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BUDGETS AND COSTS 

April  operating costs totaled $2,057,000, a decrease of $263,000 f rom the 
previous month; fiscal year-to-date costs  a r e  $21,966,000 or 79% of the 
$27,946,000 control budget. 
costs for April, compared with last month and the control budget are shown 
below. 

Hanford Laboratories r e sea rch  and development 

C O S T  
(Dollars in Thousands) Current Previous FY 

Month Month To -Date 
HLO Programs  

02 P rogram 
03 Program 
04 P rogram 
05 P rogram 
06 P rogram 

FPD Sponsored 
IPD Sponsored 

CPD Sponsored 

$ 46 
6 

746 
78  

204 
1 0 8 0  

95 
83 

117 

Total $ 1 3 7 5  

RESEARCH AND DEVELOPMENT 

$ 49 
23 

949 
121 
237 

1 3 7 9  
115 
138 
157 

8 1 7 8 9  

$ 442 
33 

8 934 
794 

2 008 
12  211 
1 101 
1 101 
1 340 

$15 753 

Budget 

$ 605 
175 

11 006 
1 0 8 8  
2 637 

15 511 
1 4 0 0  
1 3 4 8  
1 6 3 6  

$19 895 

% 
Spent 

73 
19 
81 
73 
76 
79 
79 
82  
82  

79 

- 

- 

- - 

1. Reactor and Fuels 

U 0 2  fuel, i r radiated 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 
break in the fuel jacket subsequent to discharge. 

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

1 2 3 4 3 b l  
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Short sections of inverted -cluster and single -rod fuel element cladding 
have been successfully fabricated by high voltage 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 w e r e  determined to be minimal. 

Electron microscopy examination of irradiated U02 crys ta l s  at 500 C 
and 980 C revealed little change in surface appearance due to  irradiation. 

Six irradiation capsules containing cylindrical specimens of U02 for 
thermal  conductivity studies have been discharged after four yea r s  of 
irradiation. 

Capsules containing s ix  U-U diffusion couples have been discharged from 
the reactor.  Prel iminary 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 wi l l  maintain temperatures  
during reac tor  outage periods. 
are accumulating exposures before the application of load. 

The c reep  capsules now in the reactor  

The development of a fast flux monitor containing a thin fi lm of depleted 
UO2 is under way. At the present  t ime the resu l t s  look quite encouraging. 

The N P R  tube-tube prototype fuel element being i r radiated in the M3 loop 
of the ETR has  been recharged and irradiation is proceeding satisfactorily. 
Examination of i r radiated fuel closed by production brazing methods 
revea ls  the closure to be of high integrity. No cracks  or areas of 
insipient failure w e r e  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 r i s e  to 
seve ra l  concrete recommendations. Included are additional inspection, 
stress relief, and the forming of buggy spring supports to proper  height 
after assembly of the elements. 

1 2 3 1 r 3 b 2  DECLASHED - 



HW-73514 

Autoclave t e s t s  of s t ressed  and unstressed Zircaloy-2, rolled s t r i p s  
revealed that zirconium hydride precipitates preferentially in a direction 
paral le l  to the rolling direction. 
directions had no effect on the hydride precipitation. 

The application of s t r e s s  in various 

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 .  
beyond breakaway and exposed to the gas atmosphere at 400 C. 

Similar resu l t s  were  obtained for a sample pre-oxidized 

The KER-1, carbon steel loop w a s  decontaminated. There  was  no 
change in the central  core  temperature  of a thermocouple slug after 
decontamination nor w a s  there  an increase in the corrosion rate of 
the carbon s tee l  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 s team a t  325 C and 2000 psi  
without failure. Voids in the Al-Si w e r e  detectable as depressed areas 
on the aluminum jacket surface,  most of which w e r e  on the inner hole. 

In preparation for  studies of the propagation of brit t le c racks  in pressure  
tubes, experiments established the proper projectile shape and powder 
charge to introduce an initial crack twice the wal l  thickness in length at 
the inner surface of pressurized tube samples.  
to  propagate in 50 per  cent cold worked, Zircaloy-2 tubes pressurized 
to 90 per  cent of burst  p re s su re  a t  150 and 300 C. 
the c rack  propagated the full length of the sample at a p res su re  of 80 
per  cent of the ultimate burs t  pressure.  An initial crack length of eight 
t imes  the wa l l  thickness propagated 60 per cent of the specimen length 
in an annealed Zircaloy-2 tube pressurized to 90 per cent of i t s  ultimate 
strength at 150 C. 

This length crack failed 

At room temperature,  

The first test irradiation of NPR graphite has  been completed at the GETR. 
Samples were i r radiated at 700 C to an estimated exposure of 1.9 x 1021 nvt; 
about 5700 MWD/AT in the NPR. Contraction of the N P R  (TSX) graphite 
w a s  the same  as K-Reactor (TSGBF) graphite and the CSF reference 
standard: 0.025 per  cent t ransverse  to the extrusion axis and about three 
t imes  this  amount paral le l  to the extrusion axis. Samples f rom the same 
capsule at 450 C received an exposure of only 0.7 x loz1 nvt (E > 0.18 MeV) 
and contracted 0.03 per cent in the t ransverse  direction. 
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Room temperatu-e burst  tests w e r e  performed on specimens f rom the 
annealed portion of PRTR pres su re  tubes i r radiated to exposures up to 
1020 nvt. Irradiation increased the uitimate strength by 30 per  cent. 
F rac tu re  occurred after 14 to 25 per  cent increase in diameter. 
exposure increased, the deformation appears to be confined to local 
bulging of the diameter in the region of fracture. 

As the 

Irradiations in the ETR at 600 to 1000 C have demonstrated that high 
density graphite produced by impregnation with furfural  alcohol actually 
shows an increase  in the rate of radiation-induced contraction. 
the impregnated samples  were  heated to graphitization temperature  
(2500 to 2800 C), the increase  in the contraction rate was  reduced 
slightly, but the contraction r a t e  is still higher than that of non-impregnated, 
lower density samples.  

When 

Studies to determine the amount of boiling present  when fuel elements a r e  
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  hydrad ic  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, result ing in an 11 C t emper-  
a ture  rise in a fringe zone tube. It was  also concluded that the leak would 
not always be detected by a change in Panellit pressure.  

Tes t s  to determine the effectiveness of water mixers  placed in process  
tubes of the presznt  production r eac to r s  showed that a mixer consisting 
of a 180-degree ..piral was  very effective in producing even coolant 
tempera tures  for the case where the water between the r i b s  w a s  originally 
hotter than the rest of the coolant. 

Evaluation of four proposed plutonium fuel element designs (-0-PuO2, 
Zr02-PuOZ, stainless steel clad U02 -Pu02, and segregated plutonium-UO2, 
19-rod clusters) for irradiation in the PRTR showed that they wi l l  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 ser ious  adverse effect on the nuclear safety of the PRTR. 

11 

1 2 3 4 3 b 4  
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Four UO2-PuO 
i r radiat ion in t it e PRTR and have accumulated an exposure of about 9 MWD/T. 
Rods for  an additional 30 c lus te rs  were loaded during the month, with rods 
for  18 elements  processed through autoclaving. 

19-rod c lus te rs ,  made by swage compaction, are under 

Results of the accelerated fabrication program w e r e  even bet ter  than 
anticipated for the vibrational compaction project. Fabrication of fuel 
e lements  containing Pu02  w a s  s ta r ted  and the process  debugged so that 
four to eight fuel rods  were  produced pe r  shift. 
quality of the resultant fuel elements w e r e  excellent thus establishing that 
it is possible to make vibrationally compacted fuel e lements  in large 
numbers  despite the additional problems associated with handling PuO 
Over 200 fuel rods  w e r e  produced during the month. 

Both the quantity and 

2' 

Some process  control problems w e r e  encountered in  the ear ly  fabrication 
phases  of the 400 U 0 2 - P u 0 2  rods  which were loaded and swaged during 
the month. Variations in U 0 2  par t ic le  s i ze  distribution caused a 200 to 
250-gram variation in the amount of oxide loaded into the rods.  

X-ray diffraction pat terns  f rom ten PuC alloys annealed at  610 C for  65 
hours  have been analyzed. Between 3 2  and 41 a / o  C, the latt ice constants 
decreased in a uniform fashion with composition extending f rom 4.9718 to 
4.9677 A; below 32 a / o  C, the ce l l  s i ze  of the PuC phase remained constant 
at 4.9718 A; l ines  other  than PUC on the f i lms w e r e  very weak and appear 
to  conform to  a mixture of alpha and delta plutonium; between 41 and 52 a / o  C, 
the latt ice pa rame te r s  w e r e  constant at 4.980 A and again Pu2C3 w a s  
observed at 4 8 . 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. 
attempt to obtain a single-phase plutonium nitride by this means. 

Fur ther  experiments  will be performed in an 

2. Physics and Instrument Research  and Development 

In support  of the production reac tor  program, the f i r s t  of 24 gamma spectro-  
m e t e r s  to be built by GE-APED for the NPR f u e l  Fa i lure  Monitor was 
thoroughly tested,  re turned 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 r eac to r s  
due to  breakage of tube spl i t ter  blades are expected to be reduced through 
establishment of blade testing procedures;  eight of thir ty  new blades tested 
w e r e  found to have cracks.  

1 2 3 4 3 b 5  
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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 dr ive the exponential pile were examined, re-canned, 
and calibrated by Mound Laboratories. The current  measurements  a r e  
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 wil l  be aided 
by development of three  gamma spectroscopy methods for measuring the 
enrichment of pieces of uniform or varying s i zes  and shapes; accuracies 
up to 2% of the enrichment level a r e  feasible. 

Cri t ical  mass  physics experiments on the reflecting properties of 1 / 2 "  
and 1" thick paraffin w e r e  continued. 
made with plutonium ni t ra te  solutions having a concentration of 220 g/ l .  
This is about twice the concentration used previously. 
savings determined from the experimental data a r e  about the same as 
obtained with more dilute plutonium nitrate solutions. 

The measurements  this month were 

The reflector 

Refined analysis of PCTR data has  yielded an improved value of the 
limiting cr i t ical  concentration of Pu-239 in  aqueous solutions. 
value is 8.4 f 1 g r a m s  of Pu-23911, 
higher than calculated values, 

The new 
The new value is still about one g /1  

The previous experimental value w a s  9.1 g/l .  

In the Rutonium Recycle Program,  a s e r i e s  of cr i t ical  approach experi-  
ments has  been completed using Pu-A1 fuel in light water  moderated lattices. 
The fuel contains 1.8 w/o  plutonium in 1 /2"  diameter rods. 
c r i t i ca l  mass  and mater ia l  buckling were obtained for five different spacings 
between rods, The resu l t s  of the study wi l l  be useful in furnishing basic 
data on plutonium as a fuel for light water latt ices as well as for making 
est imates  of the nuclear safety in processing PRTR fuel. 
supplements previous measurements  made with fuel containing 5 w /o Pu -Al. 

Values of the 

This work 

Both zero-  and one-dimensional analysis methods w e r e  used in analyzing 
the 5 w / o  Pu-Al-H20 approach-to-critical and exponential lattice experi-  
ments. 
in some cases and poor in others.  The range of discrepancy in t e r m s  of 
the multiplication constant was  0.270 to 570 in Lu(. The studies pointed out 
the severity of the neutron spectrum determination problem in these smal l  
all plutonium-fueled assemblies.  

The methods gave resu l t s  in excellent agreement  with experiment 

DECMSSIFIED m 
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The planned exposures on two low exposure Pu-A1 fuel elements 
reached, and the elements w e r e  removed f rom the PRTR during 

w e r e  
April. 

The six modified U 0 2  elements a r e  scheduled to be loaded in the core 
during the shutdown around the first of May. 
were obtained on the low exposure Pu-A1 fuel element 5075; the 
remainder  should be forthcoming in May. 

Additional burnup data 

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

P rogres s  was made in investigations of the effect of wind velocity spectra  
on mean horizontal dispersion in the atmosphere. 
dispersion data f rom different s i t e s  w i l l  be facilitated by this work. 

Comparison of 

Separation of sma l l  variations in three parameters  in a simulated multi- 
layer nondestructive tes t  problem w a s  demonstrated using developmental 
multiple parameter  eddy current  tes t  equipment. 
be applied to separation of th ree  or more  test parameters  in  metal  specimens 
in preparation for application to practical  testing problems. 

The equipment w i l l  next 

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. 

Chemical Research  and Devebpment  

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 impurit ies in the aqueous feed to the 2D column. 
impurit ies appear to follow the uranium-bearing organic s t r eam leaving 
the 2D column and subsequently foul the 2E column. 

The 

A new Purex  2E column car t r idge 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. 
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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 car r ied  out with synthetic 
Purex wastes. Tests  resu l t s  thus far a r e  quite favorable. 

Uranium dioxide deposits in the form of a 2-inch long, 1 -inch diameter 
right cylinders have been prepared electrolytically f rom KC1 -LiC1 melts 
at 500 C. 
grains. Typical bulk densit ies of 10.8 to 10.9 and lithium impurity 
contents of l e s s  than 10 ppm a r e  observed. 

The deposits are composed of radially oriented columellar 

The presence of thallium in plutonium-uranium bearing chloride melts 
is found to effect a three-fold increase  in the Pu02/UO2 ra t io  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 o r  f rom neutralized formaldehyde 
treated waste.  

