with aluminum to check the laboratory method have shown
a strees dependence of attenustion, the attenuation being greater for
dynamic stress than for statlc stress of the same value. These attenue-
tion measurements were made with the pulse technique (Roderick and Truell)
at 15 Mc; with applied compressive stresses between O and 9000 psi. The
aluminum sample was made with a cylindrical plug machined on one face, and
the quartz transducer was sttached to this plug. This was done t0 eliminate
shear stress in the salol, which was used as a couplant between the alumi-
num and the quartz transducer. Salol coupling 1s affected dy changing
stresses, thus giving erronecus attemiation values, unless the transducer
is applied to a surface isolated from strain.

Bidy Current Testing of Carbon Steel Reactor Piping

Fourteen samples of 83-inch-0.D. x 1.0-inch-wall piping of varylng heat
treatment histories was received. The maximum temperatures of treatment
vwere as follows: B800°F - four samples; 1125°F - four samples; 1325°F -
four samples; 1500°F - one sample; and 1800°F - one sample. Preliminary
testing of these samples, with a General Electric Metals Camparator and

8 specially fabricated test probe, indicates a difference can be detected
with this technique. However, at this time 1t is necessary to make several
observations around the periphery of each sample and examine the data for
statisticael differences to obtain separation between adjacent temperatures;
i.e., to separate the samples treated at 1125°F from samples treated at
800°F or 1325°F.

123443535



- = i

Statisticel methods are nct required to distinguish between 800°F arnd
1325°F or kigher, or between 1125°F ani 1500°F or higher. It is hoped that
further refinements, both in the test prote and in the test procedures,

will increase the sensitivity of this test., to the variable in question,

%2 the point where statistical evsluastion is unnecessary.

USAEC-AECL COOPERATIVE FROGRAM

Nondestructive Testing of Sheath Tulbing

‘A major effort for the current period was the consolidaticn cof data and
the preparation of a formal interim report covering progress on the program
through Marck.

Measuremsnts of ultrascnic reeponse amplitiode as a function cf incident
angle continued. The relationships are being investigated at several
frequency depth products with rectangular and circular lithium sulphate
transducers. Measurements of vltrasonic response losses as a function of
metal-path length for the incident engles with peak respcnse alsc continued.

A tentative aligmment procedure has been develcoped fir the Immers:ope which
dees not depend on transducer frequency characteristics. For the previous
method of alignment a transducer wag arbitrarily selected and a reflected
signel was used for adjusting the instrument center frequency and bandwidth.
Center frequenzies and bandwidthe can vary unpredictably amcng different
crystals. For ilnstance, one particular Immerscope was found to be aligned,
using a particular 10 Mc crystal to a center frequency cof 8.2 Mc &t the 1C
Mc fromt panel setting. The bandwidth was found to be 2.4 Mc. The new
method uses a calibrated, modulsated sine-wave oecillator as the signal
scurce, This method permits accurate alignment at & center frequency of

1C Me with a predictable bandwidth. The best bandwidth for Lamb wave test-
ing is largely urdetermined st this time. However, with the relisble allgn-
ment procedure developed, varicus bandwidths can be selected for study.

Techniques to measure the frequency compcnents ccntained in the characteris-
tic Immerscope transmitter pulse are belng developed. This measurement is
very difficult, since pulse samrling by most techaiques gives distorted
information. The simplest method uses & receiver crystal as a sampling
element. 8ince receiver crystals themselves have oscillating properties,
they can add undesirsble frequency camponents to the sampled pulse. An
attempt has been made to passively sample the transmitted pulses with e
transducer having a much higher resonance frequency than the pulse frequency.
For sampling 10 Mc pulses, a 25-Mc quartz recelver is being used. However,
the received pulse is accompanied by a portion of the transmitter pulse which
is rediatively coupled to the receiver crystal. This transmitter pulse must
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be eliminated before the receiver pulse can be freguency analyzed. Methods
for gating out the transmitter pulse are being developed.

Analysis of the effects of defect depth continued. Lamb wave modes with
phase velocities greater than the longitudinal velocity, Vi, were studied.
The results of the studies are not camplete; however, it appears that the
behavior of modes with phase velocities grester than Vy could be rather
erratic under certain c¢ircumstances. Such conditions are particularly true
of symmetrical modes which have an approximately constant phase velocity
over a fairly wide range of frequency thickness product. In one respect
this condition would appear to be a desirable testing criterion, since the
sample thickness can vary over a greater range while operating at one
frequency. However, analytical work has shown that in these situstions

the particle vibrations on the sample surface change drastically with very
small changes in entry angle. A one-degree change in entry angle could
cause the surface particle vibration to change from predcaminantly horizontal
tc predominantly vertical. The mode propagation thus suffers a very large
change in attenuation leading tc camplete loss of sensitivity for detecting
defects. The above effect has not yet been experimentally examined.

BExperimental work to measure the actusl response over wide ranges of defect
depths is continuing. Completed data have not been fully analyzed.

PEYSICAL RESEARCH - 05 PROGRAM

Mechanism of Graphite Damage

Work is continuing on improving the reproducibility of resistivity measure-
ments. Fittings are being designed that will permit replacement of the
vacuum pumps on the electron Van de Grasaff by an ion-getfer pump.

BIOLOGY AND MEDICINE - 06 PROGRAM

Atmospheric Physics

Investigations of the spectrum of the wind velocity and 1ts effect on the
mean horizontal dispersion of a smcke plume continued. Velues of the stan-
dard deviation of the mass distribution, , were derived directly fram the
wind direction time series at the seven foot level of the Hanford Tower
for nine Green Glow Tests. These calculated values; cy(c), are tabled
below along with the observed values, cy(o).
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ARCWISE STANDARD DEVIATION OF MASS DISTRIBUTION (METERS)

Standard
Runn  Deviation
No. (meters) 200 800 1600
5 UY(CJ T 40 95
ay(o) 22 35 65
Uy(c) 25 88 160
6
o,(0) 3l 125 200
ay(c) 2l 84 125
T
oy(o) 37 15 215
: o {c) 12 b 120
gy(o) 1k T0 160
. cy(c) - 80 150
g
ay(o) 29 110 150
oy(c) 55 210 330
15
9,{0) 55 190 300
17 ayle) - 95 190
ay{o) 20 75 105
o oy(c) 15 55 95
1
o, (o) 15 60 145
) a.(c) 13 30 65
2
cy(o) 16 Lo TO

3200 12800 25600
170 1050

160 az0

225 265 - 270
270 530 1850
170

300

270

2hs

285 T25

305 1500

530

500

%20 200 930
265 310 825
150 180 750
340 b7o 2000
140 200

120 420
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The model is based on the rather restrictive assumption that the wind
vectors at all points in the test grid were identical to that measured at
the socurce point throughout the period of testing. The validity of this
assumption ie readily checked, since wind data are availlsble at the source,
two miles from the source and at 13 miles. It was concluded that the
assumption is fair within two to four miles from the source; but very poor
at 13 miles® distance. Comparisons of observed and calculated values of

0, bear out these expectations. Investigation will continue toward develop-
ment of & less restrictive and more realistic model.

Because of the general arcwise sweeping of the plume, caused by & general
trend In wind direction, any relationship between thermal statility and
peak exposure values has been masked for the Green Glow and Dry Gulch
series. The relatlionship has been demonstrated for Ocean Breeze tests
since trends in wind direction are extremely small relative tc the other
series. To remove the effect of trend in the Green Glow and Dry Gulch
tests, exposures have been integrated along the arc so that the cross-wind
integrated exposure normelized to the source strength, E%E, whern plotted

against distance, x, shows a noticeable stratification with respect to
measured thermal stability.

Off-gite work in connection with the diffusion program &b Cape Canaveral,
Florida, was ccmpleted, embracing a total of 76 experiments during a variety
of metecrological conditions. In addition to successfully providing the
required diffusion predictions in support of advanced missile firings, the
date comprise an important addition to the Eanford and Vandenberg data for
eveluating topographic apd climatic influences on atmospheric dispersion
patterns.

Progress has been made in the development of a multi-pigmert tracer tech-
nique. Twenty~-five different types of fluorescent and phosphorescent
pigment have been artificielly distributed on more than 100 filters, and
the number of particles has been estimated by microscopic examinatiom.
The feasibllity of using any of these will now be determined by studying
their counting characteristics by the Rankin counter.

Dosimetry
A new thin, large-area scintillation crystal was received to be used in
bremsstrahlung counting. It is mounted on quartz rather than glass and is

three times as thick as the old crystal. Sensitivity to P-32 was 20%
higher and the background was 2/3 that of the old crystal.
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Two batches of germane (GeHh) were made and tested for use in proportional
counters for plutonium X-rays. Scme counting actlion was observed. Analy-
sls showed the germane also contained water vapor and oxygen which will
heve to be removed before good counting actlon cen be expected.

Preparations were started for a trip to Alasks with the shadow shield
counter to measure radioactivity in Eskimos.

Radiation Protection QOperstion was assisted in analyzing body burdens
resulting from redlation incidents. In one case, three people were found
to have inhaled I-131 and some other isotopes. The Na-24 body burdens

of the people at the Recuplex accident were measured and the neutron doses
that produced them were estimated. The activity of gold f£illings in their
teeth was also estimsted. Assistance wes alss given in this incident by
Placing neutrcn monitoring equipment at the site of the acecident and meas-
uring the radietion levels.

The positive jon accelerator operated satisfactorily during the month.

A shadow shield was used with the precision long counter in order to
determine the contribution to its counting rate from room-scattered neu-
trons. Fair sgreement with deductions from inverse-square experiments was
found for radioactive neutron sources. The extent of roam scattering was
found to be essentially independent of orientation with respect to the
beam for neutrons produced with the Van de Grasff. Inverse-square experi-
ments with the Van de Greaff are proving difficult because of variation
with time in the neutron emission of the targets and because of mutual
interference between the counter being tested and the counter used for
monitoring. IBM computations were made to explore still another method
of analyzing date from inverse-square experiments; no improvement over
the present method was found.

4 pulse-shape diseriminator eircuit that is a modification of two described
in the literature hes proved to be best tested so far. The circult operates
for neutropms as low as 0.8 - 1.0 Mev and there is hope of pushing to still
lower energies. Stilbene crystals have given the best discriminstion.
Anthracene and NEL50O plastic respcnd about the same, but not as well as
stilbene. The use of anthracene at ligquid nitrogen temperastures is being
explored.,

The plutonium source we measured earlier was returned to the calorimeter.
Its heat output has increased by about one percent. There still remains
ebout e 10% discrepancy between the measured and the calculated expected
value of the heat output. The source was shipped to Mound Laboratory to
obtain a cross-check on our messurement.
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The triennial meeting of the International Commission on Radiological
Units and Measurements was attended at Montreux, Switzerland. Major con-
tributions from this laboretory included work on definitions of qQuantities
and units, stopping powers, W values, and neutron scurce standerdizaticn.

Radiation Instruments

Fifty automatic recharging quartz fiber dosimeters of the established
design were ordered from an off-site vendor. Considerable investigation
was made with & microecope of the charging mechanism for the experimental
units. A slight difficulty of occasional random sticking of the gold-
Plated 10-micron-dlameter quartz fiber to the center rod was noted. It
appeared that a minute amount of welding might be happening; however, close
examination of the gold-plated fiber indicated the gold might be wesring
away after continuous, high rate ¢ycling. This effect destroys the con-
Queting property of the fiber and prevents recharging. Because of this,

8 stainless steel fiber and stainless steel center rod were incorporated
intc one experimental dosimeter. Initial testing indicates superiority

of the steel over the original method at continucus, high-rate cycling.

It should be emphasized that the sticking problems generally occcur after
extensive cycling which would, under pormal irradiation comditions, equate
to long; continued use of the dosimeters.

A series of subminiature binary circults and incandescent bulb driver cir-
culte were completed and tested for use in the pocket, signalling, dose
meters, In addition, an amplifier, monostable multivibrator, and an
astable multivibrator were designed with minfature transistors to drive

the binaries and alsc to drive an incorporated resonant air column alarm.
Suitable alarm range switching and reset circuits were alsc completed in
breadboard form. Thus, all necessary circuits for use with the recharging
Pencil Qosimeters In the pocket, signalling, dose meters have been experi-
mentally completed. Fabrication was started on & mumber of complete printed
eircuit board units. All circuitry operates from one 1.4-VDC mercurcy cell.

Further gamma background investigations were made at the Biology animal famm
with a Nal crystal and phototube assembly campletely surrounded by shielding
talc of about one foot thickness. Since the results were simlilar 4o previous
unsatisfactory tests, the proposed method of counting various radiomuclides
in hogs under cutdocor conditions was temporarily discarded.

All necessary experimental tests were satisfactorily completed on the
experimental colncidence-count type alphe counter for stendard HAPO pluton-
{um~collection air filters. Fabrication was started on a final system for
Radlation Protection Operation.
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An experimental transistcrized logarithmic response pulse amplifier was
campleted in breadboard form and is resdy for complete testing when time
rermits.

A prcototype experimental lcw voltage de to de converter was completed
including fabrication of one unit on & printed circuit board. fThe converter
circult will be used with rechargeable nickel-c um hatteries in several
experimental portatle radimtion-detection instruments. The converter tested
satisfactorily from -10 F to +130 F with a five milliampere load current
with the input voltage varied from 3.8 VOC to 3 VIX as would be expected
from the Wi-Cd battery. The output voltage, adjusted as desired from 12

t2 15 VBC, varied by less than 20 millivelts for the stated 2onditioms.

The one completed converter wes installed and tested in an experimental
transistorized portable GM instrument. Final testing will be done after
the ¢ordered Ni-Cd batteries arrive.

Cirecuit development eand fabrication continued for both the experimeptal
coambination logarithmic and linear response and the six-gecade logarithmic-
response~only ares radiation monitors. The original designs have been
changed considerably in attempts to meet variocus EAPC requiremepts for con-
tinuous, alarming, and recording radiation area monitors,

Erperiments were started for the detection of mimite amcunts ef Sr90190
collected from a liquid solution onto filter peper. The detector is a
C.0l-inch~thick by S5-inch-diasmeter sheet ¢f NE-102 (terphenyl-in-poly-
vinyltoluene ). The noise level fram the Dumont 636L% phototube was too
great to permit proper detection sensitivity, and a low-noise EMI/US-9530-5
five-inch phototube was ordered for further experiments.

The general cireuit design was nearly completed for the experimental portable
mast system for Atmospheric Physices studies of air movements. All necessary
commercial instruments were ordered and fabrication was started on portioms
of the deslgned circuits.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analyels Program

Isotopic analyses were provided on program samples as received during the
month, These analyses were performed using the single filament ion source
mass spectrometer.

Work continued on setting up the ion-optic test bench for experimental
studies. Construction continued on the ion detector to detect lons by the
use of post acceleration of secondary electrons and gcintilletion detection.
The variable 60 kv power supply for these studies was received and put into
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operating condition. The electrical system for the ion source was tested
for breakdown at 10 kv with a simple ion source installed.

TEST REACTOR OPERATIONS

Operstion of the PCTR continued routinely during the month. There were
no unscheduled shutdowns.

Two sets of folle were irradiated for the Nom-Metallic Material Develop-
ment Operation.

A serles of pressure calibration tests was made during the momth to
determine the variation of the reactor reactivity air pressure coefficient
with the core loeding. The pressure coefficilent varied fram -0.043 ¢/mb
to -0.059 £/mb for the three lattices tested. The data obtained are tab-
ulated below., All of the lattices were natural uranium-graphite in which
only the number of uranium channels and the lattice spacing were changed.
The effects of introducing voids into the core were also measured.

TABLE I
Lettice Spacing No. of Uranium
Inches Columnms é{m bar
7 1/2 9 -0.059
3 3/4 25 -0.050
3 3/ 37 -0.0h3
T 1/2% 9 -0 .066#
5 3/t 37 -0, Ol5#

‘% Removed T2 1-3/4" diameter graphite plugs fraw the core.

#% Removed 37 1-3/4" dlemeter graphite plugs from the core.

Tables of Reactivity vs. Period for POTR and TTR Experiments

Nev tables of reactivity vs. period have been generated for use in PCTR
and TTR experiments, using the IBM TO90 programs, PERIOD-REACTIVITY.
This program was written, and modified for this particular spplication,
by G. F. Bailey of Reactor Design Analysis, NPR Project Section, IFD.

Tables have been prepared for various combinatioms of the delayed neutron

fraction, B, and the prompt lifetime, g. The combinations selected are
shown below:
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] 2
0.0064 1.5 millisecond
1.0
0.6
0.23
0.0053 1.5
1.0 .
0.6
.0051 © 0.5

The tables are for Ue5?, Pue>?, and UR33 fueled cores in the PCTR, and for
the TTR, which is fueled with 1235, The tables will be useful beth in
doing the experiments, and in insuring campllance with safety specifica-
tions which limit absolute reactivity additions.

The range of periods covered in the tables 1s from 15 to 500 seconds. The
time increments are small enough t¢ eliminate the need for Ilnterpolaticon
within the tahles.

The tabulation of reactivit{ vie period for B = 0,0064 apd # = 1.0 milli-
second is given in BW-T3457 1l) along with tebular values of corrections
to the reactivity of the PCTR for changes in the atmospheric pressure Or
reactor temperature.

Copiles of the tables for the other values of # and £ are available cn a
loan basis from the Supervisor, Experimental Reactors Operatlon.

Calculations in Support of Revised TTR Hazards Report

A solution for the neutron flux in the TTR as & function of time has been
obtained for a ramp input of reactivity of three cents per second. The
sddition of three cents per second represents & more reelistic meaximum
than the value of four cents per second used in the calculation reported
last month. The IBM 7090 code HAIREK was used.

(11) P. F. Nichols, "Tebular Vaslues of Reactivity Versus Period; and
Reactivity Corrections for Use in PCTR and TTR Experiments, BW-T3457,
April 23, 2962,
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CUSTOMER WCRK

Weather Forecasting and Meteorological Service

There have been considerable activities this month in plant assistance work.
Meteorological support and follow-up analyses were made available to the
Emergency Control Center in connection with the Criticality Incident.

Past analyses and guidance were also made available to RPO in connection
with several stack releases to the enviromment. In addition, there was a
review of the CPD Hazard Appraisel for RPO and consultation with Occupa-
tional Health on axides of nitrogen released by FPD.

Weather Summary
Type of Forecast Number Made % Relisbility
B8-Hour Production 90 84,5
2h-Hour General 60 85.2
Special 207 87.4

Precipitation for April was near ncrmal while temperatures and wind speeds
were both above normal. There were notably high winds cn the 6th, 24th,
and 27th,

Instrumentation and Systems Studies

Circuitry and mechanical modificatlons were made on the Automatic Conveyor
Laundry Monitor designed and fabricated for Protective Equipment Decontemi-
nation, CE&UQO. The alpha probes for the second detection station were
partially campleted in febrication although light-shielding difficulties
were encountered due to poor quality double-aluminum-costed Mylar which
had too many pinholes., The control system for the automatic garment holder
and drop mechanism wes started. To improve the alpha detection sensitivity,
several simple wire frames were devised t¢ provide constant Bositioning of
the coveralls, and with the frames, less then 1000 d/m of Pu=7 could be
easily detected in actusl contaminsted garment tests. An alternate scheme
of using air Jets and large, soft rubberized air bag rollers was proposed
to substitute for the wire frames, and this idea will be investigated.

Fabrication was nearly campleted in the 328 shop on the detection head
agsembly for the coincidence-count type alpha alr filter counter for count-
ing of standard HAPO 4" x 8" air filters. This system was designed for
Radiological Development and Calibrations of Radiation Protection Operation.
Similar fabrication continued on the field-use prototype Continuous Coinci-
dent-Count Alpha Air Monitor, also designed for Radiation Protection Opera-
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tion, which wiil detect and alarm for comtinuous alr-alpha concentrations
of 2 x 107+t me/cc within 90 minutes.

Fabrication was completed and tests were schediled for the scintillation,
transistorized Automatic Cclumbia River Radiation Monitor designed for
Environmental Studies and Evaluation, RPO.

Assistance ani advice was given Radiocloglcal Physice concerning the gasoline-
englre-powered 1l.5-kileowatt electrical generator purchased for uvse with a
gamms. spectrometer for investigations of in vive radionvelides in certain
Alaskar. ratives. Work was satisfactorily completed.

All main instrumernt fabricaticn was compieted cn a transistorized aurally-
indicating alpha detection monitor which carn be used with a standard HAPO
air proportional type alpha probe. Cilircuit design was started for a special
miniature emitter follower circuit tc be used with the probe to permit the
driving of lcng cables. All tests were completed on the main instrument
wbich was designed for tcth Finished Products Chemical Technology and Cen-
trol Cperaticrn, CFD.

A full-time instrument engineer has been assigned tc work associated with
Physical Metallurgy’s Radiation Effects Facility at 105-KW. The data
logeing system was studied in detail and it was determined that the poor
reliability is almest completely due to electro-mechanlcel stepping
switches, relays, micro-positioners, servo motors,; etc. The cost and
feaeibility of modifying the system, incorporating solid state compounds
where possikle, is now under study. A highly sensitive lLeeds and Northrup
pctenticmeter and nmell detector is used for resding thermocouple voltages.
The equipment had ground loops and leskage currents, which rendered the
temperature readings inaccurate. This conditicn was alleviated by instal-
lation of guard circults and proper grounding. The equlipment now measures
thermcecouple voltagee to the accuracy of the equipment specifications

(x 0.015% - 0.5 uv).

On April 23, one of the expansion capsules at KW was found in the "down"
condition (approximately %00°C). The cause was an cver-temperature trip
in the capsule temperature control loop. Befcre tripping, the capsule
reached a tempersture which changed the phase of the test material and
riined the experiment. Upon investigetion, the cause was found to be &
faxdty strip chart recorder-controller in the contrcl lcop. The system
is now being studied to determine if a more fail-safe design can be incor-
porated. The stability of cne of the temperature control systems is poor
{(oscillations are present). A dummy capsule is being installed with a
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complete temperature control loop. Tests and analysis will be performed
on this system in an effcrt to optimize the response and stabllize the

loop.

The contract for the digital voltmeter for the radiation effects facility
wag awarded to Non-Linear Systems; Inc. for about $11,000. The proposed
instrument appears to be of excellent design. The sixty-point Data Log-
ging System is ocut for blds, with st least four memufacturers active in
preparing propcsals. Bid closing date is April 30. This system will
scan and read out {(on typewriter and tape punch) temperature and pressure
data from in-reactor test sample capsules. Preliminary development was
begun on & sclld-state digital timer to initimte the creep capsule data
logging cycle. Tke present Chromolog device has proven unreliable.

Recent changes tc¢ the heater arrangement on the FPD 333 Bullding autc-
claves have changed their temperature control characteristics. Recording
equipment was installed to measure the ster function response of one of
the autcclaves operating under the new conditions. The data have been
recorded but the analysis is not camplete to date.

The reference system for calibrating micro-displacement readout systems,

to be used by Physical Metallurgy Operation for in-reactor creep measure-
ments, has been moved to the 326 Bullding. Work is in progress to re-
assemble and check out this system, and calibration of the third generation
transducer 1s expected to begin early in May.

Optics

The Groove Depth Microscope has been installed in & hood at 234-5 Building.
Tests with the equipment installed confirmed our calibration tests and the
customer reports that he is able to repeat reedings to within 70 micro-
inches. He alsc suggested an improvement which makes the measurements
eagier to take and may increase the accuracy of the instrument. A new
1llumination and knife edge unit was designed based upon his suggestion.
This unit has been fabricated and installed and does 1lndeed promise to
increase reading accuracy. '

A work order was recelved to cover the cost of fabricating a similar unit
for Lawrence Radiation laboratory. The design was completely reviewed and
modified where experience has shown improvements could be made. This unit
is now being fabricated by Tech Shops.

A phope conversation with Mr. Farmer of Dow Chemical Campany, Rocky Flats,

Denver; Colorado, revealed that Dow Chemical 1s fabricating three groove
depth microscopes for thelr use. A sketch of the optical layout was sent

-
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to them several months ago.

We are in the midst of the rather "tricky™ job of making an ellipsoidal
reflecting microscore cobjective for a high temperature microscope for
Ceramic Fuels Operation. The ellipsoid is approximated by five sphericel
zones during grinding. These zones are blended to a smooth ellipsoid
during polishing. The mirror was tested during this past month and found
to be under-corrected. The new corrections required to bring it to the
desired shape were calculated.

Fabrication of the traverss mechanism t¢ be used in the four-inch I.D.
Pipes under the 200 Area storage tankes was completed by J. A. Jones. The
Optical Shop fabricated the target and image forming mirror. We have
Jjuet completed final assembly and calibration.

An sutocollimstor has heen designed and fabricated to check the sgquare-
ness of replacement reactor nozzles. These are made by & new extrusion
process whick leaves the squareness of machined surfaces in doubt. VWhen
these are not square, there is danger of malfunction of fuel charging
equipment .

A photometer head for use In molten salt solutlcns has heen designed and
is being fabricamted for Process Control Development.

A proposal for demonstrating the feasibility of an electrical readout
process tube distortion traverse mechanism for NFR was written.

During the four-week period (April 1-April 30) included in this report,
a tctal of 448 man-hours of shop work was done. The work included:

l. Fabricaticn of camponents of a radicmeter for Physical Measure-

ments, HLO.

2., Fabrication of a quartz comnecting link for the LVDT calibration
equipment.

3. Repalr cf two crane periscope heads for Purex.

L. Repeir of a borescope for Radimtion Testing Operation, IFD.

5. Repair of a film editing device.

6. Fabrication of zone electrophoresis equipment for Radiological
Chemistry.

T. TFabrication of an alignment scope for Plant Equipment Englneer-
ing: IPD.

8. Fabrication of a lemp adaptor for & borescope for Irradiation
Testing; IPD.

9. Fabrication and aluminizing cf a hemispherical scintillation

crystal for Experimental Nucleer Physics.
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10. Fabrication of optical components of the elght-foot-long traverse
mechanism for Fecillities Engineering Operatlon, CPD.

1l. Repair of B Building periscopes as requested by Facilities Engi-
neering Operatiomn.

Physical Testing

Service testing work proceeded routinely. A total of 4,978 tests were made
on 4,528 items, representing some 32,558 feet of materisl., The greater
part of this materiasl continues to consist of tubular components. Test
work included; dimensional measurements (micrometric); eddy current;

heat treatment; magnetic particle; mechanical tests (bend, flattening,
bardness, and tensile); metallography (macro and micro examination, and
fracture); penetrant (fluorescent 0.D. and I.D,); rediography (fluorocscopy,
gamme-ray, and X-ray); surface treatment (steam detergent cleaning end
vapor degreasing); and ultrasonic (flaw detection and thickness measure-
ments). Work was done for 30 different HAPO components representing most
of the operating departments and service organizations, and other AEC
contractors. Advice was given on 53 different occasions on general testing
theory end applications.

Pbysical Testing Operation bas resumed responsibility for operation of the
tube shop at White Bluffs. Work on the NPR pressure tubes was completed
on April 9. The only work remaining in question will be the amount of re-
work on those tubes that mey be damaged during installation. Such work
will be back-logged and campleted on a group basis.

Work has been resumed on the remaining spare PRTR pressure tubes. These
tubes will be etched preparatory to autoclaving. The FRTR tubes previously
tested, pickled, and autoclaved, were straightened at the C-25 Building
and have been shipped to Stores to awailt installation in the reactor as
needed,

All sheath tube testing has been completed. Miscellaneous work was per~
formed on a mmber of tubing jobs:;. stainless steel exchanger tubing is
to be examined for the nafure of discontinuities in the material; wltra-
sonic thickness measurements were made on scme samples of aluminum process
tube apd Inconel tubes were tested.

Fleld testing activity consisted of X-ray and garma-ray work at PRTR

( rupture-loop, primary system, and helium system), NPR (instrument leads
and test coupons), Delaval pump impellers, Purex No. 5 spare concentrator,
and coolant headers for NPFR fabricated by J. A, Jomes at North Richland.
Fluorescent penetrant tests were copducted on over-bore nozzles; pump
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impellers, apd & pump casting in the 100-B Area. Ultrasonic thickness
measurements were made on & bydrogen percxide tank in the 100-H Ares.

Speclal assistance was given to IFD maintenance in the exemination of
splitter blades used for process tube replacement. A series of breskages
in the reactor with consequent delays and cost to the tube replacement
work, led to the examination of a trial log of used blades. Eight out of
thirty were found to contain cracks. All new blades are being inspected.

Considerable effort was expended on the NPR reactor problems in the 300 Aree
laboratories. A five-foot section of 18" 0.D. NFR primary loop pipe was
received from General Electric Caompany, Schenectady, for testing. The pipe
was welded by a technique developed at the Schenectady plant. Four sections
of the weld were scribed and cut to provide 40 guided bend and 4 macro
specimens. Samples were tested and the weld was found to he of acceptiable
quality. The HAPQ weld procedure test plece evaluation was campleted with
the testing of ten guided side-bend specimens. The weld was found to be

of acceptable quality. An additional c¢ycle was completed on the longi-
tudinal crack propagation study of Ladish and Taylor-Forge welds.

A meeting was held with representatives of Testing Methods, FFD, to report
what work has been completed on the NFR primary loop 18-inch 0,D, piping.
Samples were supplied to Testing Methods for further development of ultra-
sonic inspectlion methods.

A review of the research and development work on stress analysis with X-ray
diffrection and eddy current methods was presented to IPD-NPR representa-
tives. :

Side-bend tests and ultrasomic tests of fatigue samples were campleted and
shipped to 100-D for pressure and vibration fatigue tests. A grain size
count was made on two specimens from one of the fatigue failed specimens.
The samples were taken about 18 inches apart along the longitudinal weld.
Grain measurements were made of the base metal, heat affected zone, and
the weld metsl. Fourteen tegt pleces were prepared for s study of heat
treatment condition by the eddy current test method. The coupons were
heat treated to a variety of conditions to establish eddy current response.

A sample of 2-5/8" 0,D. NPR comnector piping hes been procured and sub-
mitted to Tech shops for fabrication of an ultrasonic standard. Ultra-
sonic examinations will be used in conjunction with other methods of inspec-
tion to evaluate the quality of the piping.

Four carbon steel pins and three carbon steel nuts; representative samples
of Gray-lock connectors for use in the NPR, were nondestructively and des-
tructively examined. Magnetic particle inspections, wlitrasonic examina-
tlons; hardness tests, fracture tests, bow measurements, heat treatment,
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and metallographic methods were utilized to evaluate the samples,

Preliminary develcpment began on methods for nondestructively and destruc-
tively determining the cladding thickness on approximstely 35 miles of
nickel clad copper tubing to be used for conductor sheathing in the KFR.
The possibility ¢f utilizing eddy current techniques for nondestructive
spot checks and random sempling with destructive measurements was sug-
gested.

Extensive test work has been done on both NPR venturi inlet connectors
and connector piping. Primary emphasis has been on magnetic particle

and fiattening tests to determine as-received quality. Additional tensile
and impact specimens were prepered and shipped off.site for testing.

An wWltrascnic test was developed for examination of approximetely 50 feet
of 3-1/2-inch 0.D. stainless steel seamless piping located in the high
pressure thermal hydraulic testing system at 189-D Building. BExamination
of the piring revealed one section of the vertical riser to contain

en indication .of rejectable magnitude. The section was removed from the
system, visually examined. radiographed. fluorescent penetrant tested,

and metallographically examined. No apparent cause for the ultrasonic
indication was detected by visual examination, radiograrhy. or fluorescent
Penetrant tests; however; metallographic examination disclosed a discon-
tinuity of sufficient magnitude to enable detection by uwltrasound. As a
result of the examinations, inspection of 4-1/2-inch 0.D. piping also
located in the system was requested. A section of the 4-1/2-inch 0.D.
piping was submitted to Tech Shops for fabrication of an ultrasonic stand-
ard. An ultrasonic test will be developed and ready for application when
the current hydraulic tests are completed and the gystem shut down and
access to the headers can be obteined.

Ultrascnic testing was performed om the Purex concentrator tank in the
200-E shops. A total of 38 indications, exceeding the standard, were
found on the circumferential bottom weld. Correlation of the uwltrascnic
indications with radilographic evidence of discontinuities was good.

Assistance was given in calibrating and measuring the accuracy of Beckman
meter heads in the 234-5 Building.

Additicnal development work on slit radiographlic techniques for the
examination of I&E fuel elemente continued with febrication of a circular
disk to provide complete contact with the male end of the fuel element.

A 30-mil.wide slit that goes tc the center of the disk is used. The disk
provides more control of scattered radiation, but requires such precise
aligmment with the central besm that production use of the technique is
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impracticeble. Films of different speeds and different rotaticnal rates
were also tried.

Work continued on use of mutoradiography to demonstrate the efficiency
of incremental loading of fine PuOy, fine UOy, and coarse UQp into fuel
rods. Results showed gross segregation and prampted investlgation of
other fuel loadings with questionable uniformity. Various methods for
fixing film to the fuel elements were tried. The best method consisted
of molding 0.0LO-inch lead strips around the film and rod. This method
was fast and economical. The lead foil intensified the exposure of the
film and cut down the exposure period about 25%.

Gamma-ray rediographic techniques were develcped for resolving thermo-
couples in the center of zirconium-clad U0, fuel rods.

Deformation tests were made on FPD water mix spools to determine meaximum
deformation at a minimim losd of 32,000 1lbs. Load deformatlon curves were
furnished for each of 40 spools and 22 fuel elements.

Development and fabrication continued on the mechanical components for the
wltrasonic test which is being developed to detect cracks in installed
reactor process tubes.

Development of an ultrasonic unbond test for fission product transient
fuel cepsules continued. Test standards were readily detected with a
two-crystal transmission method. Fabrication of capsules for testing
is proceeding.

ANAT.OG COMPUTER FACILITY OPERATION

The major analog computer problems considered during the month vere:

l. NPR Simulator
2. Resctor Instrumentation Studies
3. "0Y Column Simulstion

Two classes on analog campubtatlion were presented to members of Qperations.
Research and Synthesis Operatlon and of FPD. A presentatlion on analog
computation was given to members of the class teking Pundamentals of

Data Processing.

Techniques were developed and demonstrated for using the arnalog camputer
to solve optimization problems. A function of two variables can be plotted
automatically in a three-dimensional perspective presentation on graph .
paper which mllows one to pick out the extremum points. The technique is
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considered highly valuable for determining optimum values of system param-
eters and for model fitting applications. A presentation of the FFD
quality control model on graph paper was found to be simple and fast.

Eighty percent of the GEDA equipment and ninety-four percent of the EASE
equipment was in operable condition during the month. Computer utiliza-
tion was as follows:

GEDA EASE
21 133 Hours Up
98 21 Hours Scheduled Downtine
21 O Hours Unscheduled Downtime
28 : L RFotrs idle
168 168 Hours Total

A camplete check was made on 8ll GEDA integrators, emplifiers, and function
generators to determine their operability. A period of over a week vas
spent in correcting the troubles found at this time. To place the camputer
in proper operating comdition, & very extensive step-by-step overhaul mst
be done. The installation of & remote control hookup for the old Brush
recorder has been campleted. The BASE computer bas had trouble with the
reference power supply several times in the last two weeks. A new main-
tenance routine for the BASE power supplies is now being used. Each power
supply is now being removed from the camputer once every six weeks to be
campletely overhauled on the bench while a spare is placed in its location
in the computer,

INSTRUMENT EVALUATION

Following one year of continuous charge and discharge cycles on 250 ma-hr
Ni-Cd batteries, a number of larger 2.5 and 4 amp-br batteriles were
ordered for evaluation and field use in a redesigned transistorized GM
portable instrument. ' .

Tests on particular commercis) 0-10 millivolt chart recorders have indi-
cated excessive noise and dead-band problems. The difficulties became
apparent during long-term recording of diode oven noise tests on e combi-
nation logaritimic emd linear response experimental area radiamtion monitor.

The field tests at Redox and Purex comtinued successfully on the proto-
type combined alpha, beta, gamus scintillation transistorized hand and
shoe monitor. After five continuous months of operation with only a few
probe light-leak repairs (e simple task) necessary; the instrument was

1238473



o ' B-48 m.*—.?ﬁ

scheduled for return to the 300 Area for tests in the 325 and 327 Pulldings.
The standard HAPO drawings and specifications have been completed in a
cooperative effort with RPO and four of the instruments have been ordered
from an off-site fabricator.

Several brands of double-aluminized Mylar film (0.9 mg/cm®) were tested
and some of the material was found to be useless for scintillation probes
due to excessive pin holes and scratches. Of representative samples from
three manufacturers, only one proved to be acceptable. We advise that
all double-aluminized Mylar be visually inspected with a strong light
befcre application.

One vendor prototype Model II Scintran, of 65 to be fabricated %o Nucleonic
Instrumentation design off-site, was received and psrtially tested. The
general performence of the instrument and the alpba scintillation probe
vwas very good. Only a very few minor changes need to be made before
fabrication can be started on the remaining 64 units.

The electronic circuit drawings were nearly completed for the prototype
transistorized scintillation alpha portable “poppy", and evaluation tests

were nearly campleted on the large area beta-gamma air light pipe scin-
tillation probes for the beta-gamma hand and shoe monitor,

Following & previocus evaluation rejection of 60 out of 100 commercial
pencil-type dosimeters of the 0-60Q r type, the manufacturer re-submitted
60 new units. Fifty-eight of these were found to be acceptable. These
dosimeters were heavily used during the 2345 Building incident problem.

Fad F onT

Manager
PHYSICS AND INSTRUMENT RESEARCE
ARD DEVELOPMENT

PF Gast:mes
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CHEMICAL RESEARCE AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 FROGRAM

IRRADIATION FROCESSES

Alum Production Studies

Water treatment at the IPD reactors includes (in part) control

of the pH of the water and the addition of alum (aluminum sulfate)
as a clarificaticn step. The pE reduction for corrosion prevent-
ion may be controlled by either free sulfuric acid addition or by
the addition of alum which hydrolyzes during water treatment.

Currently, several of the IPD plants are manufacturing aluminum
suifate for water treatment in a contlnuous flow process by react-
ing crude dbauxite with a blend of water and an excess of 93 w/o
Ho50,. Analysis of the crude bauxite by dissolution im 60 v,

H;S0, gave 55.3 w/o available Al50_ and 15.8 w/o insoluble material,
largely hydrated aluminum silicates.

The water is sdded to the acid to attaln the necessary reaction
temperature by heat of mixing and to prevent aluminum sulfate pre-
cipitation, although the reaction once started is exothermic and
Proceeds to the bolllng point generating considerable steam and
foaming violently. A 2eries of studies to collect more process
Information on the operaticn of present plants as well as to aid
in the design of future apparatus has been concluded. Highlights
of the studies follow.

In well-stirred vessels conversions of available Al.0, to alum &as
high as 92 percent were obtained with five to eight pdunds of
bauxite per gallon of 93 w/o acid, one gallon water per gallon
acid, and apperent (no sllowsnce for foaming) liquid holdup times
of three minutes, at operating temperatures of 130-135 C. Oper-
ation with poorer agitation under. these conditions gave only 60
to 90 percent conversion, reaction temperatures as high as 160 C
and greater accumulation of unreacted solids in the reactor.

The conversion of Al,O, is not a strong function of holdup time
in the range two to %eg minutes or of bauxite-to-scid ratio at

ratios below eight pounds of bauxite per gallom of acid. It is
a strong function of water-to-acid ratlo, however. Poor
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conversions and a greater dependency on holdup time were obtained
with 1.5 end 2.0 gallons of water per gallon of acid than with
1.0 gallons of water per gallon of acid.

‘T™wo reasction vessels in series performed little better than a
single stirred vessel. A colum-type agitated cocurrent flow
reactor gave at least as good conversion as the stirred vessel,
although difficulty with plugging of inlet bauxite slurry lines
near the head tank prevented steady state operation.

New Production Reactor Crib

The expected release rates of fission products from the NFR erib
to the Columbias River, resulting from the discharge of diverted
coolant containing rupture debris, was estimated by use of a two-
dimensional model.

Except for I-131 and Sr-90 the estimated amounts of all other
radiologically-significant fission products reachlng the Columblas
River as a result of discharging rupture debris to the NPR crilb
are negligible.

The pmaximum rate of release of I-131 will occur about one month
after cribbing and peak about three hours after the first trace of
waste enters the river. Based on the assumption that only one
percent of the total I-131 released is scluble, the amount of
I-131 entering the river can be calculated. For s "usual” rupture,
expected release of 50 g uranium, the maximum gonceantration in

the river at Ringold will not exceed 2.7 x 10°° MPC (thyroid} or
9.0 x 10-3 NFR disposal criteria (3 x 10°* MPC). Moreover, the
concentration of I-131 in the river will not exceed NFR disposal
criterie (thyroild) unless the loss of uranium per failure exceeds
5000 g.

The time required for the first traces of Sr-90 to reach the river
after cribbing is estimated to be 10 years. If all of the Sr-90
released is assumed to be soluble, a maximum river conceatratlon
0.23 and 23 times the NFR disposal criteria (bone) for 50 and

5000 g of uranium, respectively, will be reached within hours after
the first. trace of Sr-90 resches the river and will decrease
Blowly for the next year or until supplemented by Sr-90 from sub-
sequent ruptures.

It should be emphasized that all of the above estimates were based
on flow guantities derived from a two-dimensional c¢rid model and
that pessimistic conditions and assumptions were selected. Ionic
dispersion, a phenomenon which would minimize peak release rates,
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was ignored. However, until crib outflow is derived in three-
dimensions and the phenomenon of ionic dispersion is evaluated,
more practical estimates cannot be provided.

Ground Water Temperature Studies

Phe gradient of the water table beneath the 100 Areas was at ite
yearly maximum slope during the past month. The rate of ground
vater movement toward the river alsc reached a maximum durlag
inls same period. A gradual incresse of from 20 to 4O feet per
day in the rate of ground water movement was obaerved at 100-B
Area over the past six months, based on isotoplc analyses of
water samples obtained in this area. The rate of movement is
expected to decrease with rising river levels and lower water
teble gradierts. The temperature profiles of the 100 Area moni-
toring wells should also soon decrease since the temperature of
the river is now about 10 ¢ colder than that of the ground water.

Analyses of rew intake water collected from the pumps in the 181-B
Bullding show concentrations of Cr-51 up to 3 x 107 uc/ml. Pre-
vicusly, the highest detected concentration of Cr-51 at this
sampling locetion was 9 x 107 uc/ml. The current result is in
agreement with Cr-51 and gross beta analyses of 200 Area water
which is pumped from the 181-B facility.

Airborne Particulates in Reactor Operations

Sampling and analysis of airborne particulates during tube re-
placement operations continued. Enough data will shortly be
available to permit completion of this study. Iodine-13] was
detected in samples colliected at 100-B but was believed to be
from an unusual I-131 release from a separations area stack.

Effluent Monitoring

The As-T6 prototype monitor was moved to the 146-FR Building,
100-F Area. The only mechanical or electronic difficulty experi-
enced, since the monitor was placed in service on April 12, was
caused by a loose rectifier tube in the amplifier. However,

some difficulties were met in the sampling and detector systems.

Contamination build-up caused the background to double 1n the
detector system cell over two weeks of operation. The dack-
ground was reduced significantly by decontaminating the cell with
water and detergent. The sample results did not change, which
indicated the background build-up was not affecting the As-T6

- DECLASSIFIED ==

(234477



DECLASSIFIED
- - -

analysis. Of more importance i1s the fact that I-135 interference
of the As-T6 count was experienced for the first time. The pres-
ence of I-135, a fission product, indicated a possible lesking
fuel element. The fact that the monitor detected the additional
radioactivity might be applied to rupture detectlion. Useful
application for rupture detection or ways ito eliminate I-135 inter-
ference are being sought.

Calibrations were mede with As-76 spikes. A value of 0.011 uuc
As-76/ml/count was obtained as a conversion factor. This factor
applies to a 7.5 minute count, a 274 wl sample volume and a
gspectrometer channei width of 10 percent.

Uranium Oxidation and Fission Product Volatilization Studies

The draft of a repor%, "Fission Product Release from Uranium -
The Effect of Irradiation Level,” was completed. An explanation
was developed for the results obtained in the experimental work.
Formation of fission gas bubbles at high lrradiation levels
appears to play a key rcle in the release of volatile elements.

SEPARATIONS PROCESSES

Disposal to Ground

Preparations are being made to core sample the Redox 108-SX waste
tank sludge. An equipment set-up which is essentially s duplicate
of that used in sampling the Purex 103-A tank sludge will be used.

Resuits of four soill columm tests to evaluate the soil uptsake

of strontium from Redox 0-2 decant waste (276-5 crib) were received
from Redox Analytical Control Operation. Thirteen column volumes
of typical waste were passed through the columns without detect-
able breakthrough of a Sr-85 tracer. To date the crib has

recelived two column volumes of waste, and it novw recelves waste at
a lovw rate of approximately 0.0l ¢column volume per year. These
test results and waste disposal data indicate that a replacement
¢rid will not be needed for a number of years.

Iodine-131 Sampling in Gaseous Effluents

The possibility that atiendant constituents in plant effluents may
reduce the efficlency of charcoal for adsorbing I-131 has been
indicated in recent tests. Lower than predicted I-131 retention
in stack sampler charcoal capsules and for an oxidizer off-gas
charcoal trap have been reported. Several experiments were
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completed this month to determine the effect of some possible
constituents on the I-131 adsorption and retention on charcoal.

In these experiments the small stack sampler capsules were used

ags the test charcoal, with a linear flow rate of carrier or flush
gas of about 100 feet per minute. Iodine in the laboratory tests
was generated by heating carrier-free I-131 to 300 C. Conclusions
reached from these studles are that:

1. The charcoal capsules are iantrinsically efficlent for I-131
generated in the laboratory either when the carrier gas is
air, alr conteining NOE, or alr containing hexone.

2. Hexone and NOp in air 4o not remove I-131 adsorbed’on charcoal.

3. I-131 in stack gas 1s adsorbed much less efficlently than I-131
generated in the laboratory.

The lowered efficlency of charcoal for 1-131 adsorption im process
streams was not expleined, and further study is planned.

A report was drafted which describes the study of the efficlency
of stack sampling systems for I-131.

Purex Process

Because of current difficulties with flooding in the 2D-ZE Purex
colum system, transfer rates were determined for the extraction

of uranium from synthetic 2D feed-scrub solution into plant 2DX(R7).
For comparison, similar {transfer rates were determined for extract-
icn into first cycle solvent (G5), and into make-up Bolvent (R1A).
Before use, Bll organics were treated with & typical second cycle
solvent wash--carbonate solution followed by water.

The results showed that extraction into the R7 was significantly
dower than into either of the other two solvents. There was little
difference between G5 and RIA. Stripping experiments showed
almost identica) transfer rates for all three solvents, hearing
out the quite well established fact that the extraction rate is a
more meaningful parameter than the stripping rate (or distribution
coefficient) in assessing solvent quaiity of this type. The R7
also showed poor disengaging behavior, which likewise indicates
generally poorer quallty than the comparison samples.

Samples of both G5 and RT were subjected {0 carbonate-permanganate

treatment followed by water washing. The R7 formed almost stable
emulsions in the latter step and an additional carhonate wash was
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used with somewhat better disengaging of the phases. The extrac-
tion rate studles were than repeated on both materials. The
results gshowed very little change for the G5 sample whereas R7T was
markedly improved. Graphical analysis showed that a two-fold
increase in the first order reate constant had been effected by

permanganate washing the R7 sample.

Purex Solvent Extraction Studies

Filot plant studies to characterize the current Purex plant 2D and
ZE column instability and inefficlency problems were continued
during the month. Tests of Purex plant demineralized water, 2DX,
2EX and 2DU (2EF) demonstrated that the major contributor appeared
to be the 2DU stream, although all of these streams contributed in
some degree to the X column instability problem. This fact,
together with the absence of any pronocunced adverse effect of using
the plant 2DX in the 2D column, suggests that the primary "do-bad”
enters with the 2DF stream (a stream not tested in the "cold"
pllot plant) and follows the organic streem. It should be noted,
however, that these conclusions are based on use of plant organic
streams collected when the plant performance was not extremely bad.

A comparison of the ZE columm performance with various combinations
of pllot plant and Purex streams is shown in the following table.
Rates were held constant at an L/V of 1, a total flow of 1000
gph/fte, and temperatures of 50 to 55 C.

Instability Color Line

Frequency Ft. from

Source of Stream Cycles/Min. Bottom HM, Ft.
Pilot Flant 2IA and Z2EX 62 + 5 71-96 1.2%
Pilot Plant 2DU; Purex 2BX g + 2 ~9 1.3-1.5%
Purex 2DU; Pilot Flant ZEX 47 + 3 >10 1.8
Purex 2DJ; Purex ZEX h2 + 2 >10 ,2.2
2DU made in Pilot Plant from

Purex 2DX; Pilot Plant 28X 53 + 2 ~ g 1.3-1.5%

*Estimated from color line position
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A superlor "sandwich-type" cartridge was developed for the ZE
column to enable the plant to operate at higher capacities and
under more efficient pulsing conditions. Essentially this is a
graded 23 percent free area nozzle plate cartridge with 3/4-inch
thick clusters of linear polyethylene plates inserted. The
rcommended nozzle plate spacing was two inches in the top six
feet and three inches in the remalnder; the plastic plate spacing
was T-1/2 inches in the bottom six feet, 10-1/2 inches in the
middle eix feet, and 13-1/2 fnches in the top six feet. This
cartridge was demonstirated to coperate satisfactorily under the
above conditions at 72 cycles/min using Plant 2DU and 2RX. The
optimum BTU was about 1.1 ft. (waste loss was 0.004 percent using
a 15 ft. tall certridge).

Reduction of Uranyl Nitrate to Uranium{IV) Nitrate with Aluminum

Studles on the formation of uranium{IV) nitrate by the reduction

- of uranyl nitrate with aluminum metal were continued. The
objective of the recent studies was to minimize the amount of
inert salts in the resultant uranium{IV) nitrate solution. The
majority of the runs were made on a SO0 to 2000 ml scele. One
run was made on a 150 liter scale.

Highlights of the findings are:

1, Uranium(IV) nitrate can be formed by the addition of aluminum
dust to an acidic uranyl nitrete solution containing either
sulfamic acid or hydrazine as the holding rediwc tant. No
inert salts such as sluminum nitrate are needed.

2. In order to prevent the formation of the black precipitate
described last month {(cf, EW-T73202 C), the quantity of alumi-
nurz dust added must be less than that needed to reduce all
.of the uranyl nitrate and the final solution must contain free
nitric acid.

3. With hydrazine, yields of uranium(IV) nitrate as high as 2.6
moles per mole of aluminum nitrate were attained.

4, In general, the ylelds increased with a decrease in the mole
ratlio of aluminum added to uranyl ion.

5. Although the use of an inert gas blanket increases the uranium

(IV) nitrate yield, it is not a necessary condition for the
reactor.
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6. At the high uranium(IV)-to-aluminum ratics, 40 to 60 perceant
of the initisl uranyl nitrate is reduced.

7. Solutions as high as 0.9 molar in ursnium(IV) nitrate were produced.

8. Generally, the reaction is complete in about four hours if the
solution is initially heated to 50 C.

9. The reaction i: exothermic. Without cooling, a solution initially
at 50 C will rise in temperature 0 to 50 C depending upon the
original uranyl nitrate concentration.

10. 'The reoxidation rates of uranium{IV) nitrate in contact with air
were determined. Pirst order reaction constants of 0.03 day‘l
end 0.12 day"l were measured with hydrazine and sulfamic acia,
respactively, as the holding reductant.

Although the urenium(IV) nitrate so produced contains dissolved alumi-
num, the weight of the aluminum is but 1/40 the weight of iron{II)
sulfamate contained in the conventional reductant soclution of the same
reducing potential.

Ion Exchange Contactor Studies

The addition of e plug valve between the elution and scrub sectiocns

of the Jiggler has substantially reduced undesirable back-mixing. An

e xperiment uging a nitric acid and thorium feed solution and 50-100
mesh Dowex-1 lon exchanger was conducted at an operating temperature

of 25 C. Results from this manually-operated run indicate very satis-
factory absorption and elution. Pertinent data for a 2.7 £t. absorption
and 3 ft. elution section are:

Flow Rate
Stream mls/min. HNO3 (M) Th g/1 NaNO3 (M)
XAF 723 7 5.1 2.0
XAS 210 7 0 0
XAW 933 7 0.008 -
XCX 100 - - -
XCP 210 7 to 0.5 144 -
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These values are averages from four ten-minute cycles after attaln-
ment of stesdy state. Analyses of resin loading and scdium are not
yet complete. The NaNO3 is being used for study of effectiveness
of scrubbing..

Resin Stress Studies

An unexplained variation {0.048 to 0.220) in the coefficient of
friction, p’, (ef. BW-T72902 C) obtained for 10-20 mesh resin as
opposed to an almost constant value of the same parameter (0.048)
for 20-40 mesh resin led to the use of an oscillograph to measure
values under transient conditions. This instrument can record
gimul taneously signals from both the vertical and radial stress
transducers., In addition, its galvanometer-light Yeam arrangement
bhas greater sensitivity to the rapid changes of force resulting
from continuous resin particle re-arrangement in the experimental
bed than the conventional amplifier-recorder previously used,

Phe variation of the coefficient of friction for the 10-20 mesh
resin appears to be closely related to its history of nitration.
A consistently low velue is obtained with resin that has very
recently been nitrated, whereas a consistently high value is
obtained for resin that has been in contact with either distilled
or process water for over two weeks. In one case even a 2h-hour
residence in distilled water resulted in & marked increase in the
coefficlent.

The average vertical stress for any oue series of runs can be
readily predicted mathematically from the varistion in radial
stress versus bed height data and a force balance made on the
resin bed.

Plutonium Recovery from RMC Line - Continuous Task I Oxalate
Supernate

The 234-5 RMC line flowsheet employs continucus precipitation of
plutonjum from 2.7 to 3.1 molar nitric acid by addition of one
molar oxalic acid., The plutonium oxslate precipitate is removed
by continucus mechanical filtration and the supermate, which
contains 0.2 to 1.0 g/1 plutonium, is concentrated by evaporation
and the plutonium recovered by solvent extraction at Recuplex.
Replacement with a simple ion-exchange process would mot only
accomplish both concentration and recovery but would also render
the button line independent of Recuplex. Several very promlsing
anion-exchange runs, with actual RMC line supernate acldified to
.. HNO3, were reported last month. The feed employed in those
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runs contained a precipitate which was subsequently found to con-
tain most of the plutonium, resulting in ion-exchange feed concen-
trations of about 0.1 g/1 vice ome g/1. It has since been found
that increasing the nitric acid concentration to 8.6 M dissolves
the precipitate., Two additional column runs have been made at

this acidity. These runs gave even higher resin loadings (30 to

40 grams of plutonium per liter of resin) than the former, although
the 20 grams/liter obtained at 7 M nitric was sufficiently high to
make the process feasible. The incressed loading at the higher
acidity appears to be due both to the higher feed plutonium con-
centration and to a further suppression in the ioaization of oxalie
acid. In this regard, it was observed that the color of the feed
changed 10 & much more intense green as the nitric acid concentra-~
tion was increased from 7 M to 8.6 M.

The scheme proposed for 234-5 installation would employ three
critically safe columns operated in a cyeclic manner, i.e., two
would be loaded in series while the third was being eluted. This
mode of operation would combine the advantages of near-continuous
operation, high product concentration {up to 40 g/1), and very 1low
waste losses.

WASTE TREATMENT

Cesium Removal, Purification and Concentration from Purex Formalde-
hyde Treated Waste .

Work continued on a flowsheet for separation and purification of
cesium from Purex formaldehyde-treated waste, using mineral
columns., Bmphasis was shifted from ammonium acetate to ammonium
carbonate solution for elution of cesium from clinoptilolite. The
carbonate is preferred hecause 1t can be removed below 10C C,
leaving an aqueous solution of cesium carbonate. Elution of cesium
from elinoptilolite with ammonium acetate or carbonate is greatly
enhanced by employing elevated temperatures. Elution is 98 per-
cent complete at 8 column volumes for either 2 § ammonium acetate
at 80C or & N ammonium carbonate at 60 C. Higrer temperatures are
not practical for ammonium carbonate because of gas evolution due
to decomposition. The cesium from this solution can then be loaded
on an inorganic zeolite column for storage and/or shipment. The
zeclite in the second column should have a high cesium capacity but
not necessarily a high selectivity. Several alumino-silicate
materisls are being examined for this purpose.

The two synthetic zeclites, Zeolon and Linde AW-500 on which cesium
kinetics and capacities were reported last month, have been
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examined for cesium selectivity. Synthetic neutralized waste
supernatant sclution was used as the cesium feed stock. The
column volumes to 50 percent breakthrough were 29, 43 and 21 for
Zeolon, AW-500 and clinoptilolite, respectively. OSince the
kinetics of AW-500 are also superior to the other materials tested,
its use in alkaline waste treatment appears most promising.