Prel iminary 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 s t ream;  about 20 per  cent follows 
the uranium product; and the remainder  recycles via the 3WB stream. 

Dilute ni t r ic  acid (ca. 1 M) was  found again to be necessary to initiate 
dissolution of i r radiated x - A 1  alloy fuel material. 
dissolution of the alloy can be car r ied  to completion a t  a much higher 
ni t r ic  acid concentration. 

Once initiated, 

In operation of the As-76 prototype monitor at  the 100-F Area, in te r -  
ference of the As-76 count by a fission radioisotope, iodine-135, w a s  
experienced, 
and fuel  rupture monitoring is being examined. 

Feasibility of using this  type of equipment for both As-76 

4. Biology 

The first pigs to show Sr-90 toxicity symptoms in the long-term experiment 
were noted during the month, 
S r  -90 daily for 100 days. 

These had been exposed utero and fed 625 pc 

Pigs having received 6.4 pc Ra-226/kg body weight a r e  developing 
nephritis. Control and Sr-90 animals remain  normal  in that respect. 
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DTPA appears  much l e s s  effective in promoting Np excretion than it is 
for PLL 

A dog having deposited 4 pc pU23902 in its lungs died 2 1 / 2  y e a r s  later. 

Neosynephrine, Pluronics, and DTPA all markedly increase lung clearance 
of Ce144--144 in ra t s ,  with DTPA being most effective. 

5. Programming 

When all of the possible radionuclides which may have potential for use  
a s  heat - sources  a r e  examined f rom the standpoint of a few pract ical  
c r i te r ia ,  the list shrinks to a total  of only six isotopes: 

strontium-90 
cesium - 1 3 7 
promethium- 147 
thorium -2 2 8 
uranium -23 2 
plutonium- 2 3 8 

It is concluded that recovery of prome+hhm-147 should be receiving 
additional emphasis. 

The decay of plutonium-241 resu l t s  in ser ious reduction of the exposure 
attainable with Phoenix fuels at low specific power. 
fuel life as measured in yea r s  passes  through a maximum and declines a s  
specific power is increased. 
maximum life of about 15 yea r s  for a specific power  of about 100 MW 
per  ton of plutonium, decreasing to  a life of only 5 yea r s  at 10 MW/ton. 

In consequence, the 

Calculations for one case  indicated a 

TECHNICAL AND OTHER SERVICES 

On April  7 about 11 a. m., a nuclear excursion occurred in the K-9 vesse l  of 
the Solvent Extraction hood in the Recuplex facility at the 234-5 Building. At 
the t ime of the event, there  w e r e  22 employees in the building including four 
persons in the Recuplex area. 
system alerted all persons in the building of the event. 

Automatic activation of the cri t icali ty a l a rm 
Evacuation w a s  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. 
nated, 

No personnel were found to be contami- 
On the basis  of surveys made for neutron activation of Na-23 in the body 



xiv HW - 735  14 

and statements made by the involved employees, four employees were 
t ransferred to the Kadlec Hospital for further t e s t s  and observation. 

All  of the 24 employees in the Z-plant facility w e r e  wearing their  film badge 
dosimeters  as prescribed. Analysis of these dosimeters ,  analysis of blood 
samples  and examinations in the Whole Body Counter provided ear ly  
preliminary est imates  of the radiation doses received. 
room where the excursion occurred, their  preliminary dose est imates  were 
known four hours af ter  the excursion. 
facility, their  doses  were known six hours after the event. 
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 r e m  due to the excursion 
except for one employee who w a s  in a nearby office and received 1 .7  rems.  

For  the four men in the 

For  the other 20 persons in the Z-plant 
The four men who were 

The Hanford Laboratories home phone crash  a la rm system w a s  activated 
shortly af ter  the incident. Within one hour after the excursion, initial 
staffing of the Emergency Control Center and emergency supporting Labora- 
tor ies '  facil i t ies 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 Reeuplex facility 
during April. 
protection control l imits  were in force. 

Throughout the recovery period normal  Hanford radiation 

Five senior members  of the Laboratories '  staff served on the Recuplex 
Advisory 'Council o r  Investigating Committee. 

Iodine-131 emitted f rom 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 w a s  detected except in the immediate vicinity 
of the 200 East  Area. 

Average fallout concentrations at various localities in the Pacific Northwest 
ranged f rom 2.4 to 13 ppc /m3 during the month of April. 
noted during the first week of April  appeared to be the f i r s t  evidence of the 
spring peaks expected f rom the USSR testing las t  fall. 

Sporadic increases  

Three minor cases of plutonium deposition, each l e s s  than one per  cent of the 
maximum permissible  body burden, w e r e  confirmed by bioassay analyses 
during the month. The total number of plutonium deposition cases  that have 
occurred at Hanford is 288, of which 208 a r e  currently employed. 
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Mathematical expressions have been developed which express  the self-  
interaction coefficients of annulus -shaped containers with interior rad ia l  
baffles. Such containers are used for storing fissile materials,  and their  
self -interaction coefficients are important in cri t icali ty 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 a r e  being collected to test the appropriateness of the 
tentative format for  the c reep  raw data portion of the mechanical properties 
raw data file. 

A s ta t is t ical  evaluation of plutonium analyses on eight types of plutonium oxide 
pellets was completed. 

SUPPORTING FUNCTIONS 

PRTR nutput was 1044 MWD for a plant efficiency of 49.7% and a total experi-  
mentai rime efficiency of 51.7’70. Accumulated exposure through April  30 is 
7261 MWD. Additional exposure information is as follows: 

Maximum UO2 exposure /element 
Average U 0 2  exposure /element 
Maximum Pu-A1 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 

2240 MWD/TU 
1518 MWD/TU 

The ninth refueling was  performed on April  2. 
containing high exposure plutonium and three new elements containing a mixture 
of Pu02 and U 0 2  (Moxtyl) w e r e  charged in place of U 0 2  elements. Additionally, 
an LX &-&element and an additional Moxtyl element w e r e  charged in mid-month. 
The performances of the HX and the Moxtyl elements have been satisfactory, 
with no unusual operating problems. 

Three  new Pu-Al elements 

A preliminary study w a s  made of the hazards  associated with .the transition f rom 
the 3-zone U02-Pu-A1 loading to a 2-zone U02-Moxtyl loading. It w a s  concluded 
that the proposed change would be safer with respect  to an increase in the 
negative temperature  coefficient and m u l d  not change the delayed neutron 
fraction significantly. 

. 
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Work continued on the project exceptions for the Plutonium Recycle Cri t ical  
Facility. Safety rod cadmium plating was tested and found to be satisfactory. 
The rods were  installed and drop tested satisfactorily. The Log-N channels 
tr iple t r i p  unit w a s  returned from the vendor and tested satisfactorily. 
Preliminary planning was s ta r ted  on the H20 moderated second generation 
experimental program. Current  efforts include scope, budget, and scheduling 
definitions . 
Over-all construction for  the Fuel Element Rupture Test  Facility is estimated 
at 9470 complete. C P F F  work is 97% complete and the water  plant is 88% 
complete. Minor design changes were initiated to alleviate potentially 
hazardous conditions. 
is approximately 60% complete. 

Design for  shielding of the piping and heat exchangers 

The project for  the gas cooled loop is 91% complete. The vendor s tar ted 
fabrication of the heater. 
toward mid-May testing of the blowers. Fo rma l  training of all PRTR operating 
personnel was initiated April 10. 
and manuals, etc. 

The blower vendor indicated satisfactory progress  

Some work continued on procedure preparation 

Authorized funds for 11 active projects  amount to $2,721,600. 
estimated cost  of these projects  is $7,730,000 of which $1,274,000 has been 
spent through April  30, 1962. 
c h e m i s t r _ y a n d  Geological and Hydrological Wells - FY 1962 were 
submitted to the AEC in April. 

The total 

Project  proposals covering a Low Level Radio- 

PRTR operating cos ts  in April included heavy water charges  of $21,459 to 
cover losses of $18,794 and s c r a p  of $2,665. 
significant increase  compared with March loss  of $7,650. 
sc rap  valued at $210,000 will be shipped to Savannah River in the latter par t  of 
May. 

This month's loss represents  a 
It is expected that 

Approximately 2,300 hours of overt ime w e r e  worked by Hanford Laboratories 
exempt (excluding administrative) employees in connection with the 200-W 
crit icali ty incident. Costs aggregating $15,729 have been billed to CPD for  
technical ass is tance provided by Hanford Laboratories. 
Protection se rv ices  and administrative personnel are not included in the above 
amount. 

Recruitment - Four Ph. D. applicants visited HAP0 for employment interviews, 
Four offers  were  extended; one acceptance and three reject ions were received. 

Costs for Radiation 
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This month 50 program offers and 10 d i rec t  placement offers  were  extended; 
offers accepted included 27 program and four direc.: placement; rejections 
came f rom 54 program offerees  and five d i rec t  placement prospects. 

Technical Graduate P rogram - Six Technics1 Graduates w e r e  placed on 
permanent assignment; one new member w a s  added to the ro l l  and one man 
terminated. Curren t  program members  total  38. 

for  Manager 
Hanford Laboratories 

HM Parker:WHR:st 
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATI(X 

TEXHI9ICAL ACTIVITIES 

Corrosion Studies 

Effect of Heat Treatment on Hydrogen Pickup. The e f fec t  of heat 
t rea t ing  Zircaloy-2, low nickel Zircaloy-2, a heat of ultra f ine 
grained, low nickel, Zircaloy-2, Zircaloy-4 and crystal  bar z i r -  
conium on hydrogen pickup during corrosion i n  400 C y  1500 ps i  
steam is being investigated. 
following heat t reated conditions: 
Q anneal, and as-cold rolled.  

Each alloy is being tes ted i n  the 
quench, CY + p quench, 

me-transi t ion percent corrosion product hydrogen pickup fo r  Zr-2 
i s  about 10 percent f o r  samples quenched from the 8 or  CY + B 
phases and about 20 percent f o r  samples in the as-rolled or  CY 
annealed condition. 
pickup a f t e r  t rans i t ion  f o r  B and CY + B quenched srunples, unlike 
the as-rolled and (r annealed samples for  which hydrogen pickup 
increased t o  40-50 percent. 
Zr-2 and Zr-4 are  similarly affected by heat treatment, though 
the difference noted pr ior  t o  t rans i t ion  are less s ignif icant .  

Moreover, there i s  no increase in hydrogen 

The hydrogen pickup for low nickel 

Directional Precipitation of Zirconium Hydride. Investigations 
t o  determine factors  affecting the orientation of zirconium hy- 
dride p l a t e l e t s  i n  Wrcaloy-2 have been conducted. 
s t r i p s  p l a s t i ca l ly  deformed 66 percent reduction i n  thickness by 
cold rol l ing were autoclaved i n  450 C steam. 
stress was applied i n  one of three directions, para l le l ,  no-, 
and diagonally, t o  the direction of p l a s t i c  deformation. 
samples were autoclaved fo r  a suff ic ient  length of time t o  intro- 
duce approximately 150 p p m  of corrosion product hydrogen in to  the 
Wrcaloy-2. 

Zircaloy-2 

A l~,OOO psi t ens i le  

All 

Mtallographic cross-sections of the hydrided samples demnstrate 
that an oriented precipi ta t ion occurs para l le l  t o  the direction 
of rol l ing.  The applied stress appeared t o  have no ef fec t  on the 
direct ional  precipi ta t ion of zirconium hydride. Unstressed 
samples exposed simultaneously, were found t o  have the same 
pat tern of hydride precipi ta t ion as the stressed samples. 



Corrosion of B e r y l l i u m  Brazed End Closures and Copper Bonded Ehd 
Closures. 
closures and copper bonded end closures have been obtained. 
r o s i m  f o r  both the welded and unwelded bery l l ium brazed closure 
exposed t o  360 C water was approximately 0.3 mil following three 
months of exposure as compared t o  0.2 m i l  f o r  the  first 1-1/2 
months of exposure. The penetration on the samples exposed t o  
400 C steam is approximately 0.4 m i l  following 2-1/2 months of 
exposure as compared t o  0.25 m i l  for  the first l-1/2-mnth ex- 
posure. 

Additional corrosion results m beryllium brazed end 
Cor- 

I n i t i a l  corrosion results on the copper bonded and welded end 
closures have shown good corrosion resistance i n  both 400 C steam 
and 360 C water. Uniform penetrations of 0.05 mil i n  360 C water 
and 0.06 mil  in 400 C steam w e r e  measured following one month of 
exposure. However, small portions of the copper contaminated 
welded area showed loca l  penetrations of 0.65 mil i n  both t e s t  
media. 

Slug Rupture Test. 
fuel  elements have been autoclaved f o r  110 hours in 325 C, 2000 
p s i  water without rupture. These elements represented a random 
selection of recent, acceptable production fue l  elements. Voids 
i n  the Al-Si were detectable as depressions in the can surface 
after autoclaving. 
f o r  fur ther  measurements and correlation of bond test results 

The f i r s t  batch of 102 standard 8-inch I E: E 

The fuel  elements have been returned t o  FPD 

W i t h  Al-Si voids. 

lon-Isothennal Loop. 
operated successfully at 340 C and 3000 ps i  fo r  ten days. 
the failure of one heating element apparently introduced magnesium 
oxide (and high pH) i n to  the loop water. 
t o  =place the w e d  heating element. 

Initial loop tests with coupons have been 
However, 

An attempt w i l l  be made 

Additional valves and welded fittlngs have been ordered so that  
upon modification, the loop may be operated isothermally, by 
isolat ing the heat exchanger units. 