Elution of Cesium from Clinoptilolite after Heating

Columns of clinoptilolite, loaded with Cs-137 from a synthetic
formaldehyde-treated waste, were heated different lengths of
time and then eluted with ammonium nitrate. The percent eluted
for the experimental conditions are summarized in the fellowing

table:
Percent Bluted
Temperature, C Time Heated, hr. at 20 Col. Vol.
400 2.5 4.5
LOO kg 90.5
L40oo 150 g2.5
200 L8 Q2
200 150 99

The percent Cs5-137 eluted remained espentially constant after 20
column volumes except for the first column from which elution con-
tinued until 96 percent was eluted at 60 column volumes.

Recovery of Neptunium(IV) from Purex Formaldehyde Treated Waste
with DZEHPA

Studies of the feasibility of recovering Np from Purex plant PIW
by extraction into DZEHPA-TBP-Diluent solvents were contlnoued.

As previously reported, greater than 97 percent extraction of
neptunium(IV)} was obtained in a single batch contact of equal
volumes of 1965 version FPW with 0.0k M D2EHPA-0.02 M TBP-Shell
Spray Base. In agreement with ORNL experience, extraction of
Np(IV) arom synthetic PTW was found to be inversely proportional
to [H+]“ at acidities above 1-2 M snd directly proportional to [H+])
at acidities below 1-2 M. However, even at sciditles as high as
L.5 M, 96 percent of the Np{IV) was extracted in a single batch
contact with an equal volume of 0.04 M DZREHPA-0.02 M TBP-SSB.
Contact of this organic with an equal volume of 0.5 | M oxalic acid
removed over 97 percent of the Np(IV). Oxalic acid stripping has
the advantage over stripping with NaOH in fthef stripped Np and Fe
are not preclipitated.
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Solvent Bxtraction Removal of Fission Products from Purex FIW

Tracer-level studies to develop a D2EBHPA solvent extraction flow-
sheet for separating stroontium and rare earths from Purex FIW were
continued, Mixer settler runs were made with BEDTA-complexed,
acetate-buffered FMW (1965 composition) feed at pH 4 and solvent
containing 0.3 M D2BHPA-0.15 M TBP-Soltrol 170. At an £/v of 0.5
and with seven extraction stages, strontium and cerium recoveries
were greater than 99 percent and promethium recovery was about 80
percent. BExcellent decontamination from iron, c¢hromium, ruthenium
and zirconjium-niobium were obtained. Cesium and sodium DF's were
26 and 10, respectively. Simulated extraction feed solutions
(1965 PIW made 0.19 M iz HEDPA and ©.35 M in citrate) traced with
Sr-85 and Ce-1bi were subjected to Co-60 radiation to & total dose
of 7 x 107 R. The distribution ratio for Sr-85 between the
irradiated solution and 0.3 M DZHPA-O0.15 M TBP-Shell Spray Base
was 21 compared tc 30 with e non-irradiated control. Similarly,
the Kq for Ce-1k4 was about 320 compared to 700 with the control.
The decreased Ky's are believed to resuit from increased solvent
loading with inert iron and chromium {¢f. HW-73202 C) rather than
from effects of decomposition products of HEDTA.

Solidification of Low-lLevel Wastes

Difficulties in obtalning nondeliquescent sclids from highly alka-
line wastes, such as coating removal waste, by concentration with
hot air or air-CO, mixtures prompted study of the formation of
"eoncretes” from such wastes. Synthetic coating removal waste
was concentrated by a fastor of three and mixed with Portland
cement or plaster of Paris., About 0.5 grams of plaster of Paris
per ml of concentrated waste was required to produce a rock-hard
801id; about one gram of Portland cement per ml of concenirated
waste was required. Plaster of Paris has the further advantage that
1t does uot set to a solid for seversal bhours at these proportions
while Portleand cement sets rapidly. Plaster of Paris slurries
poured into a tank would have time to flow before settiing.

Product Forms for High Level Wastes

Bench-scale experiments were started to study ways of incorporating
4L x B beads of synthetic aluminc-silicate zeoclite in a matrix of
material of high thermal conductivity. Synthetic zeolites have
been reported to have attractive ilou exchange capacity for use in
packaging Sr-90 and C2-137, but has the unattractive feature of
low thermal conductivity. The effective thermal conductivities of
the beads in air and in helium at 200 F were found to be C.1 and
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and 0.15 Btu/hr-££-*F. At typical Sr-90 loadings, internal
temperatures of the order of 1700 F could be expecied in a 12
inch diameter cylinder of the material {with helium), This
tempersture could be reduced to 880 ¥ if the effective thermal
conductivity were increased {o 1.0.

A two-inch dismeter by 8-inch long cylinder of the beads was
successfully cast in a Wood's metal matrix by pouring the molten
metal into & restrained bed of zeolite beads. Attempts to repeat
the experiment with molten aluminum were less successful because
of the high surface tension of molten aluminum, and the aluminum
oxide which formed in air at the melting point, interfered with
the flow. Addition of bismuth d@id not lower the surface tension
enough to help. Additional studies are planned with other alloys
and molten salts.

In other studies with synthetic zeolites, Linde 4-A and 13-X were
found to shrink at 800 C; at 950 C the shrinkage was to 50 per-
cent of the original volume.

The recently discovered fluxing effect of Sr(OH)Q on Sr0 casts
some doubt on previously reported findings concerning the fluxing
power of lithium fluoride. The partial decomposition of S5r0,.8H20
at low temperature forms Sr(OH)p, which fluxes Sr0 at 550 C to a
dense melt, but further decomposes at 800 C (or by radiolysis) to
Sr0 and HoO0. Altbough lithium fluoride has proved to be a fluxing
agent for Sr0, the quantitative effect is not yet kmown. 4 fluxed
cake of Sr0, Sr{OE),, and LiF that melted at 500 C became solid
when heated to 800 8, the decomposition temperature of Sr(OH)Q.

In other packaging studies, cesium elum, CBpAl (Sou)h,2h H,0 was
found to lose water up to 300 C. It is then s%able up to 350 e
but suffers a 25 percent weight loss on further heating toc 900 C.
Cesium oxalate, (sH (ceoh) , decomposes at 250-300 C and above
500 C loses weight glovly gy volatilization of Cs,0. Molybdic
acld and lead silicate are two fluxing agents that show promise
for consolidating cesjum 12-tungsto-phosphate.

Remote Welding

Conditions suitable for welding fission product containers with
the tungsten inert gas welder using ergon as shield gas were deter-
mined and 38 samples were welded. KNo leaks could be detected in
any of the samples with the mass spectirometer leak detector.
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Ten samples were welded using helium as the shield gas and a leak
was detected in one of the samples. BSolutions to other problems
are required before helium can be considered as a candidate for
shield gas.

A spring loaded swinging arm torch positicner was used to weld all
48 samples. "The operation of it is superior to the former air
cylinder positioner.

TRANSURANIC RLEMENT AND FISSION FRODUCY RECOVERY

Assistance to Purex Head-End Fission Product Recovery

A large number of laboratory experiments (with tracer-level,
synthetic solutions) were performed tc {i) help define optimum
oxalate prezipitaticn conditions for the separation of cerium
from strontium, and (2} to elucidate tkhe effect of hydrogen per-
oxide on the sulfate precipitation of rare earths from FIW.
Significant findings follow.

In the present Purex stromtium flowsheet, the carbonate product is
dissolved in nitric acid and cerium is then precipitated as the
oxalate, leaving the strontium in the supernate. Under strongly
acid conditions (> 1 M HNO;), plant experience shows that over 35
rercent of the strontium s%ays in solution, but the cerium decon-~
tamination 18 not as good as desired. At lower acidities, cerium
decontamination is very good, but strontium loss is excesaive.
Experiments were designed to explore ir detail the effects of pH,
sulfate, lead and oxalate on the oxalate step. Cerium precipita-
tion was found to be affected by pH and cxalaie concentration but
not by lead or esulfate. Also, neither sulfate nor lead had an
adverse effect on strontium behavior under the conditions examined.
In fact, there was a consistent correlation of decreased strontium
precipitation with incressed lead additions, an effect which is
contrary to that expected (and which will be studied further). In
all cases, cerium decontamination factors exceeded 10, and often
20, vhile 90 to 100 percent of the stroniium remained in the
supernate--a separation which would be gquite satisfactory if it
could be duplicated in plant equipment.

It was recently observed that hydrogen-peroxide inhibitas the pre-
- eipitation of rare earth sulfates. This unexpected phenomenon was
studied further since it not only has potentially adverse impli-
cationa for Purex rare earth recovery bdut alsc might conceivably
afford an alternate way to separate rare earths from strontium.
Using tartrate-complexed FIW and the standard lead-carrier sulfate
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precipitation scheme, over 90 percent of both cerium and promethium
vere precipitated over a pH range from 1 to 2.5. However, with
addition of S ml of 30 percent hydrogen peroxide per 100 ml of FIW,
virtually none of the rare earthe were precipitated at pH 2 or

2.5. At pH 1.5, about half of the promethium and one-fourth of

the cerium remained in solution. At pH 1.0, over 90 percent of
both elements precipitated. Additional experiments with varying
amounts of peroxide are planned.

Path of Technetium in the Purex Plant

Analyses have been completed for technetium-9% in a series of
Purex plant samples. These support the following preliminary
conclusions:

1. About 20 percent of the technetium continmues to leave the
plant with the uranium product.

2. Less than one percent follows the plutonium.

3. About 70 to 80 percent leaves the plant with the BAW.

k. About 10 percent recycles via the 3 WB stream. Of this 10C.
percent recycle, 8 percent is contributed by the IIW and 2
percent by the 24W.

5. Of the technetium reaching the partition cycle, over 90 per-
cent follows the uranium into the IBU siream.

Further sampling will be carried out to confirm this data and to
determine how the path of technetium varies with time and operating
conditions. Additional Redox samples will alsc be analyzed as

soocn as available,

A-Cell Decontamination.

A-Cell decontamination work has been completed. No major diffi-
culties wvere encountered. Repalirs to building equipment are
presently being made. A-Cell will de ready for equipment install-
ation by April 30.

Cesium Solvent Extraction

Laboratory study of the solvent extraction of eesium from Hanford
wvaste solutions continued. Major items studied and the results
obtained included the following:
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1. 2,4,6 trinitro - 2' - trifluoro-methyl diphenylamine, 2,2',4,6
tetranitre diphenylamine, tripnitro diphenylamine, and trinitro-
dichloro diphenylamine were compared with dipicrylasmine in
somevhat more detail than reported last month. Extraction of
cesium from either "as received" (pH 10) 103A supernate or
from PPW (tartrate complexed and adjusted to ~pH 8.5) was
negligible with all except dipicrylamine, which gave cesium
Eg values of 4 and 23, respectively, from the two wastes.
However, addition of 0.1 or 0.2 M additional NaOH resulted in
very nearly ccmparable cesium extraction with all of the
extractants. '

2. A series of other nitroparaffins was compared with nitro-
benzene as diluents for dipierylamine. These included nitro-
toluene, l-nitropropane; 2-nitropropane, anitrocyclchexsne,
o-nitroanisole, and 2-nitrobutane. None gave quite as high
extraction coefficients as nitrobenzene; however, all were
in the same "ball park" and any one of these solvents could
probably be used successfully. Nitrobenzene has the highest
flash point (190 F) of any of these solvents for which this
data was available.

3. Irradiation stability measurements in the cobalt-60 source
indicated that the "half life” of dipicrylamine is about
4 x 10! R, a stability more than adequate for the intended
application but low enocugh to insure that any dipicrylamine
which found its way to the waste tanks would scon be destroyed,

L. The stripping, or back-extraction, of cesium from DPA-nitro-
benzene solutions was studied as a function of nitric acid
and dipierylamine concentration. The value of Bg ranged from
about 0.1 to 0.0l-as the acidity increased from 0.1 M tc 1 M
and was not strongly dependent on DPA concentration.

5. Dodecylphencl and o-phenylphenol were tried as cealum extrac-
tants, using both zylene and nitrobenzene as diluents.
Extraction coefficients for cesium from simulated 103A super-
nate and "1965" FIW, using 1 M extractant, were very low
(maximum value 0.16). Addition of caustic (equivalent to 0.15
mole/liter) caused precipitates to form in the organic phase,
except with 1 M o-phenylphenol in nitrobenzeme. In the latter
case the ceslum extraction coefficient was increased to 1.3.
This extractant may merit further study.
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ARALYTICAL AND INSTRUMENTAL CBEMISTRY

Ces.um Analysis by Solvent Bxtraction

A series of experiments were performed to determine the effect of
various potential interferences in the cesium analytical method
(which uses dipicrylamine-nitrobenzene as extractant). Of the
ione tested, only scdium, potassium and ammonium interfered;
however, {using 0.025 M DPA) sodium levels of 0.5 M and potassium
and ammonium concentratiions of somewhat less than 0.05 M were
acceptable, assuming a single stage of extraction and equal
volumes of agqueous and organic. Further studies are being made
with 0.08 M DPA, which sbculd allow higher concentrations of
competing ions to be tolerated.

RQUIPMENT AND MATERIALS

Hydraulic Egquipment

A Deming Jjet pump has heen received and installed in its test
stand. Initial operation has been smooth and guiet for 120 hours,
pumping hot water (195 F) at 25 gpm against e head of approximately
75 feet. Operation of the Jjet has been satisfactory for tempera-
tures up to 201 ¥; at 202 ¥ the capacity and head developed by the
pump decrease markedly because of the reduced net positive suction
head which permits cavitation within the pump, and loss of priming
by the jet.

Further tests have been completed with a 75 gpm steam jet submerged
in boiling water and employing a cold water inlet quench. Overall
dilution approximeted 30 percent, including cold water and steam
dilution. Steam wes supplied at 80 paig and final delivery
temperature was from 88 to 90 C.

Gasketing Materials

In the continuing search for a radiation resistant material to
replace B plant polytetraflucrcethylene gaskets, two more materials
have been considered. The two materials which have been tested

in a B plant connector are asbéstos Flexitallic™, and polypropylene.

A white asbestos two-inch pipe size 150 ASA Flexitallic gasket
was tested with 115 psig steam for 13 days. With a torgue of 400
ft.1h there was no apparent leakage. In a second test, s Flexi-
tallic gasket was compressed between flanges that were 1/2 degree
from parallel. The gasket compressed 0.028 inches more on one
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side than it did4 on the opposite side. The gasket was tightened
with 200 ft.1b. torque. After six days of 115 psig steam service
there was no apparent leakage.

Polypropylene was found to be unsatisfactory due to rapid flow.

Non-Metallie Materials

Bavick 11, a transparent plastic material produced by J.T. Baker
Co., discolored and swelled in nitric acid and dissolved slowly

in hexone, It was essentially unaffected by Purex HAX, Recuplex
CAX, carbon tetrachloride, and 25 parcent DBBP-T75 percent carbon
tetrachloride. Test duration was 40 days at room temperature..

As 8 contrcl, Plexiglas II U?Lijas tested in the same solutions
for the same test duration. The effect was substantially identical.

A fibrous potassium titanate thermal insulation was tested by
static immersion at room temperature for 36 days. This materisl
dissolved in nitric acid after one hour and softened in water after
one day. It was unaffected by Purex HAX, Recuplex CAX, caustic
soda, carbon tetrachloride and hexone,

Static immersion tests in nitrobenzene {diluent for the dipicry-
lamine cesium solvent extraction process) were made on & number of
Plastlc materlals. Only polytetrafluoroethylene, polyethylene,
and a silicone rubber were unaffected.

Corrosion in Formaldehyde Treatment Reactor

Tests to determine corrosion of 304-1 stainless steel under a
range of conditions simulsting operation of the Purex plant formal-
dehyde treatment prototype vessel are in progress. Ssamples of
304-1 were exposed to boiling solutions of the following composit-
ions:® 0.5 to 2.0 M HNO3 - 0.0 to 2.5 M HJS0, - 0.35 ¥ Pep(S0y); -
O.4 M NaNO,. The highest corrosion rate observed (1.3 mils/mo)
occurred 1n the solution containing 2.5 M Hgso and 2.0 M HNO,.
All other rates were 0.5 mils/mo or less. im&lar tests excedt
with Cr(VI} and Cr(III) present at 0.0l N are in progress. Pre-
liminary observations indicate significant corrosion acceleration
with Cr(VI) present; effects of Cr(III) are not evident at this
time,

Bffect of Ferrite on Corrosion Resistance of Welds

Corrosion test samples were cut from six sli-weld-metal pads
purposely prepared to provide a wide range of ferrite content.

GyRohm and Haas Co.
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The ferrite content, as measured by an Elco Gage, ranged from
zero to 28 percent. Test samples were exposed to boiling 65 w/o
HNO, and 10 a boiling synthetlc Purex IWW sclution. No cor-
relation between corrosion rate and ferrite content was found
for these test samples.

Filter Screens for Strontium Oxide

Nickel, platinum and stairless steel were examined as possible
filter screen materials to withstand strontium oxide and strontium
oxide-lithium fluoride at high temperature. The teats were made
at 750 C. Stainless steel (430) corrosion was excessive (8 - 17
mils/mo) with both. Nickel ('A' type) corroeion resistance was
good {ca. 1 mil/mo) and platinum resistance was excellent (GQ.1
mil/moy.

PROCESS CONTROL IBVELOPMENT

Turbine Meter Evaluation

Turbline-type meters are being evaluated as a means of obtaining
improved reliability of organic estream flow measurements over
that provided by rotameter instruments currently in use. Two
small (one gpm) meters have been under test for approximately six
months in the experimental C-column facility. Their performance
has been generally satisfactory for this purpose (there have been
sore corrosion effects in an acidic aqueous stream). A plant-

8 ized turbine meter (150 gpm) bas been installed in a test loop
to determine its operational characteristics. The test program
devised for the meter concentrates on determining its fidelity
under intermittent flow conditions. The 2DX stream in Purex

has been selected for a subsequent test of the meter.

Glass Scintillstor for Counting Alpha Particles

A low silica, cerium-activated ecintillating glase has been suc-
cessfully used for counting thorium alpha particles, in solution,
in a laboratory test. A multiplier phototube and preamplifier
are required for an adequate signal-to-noise ratio but the equip-
ment complexity relative to other methods, such as silicon PN
alpha particle counting, is more than offset by the higher counting
rates obtained. Ag an example, the count rate obtained with the
scintillating glass was 41,000 cpm versus 500 cpm obtained using
a diffused junction silicon PN alpha counter when exposed to the
same plutenium alpha source in air. Laboratory calibration in a
7/8-inch diameter by 1/8-inch thick Peflor® sample cell resulted

@)E.I. duPont de Nemours
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in & count rate of 6100 gpm for a solution concentration of 300
g/1 of thorium. Background was reduced to about 200 cpm after a
single water wash of the cell.

The alpha counting system described above will be thoroughly evalu-
ated on the product stream of a thorium resin separation column in
the 321 Building prior to considering it for inetallation on a
separations plant strear.

Neutron Monitor in Purex E-6 Tank

The need for monitoring plutonium concentration in the E-6 tank has
resulted in development effort on an in-tank neutron monitor. A
probe containing a BF4 tube and preamplifier appears to be practical
for this application. A novel instrument connector jumper has been
devised 1o make instellation of the neutron monitor possible. The
new jumper will provide four to six instrument connector heade

using an existing single penetration in the cell wall. Successful
application of this idea can alleviate a long-standing problem of
limited instrument connectors in both Purex and Redox plants.

Boiling Point Determination

A device to determine the boiling point of Redox dissolver solu-
tions is under development. If the bolling point can be measured
to within 0.5 C, it will provide useful information concerning

the extent of uranium dissoclution. Boiling point determinations
are subject {0 substantial error, and iniitial efforts have been
directed toward experimental study of the accuracy that can be
expected. Temperature measurements using a standard thermohm buld
and resistance recorder were found to be accurate within 0.15 C.

A heated probe was tested which enabled measurement of the boiling
point of water to within ome degree centigrade. However, changes
in the rate of boiling water and salt solutions produced measured
boiling point variations of about 0.6 C. The information obiained
to date casts doubt on the feasibillty of achieving 0.5 C accuracy
under plant conditions, but teates are being continued to determine
methods of minimizing errors inherent in the measurement.

pH Flow Cell Design

At the present the E-3 tank is sampled and pE is determined by use
of a one-drop pH electrode in the Gilmont sampler. Radiation
exposures to personnel using this method are gquite high and an
alternate method 18 needed. By installing a pH flow cell and
appropriate shielding in the in-line cavity of the E-3 sampler,
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the pH can be obteined without personnel exposure. Design hes
been completed on a system which provides the required pH readout
and permits remote buffering of the electrode.

C-Colunmn Data Anelysis

Withdrawal of 200 ml samples from & seguence of ports on the
experimental C-column perturbs column operation and introduces
some error into analysis of the resulting data, since steady
state operation ia assumed. An estimate of this error was m:. 2
for each porit and the sequence of port analyses was determined
which minimizes the average absclute error over all ports. It
was assumed in this determination that (1) withdrawal of the
samples causes the column contents to drop an equivalent volume
and hence introduces a concentration discontinuity at the sample
port, {2) this disturbance decays back to the steady state value
in & marner similar to heat conduction, that is, the process 1s
described by the partial differential equation:

2
avit,x) _ § vit,x
wtx) g 2w(hx)

where v(t,x) is the aqueous phase uranium concentration at time t
after a sample is withdrawn and at a distance x up the colum,
minus the steady state concentration, and K is a constant which
has been determined experimentally, and (3) the samples are with-
drawvn at intervals of three minutes.

With these assumptions, the minimum average error that can be
obtained was found to be about 0.3 gms/liter with a maximum error
of about 0.5 gms/1iter for one of the ports. The minimization 1is

currently being repeated to determine the sequence resulting in
the minimum average percentage error cver all the ports.
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REACTOR DEVELOFMENT - Ob PROGRAM

PLUTONIUM RECYCLE PROGRANM

Salt Cyele FProcess

Co-Deposition of Uranium and Plutonium Dioxides = Additional studies
were performed to improve Pu02-U0, electrolytic gp-deposition
techniques. In this instance, 2 w/o thallium as TIC1 was added

to & 2.6 LiC1-NaCl-KC1 (1.5 w/o Pu, 5 w/o U) melt prior to electro-
lysis at 600 C with a chlorine gas sparge. It was hoped that the
thallic ion formed by the chlorine would act &s an auxiliary
oxidant to increase the plutonium(IV)/plutenium{III} ratio in the
melt and thus increase the PuO,/UO, ratio in the deposit. The
Pqu/UOe ratic was lndeed increamsed by a factor of three, from
0.007 to 0.02. BExtrapolating from these results, to produce a
deposit containing 1 w/o PuQ, in UO, by this method would require
a Pu/U ratio of 0.15 in the Starting melt; or, for 25 w/o U, 3.8
w/o (50-65 g/1) Pu. The increase in the Pu0,/U0, ratio was
accompanied by a marked decrease in the current efficiency, from
T7 to 23 percent.

A brief investigation was made of the effect of melt temperature
upon uranium/plutonium separation during electrolysis with an HC1
gas sparge. With a 1.7 LiC1-KC1 (4 w/o U, 4 w/o Pu) melt, the
plutonium/uranium ratio in the oxide product remained nearly
constant at about 0.02 {a separation factor of 52) over the tem-
perature range from 500 to TOO C. Another observation from this
work wes that the plutonium separation factor is about the same
with either a Cl, or an HC1 sparge.

U0p Crystal Growth Studies - During the past quarter, work has
been resumed on the electrodeposition of U0, in the form of demse,
shaped, self-supporting pieces. At{ present, the growth of
eylindrical hollow rods on rotating graphite (1/4-inch welding
rod} cathodes is being studied. After a few trials with a start-
ing melt of 2.5 KC1-PWCl, (25 w/o U), attention was switched to
the KC1-LiCl (33 w/o U) system at 500 C. Using an HC]l gas sparge,
a 0.5 volt cell potential and a 5 ampere curreat, U0, cylinders
about one .inch in diameter have been built up on 2-ineh long
cathodes in a period of 16 hours. The deposits are composed of
typicAl radially oriented columellar grains.

A systematic study is being made of the variables governing bulk
density, O/U ratic, impurity content, and other important prop-
erties. Thus far, it appears that UO, bulk denmsities of 10.8 -
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10.9 with corresponding lithium impurity contents of less than

10 ppm, can be achieved by using melt temperatures of 500 C or
higher (bulk density and purity both fall of markedly with & 450 C
melt temperature); and that higher bulk densities are associated
vith lower 0/U ratios.

Blectrochemistry of Uranium in Molten Chloride Salt Solutions -
During the past quarter, the planned study of the electrochemistry
of uranium in moiten NeCl-KC1 has been nearly completed, and work
nas been started on the NaCl-LiCl system. Recent measurements in
NaCl-KC1 melts may be summarized as follows:

1. BMF measurements for the cell reaction
1102 + Cly = U02012

have been made as a function of temperature and uranyl

chloride conceatrations. 7Thermodynamic values for the reaction
at 993 K were calculated, the results giving evidence of
decreasing complexation of the uranyl{VI) ion with increasing
uranyl(VI) concentration. ¥or a coancentration increase from
0.074% to 1.37 molal, the free energy change for the reaction
(AF, cal/mole) was found to increase from -31,900 to -2, 600;
the entropy change (4S, entropy units) increased from 6.7 to
16.5; and the heat of reaction (AH cal/mole) changed from
-25,200 to -8,200. An unmeasured junction potential has thrown
an uncertainty into these values. REstimates of the error
indicate any effect to be small, however.

2, Impedsnce measurements were continued with s modified impedance
bridge. The results were much better than those obtained
earlier, because of a much lower noise-to-signal ratio. Qualil-
tatively the reactions previously proposed

(1) V0™ + ™ = yo,*
+ -
(2) Uo,” + e =U0,

were confirmed in low uranium concentrations. The change in
the potential of the second reaction as a funetion of uranium
concentration shows the consecutive single-electron reactions
to predominate up to a concentration of about 0.0l molal. At
about this concentration, the potentials of the two reactions
became about the same, and st greater concentrations only the
overall reduction of uranyl(VI) to U0, is observed.
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3. Using impedance measurement dsta, calculations have been made
of the rate of reduction of uranyl{VI) to uranyl(V). Since
the data 4id not follow simple theory, the suggestion of
Laltinen and Randles [Prans. Faraday Soc. 51:54 (1955)] was
followed, and corrections were made for the effect upon the
impedance measurements of the adsorption of reactant ions
onto the electrode surface. These corrections brought the
deta into line and permitted rough calculation of the rate
constant as about 1.6 cm/sec. Assuming the transfer coeffic-
ient to be 0.5 {a reasonable value for a reaction with this
large a rate constant), the exchange current densities were
calculated to be 0.13 to 1.28 amp/em” for uranyl(VI} con-
centration from 1.35% to 13.3 millimolar. The rate constant
and exchange densities of this reaction are thus about the
same as those for the reduction of Cd¥*, zn** and Ag*, which
are considered to have fast electrode reactions.

Pilot Plant Blectrolysis - Pilot plant electrolysis studies were
continued in an 80 1iter quartz pot with the &0 w/o KC1-40 w/o LiCl
molten sslt system. Melt preparation included dissolution of

U;0p feed with chlorine at 6§00 C and drying with chlorine end
hjydrogen chloride at 535 C. After the first run reported here a
pre-electrolysis step formerly used for melt drying was discon-
tinued without adverse effects on er product characteristics,

In the February monthly report {cf. EW-72902 C) it vas noted that
U0, product of small crystal size was produced from a melt con-
taining 0.35 w/o iron. Using the same melt and impure feed a

run was made at a lower reference potential, 0.33 volts, to deter-
mine the effect on product characteristics. Shutdown of the
induction heater unit due to a water pressure Adrop caused the
electrolysis temperature to drop from 535 C to 360 C rendering
the results incomclusive. However, inapection of the product
deposited before the temperature excursion indicated product
characteristics similar to those in the earlier rum.

The impure melt was discerded and & run was made with fresh salt
and pure U;0p feed. Righty-five pounds of dense, large crystal

UO, wvas eléctrodeposited in S5U hours of operation at 0.77 reference
volis and 200 amps. Uranium concentration in the melt decreased
from 30 to 13 percent during the deposition. The product had an
0/U ratio of 2.0037 and a bulk density of 10.78 gmfec. After
crushing the density was 10.95 gm/cc or 99.8 percent of theoretical.
Impurities ion the bulk product after a water rinse were 70 ppm L1
and 23 ppm K. In addition, some corrosion product from the Hastelloy
D cathode was bonded to the product surface, where the product was
deposited on the cathode.
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UOp Crushing and Classifying - & toothed, single-roll crusher
made of stacked, staggered-tooth milling cutters operated success-
fully in crushing a variety of grades of electrolytic UOp.