Bta l lu rgy  Studies 

Zirconium Components f o r  Coextrusion. 
both grain s ize  and extrusion coefficient on interface roughness, 
several metals w i l l  be coextrded along with uranium in a composite 
b i l le t  assembly. 
interface roughness of alpha extruded and beta heat treated-alpha 
extruded uranium will be made. 

To detemine the ei'fects of 

A t  the same t i m e  a direct  conparison between the 
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Slots  w e r e  machined along the length on the outer siuface of a 
uranium b i l l e t  f o r  an B-outer extrusion. The b i l l e t  w a s  then cut 
in half and one half beta heat t reated.  The two halves w e r e  
butted together and s t r i p s  of copper, brass, mild steel and 
Zircaloy were aligned i n  the s lo t s .  The Zircaloy s t r i p  was 
immersion plated with copper pr ior  t o  assembly. 
canned f o r  extrusion in the regiLar manner. 
e f f i c i en t s  of the metal s t r i p s  bracket those of uranium and 
Wrcaloy-2 going from l o w  t o  high i n  t h i s  order: 
brass, Zircaloy-2 and mild s t ee l .  
s t r i p s  ranged from 10 t o  80 microns. 
faces between both the uranium and Zircaloy and the t e s t  metals 
w i l l  be analyzed. 

Tine assembly was 
The extrusion co- 

copper, uranium, 
The grain d i e t e r s  of the 

After extrusion the inter-  

The significance of a "memory'' ef fec t  i n  Zircaloy coextrusion 
components from B pr ior  forming operation was recently observed. 
Wrcaloy inner clad inner fuel  components fabricated by a rol l ing 
process were coextruded. 
equally spaced ribs w i t h  heights over twice the clad t h i c b e s s  
protruding in to  the xranium core. 

The result ing inner clad had four 

W t a l l i c  Fuel Development 

Fuel I r radiat ions.  The NPR tube-in-tube fue l  element which is 
being irradiated in the GEH-m Loop in the ETR has been recharged 
and i r radiat ion is  proceeding sa t i s fac tor i ly .  The inner tube now 
being i r radiated has "suitcase handle" rather than "buggy spring" 
supports. A t  the  completion of t h i s  i r radiat ion period, the fue l  
element w i l l  be discharged and the t e s t  terminated. m e  a\-era&e 
t o t a l  exposure on the outer tube a t  tha t  t i n r e  should be approxi- 
mately 1200 WD/T. 

Radiomtallurgical examination is contiming on the production 
brazed i r rad ia t ion  test from the KI'R, GEH-4-63 and 64. 
closures on GEH-4-64 have been sectioned t o  determine t h e i r  in- 
tegr i ty .  
cracks or  indications of any incipient fa i lure  i n  the brazed region 
Cracking occurred in the uranium near the  end of the tube located 
i n  the lower f lux region, but none of the cracks extended e i the r  
t o  the cladding or  t o  the brazed end c1os;rre. 

Both end 

Both closures appear t o  be i n  good condition with no 

The variable braze thickness i r radiat ion t e s t ,  GEiI-k-a, 69 and 
TO, is nearing completion of t is  sixth snd last cycle of irradia- 
t i o n  in the m. 
i r rad ia t ion  should be approximately 1360 WD/T. 

The t o t a l  accumulated exposure at  the end of the 

1 2 3 4 3 1 b  



~ i v e  fuel  elements (amt inner 
examined and weighed in  the basin 

tube prototypes) have been 
for swelling determinations 

after attaining 3000 W / T  exposure. 
ance of the eleraents i s  go&, and there is no evidence of 
surface bumping, clad s t r ia t ions ,  or  excessive warp. 
brazed closures appear free of excessive corrosion. 
fue l  swelling is  1.7 f 0.5 v/o. 
t o  the Radiometallurgy f a c i l i t y  for additional evaluation. 

The sqe r f i c i a l  appear- 

The Zr-Be 
Average 

The elenrents w i l l  be shipped 

Four l7-inch IVIE: fuel  elements, which were used as heaters in 
the themcoupled crud test charge, have been evaluated in the 
basin following discharge. The closures were white, apparently 
the result of operating in coolant somewhat hot ter  than usual. 
Fuel swelling f o r  these 750 W D / T  exposure elements was 0.3 f 
0.1 v/o. 

Two IVPR fuel  assemblies operated as a throw-away charge i n  
Loop KER-3 were discharged after at ta ining an exposure of 
420 m / T .  
fuel  tubes showed no measurable fue l  swelling. 

Determinations made on the two h e r  and two outer 

%ambation of a coextruded Zircaloy-2 clad fuel e lemnt  which 
ruptured a t  about 1700 WD/T in a KU Reactor production channel 
has not revealed the cause of failure. Hawever, examination of 
the cap indicates t ha t  a buildup of corrosion products between 
the cap and the fuel is the most probable mechanism by which 
the cap was dislodged from the fue l  element. 

E s r l y t h i a  zumth, KBR Loop 1, which contained a themcouple  
probe, was decontaminated. 
operated normally f o r  two days, indicating t h a t  no crud film 
had been deposited on it. 
terminating the experiment. Total exposure on the thermocouple 
probe at the time of failure was 900 EIJD/T. 
showed that the end cap ( a t  the thermocouple end) wa8 broken 
from the rest of the fue l  r6d. 
Visually in Rad3ametsllurgy. 
in the cladding attached t o  the end cap and radial cracks were 
seen in  the outer surface of the end cap. 
failure ha8 not yet been determined. 

Following the outage, the probe 

Tbe thermocouple probe then fa i led ,  

Basin examination 

The end cap has been examined 
Longitudinal cracks were observed 

The cauae of the 

A 36-inch long --size tube-in-tube fue l  element which was 
irradiated in  the Cga-07 Loop a t  the FPR has been examined by 
Itadiometallurgy. 
2 w/o core. 
midlength of both the inner and the outer tubes, and burnup and 

This fue l  elePJent had a natural uranium- 
kta l lography was coIllpleted = sections a t  the 
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density measuremnts were made a t  the midlength of both tubes 
and a t  every three inches f ramthe  midlength t o  one end of the 
inner tube. The metallography sample a t  the midlength of the 
inner tube showed the presence of what appears t o  be a spheroidized 
second phase. The calculated temperatures were high enough 
(575 C )  for  spheroidization t o  have occurred. 
was not seen in the mstallography sample f romthe outer tube 
where temperatures were lover. 
mately two percent occurred in the inner tube a t  a burnup of 
1800 W / T .  
expansion fol lared tha t  predicted by the perfect gas l a w s  except 
that the effective pressure restraining the f i ss ion  gas expansion 
was approxinrately twice the 2000 p s i  loop pressare. The addi- 
tional. apparent pressure i s  due, i n  par t ,  t o  res t ra in t  offered 
by the  cladding and in part  t o  the surface tension forces 
associated with the gas pores. 

This second phase 

A density decrease of approxi- 

The swelling data indicate t h a t  the observed fue l  

Four cladding studies capsules were discharged from DR Reactor 
a t  an exposure of 1500 WD/T and are scheduled for  examination 
by the Radiometallurgy Operation. 

Examination of one Zircaloy-2 clad uranium rod recently ir- 
radiated in the KFR showed a cladding defect similar t o  the 
necking observed on several other Zircaloy-2 clad rods. 
However, a transverse cross section shows tha t  a crack has 
propagated from the inner surface of the cladding t o  the surface, 
with l i t t l e  p l a s t i c  deformation a t  the fracture except where it 
terminates a t  the clad surface. The fracture  did not propagate 
in to  the uranium. 

F'abrication of components f o r  a second i r radiat ion t e s t  of fue l  
rods w i t h  non-uniform thickness of Zircaloy-2 cladding continued. 
Preliminary assembly and welding of the capsule bodies is complete. 
Eighteen Zircaloy-2 clad rods were coextruded with intentional 
s t r i a t ions  of controUed depths a t  the fue l  cladding interface.  
These rods have been heat treated and are now being cut fo r  ir- 
radiation samples. 

F'uel Deformation Studies. 
of uniformly enriched and "dual" uranium fue l  e lemnts  operating 

To investigete the relat ive swelling 

at equivalent parer generation and surface temperatures, three 
capsule-type expe r i en t s  axe being assembled f o r  i r radiat ion in 
the KCR. Assembly and masurement of the fuel samples are com- 
plete .  
i r radiat ion,  a f ine  gr id  is being etched 011 the cladding surface. 

To masure the non-uniform straining of the cladding during 
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Several irradiated 0.593-inch diameter cladding specimens were 
tested t o  failure a t  roan temperature by application of a pure 
hoop stress w i t h  an expanding mandrel inside the cylindrical  
specimens. 
Fn a v i s u a l  examination of the failed specimens. 
examination and measurement was started. 

Very l i t t l e  p l a s t i c  deformation could be observed 
Detailed 

Fluted Fuel Developnrent. 
element was c m l e t e d .  
have eight f l u t e s  about 0.1 inch from valley t o  crest .  The 
tangential arcs which form the f l u t e s  have 8 radii r a t i o  of 
about me-tenth. This results in a shape that resembles an 
octagonal prism with romded corners and s l igh t ly  concave sides. 
The central  bore is cylindrical .  The naminal dimensions of the 
elelaent are 2.327 inches CD and 1.286 inches ID. 
will be fabricated by coextruding 0.95 percent enriched uranium 
and Zircaloy-2 cladding. 
this purpose va8 completed. 

The design of a single tube, f luted 
The outer surface of the element w i l l  

The element 

The design of the extrusion die for 

Fuel Closure Development. In an e f fo r t  t o  find l e s s  expensive 
and better brazing materials for the KPR fue l  closures, several 
pure metals are being studied for their a b i l i t y  to form a bond 
or a lover melting brazing a l l o y  by diffusion with the Zircaloy 
end cap. the of these mtals is pure copper. C u p p e r  cups have 
been made t o  f i t  Zircaloy caps and then assembled into the 
chemically-milled end of a Zircaloy-clad fue l  element. The end 
of the element is then heated in vacuum t o  1050 C fo r  30 
secmds, using induction heating. Fifteen psi  mechanical force 
i s  applied t o  the end cap and the chamber is back-filled t o  one- 
half atmosphere of argon t o  collapse any voids i n  the braze. 
Metallographic examination shows that t h i s  method I s  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. 

Hot Head Closure Studies. 
mine the conditions fo r  projection welding a cap t o  a nhot- 

The objective of Phase I is t o  deter- 

headed" fuel elelPent and obtain a mhinrum void area between the 
cap and the end of the fue l  element. 

A naodificatian of the welding pro3ection has been made on the end 
cap. Requests have been issued t o  maake a quantity of these caps, 
and it is anticipated that the  =chine shop vi11 supply these 
within several days. 
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The objective of Phase I1 is  t o  investigate and develop methods 
t o  o5tai.n a continuous bond between the cap and the end of the 
f u e l  e l e E n t  i n  an area circumscribed by projection welds. 

A series of exploratory welds were msde using assemblies con- 
sisting of two Wrcaloy caps which had the same s ize  and shape 
8s the fue l  element end cap. 
welds while the other disc had f la t  surfaces. Sn and Cu f o i l  
preforms were used as interface materials. 
jection welding, heat t rea t ren t  was accomplished in the welding 
machine by varying the number of heat impulses while holding 
other parameters constant at  a rb i t ra ry  values. 

(he d i s c  contained projection 

Subsequent t o  pro- 

Cursory mtallogrsphic examination indicated tha t  the Sn samples 
and mst of the copper samples w e r e  unsatisfactory. These re- 
sults were believed t o  have occurred because of excessive heat 
generation. 
too thick. 
be generated with the resistance welding equipment t o  make a 
complete welded joint  across the  en t i re  interface of the caps. 
Although t h i s  demonstration may indicate tha t  discs and bars 
with similar cross sections may be joined, it may not be appli- 
cable f o r  fue l  elements because of the amount of heat generated 
and because of accompanying noticeable deformation. 

Resul t s  a l so  indicated tha t  the Cu preforms were 
Qe welded sample indicated tha t  s d f i c i e n t  heat can 

P r e v i o s  experimental work has led  t o  the conclusion tha t  the 
most promising approach t o  the problem of producing consistently 
sound bonds at  the closures of KpR elements by the "self-brazing" 
process i s  t o  encase the e l emnt  i n  a ceramic l ined restraining 
die,  while supplying heat and ax ia l  load by mans of the heavy- 
duty Scialg spot welder. 
of the restraining die. 
essent ia l ly  vater-free, and capable of retaining i ts  e l ec t r i ca l  
non-conductance at  a temperature of 700 C. It must also adhere 
firmly t o  the in t e r io r  vall of the die but a l l o w  the upset end 
of the element t o  be pressed out of the die without seizing. 
Several proprietary ceramic coatings and other "home-made" lu t e s  
have been explored. 
pmperties consists of equal parts of Almdum cement and Portland 
cement mixed with Sauereisen thinner t o  the consistency of texture 
paint. A smooth mandrel of proper diameter costed with Aquadag 
is inserted in the  loosely f i t t i n g  bore of the die, vhich is 
plugged a t  one end snd charged with a slight excess of the l u t e  
material. The mandrel serves as a piston, forcing the l u t e  up 
in to  the annulus. After the l u t e  has se t ,  the mandrel is care- 
f u l l y  pressed out of the die, leaving an Aquadag-lubrciated 

A principal d i f f i cu l ty  i s  the lining 
This l in ing  must be hard, smooth, 

Qe mixture that has most of the desired 
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ceramic l i n e r  with smooth wal ls .  
dried and baked t o  harden the ceramic coat-. 