Crusher product matched current particle size specifications in
three ways: (1) all product passed a 6-mesh screen, {2) about &0
percent of the product was greater than 30 mesh, and (3) less than
10 percent was less than 200 mesh size. A certain fraction of

the existing product must be further crushed to increase the per-
cent of minus 200 mesh particles. This crushing will be studied
with various equipment, including & modified roll crusher, double-
roll crusher with adjustable roll clearance, sod a commercial face
mill. :

Hydraulic classification has been abandoned due to failure %o
achieve efficient separation of particles in the minus 100 mesh
size range. Various combinations of a basic "sorting columm"
arrangement failed to produce the desired separation. A sonic
vibrating double-deck screen will be relied upon for classifi-
cation in an integrated crushing/clessifying system currently
being designed.

Heating with Alternating Current - A.C. heating studies were made
in & two-liter quartz pot containing 60 w/o KC1 and 40 w/o LiCl
and uranium concentrations of 20-30 w/o. Power was supplied by a
60 cycle A.C. source capable of delivering 320 amps at 12 volts
(3840 watts).

Two different carbon elecirodes configurations were tried. The
first, 1/2-inch x 2-inch x llb-inch bars immersed six inches
required 3840 watts to maintaln the melt at 530 C. Localized
inefficient heating was observed near the surface of the melt.
The second electrode as =2ghly was a "paddle” type vwith a 2-inch
square blade connected .o & 12-inch handle shrouded with e pilece
of quartz tubing to prevent heating at the surface of the melt.
Only 800 watts of power vere mecessary to meintein the melt at
530 C.

Loosely bonded crystalline deposits were obtained on the 4.C.
electrodes when heating s wet melt. The deposit analyzed 52.6
percent uranium(VI). No apprecisble deposit was obtained when

a dry melt was used; however, a slight deposit was obitained after
heating 8 hours at 8 volts and 100 amps. Analytical resulis on
this deposit have not been reported.

U0o was deposited using a separate pair of carbon electirodes
while heating with A.C. A T3 percent D.C. current efficiency
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was obtained and the deposit appeared unaffected by A.C. Analyti-
cal results of the deposit have not heen reported.

Graphite Containers for Molten Salt Baths - Previous work has
indicated that molten alkall halide salts leach through dense
graphite crucibles in ome or two days, the exact time depending
on the wall thickness and the structure of the graphite. In an
sttempt to overcome this disadvantege in an oilerwise suitable
corrosion-resistant material, a graphite crucible with 1/2-inch
thick walls was impregnated with barium chloride (melting point
960 C) by submergence at 1100 C for 2k hours. After cooling, e
60 w/o KC1-40 w/o 1iC1l salt mixture was held in the crucible at
500 C. Although BaCl, is soluble in the melt, the leaching of
the lower melting aal% through the crucible wae retarded four to
six days, indicating that the barium chloride had sigpificantly
retarded the leaching precess. Although this method does not
solve the leaching problem by itself 1t may prove useful in
combination with other frozen wall technigues.

An induction-heated crucible with 60 w/o KC1-40 w/o LiCl molten
salt has been studied. A graphite crucible with & six-inch outside
diameter and & 1/2-inch wall was heated with a ten kilocycle
induction coil with & 9-inch inside diameter, The intervening
space was filled with a one-inch thick annulus of gquartz sand
contained in e concrete-asbestos pipe with 1/2-inch wall thickness.

In one run the crucible was operated continuously for ten days at
450-550 C, with more salt being added as the liquld lesched
through the graphite. One temperature excursion permitted the
entire void space in the sand to be filled with salt. Aversge
wall temperatures outside the sand varied from 250 to 300 C during
this periocd. The freezing point of the salt 1s 350 C.

The salt bath was then frozen and melted five times to test the
mechanical strength of the graphite. Bxamination of crossa
sections of the crucible revealed no cracking of the graphite.
The electrical coupling cheracteristics of the graphite did not
change during the run. Further efforts will be directed toward
increasing the heat flow through the non-conductive external
construction materials to minimize the amount of salt ocutside the
graphite.

Metallic Materials of Comstruction - Samples of tungsten, 'A’' nickel,
Ki-15A1 and Ni-13A1 were exposed for single six-hour periods in s

Cl,-sparged 40 w/o LiC1-60 w/o KC1 melt at 600 C. The Wi-Al samples cor-
roded at rates of 3 and 5 mils/mo, respectively; the other two torroded
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at rates in excess of 50 mils/mo. The two Ni-Al alloys were
exposed to the same melt with 10 w/o U0 15 present. Corrosion
rates for both were about &5 mils/mo and severe preferential
attack of segregated phase was evident.

Aqueous Dissolution of PRTR Fuels

The second of two S5-inch long rods of irrasdisted (60 percent of
goal) PRTR spike fuel (Al-1.8 percent, Pu-2 percent Ni} was declad
and partially dissolved in the 222-8 cubicle dissolver. The
Zirecaloy-4 cladding was resdily removed in 6.5 hours by boiling
solution initially 4.0 M NE,F - 0.5 M NHhN°3° Attempts to acti-
vate the declad rod in boiling & M ENO; - 0703 M NH F contaicing
0.005 M or 0.05 M Hg{NO,), failed. Thé rod appeared to dissolve
at either Eg(N0.) concenfration at s rate {ca. 1 mg/min-cu®)
expected for digsglution in nitric acid alone. Activation of the
partially immersed declad rod was achieved readily in boiling 1 M
ENO; - 0.015 M Hg(NO.), - 0.01 M NE,F. This behavior parallels
tha% observed in expérgments with the first rod as reported last
month (cf. EW-73202 C). 4s soon as activation occurred, concen-
trated nitric acid was added to meske the solution about 6 M in

HENQ., and to completely immerse the rod. The rod remained acti-
vat&d and dissolved rapidly. The rate of acid consumption
indicated that the irradiated rod, once activated, dissolved at

the same high rate as has been observed for non-irradisted spike
fuel alloy. PFurther experiments will be done with fully irrsdiated
(100 percent of goal) spike fuel allcy toc determine whether or

not the above activating procedure is applicable.

RADIQACTIVE RESIIRE FIXATION

In-Cell Calciner

Several modifications and test runs were made on the mock-up
during the month. Because of some difficulty in positioning

the melt-pot cart under the columm with the manipulators, a drive
mechanism was constructed to move the cart in and out remctely.
Side travel will still be done manually with the manipulators.

In other manipuwlator tests, s spray nozzle was changed remotely
and the off-gas and feed lines were moved from the spray celciner
to the pot and baeck. ¥Following one run, the column was also
flushed down with water by use of spray nozzles which insert

into the calciner. A high degree of clesnliness was achieved.
The new 15-turn induction coil for the melt pot was completed

and tested. Bighty to 90 perceut of rated power was transferred
to the melt pot through coaxial cables equivalent to those
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anticipated for in-cell use, Most components for the r-f feed- '
through assembly have beer fabricated, as has the 4000-ampere
step plug for the DC power for the spray calciner., The high
voltage power supply for the electrostatic precipitator has been
recelved bdut 1s requiring modification to provide an intermediate
collector voltage. The larger Variac transformers have also been
received. Conceptusl design of bus bars, hengers, transformer
racks, ete. is complete and all detsiled prints should be avall-
able by May 1 suchk that in-cell electrical work can begin. The
in-cell gamma anaiyzer, which was dismantled during cell decoan-
tamination, 1e being modified slightly and reassembled, but in

f ront of the right-band window rather than the left, away from
the heat and high background of the caleiner, and away from the
high-current and r-f conductors.

Analytical results have been received bYoth con the recent spray
calciner test run and on the first pot calcination test. In the
spray calcination run, the de-entrainment factor across the
gtainless steel filter was 1300. The electrostatic bubble scrubber
decreased the off-gas dust loading by a factor of seven when the
vcltage was twrned on, even though the applied voliage was much
less than the design value (since the high voltege gemerator for
use with the unit had not been received). The off-gas dust load-
ing was not decreased significantly by the two absolute filters,
which indicates that a very high degree of clean-up was accom-
Plished by the condenser and scrubbers, etc. The overall de-
entrainment factor was about 100. The powder cocllected in the
several spray calciner teste was melted down in the pot at a
temperature of 850-900 C. The initial T-inch deep layer of powder
melted down to 1-1/L4 {inches for a fina) density greater than 3
g/cc. Some moisture and abundant sulfate fumes were evolved
during the melt down.

The pot cal%iner Tun was mede at a recommended boildown rate of
1.8 1/hr.£t%, or 0,52 gal/hr for the 5-inch pot. Righteen liters
of simulated Purex waste were processed. Bolldown was completed
in nine bhours. Off-gas samples showed very little carryover
during this stage. After boildown, denitration was accomplished
at 50 percent power, with eome irom showing in the off-gas. Power
was then increased to 75 percent and sulfates began to come off,
as evidenced by white fumes in the condensate trap and scrubbers.
After one hour the pot thermocouples indicated that melt-down had
occurred (temperature suddenly rose to 850 C). ‘“he pot contained
9.3 pounds of melt whose density of 2.60 g/cc represents a volume
reduction of 11. 7The run was uneventful except for the post cal-
cination discovery that the 3/U-inch off-gas line had almost

1234502



L c-29 mi-73526 TN

plugged. Condensate samplea showed that a large amount of
sodium (78 grams) reached the condensate during the desulfation
phase, suggesting that extensive foaming may have occurred and
that this foaming may have ceused the off-gss line fouling.

Synthetic Zeolites

A laboratory investigation of the cesium capacities and loading
kineties of synthetic zeolites continued.

Ceaium capacities were determined in small 5.5 g columns of 0.25
to 0.50 mm grain size zeollites at 25 C. Cesium infiuent coacen-
tration was 0.08 M CsCl with Cs-13L as a tracer., Cesium cap-
acities as determined at the 50 percent breakihrough point were
3.62 meq/g for standsrd Decalso, 2.65 meq/g for Linde 13X,

2.52 meq/g for Linde AW-500 and 0.78 meq/g for Linde MA. Some-
what greater cesium capacities were obtained for Linde 13X under
ideal loading conditions.

Losding kinetics of Linde 13X were examined, using two cesium
concentrations, two temperatures and zeollte size ranges. With

a 0.1 M CaCl influent loading, rates were 0.017 sec-l and 0.023
sec™l &t 25 C for 0.70 to 1.00 mm and 0.25 to 0.50 mm size ranges,
respectively. Temperature had 1ittle effect on losding rates
between 25 and 40 ¢, With the 0.70 to 1.00 mm grain size range,
full loading was attained in 10 minutes and 90 percent loading

in 3.5 minutes., Pull loading of the 0.25 to 0.50 mm aize range
required 8 minutes and 90 percent loading 2.3 minutes.

An influent concentration of 0.1 M CsCl is Just in the region
vwhere particle diffusion is the ion exchange rate controlling
mechanism. With organic resins, reaction rates in the particle
diffusion region normally vary ioversely with the particle radius
squared. Linde 13X and other synthetic zeolites allow substan-
tial flow of sclution into the particle. The result is that
synthetlc zeolites show no such dependence of loeding rate on
the particle radius.

In the region of film diffusion rate control, a 0.001 M CsCl

was used as influent. Initial loading rates for cesium of 0.0068
meq/ml/sec and 0.0033 meq/ml/sec were obtainmed for 0.25 to 0.50
mm and O.70 to 1.00 mm, respectively. Approximately 50 minutes
were required to full loading for the 0.25 to 0.5C mm size range
at 25 C. In the film &iffusion region, initial reaction rates
vary inversely with particle radius.
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Intermediate- and Low-Level Wastes

A pample of Purex coating waste from the 101-BY tank was treated
with COp near boiling temperature until a precipitate appeared.
Preliminery results indicate that the precipitate carried
stﬁontium. The supernstant solution was diluted by a factor of
10 to simulete a high entrainment condensate such a5 might be
preduced by in-tank solidification of coating waste. The simu-
lated condensate was passed through a column of c¢linoptilollite
to determine the amount of radioisotopes removed. The cesium
DF was greater than 100. Very little, if any, ruthenium was
removed, Strontium sand cerium concentrations in the influent
vere too low (less than MPC) to permit measurement of the uptake
of these lsctopes.

Condensate Treatment

Micro Pilot Plant Run 25 was performed to evaluate the decontami-
nation ability of Amberlite 200 (a polystyrene resin) in the
hydrogen form and to observe the hydraulic characteristics of the
bed when the feed is not prefiltered with activated carbon. Over
6000 column volumes of steam-stripped Purex Pank Parm condensate
waste were treated before the run was ended. Cesium-137 snd
Btrontium-90 concentrations in the effluent were less than their
respective MPC,, throughout the run. The pressure drop per foot

of bed depth across the resin column at a flow rate of about 1
gpm/£t° increased from sbout 0.1 psi at the beginning of the run
to about 5.5 pesi at the end of the run. ™The incresse in pressure
drop was primarily a result of the bed acting as a filter to remove
sticky organic particulmte matter present in the feed 10 the
column. Although the organic matter penetrated the entire bed, it
caused the agglomeratlon of a one-inch layer of resin at the top
of the bed. Backwashing the. bed with water was only partially
effective in removing the organic. Mechanically breaking up of
the agglomerated meat which had settled to the bottom of the column
during the backwashing operation was necessary; in addition, a
small amount of acetone was used to remove residusl organic adher-
ing to 1ndividual particles. It is believed that in a larger unit
backwashing with hot water slong with mechanical agitation will
satisfactorily clean the bed prior to regeneration.

Release of Radiocesium from Clinoptilolite

Cursory tap water leaching tests were made on the 1350 C melts
from the cesium-clinoptilolite volatilization studies. Leaching
rates of the glass decreased with time ranging from 2.6 x 10-7
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g/cnZ/day for the first eight days to 3.3 x 10-8 g/em?/day after
18 days. This appears to be in the same range reported for other
glasses, but if the leaching rate continues to decrease there could
be an order of magnitude difference after ome year.

Clinoptilolite Beneficiation Studies

The presence of large quantities of high grade, coarse-grained
clinoptilolite in the John Day Formation of esstern Oregon wes
confirmed. Arrangements were made with the Oregon Department of
Geology and Mineral Industries for sampling of the formatiom.
Samples will be compared with those from Hector, Csalifornis, and
Jersey Valley, Nevada, to help determine the optimum material and
most desirable properties of the clinoptilolite for adsorbing
cesium from wastes.

BIOLOGY AND MEDICINE - 06 PROGRAM

TERERSTRIAL BCOLOGY - BARTH SCIENCES

Geology and Eydrology

A program was written for the IBM-T090 computer to calculate

flow times for three-dimensional saturated flow from a river bank
lagoon or crib to the river. %he program was successfully run and
the initial results are being evaluated. The final generated
results will be in the form of a table of dimensionless ratios
which can be used to obtain soclutions for varicus flow systems,

A program deck and listing of the "General Fit" subroutine

was received from the Bureau of Standards at Boulder, Colorado.
The FPortran program, written for a CDC-1604 computer, is curreatly
being studied preliminary to revision for IBM-7090 use. This sub-
routine is a method for obtaining an optimum mathematical expres-
sion for the ground water potential everywhere on the Project
using the potential measuremente obtained from irregularly spaced
wells. 7The expression will be used later as part of the input

toc generate soill permeabilities on a regulsr grid network. These
permeabilities are necessary information for elecirical anslog
gimuleation of ground water flow on the Project.

™o wells close Yo the 200-Rast Area B-Plant swamp show maximum
ground water temperatures within the sand and gravel bed that
lies upon basalt and beneath silts and clays of the lower Ringold
Yormation. The gravel bed is probably in part an alluvial fan
deposit of an earlier eastward flowing stream. Sharp temperature
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increases also were noted in several wells to the east and east-
southeast of the B-swamp. In these cases the increases and
maximum temperatures occurred in aguifers within the conglomerate
member of the Ringold Formation beneath confining beds of silt
and clay. These dats suggest that warm waste water, probably
from the B-swamp, is moving t0 and at a depth within the Ringold
Formaticn.

ATMOSPHERIC RADIQACTIVITY AND FALLOUT

Thorium-232 Bioassay Procedure

The Hanford thorium bioassay procedure was modifled to include
neutron activation analysis of the separated Th-232 and gammsa
counting of the Pa-233 produced. With a_one day irrsdiation and
a ten minute count, & sensitivity of 10~3 ug is easily obtained.
Blank urine indicates a Th-232 level of about 10-2 pg. The Pa-233
is separated from the irradiamted Th-232 by extraction into di-
isobutylearbinol with a yield of about 90 percent. It may be
possible to measure the Pa-233 without chemical separation after
a two-week decay period if results of the analyses are not needed
in a shorter period.

Radiation Chemis try

Differences in activation energies of hydroxyl radical reactione
between certain solutes and erioglaucine were calculated from

reaction rate measurements made at different temperatures. The
available data are tabulated below together with the protection

indices:
Activation Energy
Compound Protection Index Difference (kecal mole~l)
Glycine 8.3 x 10°* 1.0 t 0.4
Alanine 4.8 x 10-3 1.2 + 0.2
Pyrosine 4.7 x 10-1 0.89 + 0,08
Bthanol 1.40 x 10-1 1.8 + 0.1

It is interesting to note that while the protection indices of the
three aming acids differ by factors of up to 500, their activation
energies are not statistically dietinguishable st even the 75
percent confidence level. In contrast, theae activation energy
differences are all distinguishable from that of ethanol. A
possible conclusion is that radical attack on the amino acids is
at some site 1n the structure common to them all, i1.e. [4CH-COOH
_N'He

o | )
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and that reaction at this site is characterized by an activation
energy of ~1.0 kcal mole-l. Differences in the actual rates

can then be ascribed to steric factors involved in the approach
of an HQ' toward the sensitive site and to the molecular diameters
of the compounds which determine their collision frequencies.

RADIOISOPOPES AS PARTICLES AND VOLATILES

Particle Deposition in Conduilts

Measurement of size distributions of particles used in recent
deposition experiments in a 1/2-inch diameter vertical tube per-
mitted more reliable comparison of the observed percent deposition
with that predicted from previously developed equations. The
actual particle size distribution resulted in closer agreement
than when an estimated size distribution was used. The observed
percent deposition was still from 5 to 8 percent greater than

that predicted from the earlier regression equation for the de-
position constant and the assumption of exponential deposition
with tube length. The data fit significantly better an equation
modified to show & 5.0 power dependence of deposition constant

on velocity and a 4.0 power dependence on particle diemeter,
rather than the 5.26 power and 4.26 power dependence, respectively,
shown in the egquation representing the best fit to the bulk of
the data from early experiments. The good agreement with the
modified equation gives added confidence that the form of the
equation is correct and that exponential deposition in a long tube
actually occurs.

A multivarient graph was prepared from which the particle deposition
can be guickly estimated when the particle size and density, alr
velocity, conduit diameter and lengtkh are kmown. A nomograph for
calculating the deposition constant was elso constructed. These
will be included in & topical report which was prepared in draft

etage.

Mansger

Chemlical Research and Development
WH Reas:cf
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BIOLOGY OFERATION

A, ORGANIZATION AND PERSONNEL

W. C. Berlin, assigned to Plant Nutrition and Microbiology, terminated on
April 13 to accept a position with the local AEC.

R. H, Schiffman, Bioclogical Scientist in Aquatic Biology, terminated on
April 20 to accept a position with NASA, Ames Research Center, Mountain
View, California.

P. A, Olson was appointed Acting Manager of Aquatie Biology, effective
April 23, 1962,

B. TECHNICAL ACTIVITIES
FISSIONABLE MATERIALS - 02 PROGRAM

Effect of Reactor Effluent on Aquatic Organisms

The study testing the effect of reactor effluent on migrating-size

chinook salmon fingerling was continued at 1706-KE. No effect of effluent
on growth or mortality is yet evident at the tested levels of 3, 5, and

7 per cent,

Columnaris

Young salmon have been given repeated exposures t¢ the columnaris organism
to determine whether the fish can acquire immunity to the organism.
Resultes to date are inconclusive.

BIOLOGY AND MEDICINE - 06 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Phosghorus

Cichlids fed food containing-P32 levels of 0.25, 0.1, and 4.0 uc/g have
shown no differences in mortality attiributable to the isotope after four
montha,

Strontium

Four 100-day-old minjature offspring at the 625 me sr?0 per day fesding
level died or were killed when semji-moribund. These animals were born to
swine that had been fed 625 me Sr”¥ per day for approximately five months

at the time of parturition, thus they were exposed to Sr90 in uterc, and
subsequent to birth, received Sr90 in the milk from their dam. At weaning
(six weeks of age) they received 156 mc Sr”“ per day until about one week
before death when their feeding level was elevated as scheduled to

312 pe Sr’Y per day. At autopsy, the prominant lesions were hemorrhage
throughout the body, varying from petechiae to extensive extravasations
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of blood. This extensive hemorrhage correlated well with the severe thrombo-
cytopenia noted prior to death,

A terminal pneumenia was noted in one animal and 2 rather antibiotic resistant
strain of Escherichia coli was isolated fram the lung. Bacterial cultures

of material from 1iver, spleen, post-cervical and mesenteric lymph nodes, and
heart blocd of the other animals yielded both E. coli and a Streptococcus.,
Their presence in thess crgans suggested a terminal bacteremia contributed to
the death of the animal., Both were rather antibictic resistant, but the
significance of this has not been determined.

These deaths are the first of F; generation animals {exposure in uterc, during
suckling period, and subsequent to weanisg daily 3p70 in feed) at any feeding
level to be attributed to toxicity of Sr”’Y. At lower levels of feeding, the Fi
generation animals have shown only minimal changes or none at all, The ages

of Fy animals at these lower levels are 125 pc/day - 13 months, 25 pc/day -

30 months, and 1 and Sfpc/day - 36 months.

Three Fi generation females on the 125 nc Sr’%/day level farrowed normal
litters.

Experiments wsre performed tc study the abscrption of Sr85 and Cahs by isolated
mitochondris from rat liver incubated in vive for 10 minutes at 30° in a
solution containing ATP, succinate, eytochrome C, Mg, KCl and sucrose at pH 7.
In the_gbsence of stable strentium gr calcium approximately 68 per cent of

the Srd agd B5 per cent of the Cal> vas absopped, Addition of 0.9 pM Ca
reduced Sr”” abscrption to 11 per cent and Ca absorggion to LO per cent. The
addition of 0,9 Sr to the basal media increased Sr¢> absorption to 8k

per cant and Cah absorption tc 92 per cent. The cpposite effect of the two
ions is of interest in view ¢f thelir chemical similarity.

Comparative Toxicity

One famale miniature pig injected intravenously with 6.4 pe Razzé/kg body
weight about 7 months ago {when approximately four years old), died after

exhibiting clinical symptoms of a severe nsphritis. Gross lesions suggestive
of & chronic nephritis were noted at necropsy. Another animal in this same
experimental group is showing similar severs symptoms of chrggic nephritis,
Control animale and animals of similar age which received Sr”™ remain normal.

Iodine

T™we young lambes were intravencusly injected with 1125 and the pattern of
localization within the thyroid was determined at 5, 15, 30, and 60 minutes

by autoradiography. Preliminary reaults indicate that satisfactory localization
at the cellular level was realised uaing this isotope.

Negtunium

Rats were injected intrapsritoneally with 10, 20 and 30 mg Np?37/kg body
welght in order to study the symptoms of chemical toxicity. Neptunium was
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administered as the citrate and all animals survived for 30 days, at
which time they were sacrificed for radicmetric and histologic
examination, Excretion of neptunium in the urine during the first

2, hours was a function of dose level, approximately 13 per cent being
excreted at the 10 mg/kg level; 29 per cent at the 20 mg/kg level and
32 per cent at the 30 mg/kg level.

An intravenous injection of 1.5 mg (1.0 pc) of #p237/xg body weight
in sheep csused moderate liver damage detected by radiciodinated rose
bengal test, (In an extension of this study, and we hope conclusion,
two sheep were injected with 0.75 mg (0.5 pc) of ¥p237/kg. No damage
(or only minimal) is expected at this level,)

DTPA appears to be very much less effective in promoting neptunium
excreticn than it is in promoting plutonium excretion. Percentage
neptunium excretion was increased from about 25 per cent in controls
to about Ll per cent in the treated animals over a three-day pericd.
The relative ineffectiveness of the DTBEA may be an indication that

the neptunium is present in tissues as a monovalent ion, possibly Np02
which would be less effectively chelated than a divalent or trivalent
ien.

Plutonium

Comparative toxicity studies with Pu238 gn on an equivalent
microcurie basis indicate that the Pu3? is substantlally more toxie.
This would suggest that chemical effects are important in the acute
toxicity of Pu¢3

Four pigs were injected intradermally with either 5 pc Pu239 nitrate
at 12 or 20 sites or 1 mc at 24 or 88 sites and sacrificed either cne
or seven days after injection. in order to determine the extent of
translocation., After 1 and 7 days, 5 and 12 per cent of the injected
dose were found in the reglonal lymph nodes and 2 and 6 per cent in
the liver in the swine injected with 1 uc plutonium per site. It
appeared that greater relative translocation was cbserved in the
animals with 1 pc than with 5 pc sites.,

Milk Tranafer

Preliminary data available on the transfer of szhh and U233 from plasma
to milk following single intravencus administration to lactating sheep
reveal considerable difference in the metabolism of the twe elements,
Milk concentrations of U233 were less than 10 per cent of that found

in plasma, whereas with Cm2B4 milk concentrations were four to five times
those observed in plasma. The values for cm2bli are gslightly higher than
those previously cbserved for americium.

In a contirmuation of thﬁsabO?e study, lagtatigﬁ sheep werg given

intravenous doses of Ca s OF Ra?2® “and plasma,
whole blood, and milk concentrations of the radionuclides followed for

10 days post-injection.

1234510
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Inhalation Studies

One beagle dog died two and one-~half years after depositing sabout 4 uc Pu239

by inhalation of a plutcnium dioxide aerosol. Death was associated with
resplratory embarrassment, The acuteness of the dog's final cocllapse
paralleled that of dogs that died two or three months after deposition of

50 to 100 pc Pu?3d?, .

Although Nec=-synephrine, DTPA, and Plurcnies (polypropyleneglylﬁtothylene
cxide polymer) administered as aerosols af %g&ﬁ&ation of Ce particles

all markedly increased the clearance of Ce in rats, DTPA was most
effective. In t ¢ experiments fthe lungs of rats killed three weeks after

exposure to Celll and {reated with DTPA aercsols contained about 8 per cent of

the Cellli-prllli found in the untreated controls. Pluronics and Neo-synephrine

were leas effective, reducing the lung burden to about 25 per cent of the
Egls. These experiments are being repeated in dogs with both Pu?390 and

Pulmonary function tests have been developed for dogs. Compliance can be
measured on anesthetized dogs and is expacted tc indicate changea that might
occur in pulmonary tissue as a result of radiation before changes can be
detected radiogrephically, Analysis of blood for Oz, C0p, and N, are also
being completed on dogs before and after exposure to radicactive aerocsols,

A computer program 1s being developed in cocperation with Data Processing
Operation for reducticn of excretion, tissue distribution, and retention data
obtained in radiocactive particle inhalation experiments. ZEarly experience
indicates the program will be particularly useful for fitting curves to daily
excration data.

Radlation Protective Agents

Two campounds, Aluminon (ammcnium aurin tricarboxylate) and calcein W (fiuorescein
imino diacetic acid) wers tested for their ability to protect rate irradiated
with 1,000 r X ray. Nc animals survived but death was significantly delsyed in
the treated animale, Further studies with these and similar agents are in

progress,

Experimsnts wers ocnducted to study the enhanced acid phosphatase in mice
injected with forelgn bone marrow. Thers was some indication that alkaline
phosphatase was slevated in mice recelving homologoum bone marrow two weeks
following 950 r X ray. It is planned to attempt confirmetion with histochemical
techniques,

Collulsy Biology

The effect of D20 on viadility of cichlid eggs was examined, While control
eggs developed in five daya, 30 per cent D,0 delayed hatching time 2h hours.
Howsver, five days later DyO-treated egge began to die and all were dsad
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Eggs exposed to SO per cent Do0 did not develop and all were dead by
the Sth day.

The results with eggs are in contrast with earlier observations in
which newly hatched cichlids survived and fed when exposed tc 30 per cent
DZO.