Finally, the l ined tube is 

C o p p e r  Welding. 
copper with nitrogen as a shielding gas has not been eliminated, 
it has been markedly reduced. 
the use of silicon cupper. 
by the combinatioa of gas flow, torch position, travel speed, 
and welding current. 
It does not appear t o  be enough t o  cause leakage in to  a welded 
and evacuated coextrusion b i l le t ,  but t h i s  remains t o  be deter- 
mined. Superior penetration is evident. 

rjpR Fuel Support Develagment. 
fabricstion, height control and fatigue resistance of supports 
f o r  the lppR inner fue l  tube are under invest igat im.  

Although the porosity encountered in  welding 

The major reduction is caused by 
Slight fur ther  improvement is  made 

Welds on s i l icon  copper show so1113 porosity. 

-. 
A nuniber of problems involving 

Cracking of the supports a t  the bends during fabrication is  a 
nmjor problem. 
dure offers  a solution t o  this problem: 

On the  basis of t e s t  runs, the following proce- 

1) Stress relief anneal the p a r t i a l l y  formed supports 
pr ior  t o  forming t o  finished dimensions. 

2) Give the heat treated supports a 100 percent =lo 
inspection. 

3)  Form the supports t o  finished height. 

The prescribed interference f i t  betveen the inner tube supports 
and the inner surface of the outer fuel tube is d i f f i cu l t  t o  
achieve. Test -8 on a proposed solution t o  t h i s  problem are 
encouraging. 
than the  width of the annulus between the inner and outer h e 1  
tubes. The autoclaved iMer fuel tube is then assembled inside 
the outer tube and an interference fit between the supports and 
the outer tube is produced with a special too l  t h a t  increases the 
height of the suPp0I-t~ by shortening the length of the crowned 
sect ion. 

The supports are instal led so their height i s  l e s s  

Mlure of inner tube supports in the ECFt and high speed movies 
of the behavior of the inner fuel tube in an ex-reactor loop has 
caused concern over the poss ib i l i ty  of fatigue failure of the 
supports in the I-Reactor. The suitcase handle type support has 
not revealed this suscept ibi l i ty  to fatigue failure, prestllpably 
because i t s  spring constant is five or six times greater than 



that of tr2-. buggy spring support. A fuel  tube assembled by 
s iz ing  up the supports in place as described previously had 
a spring constant seven times greater than tha t  produced by 
the old method of assembly. This spring constant is even 
larger  than tha t  of a suitcase handle type sapport, yet all 
the adveatages of the buggy spring type are retained. 

Supports - Dummies, MSR Maps 3 and 4. 
carbon s t e e l  dunrmies for  KER Loops 3 and 4 are hard s t e e l  ball 

Present supports on the 
- 

bearings, plug welded in place. 
around a t  each end of a 16-inch long dunmy. These supports are 
unsatisfactory f o r  use in the loops because of their  poor wear 
characterist ics,  fretting potent ia l  due t o  possible chattering, 
and t h e i r  i nab i l i t y  t o  span discontinuities in the process 
channel. 
the N outer fue l  tube support i s  being fabricated f o r  use on 
the dummies. The N outer fue l  support dies were modified t o  
fabr icate  th i s  support. 
sheet s t e e l  and resistance welded t o  the dummies. 
t o  have suff ic ient  information (strength characterist ics,  chemical 
composition, and wear properties) available by the next reactor 
outage so dumnies bearing t h i s  support configuration can be 
charged. 

The balls are spaced four 

A so f t  low carbon steel support similar in-shape t o  

It i s  made from 16 gage (0.061 inch) 
It is planned 

Uranium B i l l e t  Heat Treatment. Forty-three NOE, twenty-four BIE, 
and e i&t  half-section NQE uranium coextrusion b i l l e t s  were beta 
heat t ieated as a final fabrication s tep before coextrusion. 
treatment consists of a simple beta phase heating and quench. 
Coextrusion performance of NOE bil le ts  f romthe alpha annealed 
and single beta heat treated N process ingot w a s  found t o  be 
generally the s ~ m e  as b i l l e t s  prepared from t r i p l e  beta heat 
t reated ingots. 
without the pr ior  alpha soak, and has been scheduled f o r  primary 
extrusion. 

The 

The second ingot vas single beta heat treated,  

Cleaning and Pickling. 
lubricants, copper versus low carbon s t ee l ,  in to  Zircaloy-2 clad- 
din& during coextrusion was in i t ia ted .  The purpose of t h i s  study 
is t o  evaluate the diffusion of copper and low carbon steel 
(ASThCA-83-6CX) during extrusion at  75U C and c o q a r e  the findings 
with diffusion a t  the standard 600 C coextrusion temperature. The 
procedure being followed is t o  take short sections of 0.6-inch 
d i a E t e r  Zr-2 rods, produced by extrusion in a copper o r  s t e e l  
container at a reduction r a t i o  of 13.6 t o  1, and remove the metallic 
lubricant by various chemical means. The cleaned sectfans are 
then etched i n  standard HF-RIVqj etch solution f o r  60 seconds. 

A study t o  compare the diffusion of metallic 

The 
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etch solutian is  analyzed by colorimetric means t o  determine 
the concentration of e i ther  copper or  iron. 
of Zircaloy are removed u n t i l  the layer removed has the 
standard composition of Zircaloy-2. Preliminary results show 
no appreciable diffusion of cupper occurs a t  600 C. The d i f -  
fusion of copwr at 750 C i s  approximately 130 ppm f o r  the first 
mil of surface. The mans by which the nretallic lubricant is 
chemically removed has a tremendous influence upon the copper 
concentration of the Wrcaloy surface. If only the standard 
hot EUVC~J s t r i p  bath (60 percent HN a t  60 C t o  70 C )  is used, 

obtained from etching the first half mil of surface. However, 
i f  the standard hot EN03 s t r i p  bath is followed by a lo-minute 
dip in room temperature HCl, and then by hot EiNe'for one t o  
two minutes the low copper concentration reported above can be 
achieved. 

Successive layers 

"average" copper concentrations a t  3 00,OOO ppm or greater were 

To date, anly l imited investigations have been conducted on the 
iron clad nmterial. 
at  750 C t o  be small and not t o  penetrate mre than one t o  one 
and one-half mils. 

Cursory evaluation shows the iron diffusion 

zirconium Alloy Studies. 
for the ser ies  of zirconium alloys of two oxygen levels and 
varying tin content. 
1500 p s i  steam showed all the alloys except the low oxygen pure 
zirconiumto have adherent black oxide films and weight gains of 
approximately 22 mg/d.u?. A l l  the al loys a f t e r  10 days in 680 F 
water had black adherent oxide films. The tests are being con- 
tinued t o  approxinoately 130 days of exposure. 

Initial corrosion data were obtained 

Examination after 14  days in 750 F - 

Me Lubrication. 
film of l i thium stearate ,  applied over the asphalt coating, 
improves the lubricating properties of the asphaltum t o  a con- 
siderable extent. I n  drawing Zr-2 w i r e  it has been observed that 
the application of a l i t h i u m  stearate film allows fo r  a 300 per- 
cent increase i n  the drawing speed of the w i r e .  

It has been found tha t  the addition of a th in  

An asphalt surface is not normally wetted by water, but when a 
stearate coating is  applied, a th in  film of water will adhere t o  
the surface. The die coolant water spray produces such a f i lm 
on the-wire as it is drawn in to  the die.  The cooling effect  of 
t h i s  water within the die  ac ts  t o  increase the f i lm strength of 
the asphalt. 
f r i c t i o n  between the carbaloy die  and the wire. 

The s tearate  a l so  reduces the coefficient of 

1 2 3 1 r 3 8 3  
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Corrosion and Coolant Systems Development 

Eiyariding Corrosion Capsules. 
and Zircaloy-4 samples exposed in-reactor for 167 days t o  a 
simulated NPR gas atmosphere at 400 C were higher by a fac tor  
of 2 t o  3, than comparable samples exposed t o  the same atmos- 
phere out-of-reactor. 
etched, autoclaved 3 days in 400 C steam and autoclaved 56 days 
i n  400 C steam. 
relat ive w e i g h t  gains of in-reactor and out-of-reactor samples. 
Samples exposed in-reactor a t  300 and 350 C are in the process 
of being removed fromthe capsule and weighed. 
be analyzed fo r  hydrogen content. 

The weight gains fo r  Zircaloy-2 

Three pretreatments were employed: 

These pretreatments caused no difference i n  

A l l  samples w i l l  

Electr ical  Resistance of ZrO2 Films. The rate of change of elec- 
t r i c a l  resistance of Zro;! films on Wrcaloy-2 were measared a t  
350 and 450 C in water vapor and vacuum. 
when oxidizing i n  water vapor was higher a t  350 C (2 meg ohms) 
than a t  450 C (200. K ohms). 
ohms in vacuum for both temperatures. 
have not been reproducible which may be indicative of a non- 
reproducible e l ec t r i ca l  contact resistance. 

The resistance r i s e  

The resistance dropped below 100 
The rates  of r i s e  and fall 

Another hydriding experinrent w a s  conducted a t  350 C where elec- 
t r i c a l  resistance of the Bo;! fi lm and hydrogen absorption were 
measured simultaneously. The e l ec t r i ca l  resistance dropped b e l o w  
100 ohms and 2-1/2 days l a t e r  accelerated hydriding occurred 
agreeing w i t h  e a r l i e r  resu l t s  a t  450 C that hydriding occurs when 
the e l ec t r i ca l  resistance of the oxide is low. 

IVPR Pump Sleeve Test. An NPR pump sleeve fabricated from 17-4 PH, 
H-900 stainless steel has been exposed t o  simulated RPR conditions 
for one month; 120 C, 250 ps i ,  pH 9(LiOH), l o w  oxygen. A fluores- 
cent dye penetrant t e s t  a f t e r  t h i s  period did not show any cracks 
caused by a corrosion process. 
examined at one month intervals. 

The pump sleeve w i l l  be fur ther  

Thermocouple Slug. The KER-1 Loop was decontaminated during the 
outage of Wrch 30, using two treatments with -08-1 on both the 
In-reactor and ex-reactor portions. 
slug ruptured after four days of operation a t  pH 10 (LIOH) follow- 
ing the decontamination. 
stantaneously t o  f u l l  scale. 
was found t o  have ruptured completely around the circumference near' 

Ch April 4, the thermocouple 

The delayed neutron mrmitor rose in- 
The clad of the thermocouple slug 

0 DEClASSIAED 
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the fue l  end-cap junction. 
thermocouple slug and heater e lemnts  showed no crud deposition. 
No significant change was noticed i n  the temperature drop be- 
tween the center of the slug arid the water before and a f t e r  de- 
contaminat ion 

Visual examination of the Zr-2 clad 

Dyaanic Corrosion of Uranium. 
a t  130 C in water) were made in TF-9 during the month t o  deter- 

Four runs (two at  100 C and two 

mine-the weight loss of a special bare uranium assembly. 
corrosion rates  have been established, a similar element w i l l  be 
used in H-Reactor t o  provide a controlled ra te  of ac t iv i ty  re- 
lease for  tes t ing  of rupture detection instruments. 
assembly consists of th in  wafers of uranium t o  give 8 t o t a l  
surface area of 2000 square centimeters, 
a t  100 C produced a weight gain of about 3 grams. 
hour runs a t  130 C produced a weight loss  of 76 and 116 grams, 
the difference being that  the o x i d e  was thick enough t o  slough 
off at the beginning of the second run. 
be made at  lower temperatures. 

After 

The fue l  

The two five-hour runs 
The two five- 

Several more runs w i l l  

Hydrogen Generation and Analysis Studies. A t o t a l  of seven 
samples of KER-1 coolant were analyzed fo r  hydrogen content 
during the mnth.  
water contained 1.5 t o  2.5 cc/l  (STP) and after decontamination, 
an average of 5 cc/l  (STP). 
definite increase in  dissolved hydrogen concentration in the 
coolant following decontamination, the concentrations are sti l l  
w e l l  below the 8 t o  10 cc/l  (STP) measured IxmEdiately a f t e r  the 
fue l  charge was inserted i n  the loop. Analysis of these resul ts  
indicate that corrosion of the carbon s t ee l  piping in the loop 
was not great ly  accelerated by the decontamination process used. 

Before the system was decontaminated, the 

Although these resul ts  show a 

A colorimetric procedure f o r  lneasuring dissolved hydrogen concen- 
t r a t ion  i s  being evaluated. 
coolant sample with a solution of methylene blue and palladous 
chloride. The palladium activates the hydrogen which i n  turn re- 
duces the nrethylene blue t o  a colorless complex. 
is affected by the presence of other oxidizing or  reducing agents 
and would be useful only during equilibrium operating periods. 
Data obtained t o  date are too preliminary t o  determine vhether or 
not the procedure i s  accurate (or specif ic)  enough fo r  our needs. 

The procedure involves mixing a 

This procedure 

Single-Pass Decantaminant fo r  BPFi. 
single-pass decontamination of RPR resulted In the choice of 

The search f o r  a reagent f o r  

amnnnium c i t r a t e  a f t e r  evaluating bisulfate  and sulfamic cleaners 
with the c i t r a t e .  Laboratory resu l t s  were good. A n  average DF 
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of 100 vas obtained w i t h  a corrosion of carbon s tee l  ra te  of 
0.04 mil per hour at 85 C and 95 C. 

Nozzle Snap Rings. Corrosion t e s t s  of nozzle snap rings fab- 
ricated from Inconel and Inconel-X are continuing i n  57-60 C, 
f i l t e r ed  Columbia River water. 
occurred during the past month. 

No change i n  appearance has 

Samples of Inconel and Inconel-X stressed t o  the yield strength 
were removed from boiling 42 percent magnesium chloride after 
f ive  weeks of exposure. 
Stressed 304 s ta in less  s t ee l  controls fa i led  wi th in  one week. 
A few p i t s  were noted on t h e  Inconel while the Inconel-X 
appeared in excellent condition. 

No stress corrosion cracking was found. 

Corrosion Tests in pH 10 Water. A corrosim t e s t  i n  TF-4 at NPR 
primary system inlet temperature i n  pH 10 (LiOH) deionized water 
i s  i n  progress. After 1200 hours of exposure, corrosion ra tes  of 
0.2 mil/year on A212 carbon s t ee l  and 0.016 mil/year on 304 
s ta in less  s tee l .  
The carbon s t e e l  corrosion ra te  i s  comparable t o  that  obtained 
i n  300 C pH 10 water, 

No weight changes have been observed on Zr-2. 

Corrosion Inhibitor.  
the effectiveness of several additives i n  inhibit ing the corrosion 
of aluminum and s t e e l  i n  room temperature s t a t i c  water. The first 
group of aluminum and carbon s t ee l  samples have been discharged 
from beaker tests of sixteen different  inhibi tor  combinations. 
Corrosian of carbon s t e e l  samples continues t o  spread across the 
metal surfaces in a l l  inhibited solutions, but at different  ra tes  
in different  solutions. Tubercules are  forming on some aluminum 
samples in sane solutions, and aluminum samples are beginning t o  
tarnish in  other solutions. 
most promising mixtures are: 
(2) 100 ppm sodium chrome glucosate; ( 3 )  50 ppm sodium dichromate 
plus 50 ppm Calquartz 1645 (sodium s i l i ca t e ) ;  (4) 50 ppm sodium 
n i t r i t e  plus 50 ppm sodium s i l i c a t e  (Ne20 - 3.25 Si@); and 
(5) 100 ppm sodium hexametaphosphate (calgon). 

Scree- t e s t s  are performed t o  evaluate 

After seven weeks of exposure the f ive  
(1) 100 ppm sodium n i t r i t e ;  

Visual e x a m i t i o n  of these samples is not complete. However, 
t o t a l  weight losses confirm the observations t h a t  sodium n i t r i t e  
and sodium hexanretaphosphate are promising inhibi tors  for both 
aluminum and carbon steel, the mixture of s o d i m n i t r i t e  plus 
sodium s i l i c a t e  i s  a promising inhibi tor  fo r  aluminum, and sodium 
chrome glucosate is a promising inhibi tor  f o r  carbon steel. 
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Structural  bterials Develmment 

B u r s t  Tests of NPR Pressure Tubes. B u r s t  ,ests were perf’ormd 
on three sections of NPR pressure tubes. The samples were 
selected fromtubes that had received 35 percent cold work 
(5  CU) i n  the f i n a l  forming step. The tubes were autoclaved 
a t  425 C fo r  three days pr ior  t o  being sectianed for  samples. 
The average burst pressure was 11,600 p s i  at 300 C compared 
t o  10,OOO p s i  f o r  the 18s CU tubes. 
elongation varied from 11 t o  2 6  fo r  35s CU and 15  t o  33$ f o r  
185 CW. 
pattern was 45$ for  the 35% Cd tubes. 

The circumferential 

The msxlmum local  elongation measured on a grid 

Burst Test of Irradiated Pressure !Pubes. 
burst tes t ing irradiated presslre tubes a t  elevated temperature 
i s  under t e s t .  Two s t ee l  tubes were tested with circiunferential 
grooves t o  induce a circumferential break. The sudden fornrrtion 
of steam projects the specimstn into an alumlnum pad se t  i n  the 
top of the furance. 
p las t ic  deformation of the aluminum thus preventing shock loading 
of the contalnmnt vessel. 
were llsed t o  monitor the s t ra ins  induced In  the wall of the con- 
tainment vessel. Maximum s t ra ins  caused by the release of pres- 
sure and the pro jec t i le  striking the top of the furnace were 
equivalent t o  the strains caused by a s t a t i c  pressure of 215 psi, 
well below design conditions. 

A prototype unit  f o r  

The shock of the impact is  absorbed by the 

EZectrical resistance s t r a i n  gages 

Non-Mtallic Wte r i a l s  

Graphite Burnout m i t o r i n g .  Burnout ra tes  calculated from mea- 
surements on small monitoring samples irradiated i n  channel 2577 
in DR Reactor from 1-7-62 t o  3-31-62 show the familiar burnout 
prof i le .  Peak ra tes  measured on two samples located 96 and 100 
inches in from the f ront  of the graphite stack were 34.4 and 10.r 
percent per 1OOO operating days, respectively. 

A casllputer program f o r  calculating graphite burnout ra tes  based 
on s t a t i c  equilibrium data was  developed by G. E. Wma (see 
ERI-71737). This program w a s  used t o  calculate burnout prof i les  
which w e r e  compared with exper-ntal findings at KE and D Re- 
actors.  The basic equation involved is: 

R = K(A ACl/AX)m 

where R is  the burnout rate in w t  $ per lo00 operating days per 
cfm of i ne r t  gas flow, K and m are  constants and A C l / U  is the 

1 2 3 4 3 8 1  
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change i n  the carbon load of the gas over a given zone length. 
The carbon load is the r a t i o  of the carbon content of the gas 
(as weight of carbon) t o  the w e i g h t  of i ne r t  gas, 
factor  relating t o  the geometry of the system. 

A is a 

The calculated burnout prof i les  show peaks forward of the 
stack center line. 
the flow in the burnout channel, agreemnt w i t h  observed peak 
burnout can be obtained. Eowever, thus  far  the calculated peaks 
appear broader (at 1(6 and D) than the observed peaks; a l s o  the  
maximum a t  D Reactor is closer t o  the stack center l i ne  than is 
calculated. F’urthermore, in the area dmstresm fram the maxi- 
mum graphite temperature the program predicts high carbon de- 
position rates, which are not observed. A value of m = 2 
appears t o  give a be t te r  correlation than m = 1, a result 
similar t o  t ha t  reported by Wma in comparing laboratory burnout 
ra tes  w i t h  the program. 

By varying the value of A and estimating 

Radiation Damage - NPR Reflector Graphite. 
NPFi ref lector  graphite from the Great Lakes Carbon Corporation 
(Grade CLC-R1) and from the National Carbon Company (Grade A m -  
IS) were measured and reported in EIW-66996. 
t ion  data a t  approximately 500 C have now been ootained on these 
graphite6 after an exposure of 6400 W / A T  i n  W Reactor. As 
shown i n  the table  the dimensianal changes were virtually the 
same f o r  these grades. 

The properties of 

The f i r s t  irradia- 

Dimnsianal Chang es After 6400 EWD/AT at 500 c 

kngth Change, e 
Grade Transverse Psrallel 

w-To. - 0.041 - 0.099 
AGuJ!-Is - 0.037 - 0.109 

IIPR Core Graphite I r rsdiat ians .  Prelimiaary post-irradiation 
result8 have been obtained f o r  the graphite samples f m  the 
first cwsule ,  H-4-1,  in the series of long-term irradiatims 
of AlpR p p h l t e  in the  General Electr ic  Ws t  Reactor. The 
samples yere Irradiated at temperatures in the range 450 t o  
700 C. Wirmrm exposure is estimerted t o  be 1.8 x l& nvt 
(E > 0.18 Wv), which i e  equivalent t o  approximately 14,000 ))ID/AT 
in C Reactor and 5700 m / A T  in the RPR. 
calculated PDQ average fluxes with the dis t r ibut ion based on 
f lux monitors from the previous EGCR graphite i r rad ia t ion  

Ekposures are based on 
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experiments in 8 different  posit ion i n  the G3TR. 
of exposures from f l u  mni tors  a t  each sample positian i s  in 
progress. 

Verification 

The contraction of samples irradiated a t  700 C at the peak ex- 
posure of 1.8 x 1021 nvt (E > 0.18 Mev) was approximately 
0.025 percent f o r  ltpR (T6x) graphite, K-&actor (TSGBF) graphite 
and the TSF reference standards samples cut transverse t o  the 
extrusion axis. Samples cut para l le l  t o  the extrusicm axis con- 
tracted at a rate two to three times the transverse samples. 
The contraction rate of transverse swles  irradiated i n  the s a m  
capsule a t  450 C t o  an exposure of 0.7 x lsl nvt (E > 0.18 Wv) 
was about twice the rate at  700 C. 

!Che second capsule in the NPR graphite irradiation series, H-5-1, 
has successfully c q l e t e d  the third cycle of reactor operation 
with a l l  nine thermcouples functioning pruperly. 
ca;psule in the ser ies ,  H-6-1, has completed the first cycle of 
aperation. 
The p la s t i c  materials i n  the sea l  pot have sham no evidence of 
f8flure. Apparently the shielding provlded by the  lead in the 
annular space between the leadout tubes has been satisfactory.  

The th i rd  

A l l  nine t h e m o u p l e s  are operating sat isfactor i ly .  

Thermal Hydraulic Studies 

Thermal Hydraulic Characteristics of I&B Fuel Elements in a It- 
Reactor Process Tube. Laboratory experiments were performed to  
extend the lmowledge of hydraulic de& data fo r  IW fue l  ele- 
ments i n  K Reactor. These data, which express the relationship 
between pressure drop and flow a t  a constant tube power, are use- 
ful in establishing the flow t r i p  requirements of the process 
tube pressure gages. These data are an extension of previous 
work performed f o r  a different sized fuel and at s l igh t ly  lower 
power levels .  

The test section simulated a %-piece charge of K-IV-I9 fue l  
e lemnts  In a K Reactor process tube. It ccmsisted of a 1.447- 
inch CXl by 0.385-inch ID e lec t r ica l ly  heated rod in a 28.5-foot 
lung, 1.658-inch ID process tube. Metals of different  e l ec t r i -  
c a l  r e s i s t i v i t i e s  w e r e  used i n  fabricating the rod t o  produce a 
cosine heat generation along the length of the test section. 

Ibcperlmental procedures consisted of first establishing an 
equilibrium flaw ra te  which resulted in cuo outlet  temperature 
of 130 C at a given tube power. 
was held constant, readings of pressures, temperatures and flow 

men, while the heat generation 
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were obtained as the flow w a s  slowly reduced in  a stepwise 
manner. Each run w a s  terminated at  boiling burnout conditions 
as detected by a large temperature surge at  sone point on the 
heater rod. 

Data were obtained f o r  runs a t  50O1 1000, 1500, 2000, and 2300 kw. 
A preliminary analysis of the data indicated a favorable coxupari- 
son with the data obtained previously and reported i n  HW-64029. 
One interest ing occurrence, which w a s  also observed In the prev- 
ious t e s t s ,  was a flow fluctuation between the hole and annular 
flow passages under boiling conditions during the 500 and 1000 kw 
runs. 
process. Either the hole or annular flow passage experiences an 
unstable flow condition soon a f t e r  boiling starts i n  the test 
section. This causes a f l o w  reduction i n  the unstable flow 
passage with a corresponding flow increase i n  the other passage. 
Film boiling conditions a re  ther  established i n  the unstable flow 
passage with a corresponding flow increase i n  the other passage. 
Film boiling conditions a re  then established i n  the unstable flow 
passage and w i t h  the accompanying decrease in the heat t ransfer  
coefficient some cf the heat t ransfer  i s  shif ted t o  the other 
flow passage. With a suff ic ient  s h i f t  in heat t ransfer ,  the 
flow conditions are no longer unstable in the stricken passage 
and flow conditions return t o  normal. This i n  turn increases the 
heat t ransfer  coefficient and when the heat t ransfer  shifts back 
t o  normal, unstable flow conditions are  again s e t  up i n  the same 
flow passage. 

of the heated rod. 
nearly canstant. 
termine its ef fec t  on reactor safety. 

This has tentat ively been at t r ibuted t o  the following 

This process repeats i t s e l f  at a frequency de- 
. pendent upon the thermal conductivity, specific heat, and mass 

During this time the t o t a l  flow ra te  remains 
The phenomenon is  bemg studied further t o  de- 

V i s u a l  Studies of Boiling on Hanford Type Fuel Elements. 
were continued €0 aeTine the heat t ransfer  Eonditions when fue i  

Studies 

elements are not s i tuated in a coaxial position within a process 
tube. The test  section i n  t h i s  study consisted of a 13.6-inch 
1- e lec t r i ca l ly  heated rod, l.3& inches OD, placed within a 
1.504 ID glass  tube such that the distance between the rod and 
glass w a l l  YBS 0.030 inch. 
fastened to  the rod i n  a m e r  t o  simulate the support pieces 
used on "self-supported" fuel  elements- 

For selected runs = t a l  s t r i p s  were 

*sts were mu3e at two flow rates with and without the metal 
s t r i p s  attached. 
following table: 

The conditions fo r  these runs are l isted in the - DECLASSIFIED 



Flaw Outlet Temp. Max. Heat 
m t e  OFbelow Surface Flux Attained 
gpm Boiling Temp. Conditions B/hr-f  t2 Conrment s 

20 121 No supports 700,000 No boiling 

20 127 supports 552,000 Fatensive boiling 
present with fi lm boiling 

in places 

40 90 Slqports  703, OOo Moderate boiling 
present 

40 163 support 8 905 Mode rat e boi l  iq  
present with f i l m  boiling 

in places 

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

It w a s  concluded framthese runs t ha t  the presence of the supports 
great ly  influences the amount of boiling tha t  occurs when the 
fue l  i s  displaced toward the wall of the process tube. 