Thymus of white rats approximately three months ¢ld were irradiated with
varicus doses to determine what changes occurred in the thymocyte
population. Preliminary results indicate that the small lymphocytes
decrease in number following exposure, This decrease appears to vary
with dose. At two days after irradiation, several division figures

were observed in the larger reticulum cells,

Plants

The accumulation of 7055 by plants irrigated with Columbia River water

is being eg ined. Preliminary experiments are concerned with the

form of Zn®? in the river. BRaw river water was filtered through 0.3 u
millipore filters and thence through exchange resins. Thirty to 50 per cent
of the Zn was renoved by filtration, 35 to L5 per cent by cation resin and
5 per cent by anion resin., Essentially all of the Zn was removed by the
extraction, Values are quite variable and seem to be related to suspended
material in the water.

The effect of streptomyein con csl37 uptake in barley plants was compared
to chloramphenicol effects. ILike chloramphenicol, streptomycin reduced
Ce accumlation. The reduction caused by chlorampheniceol has been
attributed to its so-called specific action in blocking protein synthesis,
however, the data obtained with streptomycin leads to the suggestion that
the inhibitory effects may be due to an over-all impairment of metabolism,

Plant Ecology

The chlorophyll "A" centent in leaves from common desert shrube of the
Hanford Reservation were compared during late April. Bitterbrush and
sagebrush, poth perennials, contained 52 and 27 mg chlorophyll "A" per
gram wet weight as compared to 18 and 15 grams, respectively, for
hopsage and rabbitbrush, both of which are deciducus. Levels of the
deciducus plants contained an average of 69 per cent moisture as compared
o Ll per cent for the evergreens,

Project Chariot

Strontium analyses on.13 caribou collected in the Alagkan Arctic during
1961 were completed. The average levels found in flesh during 1961
and 1960 were as follow:

UNCLASSIFIED
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No. of animals Avg., pc Sr9oég Max., p031t1ve measure-
Date sampled Wet Wt. otd. Dry Wt. ment pc Sr70/g wet wt,

1960 15 < (0.017 & 0,067 0.022

1961 13 ¢ 0,025 < 0,095 0.017

(These values are comparable to the measurements on three Alaskan
caribou reported by A, R, Schulert in the April 13, 1962 issue of
Science.)

It appears that cesium in flesh of caribou is actually more important
from the radiation hazard aspect than Sr”~, Cesium-137 concentrations
in flesh of caribou killed during 1961 are:

Colleetion site Number of animals Average pc/g wet wt.
Colville River g 9.9
Qgotoruk Creek 12 1.1
Noatak River 22 12.0

The difference of cesium ccntent in earibou from different locations is
probably attributable to ecological facters such as differences in
rainfall and food habits of the animals.

Goose Nesting Survey

Eighty per cent of Canada goose nests within the Hanford Reservaticn
terminated during the month. There were 122 successful nests, which is
26 per cent fewer than observed during 1961, It now appears this will
be thg least productive nesting season cbserved since studied began

in 1953,

Internal Emitter Committee -

The April meeting of the Internal Emitter Committee, postponed because
of the eriticality incident, was rescheduled for May, Dr. R. F. Foster
will be the guest.

Manager
"BICLOGY OPERATION

HA Kornberg:es
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C. Lectures
a. Papers Presented at Scciety Meetings
F. R, Mraz, "Intestinal Absorption of Cal'S and Srf> as Affected by
the Alkaline Earths and pH," Federation Meetings, Atlantic City,
New Jersey, April 16-18, 1962.

W. C. Hanson, "Project Chariot," American Chemical Society, Desert Imn,
Richland, Wash., April 26, 1962.

b, Off-Site and Local Seminars

Y. E. Erdman, "Radiation Damage to Genetic Material," Exchange Seminar,
Washington State University, Pullman, Wash., April 24, 1962,

E. M, Uyeki, "The Regenerating Liver as a Model for Mitosis," Exchange
Seminar, Washington State University, Pullman, Wash., April 3, 1562,

¢. Seminars (Biology)
None
d. Miscellanecus
L. K. Bustad, "Impact of Atomic Energy on Agriéulture Today and Tomorrow,"
Anmual FFA Banquet, Benton-Kicna High School, Benton City, Washington,
April 23, 1962,
D, Publicaticna

a. Documents

Kornberg, H.A. and Staff of the Biology Laboratery. 1962, Biclogy
Research Anmual Report for 1961. HW-72500.

McClellan, R.O., J. R. McKenney, and L. K. Bustad. 1962. Metabolism
and Dosimetry of Cesium-137 in Male Sheep. HW-72511 (February 1962).

b, Open Liberature

Ballou, J.E, 1962, Removal of depcsited plutonium by triethylenetetramine
hexaacetic acid. Nature 193: 1303-~4.

Cline, J.F, 1962, Effeet of nutrient potassium on the uptake of caesium-
137 and potassium and on discrimination factor. Nature 193: 1302~3.

Nakatani, R.E. 1962, A method for force-feeding radicisotopes to
yearling trout. Progressive Fish-Culturist 2L: 56-59.
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTEIY REPORT - APRIL, 196@

ORGANIZATTION AND PERSONNEL

There were no changes in organization or persconnel during the month,

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR QTHER HAPO COMPONENTS

Fuels Preparation Department

The first rough draft of the formel report presenting the empirical models
which relate dimensional distortien during irradiastion to reactsr environ-
ment has been completed., The report 1s being coauthored with FPD personnel.

Preliminary steps have been taken to incorporate additional calculetions
in the MERCY Program. Wwhen coampleted, this routine will permit a rapid
evaluation of measurement performance &t a given measurement station.

The production test proposed to evaluate alternate fabrication routes for
the Alsi process uranium core was redesigned to include an additional route,
gamma extrusion. Alternate designs were proposed depending on whether or
not it proves feasible to cut four bars from the original dingot rather than
three bars &s is normally done.

A previocus study had shown the existence of a segregation pattern along
the uranium ingot for certain impurities and for grain size., Subsequent
to this study, the cores were subjected to the UT-2 tester in order to
determine if similar segregation existing for UT-2 voltages. The result-
ing data were analyzed, and expressions were found relating UT-2 voltages
+o position within the Ingot.

A brief analysis was made of frequency of cracks in overbore fuel elements.
The negative exponential distribution was shown to £it the data., This
arises when the underlying frequency distribution is Poisson with varying
parameter A. Such a situation seems reasonsble in this instance.

A design was proposed for a PWR comparing bond characteristics of ingot
and dingot uranium with and without lead plugs. ‘These will be compared
at various combinations of Alsl and preheat times,

Personnel having the responsibility for development of the hot die sizing
process held an orientation meeting in which the many process variables

ol | -
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were identified. Subsequent to this,-an initial test desigr was formulated.
Preliminary attention will be given the prehesting and press variables.

As requested, A critique is being made of a proposed document reporting on
the effects of certain NPR process variables on the integrity of the
zirconium-heryllium bonding layer.

A document was issued presenting the results of an anslysis of warp data
froam 18 recent NPR extrasions. The document, cosuthored with FPD personnel,
recommended that evolutionary operation be investigated as a means of better
understanding the effects of process variables and hence improving quality.

A study 1s bYeing made of NPR wall thickness data t: determine its behavior
rlong en extrusion.

A preliminary enalysis has been made of ¢lad thickness data from scme 100 NPR
extrusions, This is aimed primarily at comparing vendors.,

Further data have hbeen analyzed from experimerts designed to establish cool-
ing rates for NPR fuel elements after the Beta heat treating. An additicnal
experiment was designed and recommended.

Calibratisn formles were derived relating NPR fuel element clad thickness

as & function of film density. A discussion of the errcr socurces was included
in the resulting report. This enables a determination to be made of whern &
given calibration differs from previcus ones.

Some work was done in connection with the development of a tester designed
to detect uranium contamination in the bonding layer. Counting statistics
are used in this application.

Due tc a combination of circumstances, there are on occasion rather gross
digcrepancies between official forecasts of requirements for a given fuel
element type and actual demands. A study was made to see if such dis-
crepancies could be obJectively anticipated. A model was developed on

the assumption that long range ferecasts should be fairly accurate, and

hence, discrepancies in one direction for previous months should be fcllowed
by discrepancies in the other direction. This model is being tried informally
to investigate its applicability.

Irradiation Processing Department

Evaluaticn'programs for reactor incident data have been written aml debugged.
Although these data are being evaluated primarily for use in constructing
the computer simulation of reactor operatioms, discussions with IPD perscnnel
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have indicated that they would be useful for mansgement control purposes.
For this reason, arrangements have been made to present to interested IPD
personnel a project program report, enalytical information descriptiom,
and data recording system during the first part of May. Meanwhile, other
parts of the study are progreseing.

Uniform corrosion data are being anaiyzed using existing corrosion models
in order to compare them and poseibly derive an empirical model if deemed
necessary. This is important both from a fuel and process tube standpoint.

As reported previously, additional total count date were taken on fuel
elements from the suspect lot which had fuel elements iz it from one canaing
line known t0 have operasted outside of process speclifications for an un-
determined amount of time. These data were analyzed, and a recommendation
was given for disposition of the suspect lot.

Preliminary work was done in investigating the feasibility of using gamms
monitor data, Panellit pressures, and exit water temperatures in a more
ocbjective manner to permit earlier rupture detection. Although statistically
it appears that this can be accomplished, it 1s guestionable whether or not

a worksble system can be developed.

Work continued on the problem of estimating the probability of detecting
defects in welded primery piping for the NPR project. OQurrently, a
mathematical model of defect frequency and size is belng constructed
preparatory to a statistical analysis of data from guided bend tests.

Work continued on the provision of a reliability analysis of various
reactor safety systems employing a "k ocut of n" type of trip logic.

At the request of members of IPD, R and E & talk on a rellability algebra
for four-state safety devices was presented to the group.

Chemical Processing Depertment

(ne of the current problems ip (PD's accountability system is the lack of
good agreement between the measurement by the ratic method of the amount

of plutonium received from IPD and the measurement of the amount of
plutonium nitrate obteained from the primery separation plants. The
possibility of using the isctople dilution method developed by AERE at
Harwell for the measurement of receipts from IPD was suggested. In addition,
the feasibility of using the relationship between plutonlium nitrate con-
centration and specific gravity for verification of measured plutonium
content of primary plamt output was examined by multiple regression analysis
of available dmta.
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The use of weekly measurements of the average plutonium content and part-by-
pert variability has operated guite satisfactorily for control of mi
plutonium content requirement, The use of measurement of plu:t.onium2 C content
of every part by neutron counting for process conirol along with & random
sample for measurement by means of a mess spectrometer of the process average
and part-to-part veriability has not proven entirely adequate. The randam
semple disclosed a significant change in both process average and part vari-
ability that was not detected by the routine control measurement, Further
attention is being given this problem.

Purther work on the statistical risk problem associated with the shipment of
radicactive materiels awaits a response to a request for informstion from the
Interstate Commerce Commission. Correspondence has also been exchanged with
the National Safety Council. '

Additional consultation was given in interpreting extensive work sampling
data collected by CPD perscunel.

Mathematical expressions have been developed which express the self-interaction
coefficients of snnuluseshaped containers with interior radial baffles. Such
containers are used for storing fissile materials, and their self-interaction
coefflcients are important in eriticelity studies.

Document EW-T3467, “A Contour Completion Algorithm"”, has been issued.
Medical treatment injury statistiecs are currently being analyzed to gilve
appropriate confidence limits for parameters occurring in the mathematical
model.

Relations Qperation

Further salary curves were fitted as requested. In addition, help vas glven
in interpreting some of these curves.

Advice was given in compection with appropriate techniques for obtaining
representative samples of plant personnel for survey purposes.

STATISTICAL AND MATHFMATICAL ACTIVITIES WITHIN HLO

2000 Program

Further work wes done on the problem of estimating the parameters in the system
of nonlinear differential equations which express mass transfer dynamics of the
extraction process as a function of column position using orgenic and agueous
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uranium concentration data taken at 17 ports along the column during a single
experimental run, The analog computer 1s being used to obtain preliminary -
guesstimates, which, in turn are the initial values used in the nonlinear
least squares 7090 calculation. Since the analog and digital it metrics
are sligily different a transformation is being developed to map analog
estimates intc digital ones.

The absorpticmeter calibration curves for the backup set of four test cells
vere completed. These calibration functions and cells will be used for
future experiments 1f the original test cells are damaged,

A discussion was held concerning the fitting of reservation water table data
to &n appropriate nonlinear diffusion model. Hopefully, the end product of
the analysis will be a mathemetical expression for the permeability functicn
in the diffusion eguation which can be used to estimate soil permeability
characteristics beneath the reservation.

Thecretical studies to determine the heat transfer properties of a proposed
anmulus~shaped container for high thermael source materials have been cam-
pleted. The model was evaluated for a wide range of its design parameters
on the 7090 computer, and the findings reported.

A formal solution has been obtained to the problem of determining the steady-
state nonviscous fliow pattern of a fluld in & cylindrical tank wnich has

been equipped with an axially located circulating device. A computer program
is being written to© evaluate these flow patterns for a variety of tank
dimension and eirculating devices. The problem was suggested by Engineering
Development, CR and D, as part of their studies on waste concentration methods.

Camputations were made to determine the theoretical particle size and propor-
tionate mix factors necessary to produce maximum density for several experi-
mental models of vibrationally compactified fuel elements. First results
fram the actusl tests were excellent.

3000 Program

As agreed upon with the Menmufacturing Services laboratory in Schenectady,
three 7090 generated magnetic tapes were supplied for the purpose of check-
ing out the prototype Gortor comtrols under development there. Word has been
received that the test serles waes completely satisfactory and supplied valu-
able informstion on reliability, acecuracy, speeds, accelerations and auxiliary
functions.

- L
123459



- 6-F | EF=T3514

LOO0 Program

Irradiation Effects on Structural Materials

Sets of experimental data are being collected to test the appropriateness of
the tentative format for the creep raw data portion of the mechanical properties
raw data file.

Plutonium Fuels Research

A statistical evaluation of plutcnium analyses on eight types of plutonium oxide
pellets was completed. The analyses were performed over a two-year period by
several aralysts using differert pellet sampling techniques. The evaluation
inciuded estimation of the time trends in the data; hias and precision of each
of the pellet sampling techniques, and, in addition, 95 percent confidence
interval estimates of the average plutonium content of each pellet type.

Further work was done on precision and accuracies studies of several methods

of estimating trace boron content. A statistical anslysis is in progress ts
correlgste our analytical laboratsries dasts with Battelle baron content estimates
based or reactivity measurement to determine (1) whether there is a bias between
the two procedures and {2) the relative precisiox of each.

5000 Program

Actinide Flement Research

A FORTEAN program to determine cubic crystal indices from Y-ray Aiffraction
data was tested with five sets of data. An lmproved version using a least

squares fit Sf the lattice constant has been written ard is currently being
debugged. Consideration is also being given to the more complicated mathe-
matical problem of indexing hexagonsl crystals.

Division of Research Programs

A rough draft report was caompleted on the search anddetection problem. Further
work was done with ZERO search and planer plot routine, Work continued on the
general definition of the IRA Mark~II Program file. In this connection, weekly
discussions have been held with EDPO personnel. A statistical analysis of
laboratory blanks and duplicate analyses was completed and the results reported.

The SPET program for the quantitative resclution of a time dependent gamma
energy spectrum was rewritten without the use c¢f matrix calculation subroutires.
The revision uses about 50 percent of the memory required by the matrix language
rrogran., The rough draft of a report, "Fixed Time Estimation of Counting Rates
with Packground Correciions", was almost completed.
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6000 Program

Bioclogy end Medicine

Work continued on fitting & multicompartment model to data from a retention
study on fish. A program must now be written to solve the resultant system
of differential equations.

Analysis of data from a study of discrimination of strontium over calcium
was begun.

Other

Atmospheric Diffusion Studies

Work continued on the fitting of tentative diffusion curves to the APE
data using the nonlinear least squares program. Several discussions were
held concerning the statistics of particle sizing in connection with an
experimental program to estimate the scavenging efficiency of rain drops
as a function of their average diameter. Propagation of error variance
formiles ware supplied for several scavenging efficiency estimators.

Several sets of data were analyzed to determine the relation of excretion
in the urine to time after intake.

A nomograph was constructed for use in evalusting a formulas of the form:

&

8 S
¥y = aoxlal X 2 x3 3/(xhx5 + ay) 2 .

The last two in & series of lectures on probabillity and statistics were
presented to participasnts in the Engineering "A" Course.

N pe Rl

Manager
Operations Research and Synthesis

CA Bennett:dgl

an
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PROGRAMMING OPERATION

APRIL, 1

REACTOR DEVELOPMENT - Ok PROGRAM

PLUTONIUM RECYCLE PROGRAM

Combined Cycles

The combined cycles studiee are planned to show the effects of fuel element
geametry, reactor design, fuel management strategy, and economlic climate on
fuel cycle costs and bred fuel values. These studies invelve a large number
of interrelated nonlinear variables; therefore, it is difficult to asseas the
impact of a given variable in studies of a single specific reactor type. It
becomes necessary to parameterize the variebles choosing values likely to show
both the direct impact of the varisble end the degree of its interaction with
other variables of the study.

Such studies are further complicated by the difficulty of representing the
neutron reaction phenomens in a model suitable for use in computer analyses.

The model originated by C. H. Westcott has gaired wide popularity for use in
survey type codes. Unfortupately, it has limitations identified by Westcott
for use in analyzing reactors having hard neutron spectra. Plutonium isotopes
have high neutron thermal ecross sections and, therefore, tend to harden the
neutron epectrum when used 88 a fuel enrichment even more rapidly than, for
instance, does U-235. The 1 ev resonance of Pu-240 further complicates the

analysis.

MELEAGER, the burn-up code used in the combined cycles study involving ten
fueling schemes summarized in Table I, utilizes the Westcott flux and cross
section model. Oreof the advanteges is that MELEAGER adjusts the cross section
model during the burn-up calculation, A more sophisticated model could
increase the expense of burn-up caleulations to a prohiblitive degree for survey
work 1f the spectrum were similarly adjusted during burn-up.

Preliminary resulte indicate that some of the more interesting combinations of
fuel elements types and reactor parameters involve hard neutron spectra that
change with irradistion. The Westcott mode] ie least walid for hard neutron
spectra. In addition, Phoenix and reduced density fuels appear attractive in
hard neutron spectra and the Zoned Spectrum irradiation begins with a hard
spectra. The MELEAGER data heretofore reported for all three of these concepts
are likely valld but the exact combination of isctopes and neutron spectra
producing the desired result are likely to change with an lmproved neutron
reaction model. For these reasons; the calibration of the Wegtcott model has
asgumed ipportance and urgency.

12345272 | UNCLASSIFTED
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TABLE I

IDENTIFICATICN OF FEED COMPOSTTIONS BY SERIES NUMEER

Plutonium Campositions Used
for Fissile Enrichment

Assigned Pu-239  Pu-240 Pu-241 Pu-2L2
Series No. Fuel Combinations % , %
1,000 U=235 In uranium none
2,000 U=233 in depleted none
uraenium
3,000 Plutonium in depleted T0 18 11 1
uranium
k,000 Plutonium in depleted 95 5
uranium
5,000 Plutonium in depleted 31.3 33.6 25 10.1
uranium
6,000 U-235 in Th-232 none
T, 000 U-233 in Th=232 none
8, 00C Plutoniwm in Th-232 70 18 1 1
9,000 Plutonium in Th=232 g5 5
10,000 Plutonium in Th-232 31.3 33.6 25 10.1

SPECTRWM V (described in EW-T71953) is being used to calibrate the Westcott flux
and cross section model. This work, belng carried out with the assistance of

the Applied Physics group, has indiceted a sizable discrepancy between the
spectral index, as calculated in MELEAGER code, and the spectral index calculated
by SPECTROM V code when enriching with the amount of plutonium typically
assoclated with minimum fuel costs, Of course, the discrepancles are minor if
one uses well-moderated cases with natural enrichment. As indicated, C. H.
Westoott continually cautions resaders to llmit the use of the so-called Westcott
croas section to such cases. Westcott doee not, however, demonstrate the specific
limifations of the croes section and flux spectrum model. The interest in

using MELEAGER code for spectrums scmevhat harder than those for which the
Westcott system was designed is so great that the model must be calibrated and,
if possible, extended to cover this region, It is not enough to kmow that errors
exist; it is necessary to know their magnitude and direction, and, if poseible,
to supply sufficient bias to allow the use of the Westcott model with reasonable
accuracy. In the Westcott system, cross sections are analytically averaged for
each isotope and constants are derived for use in the feollowing equation:

UNCLASSIFIED
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T = 0% (g + r8)
where
G = effective Westcott cross section
To = 2200 meters/second cross section for monoenergetic neutrons

g = a constant, typical of a specific isotope reflecting its
neutren absorption properties in the thermal neutron energy

range

8 = a constant, which primarily reflects the neutron absorption
properties of & specific isotope in the epithermal energy
range

r = a spectral index reflecting the relative amounts of thermal
and epithermal neutrons present with larger r's indicating
& so-called harder neutron spectrum.

The spectral index r becomes especially powerful in thie equation when plutonium
isotopes are analyzed because the plutonium isotopes have rather large "s”
factors.

The Applied Physica group has attempted to calibrate MELEAGFR code agasinst
eritical mass measurements with plutonium and has demonstrated reasonsble
results using the spectral indexes previously derived fram the Multigroup code
(75 groups to 4.2 ev), SPECTRUM V. This code uses a rather elegant slowlngedown
model which has been checked against cadmium ratioe and other spectrum measure-
mente in GA-254lk by Beyster, et al, of General Atomics. The r°s calculated by
MELEAGER code using geometrical SDFV's¥* were much higher as was expected and
gave extremely pessimistic resulis when used to calculate reactivity of plutonium
enriched cases. 7Thus, it appears that the Westcott system of cross sectione
could be used with reasonable results for considerably harder neutron spectra
with an improved spectral index model or formulation.

The MELEAGER formulation for spectral index, r, follows. Most of the terms are
unique to MELEAGER and are obscured further by the limitation of the Fortran
coding system. As a consequence they are defined further:

* SDPV is the volume and flux weighted slowing down power of the moderator
normalized to the fuel.

UNCLASSIFLED
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SIGMA + SKF

SDPV x TNL _ o
= mmw | em

where

i
S5IGMA = Z summed over-all fuel isotopes
o Joie ®

and g is the 2200 meter/second absorption cross sections for moncenergetic
neutrons and y is the nuclei/barn cm, g being the Westcott constant previously
discussed .
’ fuel
SNF = (——-— Z’ and f is the thermal utilization factor
1l-f o
(SNF 15 a means of introducing nonfuel neutron absorption).

SDPY is the volume and flux welghted slowing-down power of the moderator
normelized to the fuel.

TNL = thermal nonleaskage probability

b T,

RTM = ’an
where T, in neutron temperature in K anmd T, is 293 %k (20 C) standard and

- 1
S -E' Go TS
Bum Q
o]

where (J and Y‘are, as before and S is the Westcott parameter unique for each
Tuel isotope.

This formulation was examined with the intent of empirically improving its
applicability to hardened neutron spectra. An exsmination of uncorrected
MELEAGER Spectral indexes (r's) indicate that they are too high for any isotope
present in appreclable concentration, but that they are even higler for isotopes
having large "s" factors such as Pu~-240. An early sttempt to correct for r by
ueing e simple function failed when appreciable quantities of Pu-240Q were present.
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A modified MELEAGER deck suitebly labeled to Indicate that 1t contains unusual
experimental alterations gives spectral indexes that track those frow spectrum
code for single isotopes and mixtures (see Table II) calculated by the following
equations:

SIGMA + SNF
"1  SDPV x TNL _ 1 5
RTM K, Sgum sum
L+ e
which ig operated on by the egquation
r = Tl
1 + kpry

where k, and k, are constants supplied as input to MELEAGER code.

ki is adjusted to give suiteble influence to the eplthermal
absorptions and serves to give self-shielding to this factor
because in the formulation it is multiplied by Sy

then adjusts the degree of self-shlelding applied to all
absorptions.

The spectrsl index formulation in modified MELEAGER has also been tried with
mixtures of plutonium isotopes with varying amounts of boron present with
similarly excellent results.

After additiocnasl checking of the modified MELEAGER formulation and cross
sections they can be used to determine the magnitude of the coanservatlsm of
the standard MELEAGER code with respect to bred fuel values and fuel cycle
costs for the various studiles in progress.

UNCLASSIFIED
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TABLE II

A COMPARISON OF STANDARD AND MODIFIED MELEAGER SPECTRAL INDEXES
WITH SPECTRUM V RESULTS FOR SINGLE ISQTOPES OF VARYING CONCENTRATTIONS

MELFAGER Modified

Concentrations(l) Spectrum r Uncorrected r MELEAGER r(e)
U-235
0.0002 : 0.0736 0,086 0.083
0.0004 0.137 0.1605 0.0148
0.0006 0.191 0.229 0.205
0.0010 0.281 0,356 0.301
0.0015 _ 0.370 0,501 0.396
Pu-239
0.0000% 0.040 0.049 0.04Th
0.00010 0.098 Q.1137 0.106
0.00020 0.191 0.219 0.194
0.00040 0.336 0.3914 0.322
0.00080 0.507 0.5702 - 0.481
Pu-240
0.0004 0.105 0.1487 0.102
0.0010 : 0.265 0.598 0.235
0.0020 0.h53 11.82 0.4191
0.0030 0.566 -e 0.569
0.0040 0.632 - 0.695

gl) Muclei (barn cm of homogenized cell).
2) Using XKy =1 and Ky = 0.5 :

Zoned Fueligg of Plutonium Enriched Reactors

The fuel element fabricating and jacketing cost, FEFJ, for an element that
containg plutonium is higher than for an element that contains only uranium.
This cost, which is called the "delta" FEFJ cost, is approximately independent
of the amount of plutonium in the element over limited ranges. Thus, the total
FEFJ cost of a reactor that is partially enriched with plutonium can be reduced
by concentrating the plutonium into a few elements (&8s opposed to uniform
enrichment in which every element will contain some plutonium). That is, the

12345271 UNCLASSIFIED




UNCLASSIFIED F~7 ' HW=T351h

average FEFJ cost per fuel element can be decreased by "zoning" the reactor
such that some elements contain orly uranium while the others contain a
mixture of plutonium and uranium. This can be expressed as:

FEFJ = FEFJy + V. A\
where:
FEFJ = reactor averaged FEFJ cost per pound of fuel
FEFJ,, = FEFJ cost for fuel elements contalning uranium only

2\ = ndditional FEFJ cost increment for fuel elements that
contain plutonium

Vr = Praction of the fuel elements in the reastor that contain
plutonium.

The plutonium value caleulations reported in HW=-72217 for self-sustaining
plutonium recycle assumed that the product V_ /A was constant throughout the
recycle series. However, if the zoning criterion is unchanged and the amount
of recycle plutonium increases in successive steps, then V_ cannot be constant
and thie is equivalent to forecing A to vary. A more correct formulation was
programmed that calculates V, for each step in the recycle series and uses this
value to determine FEFJ based on input values of FEFJ, and /> . The criteris
used to calculate V. are that the plutonium is mixed with depleted uranium and
the initial fissile enrichment is the same for all of the fuel elements 1in the
. reactor.

Table IXI shows the reactor averaged FEFJ coste using the old and new calcula-
tional methods for the APWR, while Table IV shows the corresponding plutonium
values in each case. It should be noted that the physlcs results were obtained
from MELEAGER-CHATIN which uses the ZS.-V = Constant calculational method.
Reminimizing with the A constant, V. varisble method would make & significant
difference in these results.

The plutonium values shown in the next to the last column in Tsble IV are about
$2/gram lower than the values shown for Case APWR-IV'in EW-72217, because the
incremental charges for fabriceting plutonium-bearing fuel are asbout twice as
bigh in Table IV as for Case APWR-IV. Since the refined values shown In the
last column of Table IV are about $3.00/gm less than the infleted values shown
in the adjecent column, this suggests that the plutonium values shown for

Case APWR-IV in HW-72217 are high by about $1.50 per fiesile gram.
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TABLE 111

FEFJ COSTS FOR THE APWR USING TWO
DIFFERENT FEFJ FORMULATTIONS

Fraction of the Fuel Reactor Average FEFJ, $/Pound Fuel
Step Elements that 1 A = Constant
Number Contain Plutonium AV = constant (1) Vp = Variablel(2
1 0.0 $40.00 $40.00
2 0.142 50,00 50.00
3 0.183 5G¢.00 52.87
L 0.190 50.00 53.36
5 0.200 50.00 54,06
6 0.204 50.00 ' 54,35
T 0.205 50.00 sk k2

(1) Based on FEFJy = $40 per pound fuel and V, A = $10 per pound fuel.
(2) Based on FEFJ = $40 per pound fuel and A\ = $70.32 per pound fuel
( & chosen so that FEFJ in Step 2 will be identical with the

AV, = constant method}.
TABLE IV

PLUTONTUM VALUES AND FUEL COSTS IN THE APWR RESULTING
FROM DIFFERENT FEFJ FORMULATIONS

‘ /A = Constant
Ttem A, = constant{l) ¥, « Variable(?)

Fuel Cost, mills/iwhe 2.58 2.61

Plutonium values in each step,
$/gram (rissile)

1 ———— ———
2 T.60 6.00
3 8.90 6.15
i 9.25 6.45
5 8.h0 5.40
6 7.60 4 .55

(1) and (2) See notes on Teble III.
12345249 UNCLASSIFTED
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Phoenix Fuel: Effect of Specific Power

Phoenix fuels have been studied at various specific power levele {0 determine
the effect of Pu-2il decay and Am~24kl decay on the exposure achievable with a
given fuel composition. At specific powers of sbout 30 watts/cc the exposure
is grestly reduced in comparison to the exposure achievable at powers of 100
and 300 watts/cc. The specific power of central station power plants 1s
generally expressed in megawatts per ton of fuel (MH/T) and for UG, fuel will
often be in the range of 10 to 15 megawatts per ton of uranium. This corresponds
to 110 to 165 watts per em3 for UC> at theoretical density. The equivalent
power in megawatts per ton for fuel with a density of 3 gms Pufcc operated at a
volumetric specific power of 165 vat‘ba/cc would be 50 megawatts per ton of
plutonium,

It has been determined that the reduction in obtainable energy yleld is csused
primarily by the poisoning effect of americium-241 (Am-241). The information
presented here points out the importance of specific power in fuels with high
241 content. The Pu-2l4l content of the fuel is important from reactor control
and econamics standpoints both because some Pu-24l is lost as a thermal reactor
fuel by radiocactive decay and because the Am-24]1 which is formed from Pu-24l
decay is a etrong absorber of thermal neutrons.

An investigation is presently being made to determine the impact on fuel costs
of Am-24]1 formation in Phoenix fuels. It appears that it will be important to
operate plutonium fuels containing a large percentage of Pu-2kl at high specific
power in order to keep the ratic of Pu-24l deceys to Pu-24l fissions ae low as
possible.

The MELEAGER burn-up code was used to find the exposure for three groups of
cages as shown in Table V. The specific power level was varied in each group.

In the first group, both the Am-2kl formation constant and the Pu-241 decay
conastant were set equal to zeroc, These caeses show how burn-up would occur if
Pu-241 did not decay and if Am-241l was not formed.

In the second group, Am-24k1l was allowed to form as 1f Pu-241 were decaying at
the normal rate. However, the code was operated in a manner such that there
was no loes of Pu~-24) concentration by decay. The results of these cases
shows the effect on exposure of the Am~24l formation.

In the third group of cases the formation constant for Am-2Lkl was equal to the
decay constant for Pu-2il and both events (decay of Pu-24l, formation of Am-2i4l1)
were allowed to occur.
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Table V lists the exposures obtained for the three sets of conditions mentioned,
In computations for Table V the initial plutonium composition was: 62 percent
Pu-239, 20 percent Pu-240, 15 percent Pu-241, and 3 percent Pu-242; the fuel
density was 3-gram plutonium/cc; the neutron flux energy spectrum was quite hard.
The specific power is listed both in megawatis thermal per ton of fuel and in
watts per cubic centimeter. The exposure is listed in corresponding units.

The time involved in burn-up for each case is given both in days and yesrs in
Columns 6 and 7, respectively. It should be noted that there is a maximum
cbtainable lifetime due to Am-2h1 formation. Sufficilent work bas not been done
to determine at just what specific power thig maximm life would be at thiszs fuel
density but it appears to occur somewhere near 100 MW/ton. The limit in terms
of years will be different for Phoenix fuels developed in hard spectra and in
soft spectra.

At low specific power, a significant amount of Pu-24l {13-year half-life) decays
by, 8 = to Am-241 (470 year half-life). The 2200 m/s neutron absorption cross
section of Am-241 is -~ 585 barns. Several low-lying rescnances (0.3, 0.6, 1.3 ev)
of Am-241 are greater than 3000 barns and other resonances exist at higher energies
in the epithermal range. Thus, it is & very strong absorber, especially in hard
spectrum reactors. The 2200 m/s caepture cross section 1s variously listed
between 600~T00 barns while the 2200 m/s fission cross section is cnly about

3.2 barns. The cross sectione employed in the MELEAGER burn-up code make use of
the Westcott effective cross section notation C? = TJ% (g + rs) where the g and s
factors reflect the thermal end epithermal absorptions, respectively, and r is

the spectral index. '

The effective Westcott Am-241 cross section in a Phoenix fuel varies typically
from > 3000 barns &t start up to ~~ 1400 barns at the end of durn-up.

An-241 forms the Am~242 isomer with s 16-hour halflife with a preferential ratio
of 14 to 1 over that of the ~/ 100~year halflife Am-242 isomer. Although both
242 ipomers have large fisslon cross sections, 1t would be necessary to expose
the 16-hour halflife Am-242 isomer to & high flux level in order to fission it
before & ~ decay and formation of (m-242 occurs. From available information,
Cm=-242 hes an ~ B0-barn thermal neutron absorption cross section and no
fission cross section. Thus, the net effect of Am-24] 1s to act as a strong
poison, ite daughters and decay products contributing very little to the
fisslons in thermal spectrum reactors.
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TABLE V

TABLE TO ILLUSTRATE THE IMPACT OF AM-241 FORMATION ON EXPOSURE
IN PLUTONIUM FUELS WITE HIGH 241 CONCERTRATION

No Pu-24l Decay and No fm-241 Formation

Pover osure _ Fuel Life
MW/Ton w/ce MWD/ T MWD/ cc Days Years
10 33 650, 000 2,150,000 65, 000 178.1
30 100 650,000 2,150,000 21,700 59.5
100 330 650,000 2,150,000 6,500 17.8
300 1,000 650, 000 2,150,000 2,160 5.9
Very high 650, 000 2,150,000 Very short life

Am-241 Formation Only (No 241 Decay)

10 33 19,000 63,000 1,900 5.2
30 100 93,000 307,000 3,100 8.5
100 330 620,000 2,050,000 6,200 17.0

With Pu-241 Decay and With Am-241 Formation

10 33 17,000 - 56, 000 1,700 4,7
30 100 Tk, 000 245,000 2,470 6.8
100 330 510,000 1,630,000 5,100 14.0
200 660 <650,000 < 2,150,000 < 3,250 < 8.9
300 1,000 <650,000 «2,150,000 < 2,160 <5.9
Very high 650,000 2,150, 000 Very short life

Tdealized U-235

The rough draft of a report titled Uranium Price Schedules and Bred Fuel Values,
EW-T2219, has been prepared. The prime objective of this report is to demonstrate
the theoretical basis for pricing bred fuels in proportion to the cost of fully-
enriched uranium from the diffusion cascade. The cost of burning uranium is
highly dependent upon the enrichment and the burn-up fraction, but it is not
obviocus that the value of dbred fuel in an equivalent situation will be independent
of these factors. This report demonstrates thet if the bred fuel has different
chemical properties but the same nuclear properties as U-235 (i.e., an "ideal"
U-235), its value would be practically equal to the cost of fully-enriched
uranium regardless of the burn-up situation.
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Code Development

A routine to extrapolate the fuel cost component curves ln QUICK-MINIMIZER was
written and is debugged. The expression for the extrapolated curve has the form:

Y (X)) =4 {J. - exp [- B(X=Xo)}} + ¥(X,)

Thie expression was formulated to match the polynomial fit generated by MINIMIZER
at the "cutoff" enrichment X,. The arbitrary constants A and B in this expression
are determined by specifying thet the derivative and the second derivative of

the extrapolated curve will match those of the polynomial at-X = X,.

When the derivative and the second derivative of the polynomlal have the same
sign st X, the argument of the exponentlial will be positive. In this case the
extrapolation will not damp out but will increase or decrease wihout limit.
The increasing exponentisl is physlcally realistic but as the fuel cost cannot
decrease without limit this expression will be replaced by a linear junction
that will match the value of the polynomisal and its derivative at X,.

An exponential function of the same form will he used in PROTEUS to help fit
the isotopic compositions of longlived fuels. The arbitrary constants will he
determined by matching the actual data points at the ends and inm the center
of the range of imterest.

Improved date have been prepared for use in testing MINIMIZER subroutine for
QICK fuel costs from GRADED APWR fuel systems in sddition to BATCH fueling.

New MINIMIZER tests have been devised and are being run to replace dats prepared
in December, 1961. These include illustrations which will show the effectiveness
of MINIMIZER subroutine in Interpolating and extrapolating data from both batch
and graded fuel systems,

Two sets of identical cases were processed through QUICK, one from MELEAGER
data cards, the other from MELEAGER cards run through PROTEUS. The cases
compared favorably. Pretreated cases resulted in an average of two percent
lower fuel costs from QUICK. Another set of ceses is to be processed for a
firmer checkout.

A DATAMAKER program has been written and is being debugged. Thies program will
generate date cards for CEAIN and should reduce the amount of work and time
required for making up CHAIN decks by a significant factor.
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OTHER ACTIVITIES

Redionuclide Heat Sources

When all of the possible radionuclides which may bave potential for use as heat
gsources are examined from the standpoint of a few practical eriteria the list

shrinks to & total of only six isotopes. These are: strontium~90, cesium-137,
promethium-147, plutonium~238, apd urenjum-232 (and its daughter, thorium-228).

The criteriz for screening or selection which reducea the list to this small
number include the following:

1. Haif=life in the range of 1 to 100 years.
2. Heat output totalling more than 0.l watt per gram of the pure isotope.

3. If the heat source is & fission product, the fission yileld shell de
greater than 0.1 percent.

4. The isotope as delivered for heat source preparatlon shall not cost
more than $2000/initial watt vhen manufactured on more than a
prototype scale. (This allows Pu-238 but excludes tritium.)

5. Candidetes must not require processes lnvolving lsotople sebaration
for either target or product material.

6. Sufficient dats must be at hand to define a realistic and near
future production process. (This excludes materiels produced only
in accelerators and certein fast reactors.)

7. The product must not involve the use of extremely rare elements such
as radium-226, americium-243;, or lead-210.

8, Inert gases are unsuitable (Kr-85).

9. When produced by steps of neutron irradistion and chemical processing
no more than two steps of each may be required.

10. The thermal neutron cross section of the target shall mol be less
than two barns.

11. The thermal neutron cross section of the product must not exceed
1500 barns.

UNCLASSIF1ED
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Although Sr-90, Cs-137, and Pu-238 have already been selected for a mumber of
heat source applications, this study points up that Pm~147 should be receiving
additional emphasis. Although it has a helf-life of 2.6 years, which 1s much
shorter than four of the others, it is the only one competitive with Pu-238

in that with aged material (to let Pm-148 decay out) its gamma energy {from
bremstrahlung) i sufficlently low to meke it poseible to avoid the specisal
heavy shlelding problems associsted with all of the other four isotopes. In
addition the study continues to support the position of U-232 and Th~-228 as

outstanding heat sources.

Maneger,
Programming

WK Woods: jm
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF APRIL 1962

A. ORGANIZATTON AND PERSONNEL

Transfers within the Secticn during the month inclwled R. W. Simmons
transferring to Envircnmentsl Studies and Evaluation from Radiation Monitor-
ing, and R. J. Beaver transferring to Radiation Monitoring from Envirommental
Studies and Evaluation, both effective April 2. Roberta K. Lattin was trans-
ferred from Contract and Accounting to External Dosimetry effective April 16.
Alvin J. Stevens was reactivated effective April 30.

B. ACTIVITIES

Occupational Exposure Experience

On April 7 about 11:00 a.m., a nuclear excursion occurred in the K-9 vessel
of the Solvent Extraction hood in the Recuplex Pfacility at the 234-5 Building.
At the time of the event, there :re 22 employees in the building including
four persons in the Recuplex arewz. Automstic sctivation of the criticality
alarm system alerted all persons in the bullding of the event. Evacuation was
rrompt and effective. '

Surveys of all perscns who were in Z-plant were made at the 200-W First
Aid Station shortly after the evacuation. No personnel were found to be con-
taminated. On the basis of surveys made for neutron activation of NaZ3 in the
body and statements made by the involved employees, four employees were trans-
Terred to the Kadlec Hospital for further tests and observations.

All of the 24 employees in the Z-plant facility were wearing their film
badge dosimeters as prescribed. Analysis of these dosimeters, analysis of
bleod samples, and examinstions in the Whole Body Counter provided early pre-
liminary estimates of the radistion doses recelved. For the four men in the
room where the excursion cccurred, their preliminary dose estimates were known
four hours after the excursion. For the other 20 persons in the Z-plant
facility, thelr doses were known six hours after the event. The four men who
were in the room where the excursion occurred received radiation doses of
about 110 rems, 43 rems, 19 rems, and 1.4 rems, respectively. All other per-
sons in the Z-plant facility received a dose of < 1 rem due to the excursion
except for one employee who was in & nearby office and received 1.7 rems.

The Hanford Laboratories home phone crash alarm system was activated
shortly after the incident. Within one hour after the excursion, initial
starffing of the Emergency Control Center and emergency supporting Labora-
tories' facilities was ccompleted. A major portion of the Laboratories' staff
in radiation protectlon, nuclear physics, amd analytical laboratories functions
was agsigned to duties in support of the stabilization of the Recuplex facility

UNCTASSIFIED
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during April. Throughout the recovery periocd, normal Hanford rediation pro-
tection control limits were in force. The Manager, Radiation Protection,
served on the Recuplex Advisory Council during the recovery period after the
incident.

Three minor cases of plutonium deposition, each less than cne percent of
the maximum permissible body burden, were confirmed by bicassay analyses dur-
ing the month. The total mumber of plutonium deposition cases that have
occurred at Hanford is 288, of which 208 are currently employed.

PRTR personnel were exposed to dosage rates of 1.1 rems/hour, including
1 r/hour, while checking for leaks in A cell while the reactor was operating
at 3 Mw. The high-level air alarm on the mein exhaust duct in PRTR was
activated when the moderator storage tsnk 1id was removed, causing an emis-
sicn of radioactive gas. Following repositioning of flux monitoring channels,
personnel were bicassayed and the maximum result was 10.9 pe 'I‘/lo A small
particle of irradiated zircalloy, which was found in the storage basin ares,
showed a dose rate of 26 rads/hour at one inch. The meximm dose rate mea-
sured during charge-discharge operations was 1.7 r/hour at a distance of 15
feet from a fuel element. This measurement is approximately twice that pre-
vicusly obtained and is probably caused by the element being removed from
the reactor before sufficient radicactive decay. A primary system ion
exchanger was replaced in dose rates to 250 mr/houru Dose rates of 30 and
40 r/hour were noted near the remalning lon exchangers. Twenty employees
received doses in excess of 25 mrem from internally depesited tritium. The
maximum accrued dose was 460 mrem in a 30-day period.

Extensive decontamination of A cell in the High-Level Radiochemistry
Facility was completed without incident. The average radistion background
hes been reduced from an original TCO rads/hour to approximately 10 mrads/
hour. The maximum estimated exposure to persommel involved in the decon-
tamination during the past two months was less than 1 rem. Bloassay ard
Whole Body Counter deta confirm no indication of internally deposited fission
products to persomnnel involved in this work.

Skin contamination to 60,000 c/m with nasal contamination to 4Q,000 c/m
was detected on exit surveys of three employees who had been working with the
ball 3X hoppers on the top of the 105-KW reactor. A similar occurrence was
reported on another shift the same day for two employees doing identical
work. Exsmination at the Whole Body Counter indicated the presence of 1131,
Subsequent thyroid counts showed iodine deposition for four of the men that
represented from about one percent to twelve percent of the permissible body
burden, extrapolated to the day of the incident and with the thyroid the
organ of reference. Thyrold checks of seven other 105-KW employees showed
no significant 113l deposition. No explanation for the presence of the
icdine was determined.

UNCIASSIFIED
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A report was recelved from radistion monitoring at 100-F Area that an
IFD power operator had recelved 1131 at Virginia Mason Hosplital in Seattle.
The report indicated that a CP dose rate measurement at the employee's neck
showed about 90 mr/hcur. Evaluation of the employee's film dosimeter for
the h4-week period showed a dose of 1 r gamma. The employee's normal work
assignment does not require entry into radiation zones. The necessary docu-
mentation to determine his occupational dose for the period was 1nitiated.

A CPD pipefitter received plutonium skin contamination to 106,000 d/m
on his forearms while working in the 233-5 facility, Redox Operation.
Although the employee was wearing surgeon's gloves taped to his overalls,
the contamination was apparently transferred to the coverall sleeves and
then tc the forearms. The skin condition was reported as good after about
two hours of decontaminetion efforts to remove the contamination. Special
urine samples were requested for biocassay analysis.

Environmental Experlence

Iodine-131 emitted from the Purex stack during the period April 2 to
April 12 totaled about U4i curies. The high emission is believed to have
resulted from dissolving "green" metal. Varying wind speeds and directions
combined with the vagrant charmcteristic of I13l clouds dispersed the con-
tamination so that none was detected on vegetation except in the immediate
vicinity of the 200 East Area. A maximum level in milk of about TO puc/
liter was found in the Ringold area.

Average fallout concentrations at varlous localities in the Pacific
Northwest ranged from 2.4 to 13 puc/m3 during the month of April. Sporadic
increases noted during the first week of Aprll appeared to be the first evi-
dence of the spring peaks expected from the USSR testing last fall.

Control of air-borne contaminants at the Hot Semiworks continued tc be
troublesome. Emissions of about 5 millicuries (undetermined beta-emitters
estimated to be about half Sr90) occurred on April 23 and April 27. No
envirommental contamlnation of significance resulted.

A total of 122 fish was taken from sampling lcocations on the Columbia
River at Priest Rapids, Hanford, Ringold, Richland, Burbank, end McNary
Dam. One hundred and thirty-five tissue samples from these fish were sub-
mitted to the laboratory for radiochemical analysis.

Ninety-eight produce samples were obtained for radiochemlcal analysis.
These include mllk from the Ringold, Riverview, Benton City, Mesa, and
Eltopla areas ae well as composite samples obtained from the Twin City
Creamery. Milk samples totaled 103 gellons. Four pounds of Willape Bay
oysters, two pounds of ground round steak, four pounds of rhubarb, fourteen
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pounds of asparagus, sixteen pounds of pasture grass, and fifty-one sets of
beef thyroid glands were alsc obtained.

One flight wes made over the project and sdjlacent areas for background
data. Two other flights were made in connection with the Recuplex incident.

The output of P32 in reactor effluent remains steady but the quantities

of AsTO and Np239 continued to decline. A normal seasonal increase was
cbserved in the quantity of Mn5® and Ne24.

Studies and I@Provements

Electronic equimpment for measuring the dbuildup of particulaete activity
on the filter sample collected at the Hot Semiworks process stack was
installed during the month. Operation to date has been satisfactory.

ALl equipment has been instailed at the 306 Building to sample radio-
active contamination that may escape t¢ the atmosphere from the portions of
the thorium processing cycle.

Arrangements were completed with the USPHS to obtain samples of Columbia
River water at Vancouver and ship them to Hanford. This cooperaticn between
the two organizations saves dispatching a man to Portland every other week
to obtain the sample.

General assistance was rendered to Security Operation to expedite the
fabrication of the new security credentials. A photo blanking die was
designed and an arbor press to hold the die was received. A work order for
90 storage racks capable of holding 18,000 film badge dosimeters was placed
after the prototype was found acceptable. The 0ld racks cannot be modified
to accommodate the new badge dosimeters.

The automatic densitometer was moved into the soundproof booth in the
3705 Building. The modifications to the densitometer have essentially been
completed. Doses tc 1,000 mr from radium-gamms radistion can now be read
on the densitometer without switching scales. The electric relays were
installed on the power line leading to the densitometer that will auto-
matically disconnect the densitameter when there is a power fallure or large
line fluctuations.

The menufacturer's pre-production Scintran was compared with the proto-
type. The workmanship and general appearance of the pre-production model
was satisfactory. The geometry of the manufacturer's probe was better than
the prototype. Nucleonic Instrumentation is evaluating the components and
cireuit,

UNCLASSIFIED
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C. VISITORS

Visitors consulting with members of the Radiation Protection staff dur-
ing the month included:

A. M. Menoux - French Atomic Energy, Saclay
A. Barbreau -~ French Atomic Energy, PFontenay-sux-Roses

Dr. C. A. Paulsen - Consulting Endocrinologist, School of Medicine,
University of Washington

Dr. C. ¢. Lushbaugh - Pathologist, Los Alamos Scientific Laboratory
Dr. G. A. Andrews - Oak Ridge Institute of Nuclear Studles

Stig 0. W. Bergstrom - Atomic Energy Commission; Studsvik, Tystbergs,
: Sweden

D. RELATIONS

A total of sixteen members of the Radiological Emergency Staff toured
the Civil Defense Emergency Relocation Center located on Rattlesnake Moun-
tain.

A safety and housekeeping inspection of all 300 Area Radiation Monitor-
ing facilities revealed good general safety atmosphere with no significant
infractions or deficiencies. Minor improvements suggested dwing the
inspection were corrected promptly.

Radiation Monitoring personnel assigned to FRTR are attending formel
classes covering the operational, safety, and radiological aspects of the
Cas Loop. Tours were conducted through the Critical Facility for groups
of 300 Area monitors. Two radiation orientations, one radiation refresher
training course, and one lecture on emergency monitoring were provided to
H1LO and CE&UC customer components.

A total of eighteen persons attended the Disaster Level Monitoring
training course before these sessions were discontinued as & result of the
incident at Recuplex. This training program will be resumed at s later
date.

E. BSIGNIFICANT REPORTS

HW-T72691-3 -"Summary of Radiclogical Data for the Month of Merch 1962" by
R. F. Foster.

UNCILASSIFIED

1234340



UNCIASSIFIED G-6 HW-T3514 -

HW-T3341 - 'Calibration of Staplex Portable Air Samplers With an Anemometer"
by L. F. Kocher.

HW-T3538 - "Monthly Report - April 1962, Radiation Monitoring Operation” by
A. J. Stevens. '

UNCLASSIFIED
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORIS

External Exposure Above Permissible Limits April 1962 to Date
¥Whole Body Penetrating 3 3
Whole Body Skin 3 3
Extremity z 2

Hanford Pocket Dosimeters
Dosimeters Processed 5,532 13,368
Paired Results - 100-280 mr 1 22
Paired Results - Over 280 mr 0 3
Lost Results 0 0

Hanford Beta-Gamma Film Badge Dosimeters
Film Processed 10,097 38,249
Results - 100-300 mrads 193 1,369
Regults - 300-500 mrads 17 1h2
Results - COver 500 wmrads : 8 59
Lost Results - 18 100
Average Dose Per Film Packet - mrad (ow) 12.97 10.72

- mr (s) 29.65 27.97

Henford Neutron Film Badge Dosimeters

Slow Neutron
Film Processed 2,362 5,926
Results - 50-100 mrem 3 i
Results - 100-300 mrem 1l 2
. Results - Over 300 mrem 0 ¢
Iost Results 5 8

Fast Neutron
Film Processed T2k 1,650
Results - 50-100 mrem 109 250
Results - 100-300 mrem 154 325
Results - Over 300 mrem 2 3
Lost Results 0 10

#Hand Checks
Checks Taken - Alpha 52,650 132,103
- Beta-Gamma 65,506 209, 335
*Skin Contamfnation )

Plutonium HE S T1
Fission Products 56 181
Uranium 3 11
Tritium 0 0

#Ineludes two reporting pericds from CFD.

UNCILASSIFIED
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Whole Body Counter Male Female April 1962 to Dete
GE Employees
Routine 3 0 3 65
Special 77 L 81 119
Terminal 5 o] 5 b7
Kon-Routine 2k 3 27 110
Non-Employees 1 0 1 T
Pre-Enmployment _0 o _0 -3
110 T 117 351
Bioassgz
Confirmed Plutonium Deposition Cases 3 5%
Plutonium - Samples Assayed 322 1,757
- Results above 2.2 x 10-8 uc/sample 21 T
Fission Product - Samples Assayed 536 2,418
- Results above 3.1 x 1075 pe/sample O 1%
Uranium - Samples Assayed 169 768
Biclogical -~ Samples Assayed 0 172
Strontium - Samples Assayed 50 299
Uranium Analyses Following Pericd
Following Exposure of No Expgsure
Units of 1077 e U/ec Units of 10°7 pe Ufcc
Number Kumber
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preperation 5.3 2.5 55 3.0 1.9
Fuels Preperation** O O O 0 0 0
Hanford Iaboratories 11.2 5.0 18 11.8 k.1 18
Hanford Laboratories®* o] 0 0 0 0 0
Chemical Processing 0 o 0 O o 0
Chemical Processing*#* 0 0 0 0 0 0
Special Incidents 0 0 a 0 0 0
Random 2 1.7 32 0 0 o]
Tritium Samples Maximum Count Total
Urine Samples
> 5.0 pe/l 61.6 ‘ 112
< 1.0 pe/1 . 30
Samples Assayed 215
D20 Samples
Moderator 628.4 pc/ml 8
Primary Coolant 116.8 uc/ml 8
Reflector 408.3 pe/ml 8
2k
- Other Water Samples
¥o. 5489 Drum 107.6 uc/ml - 178
- BT

*The total number of plutonium deposition cases which have occurred at Han-
ford is now 288, of which 208 are currently employed.
**Samples taken prior to and after a specific job during work week.

UNCLASSIFIED
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Calibrations

Portable Instruments
CP Meter
Juno
GM
Other
Audits

Personnel Meters

Badge Film
Penclls
Other

Miscellaneous Special Services
Total Number of Calibrations

AR Keene:1ljw

123654

HW-T3514

Number of Units Callbrated

April 1862 tc Date
923 4,012
248 1,080
52k 2,218
192 8ok
110 L17

1,997 8,531

2,668 7,024

T’BEO 12,370
T49 1, gg

11,307 21,557

1,769 4,699

15,073 34,817

nager

RADIATICN PROTECTICN
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FIRANCE AND ADMINISTRATION

ACCOUNTING

Cost Accounting

A reviged submission of the Budget for FY 1964 and Revision of Budget for
FY 1963 is being prepared. Research and development proposals previously
submitted to HOO-AEC are being changed to agree with totals developed at
a IRD budget reviev In Washington onm April 13, 1962. Data submitted to
Contract Accounting as a part of the HAPO budget will also be revised to
reflect the new amounts.

HAPO requirements for irradiatlon unit services from IQ0-AEC for the remeinder
of FY 1962 and for FY 1963 end FY 1964 were estimated and submitted to

HOO-AEC for ineclusion in the Budget for FY 1964 and Revision of Budget for

FY 1963.

FY 1962 Financial Plan changes received by HOO-AEC in April and pertinent
to Hanford Laboratory programs are as follows:

1l. The 02 Program suthorization for irradiation unit services
was increased by $400,000 to e new total of $691,000 to,
provide adequate funding for the fiscal year.

2. The O4 Program was increased in total by $38,000, exclusive
of irradiation unit services, comprising severel individual
program changes. Clarificatiorn from Washington-AEC is still
being sought concerning the control peints established for
regearch and development and capital equipment in the Reactor
and FMuels Materials Program.

3. The 06 Program was reduced by $50,000 to reflect the voluntary
transfer of funds to another site at the Request of Weshington-
ABC. Although not reflected in the Financial Plan, the Division
of Biology and Medicine has approved the diversion of $46,000
from research and development to capitel equipment as requested
by Banford Laboratories.

An additional authorization of $84,000 was received from UCLRL in connection
with Project Whitney. Total authorization for FY 1962 1s now $654,000
including $25,000 for capital equipment procurement.

One special request account covering consultetion by K. R. Merckx with APED

con mechanical design and performance of miclear fuel wag established during
the month and assigned code .4P.

UNCLASSIFIED
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A new "Hi-Spot" cost-budget status report was introduced in April. Its
function is provision of deteils of reseerch and development costs and
personnel assigmments tc sub-section managers several days in advance of
regular operatling cost report issuance. This report will be employed
during periods of the fiscal year when cost control and financial plan-
ning warrant. Three monthly reports, "Detail of Research and Development
for Product Departments,” “"Detail of Hanford Laboratories' Research and
Development Costs” and "Summary of Process Technology Costs” were issued
by EDP equipment for the first time in April covering March costs.