Process Tube Flow Following a Pailure of a Vanstone Flange. 
Laboratory tests and reactor experience have shown that the use 
of bumpered and self-supported fuel  e lemnts  require larger  
charge-discharge forces than the old s ty le  fue l  pieces used i n  
ribbed process tubes. Repeated usage of large forces m y  weaken 
the process tube a t  the front Vanstone flange w i t h  possible sub- 
sequent f a i lu re  during reactor operatim. 
reduction of coolant flow past the fue l  as water leaks through 
the th in  annulus between the gun barrel  and the process tube in to  
the graphite stack. 

This would result in  

An experiment was performed in the hydraulics laboratory t o  
determine the pressure-flow relationship fo r  the leak through a 
failed front  nozzle Vanstone flange. Using the resultant data, 
calculations w e r e  performed t o  determine the change in flow past 
the fue l  charge following such a fa i lure .  The results show that 
the most severe tube flow reduction would occur i n  fringe zone 
tubes operating near c r i t i c a l  flow in  the inlet or i f ices .  Even 
with t h i s  condition the flow reduction fo r  a typical BDF fringe 
tube would be less than 2-1/2 gpm. 
temperature of 130 C, the leak would cause the out le t  temperature 
t o  r i s e  t o  141 C. 
central  zone tube would be less than 1 gpm. Thus, a front 

With an ini t ia l  out le t  

The reduction i n  flow past the fue l  of a 
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Vanstone fa i lure  would not reduce the  coolant flow past  the fue l  
enough t o  cause ‘flow ins tab i l i ty .  

The results a lso  show tha t  a Panelli t  pressure t r i p  could not be 
assured on failure of a front  Vanstane. 
change of anly about 20 p s i  would occur on a fringe tube and a 
change of only about 50 p s i  would occur on a central  tube. The 
above results which were obtained fo r  BDF type reactors would 
81Bo apply t o  C and E Reactors and, in fac t ,  the flow reduction 
past the fue l  would be s l igh t ly  less f o r  C than K Reactors. 

A Panel l i t  pressure 

plow EllXing Studies. 
laboratory t o  determine the effectiveqess of water mixers placed 
in process tubes of the present production reactors. .The t e s t s  
a re  conducted by introducing two water streams of different  
temperatures upstream of a water mixer and measuring the water 
temperature dis t r ibut ion around the annulus and i n  the hole of 
the I&E fuel  downstream of the mixer. In the l a t e s t  tests the 
inlet water temperature between- the ribs was adjusted (by steam 
indection) t o  be about 7 t o  10 F hotter  than the remainder of the 
channel. This allowed the specific determination of the effec- 
tiveness of the mixers i n  reducing the high between-rib-tempera- 
tures such as are occurring a t  t h e  K Reactors. 

Tests were continued i n  the hydraulics 

The data indicate that a simple 180 degree sp i r a l  does quite 
w e l l  in mixing the f l u i d  streams. 
tures downstream of the mixer agreed within f 1 F, there does 
seem t o  be a s l igh t  preferential  displacement of the between-rib 
f l u i d  t o  the top of the annulus. 

Although a l l  of the tempera- 

A s p l i t  sp i r a l  combination (half l e f t  hand, half right hand) 
mixer with the sp i ra l s  diverging fromthe r i b  area showed about 
equal mixing effectiveness as the simple sp i ra l .  
oriented t o  converge a t  the r ib  area, it w a s  not as  effective.  
Thus, t he  s p l i t  sp i r a l  has the disadvantage tha t  it Ut be 
oriented within the tube. 

When it was 

Tests are being re-run t o  make sure t h i s  preferent ia l  displace- 
ment is repeatable rather than being random scat ter .of  the data. 

Boiling Burnout Data. 
been obtained during the past  year using a 12-foot long, 0.44- 
inch I D  t e s t  section in first a horizontal position and then a 
ver t ica l  position. 
posit ions has been made. 

Considerable boiling burnout, data have 

A comparison of the data f o r  these two 

D ECUIS KI ED - 
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The comparison a t  l o w  coolant mass velocit ies (0.5 x 10 6 and 
1.0 x lo6 lb/hr-sq f t )  showed generally’higher burnout heat 
fluxes fo r  the ver t ical  case; ap t o  a factor of two greater 
than f o r  the horizontal case a t  comparable coolant enthalpies. 

6 
Local steam qual i t ies  a t  bunout ranged from 25$ t o  6O$ a t  
these ow mass velocit ies.  A t  mass velocit ies from 2 x 10 t o  

about 20 F subcooled t o  steam qual i t ies  s l igh t ly  above 304, 
results f o r  the horizontal and ver t ical  cases showed excellent 
agreement. F’urther, t e s t s  w i t h  i n l e t  t e  eratures near satura- 

sq f t  produced upstream burnout fo r  both orientations, a lso w i t h  
good agreement between burnout heat f l u e s  a t  co arable local  

and higher, there i s  no apparent orientation effect  w i t h  the s ize  
t e s t  section used. A t  lower mass velocit ies,  s t r a t i f i ca t ion  may 
have affected the burnout heat f lux fo r  the horizontal case. 

7 x 10 k lb/hr-sq f t ,  with local  coolant c a d i t i o n s  ranging from 

t ion  and w i t h  mass velocit ies of 5.0 x 10 % t o  7.0  x lo6 lb/hr- 

enthalpies. Thus, a t  mass velocit ies of 2.0 x 10. ”% lb/hr-sq f t  

A cursory examination was also made on the effects  of pressure 
since boiling burnout experiments using 0.44-inch I D  tubular 
test sections have been conducted a t  1500 psig, 1000 psig, and 
100 psig. 
determine the appl icabi l i ty  of 1500 psig data, which comprises 
by far the greater par t ,  t o  other pressures. 
up t o  2 x 106 lb/hr-sq f t ,  the range over which data a t  100 psig 
were obtained, decreasing pressures produced higher burnout heat 
fluxes a t  comparable steam qual i t ies .  
were plotted as burnout heat f lux versus local enthalpy, resul ts  
for  three pressures generally agreed quite well. 

A t  mass veloci t ies  above 2 x lo6 lb/hr-sq f t ,  and up t o  
7 x 106 lb/hr-sq f t ,  no data were available a t  100 psig. A 
comparison of data taken a t  1000 psig and 1500 psig i n  t h i s  
f l o w  range showed that  a t  comparable enthalpies the burnout 
heat f lux w a s  lower at 1000 psig than a t  l5OO psig; the differ-  
ence increasing with increasing mass velocity. 
of t h l s  f l o w  range, burnout heat fluxes a t  1000 psig were approxi- 
mately one half of those a t  1500 psig a t  the same coolant enthalpy. 
However, in t h i s  region comparable burnout heat fluxes were ob- 
tained a t  comparable steam qualities a t  the two pressures, a f ac t  
which may be coincidental. 

Results f o r  these three pressures were compared t o  

For mass velocit ies 

However, when the data 

A t  the upper end 

The data a t  the three pressures indicate tha t  there i s  a mass 
velocity dependent effect  of pressare on burnout heat f lux.  
However, the data examined so far are insufficient t o  establish 
any def in i te  relationship. F’urther investigations, both ana- . 
l y t i c a l  and experimental, will be made t o  define and explain t h i s  
behavior. 

1 2 3 4 3 9 3  
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B. VBAPloAS - 3000PROGRAM 

Research end develapment in the f i e l d  of plutanium metallurgy con- 
tinued i n  support of the Hanford 29-5 =ding Operations and 
weapons development programs of the University of California Law- 
rence Radiation Laboratory (Project Whitney). 
a c t i v i t i e s  are reported separately via distribution lists appro- 
pr ia te  t o  veapaas development work. 

Details of these 

Thermal Hydra u l ics  Studies 

Consequences of Failure of the FUpture Loop pressure 
Control Valve. 
a once-through coolant s y s t e m .  Ihe flow is from a storage tank 
through a posit ive displacement pump, through the test section, 
through a pressure control valve which reduces the pressure t o  
near atmospheric, and then e i ther  d i rec t ly  in to  the storage tank, 
or through ion exchange units into the storage tanks. 
is operated at  about 2000 ps i  and 600 F in the t e s t  section. 
Calculetians vere made t o  assess the poss ib i l i ty  of ruptur ing  
the ion exchange unit or the storage tank if  the pressure re- 
ducing valve were t o  fail  t o  the full open position. 
culations are not complete, but extrapolations of the results 
obtained so far indicate l i t t l e  U.kelihood of rupturing the 
storage task. 
cation for the case where the flow is through the i& eXchsnge 
units. 
pressures would be reached. Calculations were also made which 
show that if' an or i f i ce  with a pressure drop of 200 t o  300 psi 
a t  n o m  flow were placed upstream of the pressure cantrol 
valve, neither the storege tank nor the ion exchange units would 
burst if the control valve failed open. 

!%e PIER rupture t e s t  f a c i l i t y  has essent ia l ly  

The loop 

The cal- 

The extrapolation does not give so clear an indi- 

In this  case it appears quite possible that bursting 

- Analy8ls 

PLlTB Gas-Cooled . 'phe doctllpent aW-6l.236 suplc, "P!Rt!R Final 

published, Analyses revealed no serious adverse e f fec t  of the 
gas loop m the nuclear safety of the PRTR. 
consequences of a reactor accident are not changed by the pres- 
ence of the loop. 

weguards Slsrp1-t 4, Oae-Cooled Lqp ha, lySiS,"  YBS 

The radlologicsl 
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PFCR Hazards Studies. 
e lemnt  designs t o  be tested i n  the PKIlR was completed. 
elements include ElgGPuO,, ZrOp-Pus, stainless s t e e l  clad 
U % - P u s  and segregated plutonium-U% 19-rod clusters.  
flux dist r ibut ion calculations in conJunction with heat t ransfer  
considerations indicate that  these fue l  elements w i l l  not exceed 
PEZllR tube power and heat flux limits. Also, the react ivi ty  
worth of these elements was found t o  be under the  maximum 
specified f o r  standard spike fuel .  

An evaluation of four plutonium fue l  
These 

Eeutron 

Additional calculations were completed t o  obtain kinetic con- 
s tan ts  f o r  use in analog studies of P€U'R excursions v i th  a 
mixed crystal  loading. A value of 0.5 x 10-3 seconds w a s  ob- 
tained f o r  the prompt neutron l ifetime of th i s  loading. This 
is a reduction by about 20 percent of the value fo r  the spike 
loaded core. 
tonium and uranium should not be much different than at present, 
,;he effect ive delayed neutron fract ion f o r  the reactor with a 
mixed crys ta l  loading should be re la t ive ly  unchanged. 

Since the fract ion of f i ss ions  occurring in plu- 

UG-PuG Fuel f o r  PRl'R. 
&e by swage campaction are under i r radiat ion i n  the FTCR and 
have acculrmlated an exposure of about 9 W / T .  
ditional 30 clusters  have been loaded during the month a d ,  of 
these, rods f o r  18 elements have been processed through auto- 
claving. 
PKllR in ear ly  my.  

The f i r s t  four U%-Pd% l9-rod clusters  

Rods f o r  an ad- 

Eight t o  ten  e lemnts  are scheduled f o r  charging in to  

The results of the accelerated fabricatiun program put in to  
e f fec t  f o r  the mnth  of April were even be t te r  than anticipated 
fo r  the vibrational compaction project.  
elements containing Pu% was star ted,  and the process was de- 
bugged so that it produced from four t o  eight fue l  rods per shift 
during the month. Both the quantity and qual i ty  of the resultant 
fuel elements were excellent, thus establishing that It is  pos- 
s ib l e  t o  make vibrationally compacted fue l  elenrents in large 
numbers despite the additional problems associated Kith handling 
P u s .  The procedures devised for Controlling contamination and 
fo r  insuring uniformity of the PUG in the fuel elements worked 
very w e l l  and over 200 f u e l  rods vere produced. 

Fabrication of fue l  

So= process ccmtrol problems were encountered in the ear ly  fab- 
r icat ion phases of the four hundred U%-PuG rods which were 
loaded and swaged during the month. Variations in U% par t ic le  
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s ize  distribut,ion caused a 200- t o  250-gran variation i n  the 
amount of oxide loaded in to  the rods. Cleaner s ize  f ract ion 
control was achieved br increased screening efficiency sod a 
different  blend was selected which repeatedly produced a powder 
load i n  the weight range desired for our par t icular  swaging 
requirenrents. 
tap density without tamphg which reduced over-all loading time. 