Cumulative costs through April 29, 1962 in connection with the 200-W
eriticality incident total $15,729. This amount covere technical assist-
ance provided by Hanford Laboratorles but excludes sdministrative personnel
and Radiation Protection services. It alsc excludes work orders issued to
HLO components {such as Technical Shops) for specific fabrications or
aralyses.

General Accounting

While the total mumber of trips fiscal year-to-date by Hanford Leboratories
personnel is running slightly behind the total at the end of April last year,
total costs are hlgher as shown below:

{Amounts in thousands) FY to Date
1961 1962

Attendance at Meetings $ 30.0 $ 25.6

All Other 223.8 243.3

5222“8_ $268.9

Following is a summary of the status of letters or agreements covering
gpecific actions requiring AEC concurrence: .

No. Title Status

AT-221 Seattle Wbrid's Fair ~ Library Exhibit Approved April 13, 1962

AT-223 University of Washington Primate In process
Research Center - Executive
Committee
AT-228 Processing of Film Demonstrating the AEC returning with
Algl Canning Process suggested alternative
AT-237 Summer Institute in Nuclear Energy AEC holding

for Engineering Faculty

UNCLASSIFIED
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During the month $133,670 of equipment was transferred to classified plant
accounts from Equipment Work in Progress asnd $29,921 from Construction
Work in Progress.

A report of results was issued for the physical inventory of movable cata-
logued equipment in the custody of Chemical Research and Development
Operation. Two thousand five hundred and thirty-one (2,531) items valued
at $2,204,175 were physically counted. Six items valued at $2,261 were
missing and 32 items valued at $11,376 not previocusly recorded in property
records were inventoried. These statistics compare to elght missing items
and 37 pickup items in FY 1960 inventory. Analysis of the inventory
results indicates that property control within CR&DO has improved as illus-
trated by the fmct that three of the four sub-sections had no missing
equipment and custodians appeared to be better informed as to the location
of equipment.

Reconciliation of the inventory of Other Special Materials for the gquarter
ending March 31, 1962 is complete, and results will be reported in May
1962. A follow-up on recommendations and findings of the previous quar-
terly lnventory is being mede for inclusion in this report.

HLO material investment at April 1, 1962 totaled $26.2 million as detailed
below:

Spare Parts $ 36k
8S Material 24k 659
Reactor and Cther Special Materials 1 lg&

(Amounts in thousands)
$26 217

Heavy water losses chargeable to operating cost for the month of April
amounted to $21,459 comprised of PRTR Heavy Water BPID loss of $18,794
and scrap generated during April valued at $2,665.

The value of heavy water scrap accumlations at April 30, 1962 is

$275,064 (22,309.78 1bs.). Approval has been obtained from Savannah River
Operation to ship 36 drums valued at $112,553. It is estimated that total
scrap returns in FY 1962 will be $210,000.

Eighty-two items valued at $79,859 were received at the laboratory Equipment
and Material Pool during the month of April. This included one furnace
valued at $47,369. Nineteen items velued at $11,949 were loaned or trans-
ferred in lieu of placement of requisitions, 37 items valued at $19,436
were withdrawn by custodians, 82 items valued at $30,63L were excessed in
connection with a review of items held in the storage pool for a pericd
exceeding 24 months with no activity. There are currently 851 items valued’
at $545,537 physically located in the storage pool.

UNCLASSIFIED
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Materials on band at the Laboratory Pool at month end consisted of the
following:

Beryllium 1 035 gms. $ 592
Gold 2 515 gnms. 3 374
Palladium 2 178 gms. : 2 483
Platinum b 242 gms. 12 386
Silver 6 633 gms. ' 463
Zirconium 19 054.6 1lbs. 309 590
All other materisl held for the convenience
of others 328 888
Total materials §E6§ 125

We were advised by Contract and Accounting Operation that Yttrium has been
reclaesified from a Reactor Material to & General Supply item. Contract

and Accounting hae been requested to obtain a ruling as to whether Yttrium
received from Lockland at no cost must be turned over to Stores Operation.

Progress of unitization action on projects 1s described below:

Completed
CAE-021 Geologicel and Hydrological Wells - FY 1961
CAH-G14 Rattlesnake Springs Radicecology Facility

Rear C.ompletion
AEC-167 Plutonium Recycle Test Reactor
CAH-902 Uranium Scrap Burning Facility

In Progress
GAH:% Biology leboratory Improvement - 108-F Building
CAH-901 Structural Materials Irradiation Test Equipment - ETR

New Money Authorized HLO
GAH:EQ£ Pressurized Ges Cooled Loop Facility $35 0O

Physicel Completion Notlices Issued
CGH-B42 Critical Facility
*CAH-888 BRlology laboratory Improvements
CAH-866 Stress-Rupture Testing Facility
CAE-902 Uranium Scrap Burning Facillty
CAH-914 Rattlesnake Springs Radioecclogy Facility
CAH-919 Air Conditioning - 314 Building
CAH-921 Geological & Hydrological Wells - FY 1961
WCAH-92L  200-KW Induction Heating System - 306 Building
AEC-167 FPlutonium Recycle Test Reactor

UNRCLASSIFIED
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Physical Completion Notices Issued (Continued)

*Physical Completion Notice for AEM Services has not been issued
by GE. HOOQ-AEC Physical Completion Notice contains an accrual
for $60,500, the amount authorized Generasl Electric by work
authority.

#*AFM Services only.

Construction Completion and Cost Closing Statements Issued
CAH~Ql4 Rattlesnake Springs Radloecology Facility
CAB-921 Geological and Hydrological Wells - FY 1961

The following contracts were processed during the month:
CA-340 Rutherford Aris
CA-326 M. E. Ensminger
DIR-147  Battelle Memorial Institute
CA-331 William M. Dickson
SA-167 Supplement - Turco Products, Inc.
New and revised OPCGs lssued are shown below:

QPG No. Rew Revised Title

1.4 X Reporting of Accidents or Special
Incidents

X Banford Laboratories Organization

Finance & Administration Orgenization

Assistance to Families of Deceased

Employees

Qvertime

Strike Misconduct

Inquiries Relative o Bmployees

Reactivation of' Employees

Fert-time and Temporary Employees

Transfers and Promotions

Procurement of Emwployees

Removal from Payroll

X Publication of Technical Articles

or Books

Monthly Attendance Report

Conflicts of Interest

Security Fducation Program

Infractions of Security Regulations
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OPG No. Kew Revisged Title
7.7 X Procurement of Classifled Services
or Materials
T.11 X Control of Code Designations
T.13 b4 Authorizaetion and Control of Visite
. and Visitors
7.16 x “.assified Document Removals and
Contrel of Contrabend
T.17 X Movement of Classified and Radio-

active Material

Personnel Accounting

Conflict of interest acknowledgments were received from 94 per cent of all
exempt employees. Supervision has been requested to obtain scknowledgments

from the remaining six per cent.

Following are the payroll statistics for the month of April 1962:

Kumber of HLO Employees
Changes During Month

Fmployees on payroll at begimning of month
Additions and Transfers In
Removals and Transfers Out

Ernployees on payroll at end of month

Overtime Payments During Month

Exempt
Nonexempt

Total

Gross Payroll Paid During Month

Exempt
Nonexempt, .

Total

1234550

Total Exempt Nonexempt

1 437
11
16
1 b32
April
$ 5 443
25 6u1
§§1 084

$ 622 613
426 457

$1 oko 70

688

3
b
&1

769

Z

March

$ 3 367
20 842

£21+ 209

$ 629 995
200 ash

$1 130 879
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Participation in Employee Benefit April March
Plans at Month End Number  Per Cent Number  Per Cent
Pension 1 292 99.4 1 289 99.5
Insurance Plan-Personal 361 361
-Dependent 1062 99.8 1 067 99.8
U.S. Savings Bonds
Stock Bomus Plan 8g 38.9 88 38.9
Savings Plan h 5.2 75 5.2
Savings and Security Plan 1 079 89.7 1 079 89.3
Good Neighbor Fund 96k 67.3 96 67.4
Insurance Clasims
Employee Benefits Number Amount Number Amount
Life Insurance -0- $ -0- -0~ $ -0-
Weekly Sickness and Accident 10 873 15 1 033
Comprehensive Medicel 57 L 287 73 5 096
Dependent Benefits |
Comprehensive Medical 128 10 023 141 11 939
Total ' 195 15 18 229 $18 068

TECHNICAL ADMINISTRATION

Employee Relaticns

Fourteen non-exempt employment reguisitions were filled during April; 25
remein to be filled.

A revigion of HAPO OPG 3.5.2, Tuition Refund Program, was prepared and
submitted for approval.

Professional Placement

Advenced Degree - Four Ph.D. applicants visited HAPQ for employment inter-
views. TFour offers were extended; one acceptance and three rejections were
received. Current open offers total slx.

BS/MS - Fifty program offers and ten direct placement offers were extended;
offers accepted - 27 and four, rejections received - 54 and five, respec-
tively. Current open offers total O5.

UNCLASSIFIED
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Techpical Graduate Program ~ Six Technicel Gradurtes were placed on per-
menent eassignment; one new member was added to the rolls end one termi-
nated. Current program members total 38.

Technical Informastion

The guarterly Technical Interchange Report was completed in a revised
format.

The Library's roster of local individuals capable of translating or
speaking fluently in foreign languages was made current.

ECONOMIC EVALUATTONS

The cost logic of a fuel element fabrication model was developed with Pro-
gramning Operation personnel. Purpose of the model, to be programmed for
computer application, is to calculate fuel element production costs with
reasonsble accuracy. Specifically the code will be applied to test con-
clusions and to compare cost results of varying production assumptions of
Hanford Laboratories proposed U-235 and Pu fuel fabrication plant concepts.

Input cost classifications consist of the following:

Ruclear Material (accountability for each type) $/Fuel Element
Non-Nuclear Material (accountability for each type) $/Fuel Element
Varisble Labor Cost $/Hour
Equipment Cost (& veriable cost) $/Fuel Element
Space Occupancy (a fixed cost) $/Year
Fixed Manufecturing Cost $/Year
Other Fixed Cost $/Year

Additicnal) information required for each process step:
Step No., Description, Average time in the step, Recycle rate
and to what step, Material value loss, Use Charge Rate, and -
Interest Rate on Working Capital.

PROCEIXRES

A study report of materisls sdministration in the laboratories was issued
by Business Systems Development Operation personnel.

- FACILITIES ENGINEERING

Projects

At month's end Facilitles Engineering Operstion was responsible for 11 active
projects having total authorized funds in the amount of $2,721,600. The

UNCIASSIFIED
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total estimeted cost of these projects is $7,730,000. Expenditures on these
projects through March 31, 1962 were $1,274,000. The appended report
detalls project status.

The following summarizes the status of project activity in April:

Number of authorized projects at month's end - - - - - ~ =~ 11
Number of new projecis suthorized - - - = =~ - - = = - -« 0
Projects completed « - = - = = = = = = =« 4 - = - - - - = 0
New projects submitted to the AFC - - - = ~ = = = = = - - 2

CAH-962, Low Level Radiochemistry Bullding
CAH-963, Geological & Hydrological Wells - FY 1962

New Projects awaiting AEC suthorizetion - - - = - - - - - &
CAH-917, Field Service Center - Atuospheric Physics
CAH-959, Graphite Machining Shop
CAH-962, Iow Level Radiochemistry Building
CAH-963, Geological & Hydrologicel Wells - FY 1962

Project proposals complete or nearing completion - - - ~ -« 2
CAR-958, Piutonium Fuels Testing and Evaluation Labs.-~-308 Rldg.
--- Facility for Rediocsctive Particle Inhaletion Studies

Services

Engineering services were provided during April on the following activities
with setisfmctory progrese shown on each:

ILaboratory Modifications - 325, 321A and 3706 Buildings
Controlled Environment Facility - 108 Building

Split-Half Machine - Critlcal Mass laboratory

Salt Bath Furnace Alarm - 306 Building

Cell Door Drive Modification - Whole Bedy Counter (7L7 Building)
Compressor end Motor Control Center - 209-E Building

Flectrical Loed Study - 108-F Building

Relocate Induction Heating Equipment - 314 Bullding

Twenty-nine equipment requisitions totaling $25,000 were issued during the

month. The total value of materiel and equipment procurement in process
is $500,000.
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Plant Engineering effort was expended on:

Pressure system code work on: H-1 Loop, Burst Test Facility,
PRTR "B" Cell Rupture Loop, 222-U Vessel and 189-D piping.

Five-year power forecast including firm end dump power usage
figures for the coming two years.

3702 Building ventilation system maintenance and air balance.

306 Bullding fire alarm bell.

Maintenance and Operation

Costs for March were $159,188. Costs to date ($1,367,805) are 98.7%
of forecasted expenditures. Improvement meintenance costs for March
were $2,465.

The following tabulation summarizes waste dlsposal operations:

March February
Conerete Barrels 21 L
Losdluggers-Hot Waste 5 3
Crib Waste 260,000 gal. 220,000 gsl.

Draftigg
The equivalent of 178 drawings were completed during the month.

Major jobs in progress lnclude fission product packaging, 280 ton extru-
gion press installation, PRTR as-builts, fuel rod ultrasonic vibrator
modifications, A-C Columns - 321 Building (CGH-951), FRTR fuel element
rupture test facillty and shim rod housing, equipment modificetions for
fabrication of seven~rocd PRTR fuel element, cladding cutter assembly for
PRTR and neutron accelerator specimen support mechanism.

Construction

There were 80 existing J. A. Jones Company orders at the beginning of the
month with & total unexpended balance of $142,08L. One hundred sixty-eight
new orders, three supplements and adjustments for underruns amounted to
$118,76h. Expenditures during the month on Hanford laboratories work were
$77,43%. (Includes C. 0. Cost.) Total J. A. Jones backlog &t month's end
was $183,411.
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Construction activities completed during April were:
141-C Building - Install individual feeding stations

309 Building - Install shielding wall
325 Building - Re-install Dynapsk moved from 306 Building

Finance and Administration

W Bale:whm
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eEngaaL tLscvic co. — Banford laboratortes oaTE  4.30-62
Faai.ve. TITLE FUNDIMNES
CAR-020 Pressurized Gas Cooled Facility 4141 Operating
&% THBAIZED FUNDE l....... . 33,000 AKC S 15,000 COBT § COMWNM TO ];.15-62 s 1,10‘&,422
const. 8] 000 000 ESTIMATED TOYAL CORT $ 1,170,000

ax !]. l
L e ba e

0, 000
JLIOTY E-L&Eﬂ BATE AUTHOAI ZED :w:;_.]onm - PERLENT COMPLETE
CONBT. JQ:JZ:EQ BIN, ComP, PATE _&ML DATES | cont T 0= wer'n. |[sewmER, |[AcTuaL
ENSINEER DESION 180 100 100
L, TITLE |
WANPOWERN AVERAGE (ACCUM MANDAYS || BE-TIT.))
sinap PR AB-TIT (Y
COST PLYS PIXED PFEE
PLAMT FORCES . [ ConsY. 100 93 91
AMCHITECT- ENGINEER - r 1.)‘ O 0
OENISN ENGINEERING OFPERATION CPFF 1 99 39
S FIELD ENSINEERING » 4%.6 100 100
__ _BovteEd.69.9] 93 90

SCOrE, PURPCOIE, STATWE & PROSRELS

Piping stress calculations for new heater not yet completed by vendor.
masde to improve delivery date on this unit,

Effort 18 belng

Bristol-51ddeley 18 proceeding with vindow-pad bearings. Teest by May 11, 1962 of first

machine ig still on schedule.

#Initial suthorization date was December 18, 1958.

PROJ. NO, TITLE FUNDING
AUTHORIZES FUNDS | oo o0 s fagc s COIT g COMM, TO s
[] ] consT,. § ia( 5 ESTIMATED TOTAL COST L]
STARTING [pEsign BATE AlTHORIZED :;:"EL‘ DESIGN PERGCENT COMPLETE
DATES CONST. DI, COMPE, DATE DATES 1‘0“"- WT'D: | SCHED: [A€TURL

ENSINEER DESIEM 100

T\
MANPOWER AYERAGE [ACCUM MANCAYS|SE-TIT. I

FIXED PRICE E«TiT. t1

COFT PLUS FIKED FEK

PLANT FORCKS CONST. 100

ARCHITECT = ENGINEER rF

DERGN ENGINEERING DRERATION CAFF

O FIELD ENGINEERING »

FCOPE, PURFPOAE, STATUS & PRODANESY

123455%




H-13

SEMI—MONTHLY PROJECT STATUS REPORT Hw - 73514
GENERAL ELECTRIC co. — Hanford laboratories oaTE §-30-62
FPRG..HG, TITLE FUNDING
CGH-857 Physical & Mechenical Properties Testing Cell - 327 Bldg.| 0290
AUTHON(ZED PUND'F"[.N s 45 000 [A“ s - cosT & coMM To | 15-62 s 252,436
M ‘-}601000 CONST. § },,,15!000 GE % 1&§0,000 ESTIMATED TOTAL CORT s m’o{ﬁ
STamTiNg pEsian _11-2+59 DATE auTHORIZED Q-2R-01% ESTD: oesioNZ-16=61 |  mErcEnt comPLETE
DATAS | onst., Du]12-62 JOIR.comr. oatE 12.18-62 DATES |consT-12-15-6 WT'D. | SCHED, [ACTUAL
ENGINKEER ’ DES| 6N 106 100 100
FEO - KA Qlark TITLE 1 )
| MANFOWER AVERAGE |[scoum manpays|[SE=TITar) 2060 | 100 | 100
FiXED mRICE I ags Tt 11
COST P MIXESC FEE 3llL
PLANT #ORCRS I cons, 180 2K | Dk
ARCHITECT-ENGINEER FF
DESIGN ENGINEERING OPERATION 760 CRFF 15 9 9
QE MELD ENGINEERING Fp
quip. | &2 0 0

SCOPE, PURPMOSE, STATUS & PROGRIESS
This project will provide facilities for determining physical and mechanical properties
of irradiated materials, and involves the installation of a cell in the 327 Building.

Current estimate of Title I and II costs - $55,000. Detalled design started 4-1-60.
Procurement and construction authorized 9-22-61.

Basement floor and foundaticn concrete work is completed. Construction has stopped
until cell assembly is delivered.

Number of purchase orders required 19 Value (Est.) $253, 000%
19 Value 203,000

#0riginal suthorizetion for design wes October 1, 1959.

¥¥Baged on revised schedule submitted to HOO-AEC for approval 4-13-62.
#e%Includes delivery charges, inspecticn and contingency.

1234557
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SENERAL ELECTRIC co, — Hanford Laboratories paTE  L4.3C-62
PROJ.HD. TITLE FUNDING
C3H-858 High Level Utility Cell - 327 Building 0290
AUTHORIZED FUNDS {D“.“ s 50,000 {‘“ s - cosT & CoMM To = 15-62 s 369,121
s 1!-00_,_@0 CONST. $ 350,000 GE § k_oo’mo ESTIMATED TOTAL COST H hoo,ooo'
STARTING {oumn 11-1-59 DATE AUTHORIZED l|.-6..6]_* E?:L'.?L. DESIGND = 15-61_ PEIRCENT COMPLETE
DATES consT. 5-18-61 pIn, comp, DATE G-1-62 CATES |constH-1-62 wi'D- |SCHED. [ACTUAL
ENGINEER DESI oM 100 100 100
| FEO - KA Clark TLe |
MANPOWER AVERAGE |ACCUM MANDAYS || SE-TIT. 1 o5 100 100
FIXED PRICE : AE-TIT 1)
COST PLUE FIXED FEE 6 860 Vendol 5 | 100 100
PLANT FORCES TONST, 100 80 85
ARCHITECT= ENGINEER . 35 PF
DESIGN ENGINEERING GPERATION 930 CrFF 100 80 85
GE FIELD ENGINEERING 1 1!-5 FP

SCOFE, PURPMOIE, STATUS & PROGRILSS

This project will provide facilities to prepare specimens from irradiated materials
for use in determining their physical and mechanical properties and involves the
installation of a cell in 327 Bullding.

Current estimate of Title I and IT coste is $62,000. Detailed design started 4-1-60.
Procurement and construction authorized 4-6-61.

#0riginal suthorization for design was October 1, 1959,

Number of purchase orders required 12 Value $205,625
Number of purchase orders placed 12 Value 205,625

The Flat Tensile Sample Former and two menipulators are other Items of equipment
not delivered. They are expected by 5-15-62.

The installation of cell plugs and windows i1s complete.

Mechanicsl and electrical work is expected to be complete by 5-15-62.
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SEMI— MONTHLY PROJECT STATUS REPORT nw- 7351k |
GENERAL ELECTRIC co. — Banford Iaboratories pate U4-30-62
FROJ.NG. TITLE FUNDING
CAH-866 Shielded Analytical Laboratory - 325-B Building 61-a-1
AUTHORIZED FUNDS [pgmien s 60,000 P“ s 546,500 cosT a coMM ¥ .. 1562 s 109,085 (GE)
s 700’000 CONET, § 61?0’000 or § 153,5w ESTIMATED TOTAL COST H 700’000
BTARTING [oEmIGN O=5-59 DATE AUTHORI ZED 5_‘31-60*- gg{"g;_. oesian 11- 1 -60 PEACENT COMPLETE
DaTES lCON’?- B-15-61 IR, COMP, DATE 6-30—62 oATES ] CON"-Q-&O-&Q WT'D: |SCHED. [ACTUAL
ENGINEER DES|GN 104 100
| FEO - RW Dascenzo TITLE |
MANPOWER AVERAGE JACCUM MANDAYS || §E-TITa 10 100 100
FIXES PRICE 10 1560 ATt 90 | 100 | 100
CQET PLUS MXED FEE
BLANT FORCES Q 3 CONST. 100 0 55
ARCHITECT=EHNGINEER PF _3 1 1
DEHGN ENGINEERING OPERATION CPEF 5 0
GE FIELD ENGINEERING 1l FP 95 100 55

SCOPE, FURPOSE, STATUS &k PROGRESS

This project will allow greater capacity for analytical work invelving today's more
highly radicactive solutions and consists of adding a shielded laborstory to the

325 Building.

Installation of cell access doors end sleeve assemblies was completed.

form for high density concrete well has been started.

*0riginsl suthorization for preliminary design was August 12, 1959,

1234559
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SEMI—-MONTHLY PROJECT STATUS REPORT HW-T351% ’
GENERAL ELECTRIC co. — Hanford Laboratories oate L4-30-62 '
PROJNG, | TITLE FUNDING
CAH-867 | Fuel Element Rupture Test Loop 58-e-15

) o0, 000 ESTIMATED TOTAL COST

$1,500,000  |consv.s 1,370,000

AUTHCRIZED FUNDS [ppgign 130,000 1.“5,; 5 820,000 COS7T & COMM TO }4__15_52

s 939,200(GE,

ATARTING [DESIGN O=1=-BO OATE AUTHORIZED B~ 20=00F g:,L'EL [DEIIGNB-lS-Gl PERCENT COMPLETE
DATES L:m«s?-ll-a-GO PIR. COMP. DATE 6_30_62 DATES CDNST6-3_O-'6‘2 [w‘r'n— SCHED, {ACTUAL
ENGINEER . DESIGN | 100 10C ! 100
[ TR&AO-MEEQ - PC Walkup TITLE |
MANPOWE R AVERAGE [accum manpays|[SE-TITq1| Q] 106 100
Fixee PRICE 10 2320 AE-FIT A 9 100 | 100
C€OST PLUS FIXED FEE
PLANT FORCES : 5 ]_9&0 consT. 160 % 9]4,
ARCHITECT=ENGINEER PF o2 1) 50
DESIGN ENGINEERING OPERATION CRFF 57 100 o7
GE FIELD ENGINEERING e {1) 10 100 100
(2} 31 | 85 | 68

ACORE, PURPOSE, 3TATUS & PROGRESS

{1) &. A. Grant Compeny
{2) Lewis Hopkins Construetion Comparny

distortion and rate of fission product release.

*#Initial autheorization was on 10-1-EG.

This facility is to be used for fuel rupture behavior studles with respef't to physical

Project is behind offiecial schedule because of delays in delivery of material.

1234560

PROJ. NG, TITLE FUNDING
AUTHORIZED FUNDS fnes:au s [‘EC s COST & COMM. TO $
5 1 coMNsT.$ 11;: - ESTIMATED TOTAL COST $
STARTING [pesian DATE AUTHORIZED E;L‘EL'EDE‘NN ! FPERCENT COMPLETE
DATES  CONAT. CIR. COMP, DATE CATES [CONST. WT' D SCHED. Fc TUAL
EN GINEER: DE3IGH 100 :
TITLE ¢ ]
MANPOWER AVERAGE |ACCUM MANDAYSHGE-TIT, | '
FIXED PRICE AE- TIT. HI
COST PLUS FIXED FEE
FLANT FORCES COHST, 100
ARCHITECT = ENGINEER PF
DESIGN ENGINEERING QPERATION - ’ CPFF
| GE FIELD ENGINEERING ’ j FP
3COFE, PURAPOSE, STATUS & PROGRESS
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SEMI—-MONTHLY PROJECT STATUS REPORT Hw- 73514
GENERAL ELECTRIC co. — Hanford lLaborstories oATE 4-30-62
PRGI,NG, TITLR : FUNDING
CAH-888 Biology Laboratory Improvements 60-h-1
AUTHORIZED FUNDS [Dulnn s 44, 000 aecs 359,500 COST 3 COMM TO )4__15_62 s 53}@8 (@)
A. !’20.m CONST, 3 176’w0 eE § 60’ sm EISTIMATED TOTAL COBT | ] ll_eo,(m
sTarTing [oesian §-8-60 DATE AUTHORIZED h-l_B-Gl* |30 oesion 3-31-61 PEACENT COMPLETE
DATES | ey, 7-10-61 DI, CoMP. BATE 3.31-62 oATES | cons.5-30-62 WT'D: [scHED. [ACTUAL
ENGINEER DESIWN 100 NS 100
|_FEO - JT Lloyd YITLE o
MANPOWER AVERAGE ACCIM MANDAYS {| SE=TIT.() 17 NS 100
FIXED BRICK 2580 A-TIT 1] B3 KS | 100
COET PLUS FIXED FRE
PLANT PORCES TONST. 100 100 a8
ARCHITECT= ENGINEER PF 11100 | 100
DESLGN ENGINEERING GRERATION CPrF 10 NS O
8K MELD ENGINEERING rp 89 100 97

SCOPE, PURPOSE, $TATUS & PROGRESS

This project provides additional space for bicloglcal research supporting services,
and involves an addition to the 108-F Building.

Wiring of panels and motors is complete. Startup of equipment hss begun.
Hausermsn partitions are installed. When doors are taped, air balancing will be
done. Floor tile has been received in Seattle snd laying remaining 2nd floor
covering will start week of April 23rd.

All tie-ins are completed.

Painting contractor has completed peinting outside surface of blockwalls.

Trip to Allied Engineering revealed need of additions to the operating mechanism.

B. D. Bohna and General Electric have determined and agreed on items of work to be
included. These items wlll be presented to Allied Engineering through Purchasing

Operation. Allied Engineering estimates this work will require approximately ten

days after notification to proceed.

#0riginal suthorization for design was May 3, 196C.

12345k 1
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SEMI~MONTHLY PROJECT STATUS REPORT Hw- T35k
GENERAL ELECTRIC co. — Hanford Laboratories pate 4-30-62
PROJ.NO. TiTeK . FUNDIN G
CAH-916 Fuels Recycle Pilot Plant 4-62-d-3
AUTHORIZED FUNDS [pgaian 3 385,000 AEC S - cosT 4 coMm To 1} 15-62 s 321,952
s 385’000 CONST. § - sE & 385 000 E3TIMATED TOTAL COST % EJLOOM
BTARTING [oESicn 3=]15-61 DATE auThORIZED 02T -5] ¥# L. pmmanSe 1562 BERCENT COMPLETE
DATES consT. B=1-62% DIR, COMP, DATE OATES 4,;0,‘,-,,11.1.61; WT'D. |BCHED, ACTUAL
EMGINERNR DESIGN 100 70 70
FEQ - RW Dascenzo TITLE | 11 | 100 | 100
MANPOWER AVERAGE |ACCUM MANDAYS || $E-TIT.1q 89 [ 66
FIXED PRICE AE=TIT || 0
COST PLUS MXED FEE
PLANT MORCES CoNsT. | a0 o 0
ARCHITELZT= ENGINEER pE
DESIGN ENGINEERING OPERATION 30 CPFF
QX MELD ENGINKER|ING P

J

ALCOPE, PURPOIE, STATUS & PROGRESS

This project is to provide a facility to perform a full scope of engineering tests
snd pilot plant studies associated with fuel reprocessing coacepte.

The revised design schedule has been approved by AEC.
A revised project proposal 1ls being routed in General Electric Company for approval.
Design is continuing on all phases asg scheduled.

Satisfactory deéign progress was made during the month. A total of 206 drawings
have been issued for comment and 29 for approval..

*Estimated construction starting date for removal of burial ground f£ill.

#¥Qriginal authorization for initiation of design was February 9, 1961. Oct. 27, 1961
is the authorization date for the last design supplement.

#¥%Including transferred capital property valued at $100,000.
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| [
SEMI—MONTHLY PROJECT STATUS REPORT Hw- T35k
GENERAL ELECTRIC co. ~ Hanford Laboratories PATE  }.30-62
PROJ.NO, TITLE FUNMDING
CAH-917 Fleld Service Center - Atmospheric Physics 61-3
AUTHORIZED FUNDS [oggion ¢ j{A!c $ COST & COMM TO s
s 1C°N’T. 5 ‘lGE [ EXTIMATED TOTAL COST 5 ﬁ!‘ m
R
lTARTING{M&_‘ DATE AUTHORIZED ESTo [oEsionN] 1= l=60% PEMCENT COMPLETE
DATES | ons1)D_]15-62% [ 0% comp. oate paTES | const. G_1-63% | wro. scHEn. [acTuas
ENGINEER i ’ DES|GN 100 !
FEQ - JT Lloyd TITLE | |
MANPOWER —!—AVEHAGE lAccw MANDAYS || SE-TIT. | :
FIXED PRICE ] AE-TIT. 1| L
COST PLUS FIXED FEE l
PLANT FORCES LONST. 100 r
ARCHMITECT- ENGINEER i pE |
DESIGN ENGINEERING OPERATION | CRFF [L
GE FIELD ENGINEERING | ' Fp .
( i

SCOPE, PURPOSE, 5STATUS & FPROGRESS
This project will provide facilitles necessary to conduct atmospheriz physics research
and development programs.

The project proposal was submitied to the AEC on January 23, 19€1.
There has been no change in the etatus of this report for some time.

¥Based on AEC authorization by $-15-63.

PROJ. NO. | TITLE FUNDING
CAB-922 | Buret Test Facility for Irradiated Zirconium TPubes 62-k
FUTHORITED FUNGS [Liiians 29,600 faecs cosT acomm. 7o U-1B.62 s 29,600
s 29.600 “;. CONST. S L,;‘ % 29’600 ESTIMATED TOTAL COST s 250,000
STARTING [pesign 11l=T=B1 DATE auTHORIZED ]1(-23-61 E;L-EL.E"E”“”E‘BJ'“62 PERCENT COMPLETE
PATES  lconst, 6=15-H2 [UOIR. COMP. DATHIG he egtab-) 0ATES jconsrl12-1-62 WT'O. | SCHED, [ACTua.
EneINEER 1ised st a later date etk | o 91 | 85
FEO - KA Clark . TITLE | !
MANPOWER AVERAGE [ACCUM MANDA YS[|GE-TIT. || 57 88 ! 8o
FIXED PRICE | aE-TIT. 1} 1"3 ! o5 [ g
COST PLUS MIXED FEK I '
RLANT FQRC ES ] . CONST, 180
ARCHITEST -~ EngineEr = Bovay Engineers ; 3 160 ey
DESIGN ENGINEERING OGPERATION 2 100 CPEF
GE FIELD ENGINEERING . FP
|

L
| $COPE, PURPOSE, STATUS & PROGRESS

gThia project will provide facilities to permit deliberate destructive testing of
irradiated zirconium tubing. This will provide operating and tube life data not
available because of the 1imited operating tistory of Zircaloy-2 pressure tublng in

reactors.

A review of the design for pressure vessels and piping by the third-party inspector has
been requested.

The estimate of project cost is more than $20,000 over the project proposal amount.
Efforts are being exerted to reduce the project cost to the minimum consistent with

safety, utility, operational adequacy and sound comstruction practices.
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SEMI-MONTHLY PROJECT STATUS REPORT Hw~ 73514
GENERAL ELECTRIC co. — Banford lLaboratories oATEL-30-62
PROJ.NO. itk Additions to the 271-CR Bullding-Waste Treatment FUNCING
CAH-927 Demonstration Facility 61~}
AUTHSRIZED FUNDS omsiens 11,000 aecs 76,300 costacommTo )y 35.6p 514,89 (GR)
s 92,000 lconsT. § 1,000 G 5§ 15.7 ERTIMATED TOTAL CONT s 000
sTARTiNG [pEman D=15-61 DATE AuTHORIZED 5-15-01 £s3TD- [oEsian 2=5-62 PERCENT COMPLETE
DATEY chNOT. 2=l5-62 DIR, COMP. OATE T-3l-@ DaTEs CONST: 7-31—62 WT'D: | BCHED. [ACTUAL
ENGINERR : DESIGN 100 100 100
FEQ - KA Clark TITLE |
MANPOWER AVERAGE (ACCUM MANODAYS || BE-TIT.y
FIXED PRICE ARTITIH 100 1 100 | 100
CONT PLUL FIXED FEE : 3 110
PLANT FORCES CONST. 100 16 16
ARCHITECT=ENGINEER 150 PF
OESiGN ENGINEERING ORERATION CPFF 23 75 90
9K MELD ENGINEERING J. P 67 0 0
i

SCOPE., PURPORE, STATUS A PROGRIELS

This project provides facilities for pilot plant development of decontamination
processes for intermediate level chemical processing plant waste far safe dlscharge
to the plant environs. Design was accomplished by the Bovay Engineers.

Directive Ko. AEC-194, Mod. 2, dated 4-5-62 authorized additional furds in the
amount of $12,000 for a new project total authorization of $92,000 and extension
of the completion date to July 31, 1962.

The J. A. Jones Company has completed underground piping and foundation work.
The only work remaining for them is grading of the site.

Tke fixed price contract was awarded on 4-10-62.

The contractor for this portion of the facllity started work at the site h-24.-62,
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SEM| — MONTHLY PROJECT STATUS REPORT HW- 2351k
GEMERAL ELECTRIC CO. - Banford Laborstories OATE 1I--30-62
PRoJNO. TITLE Coolant Systems Development Laboratory FUNBING
CAH-936 1706-KE Building Addition 62-k
AUTHORIZED FUNDS JDE,,GN s 9.000 secs 115,000 COST & COMM TO !i_]cwﬁe s 14 .687
s 130,000 (CONST. § L 00G GE 3 15, (X ESTIMATED TOTAL COST H Jgg* ggg
STARTING DEsiGN QuB8<H1 DATE AUTHORIZED )i 5 _60% g%L’EL.‘OESIGN 1-1-62 | BERCENT COMPWLETE
DATES LONST. 5_1_62 DIR, COMF. DATE 10_31_62 DATES CoN’Y‘lGERl-GQ WT'D: |SCHED, |[ACTUAL
ENGINEER PESHEN 100 100 | 100
| FEQ - KA Clark TITLE |
MANPOWER {AVERAGE |ACCUM MANDAYS GE-TITyy | 100 106G 100
FIXED PRICE AE-TIT t ]
COST PLUS FIXED FEE
PLANT FORCES CONST, 100 G 0
ARCHMITECT— ENGINEER 166 PF
DESIGN ENGINEERING OPEAATION CRFF i
GE FIELD ENGINEERING £F
i l

SCOPE, FUAPODSE, STATUS & PROGRESS

This project provides facilities for the conduct of corrosion and dezcontamination
studles for nuclear resctor coolant systems, by the addition of 2,700 sq. ft.
laboratory facility on the west side of the 1706-KE Building. Design was accomplished
by the Bovay Engineers. Current estimate of Title I and II costs - $11,C0C.

#0riginal authorization for design was B-9-61.

A contractor orientation meeting was held on 4-20-62 at which the contract requirements,
including the special conditions were discussed.

Arrangements were made for start of comstruction on 5-1-62.

EROJ. NO. TITLE FUNDING

CGH-951 A-C Column Facility - 321 Bullding Cz90
AUTHCRIZED FUNDS |rDEsmN s 5)000 facc § =0- €05T & COMM. TO k_15_62 s h,658
1 55,000 ‘r CONST, § 50,000 iGE s 55on ESTIMATED TOTAL COST 5 _5_5J000
ATARTING [pEsian  1~30-62 DATE AUTHORIZED ]_12_§2 g;:‘gh oesian 4a1-62 | PERCEMT COMPLETE
DATES const, 3=25-62 oiR. coMP. DATE 10=31-62 DATES |const.10-31-62) WT'D. | SCHED.|ACTUA

ENGINEER DESIGN 1a0 100 100
| FEO - QM Iyso TITLE | !
MANFOWER AVEMAGE [ACCUM MANDAYSIGE-TIT. 11| 100 10 105G

FIXED PHICE AE= TIT. I | n

COST PLUS FIXED FEE *

PLANT FORCES CONST, 100 12 12

ARCHITECT = ENGINEER PF 100 . 12 12

DESIGN ENGINEERING OPEMATION CPFF

GE WIELD ENGINEERING FR

SCOPE, PURPOSE, STATUS & RPROGRESS

This project will provide a closely integrated "A” column in series with the relocated
"C" column to permit the development of & mathematical model for the mess transfer

of uranium, as well as the exploration of the possibilities of computer optimizatior
of a combined "A-C" extraction battery.

Specifications and purchase requisitions for procured items are being prepared.
Removal of some of the obsolete piping has been completed.

Installation of intermediste level platforms has started. Relocation of "C" colum
is in progress.

o L EN R IE EE E e —————
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SEMI —MONTHLY PROJECT STATUS REPORT Hw- 13514 —'

GENERAL ELECTRIC co. — Hanfard Laborstories baTE };_30.62 |
PROJ.NO. TITLE FLUNDING
CE-9%5 Reactivation of the H-1 Loop - 105-H Building o490
AUTHORIZED FUNDS (pesign § 10,000 AEC S COST & COMM TO I|...l5-62 $ 10,000
$ 10.000 CONST. § s $ 10,000 ESTIMATED TOTAL COST $705,
ATARTING jDESIGN 4n15-62 DATE AUTHORIZED 3-DG-H2 . E:;L.EL.{"“'““ 8-30-62 PERCENT COMPLETE
LATES LWN" T-15-62 DIR. COMP. DATE DATES | consT]l2-15-62 wT'D: |SCHED.!acTuaL
ENGINEER DESIGN 100 NS 1
FEQ - OM Lyso THLE
T MANPOWER AVEMAGE |accum manocays|[SE-TITay | 100 : NS 1
FIXED FRICE AE-TIT. ti
COST PLUS FIXED FEE
PLAMNT FORCES COMST. 00
ARCHITECT=ENGINEER oF
DESIGN ENGINEERING QFERATION LCPFF
GE FIELD ENGINEERING FP

ECOFRE, FURFOSE, STATLS & FRAOGRESS

is project will provide the primary test facility for determination of the feasibility
of using sluminum-zlsd fuel elements in high temperature water by studying improved
elloys and corrosion inhibltors.

AEC Directive Ko. HW-535, dated March 29, 1962 authorized $10,000 to initiate design
and provide new coet estimate for review by the Commission. Design work is in progress
and meetings have been held with the customer and deslgn to define area of work and
ceordinate proposed design concept.

PR2J. NO. ( TITLE FUNDING
CGH-957 Szmall Particle Technology laboratory - 325 Bullding -k
AUTRORIZEC FUNGS [eqian s 2,000 AEC S - cost gcomm.To K -15-62 s L OO0
s L0,000 ] consT.5 38,000 e 5 40,000 ESTiMATED TOTAL COST SIFOJCOO
STARTING [pesign G=83=62 DATE AUTHORIZED 3.7 .62 g;LgL ioesign ©=15~C2! PERCENT COMMLETE
0aves  Vioust, T-1-60% DIR. CoMP. DATE }1.1-H2 DATES jconsT. 11=1-62 WT'D: | SCHED. |ACTUAL
ENGINEER BESIGN 190 NS 5
] tackson TITLE )
MANPOWER AVERAGE |ACCUM MANDAYSGE-TIT. 1| 100 NS 5
FIXED PRICE AR .
COST PLUS FIXED FEX
l PLANT FOMCES CONST, 100
ARCHMITECT = ENGINEZER PF
DESIGN ENGINEERING OPENATION CPFF
GE WIELD ENGINEERING ¥P

-1 SCOPE, PURPCSE, STATUS & PROGRESS

L,
(g
Loy

'1This project mrovides laboratory space for research and develoﬁnent in small particle

technology related to the generation, control, and diasposal of radicactive wastes.

Tre project proposal was submitted to the Commission for approval on March 2, 1962.

|
Directive HW-535, dated March 21, 1962, authorized total project funds in the amount
. Of “O,WG

Design was started on April 23, 1962.
#Construction may be initlated at an earlier date to take gdvantage of the presence

- d= AN Auwmas vyminar Bn .T‘I.!J_V. 2.0
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SEMI —MONTHLY PROJECT STATUS REPORT Hw-T351h
GENERAL ELECTRIC co. — Hanford lLaboratories paTE W-3C-62
FROJ.NO. TITLE FUNDIM G
CGH-958 Plutoniun Fuels Testing and Evaluation Laboratory-308 Bldg, 62-k
AUTHORIZED FUNDS [pggign g [aEC § COST & COMM TO s
P iccusr $ GE $ ESTIMAYTED TOTAL COST $ 332
STARTING [OESIGr _1_1,62* DATE AUTHORIZED gzL'E'-_.{oumu 10w1-6§E PERCENT coumﬁ
DATES AL:.—_,N;T.]_O-.]_-GQ* OiR, COMP. DATE DATES | consT. 2=l5= 3 [w-r-.;,. TACHED. [ASTUAL
ENGINEER DES1GN 100 !
| FEG - (M Lyso TITLE § '
MANPOWER [Avemr.z ACCUM MANDA v [{ BE-TITH
FIXED PRICE ' AE=TIT 13
COST PLUS FIXED Feg [ -
FLANT FORCES TONET, 100
ARCHITECT=ENGINEER ‘ FF
DESIGHN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

2CORE, PURMOIE, BTATUS & PROGRESS

This project provides for the extenslon of plutonium reeearch lsboratories on the
second floor of 308 bullding by erection of piastered cellings and walls to provide
contamination control barriere. It also inzludes laboratory service extension and
fabrication of a metallography hood.

The project propossl was withdrawn from the Commission by General Electric Company
for medification.

Expansion of the justification for subject work is being prepared for submission to the
AEC.

#Based on AEC authorization by June 1, 1962.

PAG). NO. i TITLE FUNDING
CAH-959 f Graphite Machining Shop - 300 Area €2-k
AUTHORIZED FUNDS ':osaum s !_(AEC 5 COST & COMM, TG s
5 \ const.s GE § ESTIMATED TOTAL COST s 103,000
STARTING [pEsign T=1=62% DATE AUTHOR(ZED oL oesian0=15-62 PERCENT COMPLETE
DATES cons-rl2-15-62* DIA. COMP. DATE CATES CQN.T_7-1_§3* WT'O. | SCHED, |AETUA

ENZINEER DESI&N 100

- TITLE |
HANPOWER AVERAGE [ACCUM MANDAYSIGE- TIT. I

FIXED PRICE WE-TIT. 1)

COST ALUS FIKED FEE M

BLANT FORCES CaNsT, 100

ARCHITECT = ENGINEER PE

DE3IGN ENGINEERING ORENATION CPFF
GE FIELD ENGINEERING Fp

SCORE, FURFOSE, STATUS & PROGRESS

This project provides for a new graphite machining facllity near the graphite storage
building. The facility will permit greater flexibility in the handling and machining
of graphite shapes ae well as providing additionsl space for non-metallic materials
testing in the ares presently used for graphite machining.

The project proposal was submitted to the Commission for approval Marck 2, 1962.
Additional justification has been requested for the proposed work.

#Based on AEC apﬁroval by June 1, 1962.
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SEMI—MONTHLY PROJECT STATUS REPORT
GENERAL ELECTRIC ¢o. ~— Hanford Laboratories

Hw- 7351k

DATE )"__30_62

PROJ.NG. | TITLE FUNDING
. Geological & Hydrological Wells - FY-1962 62-k
AUTHORIZED FUNDS [prgign g AEC § COST & COMM TO $
$ Ecous*r. s GE § ESTIMATED TOTAL COST H Bojm ’
STARTING DEsion 5= 18=b2% [ 0aTe auTHORIZED 30 |oEsien §aJubD% PERCENT COMPLETE
pATES \conu. T-15-62* DIR. COMP. DATE DATES {consr. h-1-63% Twro. [seren. jacruaL
ENGINEER DES|GN 100
FEO - EE Ralph TiTLE |
MANPOWER AVERAGE (ACCUM manDavs | SE-TIT.qy
FIXED PRICE ) AEs FIT L
COST PLuUS FIXED FEE
PLANT FORCES CONST. 1060
ARCHITECT—ENGINEER FF
DESIGN ENGINEERING OPERATION CFFF
GE FIELD ENGINEERING Fp
]

ACOME, PURSOSE, STATUS & PROGRESS

and monitoring wells.

*¥Based on Commission Approval by 5-3-62.

This project involves the continued drilling of special hydrological research, test

Project proposal submitted to the Commission for approval April 23, 1962.

—
PROJ. NO. TITLE FUNDING
AUTHORIZED FUNDS :ossmn s AEC § COST & COMM, TO §
$ lconrr.s {GE 5 EITIMATED TOTAL COST 5
STARTING |pEaian DATE AUTHORIZED glo':"g;_'i“,,“ PERCENT COMPLETE
CATES Iccws‘r. DIR, COMP. DATE DATES |coONST. WT'D: | 3CHED. [ACTUAL
ENGINEER DES16N 100 N
TITLE |
MANPOWER AVERAGE (ASCUM MANDAYE|GE-TIT. |
FIXED PRICE AE=TIT. ||
COST PLUS FIXED FEE
BLANT FORCES CONST. 100 f
ARCHITECT ~ ENGINEER PF
CESIAN ENGINEERING QPFERATION CPFf
SE FIELD ENGINEERING Fp

ACOPE, PURPOSE, STATUS & FPROGRESS

1234508




UNCLASSIFIED | I-1 HW-73514

TEST REACTOR AND AUXTLIARIES OPERATION

. APRIL 1962
REACTCR DEVELOPMENT - O4 PROGRAM

PLUTONTUM RECYCLE PROGRAM

Plutonium Recycle Test Reactor

Operation

Reactor output was 104k MWD for a plant efficiency of 49.7% and a total
experimental time efficiency of 51.7%. Accumulated exposure through
April 30, is 7261 MWD. Additional exposure information 1s as follows:

Maximum UOo exposure/element 2240 MWD/TU
Average UOp exposure/element 1518 MWD/TU
Maximm Pu-Al exposure/element 73.T MWD
Average Pu-Al exposure/element 4h,5 MWD
Maximm Moxtyl exposure/element 12.6 MWD
Average Moxtyl exposure/ element 10.2 MWD

The ninth refueling was performed on April 2. Three new Pu-Al elements
containing high exposure plutonium and three new elements containing a
mixture of PuCs and U0, (Moxtyl) were charged in place of UOp elements.
Additionally, an LX Pu-Al element and an additional Moxtyl element were
charged in mid-month. The performances of the HX and the Moxtyl elements
have been satisfactory, with nc unususl operating problems,

The status of the various test elements at the end of April 1s shown

below:
PRTR Accumu-
Test Tube Element Date Date lated
No. Iocation Jhamber Description Charged Discharged __ MWD

5 1653 1501  UO,-Tubular 11-3-61 - < 60,3

10 1051 1082 UO;-Hot Swage 11-3-61 - 35.0

10 1857 1067  UOs-Vipac 11-3-61 -- 38.9

13 1253 5092 Pu-Al Instrumented 12-3-61 -- sh.T

13 154y 5093 Pu-Al Instrumented 12-3-61 - 7.3

13 1556 5095 Pu-Al Instrumented 1-17-62 h-18-62 41.3

13 12k7 5051 Pu-Al Instrumented 1-17-62 2-T-62 13.1

13 1847 5052 Pu-Al Instrumented 1-17-62 h-2-62 30.7

1k 1146 5096  Moxtyl-Swaged 42-62 -— 12.6

14 1156 5097  Moxtyl-Swaged ho2-62 - 10.6

UNCLASSIFIED

1234569



UNCLASSIFIED I-2 HW-73514

The first of a series of irradiations under PRTR Test Number 40
(Grapnite Oxidation Tests; wes completed.

Do0 and Helium losses were 1540 1b. and 189,400 scf, respectively.

There were nine reactor scrams during the month; five occcurring at power
levels of 60 MW or higher. Six were the result of erratic cperation of the
log flux instrumentation, two were caused by a faulty relay in the shutdown
valve circult, and one was the result of pressurizer high liquid level
during a scram recovery.

There was one two-day scheduled outage at the begimning of the month during
which Primary Pump No. 3 seal was replaced. Two unscheduled outages were
caused by high helium and D,0 losses. The sources were found and
corrected. On one of these cutages; the primary system ion exchanger was
replaced because of breakthrough.

Equipment Experience

Primary pump #3 was replaced because of seal failure. The pump had been in
operation ebout three months. Fressurizer level switches were rewired
because of insulation imbrittlement on the old wiring.

A series of repairs were made on and about a pressurizer relief valve. The
ring flanges leaked and required remachining, then an original weld leaked
and required replacement, and then the valve spring failed. The spring
apparently failed during hydrostatic testing following the weld replacement.

A leak-through failure of the control valve on the primary coolant clean-up
system required replacement of the stem and seat.

Replacement of the primery ion exchanger was mede difficult by the presence
of weld protrusions which interfered with operation of the internel cutters
used to disengage the ion exchanger. Radiation levels (30 R 4" from the
top of the ion exchanger) were lower then expected and permitted direct
sight guidance during replacement work.

Programmed maintenance required 460 men-hours or 8.7% of available craft
hours.,

I_mprovemenf Work Status (Significant items)

Work Completed:

Installation of new helium unloading station valves.

Revised secondary seals on moderator; reflector and top and bottom
shield pumps.

Additional shielding for storage basin wall at -12' -0" level.
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Work Partially Completed:

Safety circuit ground and low voltage detector.
Outlet nozzle cap modification {now 50% complete),
Automatic condensate drsiln from HX-T.

Boiller feedwater auxiliary control valve.
Relocation of pressurizer level transmitters.
Modification of primary pump power cebles.
Primery pump bowl vent line.

RTD terminal board modificatlon.

Gas bottle storage facility modification.
Fueling vehicle hoist modification

Reactor core liquid level instrumentation.

Design Work Completed:

Reroute Dy0 injection line.

Primary oxygen analyzer modification.
Install dual valves on helium stack lines.
Enlarge chemical feed system.
Decontamination facility.

Shim rod readout modification

13.8 KV switch installation.

Prototype replacement inlet gas bellows.
Chain Barricade.

Design Work Partially Completed:

Control room ventilation.

Additional fuel storage and examinstion layout.
0il storage building.

Outlet nozzle bracing.

Boller feed pump seals.

D0 recovery system.

Process Engineering end Reactor Physics

A preliminary study was made of the hazards associated with the transi-
tion from the 3-zone UOo-Pu-Al loading to a 2-zone U0p-Moxtyl loading.
. It wvas concluded thet the proposed change would be safer with respect
to an increase in the negative temperature coefficient and would not
change the delayed neutron fraction significantly.
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PRTR Test Mumber 26 (Shim Rod Calibration) was performed involving calibra-
tion of one typical shim rod from each of the three rings.

FRTR Teet Mumber 27 {Moderstor Level Coefficient) indicated & moderator
level coefficient of Q.53 mk/ inch at 103 inches moderator level.

An attempt was mede during the performance of PRTR Test Number 42 (Full
Design Operation of the Steam Generator) to -aise the steam generator
rressure from its current operating pressure of 3U40 pelg to full design
pressure of 410 peig. The attempt wes terminated at a pressure of 365
psig due to the primery cooclant bulk outlet tempersture reaching its
maximm limit of 530 F and two process tube outlet 'bempera.tures approached
their meximm limits of 54O F.

Procedures
Bevised Operating Procedures Issued 13
Revised Operating Standsrds Issued 10
Temporary Deviations to Opersting Standards Issued 5
Revised Process Specificaiions Accepted for Use 0
Maintenance Manuals Issgued 1
Meintenance Procedures Issued 1
Drawing As-built status April Total

Approved for as-built 214 _ 521

Reafly for approval . 31

In drafting 100

Voided Ls
Personnel Training was as follows:

Qualification subjects ' 358 Man-Hours

Specifications, Standards, Procedures 165

Fueling Vehicle 30

Maintenance Craftsmen 100

353 Man-Hours

Status of Qualified Personnel at Month-BEnd:

Qualified Reactor Engineers ' 10

Qulified Techniciens 6

Qualified Technologists 18
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Project Items

Second Communication System - 90% complete.

Fuel Element Examination Facility - Mechanical reassembly completed.
Electrical_repairs in progress.

Water Control Iaberatory - All equipment received and installation
started,

Plutonium Recyecle Criticael Fecility

Project Exceptions

Safety rod cedmium plating wes tested and found to be eatisfactory.
The rods were-installed and drop tested sstisfactorily. The ILog-N
channels triple trip uwnit was returned from the vendor and tested
satisfactorily. Design test status is as follows:

Electrical 99%
Instrumentation 90%
Fuel Eandling 20%
Moderator System 75%
Thimble Coolant 50%

Operation

Work continued on startup preparations. An orientation session was
conducted for the IFD team which will conduct the audit om startup
preparations.

Preliminary planning wes started on the Ho0 moderated second generation
experimental program. Current efforts include scope, budget, and
scheduling definitions.

PRCF orientation sessions were campleted for 8 PRTR assigned bersonnel.
A total of 4O PRCF man-hours was devoted to training,

Fuel Element Rupture Test Facility

Project Status (Project CAH-86T)

Overall construction is estimated at 94% complete. CPFF work is 97%
complete and the water plant is 88% complete. Minor design changes were
initiated to alleviate potentially hazardous conditions. Design for
shielding of the piping and heat exchangers 1s approximately 60% complete.

Operation

Work continued on the instrument meanual visual training aids, the technical
manual and valve lists.
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GAS COOLED POWER REACTOR FROGRAM

Project Status (CAH-822)

The project is 91% cmnpieten. The vendor started fabrication of the heater,
The blower verndor indicated satisfactory progress towerd nid-Mey testing of
the dlowers.

Operation

Formal training of all PRTR operating personnel was initiated April 10,
Some work continued on procedure preparstion and manuals, etc.

TECHNICAL SHOPS

Total productive time for the period wes 23,790 hours. This includes 15,593
hours perforfied ifi the Technital Shops, 5,960 hours assigned to Minor Construc-
tion, 1,419 hours assigned to off-site vendors, and 818 hours to other project
shops. Total shop backlog 1s 22,582 hours, of which 70 percent is required

in the current month with the remainder distributed over a three-month period.
Overtime hours worked during the month was 6.4 percent (1,228 hours) of the
total available hours,

Distribution of time was as follows:

Man-Hours ﬁ of Total

Fuels Preparation Department 5,206 21.89%
Irradiation Processing Depertment - 2,109 8.86%
Chemical Processing Depertment 1,977 8.31%
Hanford Leboratories Operation _ 14,482 60.87%
Construction Engineering & Utilities Operation 16 0T%

Requests for emergency service increased, requiring a 6.4 percent overtime ratio
canpared to a 3.5 percent ratio for the previous period. A large percentsge of
the increase was due to shop work related to the 23L-5 incident apd to the start-
up of the Purex process.

WD Richmond :bk
May 10, 1962
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INVENTIONS OR DISCOVERIES

All persous engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

R. J. Hennig Plastic Bonding of Bricks and Blocks

I. L. Kirkelie, Jr. Electrophoresis as a Means of Heavy
Water Purification '

L. C. Schmid A Thickness Gauge _

R. A. Walker A System for Producing a Time Variable
Transport Lag for an Analog Voltage
(HWIR-1511) _

R. C. Aungst Roller Chain Extensometer for Tube
Testing

Frank B. Quinlan A Method of Preparing a Metallic

Surface so that it will not Gall During a
Cold Forming Operation {(HWIR-1486)

Frank B. Quinlan and The Art of Bonding Iron to Zirconiam or

R. G. Wheeler Zircaloy-2 by Hot Rolling and the Use of
a Molybdenum Interface {HWIR-1489)

Frank B. Quinlan and The Art of Bonding Iron Alloys to

R. G, Wheeler Uranium with a Sound Metallurgical Bond
(HWIR -1490) '

rftay

Manager, Hanford Laboratories
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