In addition, the new blend reached the desired 

Some layering of the f ine  UO,-pUO, and the coarse VO, has been 
observed i n  these rods due t o  d i f fe ren t ia l  s e t t l i ng  rates  of 
the s ize  fractions involved, although longer range uniformity 
is good. 
principle were used on several rods t o  Improve increnent mixing 
and t o  slow the drap of the larger  par t ic les .  
indicated improved core uriformity, but additianal improvements 
are desirable fer more severe fuel  applications. !Fhe ef fec t  of 
the q l i t u d e  of 60-cycle vibrstims oc intermixing of &$scent 
increments i n  the tube during loading is a l s r ,  being studied. 

bd i f ica t icms were made ofi the swage which permit a greater 
degree of control over the psitias- of the die  throw wedges. 
A motor driven system which replaced a mchanical lock pin 
device great ly  reduces the time required t o  change wedge set-  
tirigs and gives the operator mere f l e x i b i l i t y  i n  h i s  selection. 

Mixkg funnels bu i l t  cm a maze or &t i - sp l i t t ing  

Autoradiography 

Special Fuel Elements fo r  PKlIR Irradiation. 
19-rod clusters  coztaining M~O-PQG €ad ZrG-PuO, fuel 

Wrcaloy clad 

material. are being fabricated f c r  i r rad ia t ion  tes t ing in the 
€"It. 
advanced thm the ZrG-PuG elem?nt, and it will be ready f o r  
i r radiat ion first. 
compaction using swageable end caps. 
s tabi l ized ZrCr, (5 w/o CaO added) are the inert diluents. 
calcined -325 m s h  Pu% containing ~ 6 1  percent Pu-240 all be 
blended with -325 mesh MgO. 
coarse f rac t ioa  material will be increEnta l ly  loaded in to  the 
tubes before swaging. 
pU4, which is  a fue l  compositioa of a 0  - 2.i w/o PuO, and ZrQ- 
1.3 v/o PuG. Several experiments have been p e r f o m d  t o  deter- 
mine the  optimum par t ic le  size f r a c t i w s ,  using available 
material, which produce the highest tag and swaged densit ies.  
m e d  densi t ies  i n  the range of 87 t o  90 percent of theoret ical  
can be eas i ly  attained arid the f-l density ks re la t ive ly  in- 
sensit ive t o  the s ize  f ract ion composition of the MgO within 
cer ta in  limits. A w e d  density of 88-89 percent i s  obtained 
with as-received MgO which has f i v e  percent f ines added. This 

Experimental vork on the MgO-P&O, eienrent is further 

The elemects are being fabricated by swage 
Fused pure MgO and fused 

As- 

This mixture of f ines  and the 

Each elearent w i l l  contain 371 grams of 
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type of material wi l l  be used for  the MgO-PuQ elelpent. The 
radial power distributions calculated fo r  these elemat8 are 
essent ia l ly  the same as f o r  an JU-Pu spike fuel.element and 
enough hi@ exposure plutonium enrichment has been added t o  
match the initial reac t iv i ty  of a standard low exposure ALBA 
spike e l e e n t .  
should generate 8bout eleven percent m r e  pmer than a standard 
l o w  exposure Al-Pu spike element operating In the sank? neutron 
flux. 

Under these canditicms, then, these elements 

A process is be- developed f o r  preparing a PRTR l9-rod cluster  
i n  which the "old" plutonium is segregated from the "new" plu- 
tonium formed in the UG. A typical  fue l  rod w i l l  be composed 
of a Zr-2 outer tube (0.565-inch 0, 0.03O-inch w a l l ) ,  an Al - 
7.5 w/o PU - 2 w/o Ri al loy inner tube (0.495-inch 0, 0.030- 
inch wall), and a natural UC& core (80-86 percent of theoretical  
density). 
and the UG w i l l  be densified by use of the vibrational com- 
paction technique. 
Pu-li  a l loy tube i s  as follows: 
extrude tube, d r a w  with mandrel, straighten, remove mandrel, 
draw without mandrel, straighten, cut t o  length, and degrease. 
D r a w i n g  is required because the extrusion press does not have a 
mandrel manipulator so that the extruded tube has a tapered 
w a l l  thickness along i ts  length. Tests have been conducted 
with al\nninum bil le ts  and a tube has been extruded. Us com- 
paction experiments were performed with different  losding and 
clamping techniques and with various U$ s ize  fractions.  As 
anticipated, the manner and degree of coupling between the Inner 
and outer tubes af fec ts  the ultimate density of the UQ, core at 
the compaction step. 

A completed fue l  rod wi l l  contain 14 grams of plutonium 

The tentat ive process f o r  producing the A l -  
cast  extrusion b i l l e t ,  hot 

Phoenix Expe riment. 
on the high exposure aluminum-plutcaium samples are ccmtinuing 
in the Mf!R and A I W .  The current status of the i r radiat ions is  
(L8 follows: the eanrple which i n i t i a l l y  contained 6.25 w/o Pu-240 
(m-21-1) has been i f i .d ia ted f o r  its fourth cycle and ARl4F m a -  
rurcments have been M e ;  the sample ccmtaining plutanium with 
16.33 w/o PU-240 ( m - P - 3 )  is now being irradiated f o r  i t s  
fourth cycle; and the esmple conted.nirg plutcmium v i th  i n i t i a l l y  
27.17 w/o pu-240 (GEH-a-19) has coq le t ed  two cycles of irradia- 
tion. 

The irradiat ion and reac t iv i ty  Ilueasurenmts 

The l r rad la t ian  samples w i l l  socm attain t h e i r  or iginal ly  pre- 
dicted goal exposure of five Ml93 cycles. The ARMF data are being 



evaluated t o  determine whether the or iginal ly  estimated ex- 
posure is  adequate or if  the samples should be given additional 
i r radiat ion.  

Irrsdiatio3. Testing. 
the Ml% for a d d i t i d  i r radiat ion.  
oxide capsules (CEH-14-85) cmts ins  Ut& - 2.57 a/o Ar4, and 
is  scheduled f o r  i n s e r t i a .  The second contains U% - 4.13 a/o 
€9.10, and i s  tentat ively scheduled fo r  inser t ion  dur ip  Cycle 174. 
Current average exposure f o r  both is abouk 160 x 1s fissions/ 
cm3 or 5500 WD/T of U Q - A ~ ~ , .  

Two UQ-PuQ capsuies were returned t o  
&e of the high density 

Etlcrohardness data were cbtaiced on some i r radiated UG-PucS, 
capsules. 
central  regior.. The most marked changes occurred in the low 
density specimens e h s t - i r r a d i a t i o n  measurements show near- 
theoret ical  densit ies i n  these pieces, 

All specimens showed a demi ty  increase In the 

The i r radiated Zircaloy-cad capsule (GEEI-14-27) containing an 
Al - 2.1 v/o Pu - 2.0 v/o Bi al loy core and fabridated by in- 
Jection casting is being exainhed. M e t e r  mzasurenents on 
this specimen and OE the ea r l i e r  compmion piece (GEE-14-28) 
=veal l i t t l e  change. 
was observed. 

No marked change in external appesrmce 

U r s n i u m  Puels Developmnt 

PRTR Fuel Element Performance. Periodic examinations of PKPR 
UQ fue l  elements continue t c  show no ~ c h a c i c a l  d i s torb im and 
no corrasicm of tfie fue l  elements. Mucimm exposures reached 
thus far are: 
maged UQ 
642 Mil/%; Mark 11-C vibrationally compacted U 4  (nested 
tubular element), 883 HID/%. 

Clark I cold swaged U(& 2075 WD/w; W k  I hot 
561 W/%; Mark I vibrationally compacted UQ 

Physics Test Elements. 
six vibrationally compacted UG Mmk-I fuel  elements yere com- 
pleted. 
mmitor-spacing members and will be used fo r  in-reactor instru-  
pept tests. Detailed gapma-ray attenuation neasuremznts of 40 
of the fuel rods were completed t o  permit correlations of fuel  
density with neutron f lux prof i le .  

Inspectim and testing of components f o r  

!be fuel e lemnts  have cobalt-zircasiumrlre flux 

aharacterizatlan of Rued UG. 
s-nts on -200 mesh (-74 micra)  fused UQ, indicate that 
90 w/o of this mesh f r sc t i an  is  camposed of 20 micron (-600 rmesh) 

Psr t ic le  s ize  dis t r ibut ion mea- 

I 2 3 4 3 9 5  
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part ic les .  
UC+, consisted of a broad spectrum of par t ic le  s izes  from -74 
microns downward. 
nique (Coulter Counter) and Fisher sub-sieve analyzer upon 
-200 mesh powders prepared by crushing or  milling indicate tha t  
fused U% is character is t ical ly  reduced t o  par t ic le  s ize  range 
of 10-30 microns (-600 mesh). 
ments are planned upon other types of material, such as electro- 
deposited and high energy impact formed U$. 

Formrly it was thought that t h i s  -200 mesh fused 

Bkasurements by a new direct  counting tech- 

Par t ic le  size distribution measure- 

Thermocouple Test. 
was disassembled f o r  sectioning and correlation of the micro- 
structure of the core material with temperatures measared during 
i r radiat ion.  
burnup analyses of samples taken at short intervals along the 
length of two fue l  rods. 

The themcoupled, 19-rod PFtTR fue l  element 

The axial. power generation w i l l  be determined by 

Fuel Evaluat ion.  A nine-rod cluster  fuel  element, fabricated 
by swaging, which was successfully irradiated in the VBWR t o  
an exposure of 3400 
8pproxirPstely 280,000 BTU/hr-ft2, was returned to HAP0 fo r  
examination. Four fue l  rods i n  the cluster  w e r e  broken off 
jus t  below the end cap weld joint ,  subsequent t o  discharge of 
the cluster  from the VBWR. 
t i o n  has revealed hydriding of the Zircaloy-2 cladding i n  the 
region of the break. 

a t  a peak surface heat flux of 

Preliminary nu3tallographic examina- 

Cathodic Etch-. 
investigation of cathodic etching pr ior  t o  comrpleting fue l  element 

A new electrode design was employed in the 

end closures by magnetic force welding. 
the maneuverability required t o  etch both the rod cladding end 
the  end cap. Remotizing studies are continuing. 

This electrode provided 

Cladding Studies. Sections of inverted-cluster and single-rod 
fue l  element cladctbg fabricated by high voltage electron beam 
welding w e r e  returned from the vendor. Evaluation of the welds 
and over-all fue l  elenrent design is in progress; preliminary 
dsta indicate that several changes are desirable f o r  the end 
closures and the internal design of the inverted cluster  elenrent. 
High voltage electron beam welding of the single-rod test sections 
w a s  considered successful; no changes i n  the design appear t o  be 
necessary. 

Remote Fabrication Studies. 
a l l  three components of a )lark 11-C nested tubular fuel element 
is being investigated. 

Simultaneous compaction of fue l  in to  

To determine cladding interactians under 
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the mst vigorous v ibra t ioml  cumpactior, c a d i t i a s ,  a f u l l y  
assembled B r k  11-C (nested tabular) element was  suspended 
from an overhead steel beam and the full power of a 5OOO-lb- 
thrust-output vibrator applied t o  the beam. 
mission efficiency of t h i s  system is not hown, but accelero- 
meter mas-nements made on the fuel  element indicated tha t  
acceleratians up tc. 95 g were achieved. 
ponent t o  f a i l  was a me-eighth-inch pin which held the center 
rod i n  place. The element rill be completely disassembled and 
inspected f o r  other cladding damage. In addition t o  the maxi- 
mum power tests an endurance t e s t  was made during which the 
element was  vibrated for  ten minutes at frequencies varied 
continuously from 150 t o  300 cps at 8n output power level pro- 
ducing en acceleration of 50 g. 

The energy trans- 

The only cladding com- 

X-rays of the fue l  in the cladding conponents a f t e r  tes t ing  
showed an increase i n  compaction efficiency over that 
achieved in vibrating the compcments separately, par t icular ly  
in the outer tube. 
could be used during these tests. 
previously deemed necessary t o  achieve the maximum density. 
If t h i s  s i tua t ioc  can be duplicated ar,d expanded, it w i l l  sig- 
ni f icant ly  simplify remste control compaction operations, 

This is significant in tha t  no follower rod 
Follower rod pressure w a s  

mt e r ial s De ve 1 opmezit 

P.FtI% Alumin-an Corrosion. 
argon mixture was examined at  260 and 315 C. The atmosphere 
consisted of a p p r o x b t e l y  585 A, 41% 4 0 ,  0.65 %, and 0.35 
In one experiment a minute leak contaminated the atmosphere 
with carbon tetrachloride and its d e c q o s i t i o n  products such 
as CO, CG, Ha9  etc.  
for 1600 hours were less than 0.8 mg/& in the following de- 
creasing order: 
2.19 Fe, 0.6 IVi balance aluminum. The weight gains a t  260 C 
f o r  3640 home w e r e  less thao 1.5 mg/& i n  the following de- 
creasing order: 
alloy. 
showed much higher w e i g h t  gains for  the 6061-6, 6 0 6 3 - 6  with 
intergranular at tack and blis ter ing.  
a l loy  vere r e l s t i ve ly  unattacked by comparison and had only a 
s l igh t  increase h weight gain over the  same al loys in the un- 
contaminated 315 C test  at the stme exposure. 

Aluminum corrosion in a water vapor 

!be weight gains of the alloys at 315 C 

6063-6, 6061-6, X-8001, end 8 special  al loy 

6063-e~ x-8001, 6061-6, and the special  
The chloride cozitaminated tes% at 315 C f o r  2740 hours 

The x-8001 end the special 

PFm Rupture Loop Deiauization System. The makeup deionization 
system was regenerated twice md exhausted once during the past 



UNCLASSIFIED A- 28 m- 73514 

month. 
accoqdished without d i f f i cu l ty  i n  each case. 
these uni ts  during exhaustion m e t  both exchange capacity and 
effluent puri ty  specifications even though the system was pro- 
cessing Yakima River water (175 ppm t o t a l  so l ids )  rather than 
the Columbia a v e r  water (80-100 ppm t o t a l  sol ids)  that it was 
designed t o  process. 
higher after the second regeneration (5-10 micrombo/cm) than 
after the f i r s t  (20-30 micronho/cm). 

Regeneration of the cation and anion exchangers was 
Performance of 

As expected, the effluent puri ty  was 

I u i t i a l  regeneration of the mixed bed uni t  vas hindered by 
problems encountered in maintaining constant flow rates in the 
acid and caustic regenerant streams. 
the secoad exhaustim cycle are now in progress. 

Performsnce studies of 

Corrosion of Zircaloy-2 under Heat Trmsfer Ccnditions. 
of Zr-2 cladding was initiated a t  28O,ooc! Btu/hr-ftL and 580 F 

Testing 

In high puri ty  water adjusted t o  a pH of 10.0 with U O H .  
thermocouple was inserted in the &-2 t o  monitor tempereture 
increases as corrosion occurred. 
couple suffered a mechanical fa i lure  and the test has been in 
progress without measuring the surfvce temperature direct ly .  
Heat transfer calculations estimate the Zr-2 surface temperatllre 
at  637 F; t h i s  temperature is just  belaw the pcint at which 
nucleate boiling occurs. The test was designed t o  provide 
information on 2-2 corrosion under corrditions which might cause 
LiOH cancentration oc fue l  elements. 
after 277 hours revealed no unusual effects;  the surface of the 
22-2 was covered with a shiny, adherent black Zr(& film. After 
a t o t a l  of 746 hourep the shiny black fi lm was covered w i t h  a 
very loose th in  film of a reddish deposit in the heat t ransfer  
region. No estimate of ttickriess is possible except that the 
crud layer w a s  less than 0.1 mil thick. 
charged for additional exposure. 

A 

The small (0.025-inch) thermo- 

Examination of the specimen 

The sample w8s re- 

Pre- and Post-Zrradfation Evaluatiorz of HaTR pressure Tubes. A 
total of 18 replacement process tubes have passed all tests and 
are ready for use in-reactor. 

Creep rupture tests are being performed on the annealed portion 
of. the Zr-2 PKllR process tubes. 
of the results t o  date: 

The following table is a sunrmsry 



Creep Ihtp ture  of Zr-2, PKllR Pressure Tubes at 550 F 

&re86 Total Strain Secondary 
psi  hr. percent Creep Rate 

40,900 772(a) 43 1.5 x 10-5 

36,200 a61 1.28 7 x 10-7 

43,700 l b )  60 -- 
39Y600 a64 3.48 9 x 10-7 

(a)  Tube ruptured. 

Three pressure tubes have been removed from the PKPR f o r  de- 
t a i l ed  tests and examination. 
were performed on sections of these tubes with different ex- 
posure his tor ies .  
t o  date: 

Roam temperature burst t e s t s  

The following table summarizes the resu l t s  

Raapn Temperature B u r s t  Tests 
on Irradiated Zr-2, FRI3 Pressure Tubes 

(a )  These samples were cut from the region of the laver 
fuel 8uppz-t contact marks in the tubes. 
flux gradient ex i s t s  in t h i s  region end the exposure 
is  estimated fo r  the point of initial fa i lu re  only. 

Failed with a short crack oriented 45 degrees t o  the 
tube axis. 
occurred in unirradiated samples a t  defects I n  the 
tube vall. 

A steep 

(b) 
Failures with similar appearance have 

Ran observations made to date, the e f fec t  of i r radiat ion au the 
appearance of the fracture  was n i l .  
f racture  appears t o  be confined t o  a local bulgbg fo r  i r radiated 
tubes vfiereas f o r  uulrradiated tubes the diemeter increases along 
the en t i re  gage length of the tube prior t o  the formation of 8 

The deformation pr ior  t o  



local  bulge at the point of fracture.  
1154 that  fa i led  a t  a small crack is  of special note i n  tha t  
the crack having propagated through the wall of the tube was 
then arrested even though the tube was pressurized t o  about 90 
percent of i ts  ultimate strength. 

The sample from channel 

kasurements of the depth of contact corrosion marks in  the tube 
removed from channel 1659 were 1 m i l  and 5 mils where the lower 
fuel supports had contacted the tube and 5.5 mils where the w i r e  
wrap from an individual rod contacted the tube. 

Mrk 111 W i t o r i n g  Equipment. 
ments using the TV-amiscope system, were performed i n  the 314 
Building PEFR process tube mockup. An appreciable amount of il- 
lumination will be needed. The heat from the illuminating lamps 
produced small bubbles which tended t o  col lect  on the glass 
surface of the objective lense. These bubbles can be swept from 
the objective lense i f  the water velocity past the objective 
lense is  suff ic ient ly  high. More t e s t s  are needed t o  establish 
the minimum re lat ive water velocity. Galvanic corrosion occurred 
i n  the lamp sockets and more corrosion res i s tan t  lamp socket 
materiel will eventually be needed for  underwater 'use. 

Some underwater viewing experi- 

The TV camera-eyepiece section of the borescope has been returned 
t o  the vendor t o  increase the TV camera image size. A 37 percent 
increase in  inaage s ize  is required t o  produce a full-sized 
picture on the TV monitor. 

A rubber ring t o  wipe off contaminated water upon probe re- 
t ract ion has been designed and fabricated. 
the most effective configuration i s  continuing. 

Testing t o  obtain 

A system f o r  coil ing the TV and instrument cables has been de- 
signed and tested. 
protect the e lec t r i ca l  cables and avoid interference with the 
necessary ver t ical  traverse of the PRTR process tube inspection 
probe. 

This system was found t o  be necessary t o  

A granular quartz-fi l led si l icone-resin molding was obtained f o r  
the gas gap body. Mchining problems with th i s  molding compound 
have been encountered by the fabricator of the gas gap i n s t m n t .  
Resolution of these d i f f i cu l t i e s  i s  under way a t  present. 

B r i t t l e  Fracture Studies. Br i t t l e  fracture studies w e r e  con- 
tinued. 
in the gun barrel ,  and the strength of the powder charge, it i s  

By varying the weight of the project i le ,  i ts  position 

UNCLASSIFIED 
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2. 

possible t o  gauge the impact so that a crack w i l l  'ue formed on 
the inside surface of a given type of tubing. The proper com- 
binations were determined experimentally fo r  each type of tubing 
and vary with w a l l  thickness, diameter, and degree of cold work 
of each IPaterial. Q1 a given type of tubing a lighter *act i s  
required t o  form a crack at elevated t e q e r a t u r e s  than at  room 
temperature. 
alter the par-ters required f o r  crack-formation. 

Pressurizatian of the specimen does not appreciably 

Using these newly developed para te rs  confirmation was obtafned 
of a prevlously reported ser ies  of tests an 65 percent cold 
worked KER tubing. 
not propagate, a hole had been sheared through the tube w a l l  
with no evidence that  a crack had actual ly  been formed. Using 
the new t e s t  parameters, a crack w a s  def ini te ly  f o m d  on the 
inside surface of tubes where no fur ther  propagation occurred. 

In the or iginal  t e s t s ,  when the crack did 

A similar ser ies  was  run on 50 percent cold worked, Zr-2, KER 
tubing a t  room temperature, 150 C, and 300 C. Pressures equal 
t o  90 percent of ultimate burst pressure fa i led  t o  propagate a 
crack a t  the two elevated temperatures although an initial 
crack suff ic ient  t o  form a leak w a s  formed by the impact of the 
project i le .  
a t  75 percent of the ultimate burst pressure but propagated the 
f u l l  length of the specimn at 80 percent of the ultimate burst 
pressure. 

A t  room temperature the crack did not propagate 

A test  was  run on a section of annealed gKR tubing with a hy- 
drided spot 1.2 inches long (8 times w a U  thickness). 
was pressurized t o  90 percent of ultimate at 150 C. The pro- 
j e c t i l e  formed an init ial  crack the length of the hydrided spot. 
This crack then propagated t o  58 percent of the full length of 
t he  spechen before being arrested in the annealed material. 
A test under ident ical  conditions except w i t h  a hydrided spot 
only two wall thicknesses in length produced ident ical  length 
of crack. 

The tube 

PwRyxJNn UTILIZATION STUDIES 

Plutonium Oxide 

The follawing data were obtained on the l a t t i c e  expansion of PUG 
as a f'unction of temperature. 
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5.3958 f 0.0002 
2.224 280 5.4080 f0.0002 

5 20 5.4186 f 0.0005 4.225 

23 

604 5.4227 f 0.0004 4.948 

902 5.439 f 0.002 7 969 
812 5.434 f 0.001 7.134 

The l a t t i c e  expansion data when plotted against dilatometer 
results are in quite good agreement. A t  higher temperatures 
the& diffuse scattering results in broadened l ines  and it 
i s  apparent tha t  higher temperature data w i l l  have t o  resul t  
from the lower angle spectra at the expense of accuracy. 

Samples of U%-PuO, which were melted in heliumxere arialyzed 
chemically t o  obtsic. additional data on plutonim losses. The 
following i l l u s t r a t e s  the losses found and ere consistent w i t h  
previous data. 

Percent PUG 
I n i t i a l  Composition After Melting 

Uh - 25 W/O PUQ 
UG - 40 W/O PuQ 
uq, - 75 w/o p10, 

va, - 95 w/o Aro, 

20.3 
36.2 
62.9 
71 7 
78.7 

IJQ - go w/o PUG 

Initial e x p e r b n t s  have been run t o  d e t e p  precise O/Pu 
ra t ios  coulombmtrically via the Pu+3/Pu couple. F i r s t  re- 
sults are encouraging and additional runs ere planned. 

Plutonium Carbide 

The x-ray diffract ion patterns from the ten  PuC alloys annealed 
a t  610 C for 65 hours have been analyzed. Between 32 and 41 a/o 
C the l a t t i c e  constants decreased i n  a uniform fashion w i t h  com- 
position extending from 4.9718 t o  4.9677A. Below 32 a/o C the 
c e l l  s ize  of the PuC phase remained constant at-4.9718A. 
other then PuC on the films were very weak and appear t o  conform 
t o  a mixture of alpha and delta plutonium. Because of t he i r  low 
intensi ty ,  a large degree of cer ta inty cannot be placed on t h i s  
identification. Between 41 and 52 a/o C the l a t t i c e  parameters 
were  constant at 4.980A and again -5 was observed at 48,2 B/O C. 

Lines 

1 2 3 4 4 0 5  



A change in l a t t i c e  parameter of a 48.2 a/o C sample with t i m e  
has been noted. The sample, which was arc  m l t e d  and annealed 
betveen 400-550 C, gave a c e l l  s ize  of 4.9748A innnediately a f t e r  
the anneal. 
creased t o  4.977kA. No explanation is readily apparent. Other 
S p e C h e n S  are presently being re-examined. 

After storage for  about a manth, this value in- 

Continuing work an the reaction of dry hydrogen w i t h  PuC has 
shown that the hyperstoichiametric PuC does not suffer the 6- 
attack as the hypostoichiomhric exhibits. A sample of 53.0 a/o 
C has been exposed fo r  17 days r i t h  no sign of attack. As a 
first test  of the effects of heat treatment on the  resistance t o  
attack, a 46.0 a/o ssmple which was made by resinter iag fused 
PuC i s  presently being exposed. 

A drop casting hearth f o r  the m c  melter was designed and bu i l t .  
Using graphite molds of a "hot top" design it produces sound rods 
about 5/16-inch diameter by l - l /k- inch lag. These will be used 
f o r  d i l a tmte r  and r e s i s t i v i t y  measurements. 

Compatibility studies have shown that a Be0 coating an graphite 
is effective in inhibi t ing the reacticm between graphite and PuC 
f o r  short times a t  1550 C as long as the coating remains integral .  
Wherever the coating i s  broken, though, the carbide s t icks  badly. 
Zrop shows some promise b u t  i s  generally less sa t i s f ac to ry thas  
the BeO. 
degrees of success. 
sad graphite v8s coated with an apparently tight layer. 
heating, though, the layer often spal ls .  Where the layer remains 
unbroken, good protection is affozded. Thin coats which 8re sub- 
sequently reacted vith the gzaphite substrate are presently being 
tried. 
metal m t o  graphite and canvereiapl t o  TaC by high temperature re- 
action. 

Several other coatings have been t r i e d  v i th  various 

Upon 
A s l i p  vas rpade with TaC in ethyl alcohol 

Another approach under study is the evsporatian of Ta 

Plutoaium Nitride 

](-ray dlffnrctian analyses of the arc E l t e d  p l u t d u m  ni t r ide  
genemlly involve the Debye-Sherrer powder me-thod. Powder is 
obtained by fila the a rc  melted button i n  a nitrogen atmos- 
phere and 8creening aut the -325 mesh fraction. Mdence  now 
indicates that this fractioa is not representative of the material 
as a whole. I(-my diffractcmeter charts of%= shav st- alpha 
plutonium lines from the polished button, whereas -325 E s h  
powder filed from the  6- button gives only a t race or no Frrdi- 
cation of free plutonium on a Debye-Sherrer film. It is  thought 



that during f i l ing  the b r i t t l e  phase, plutonium ni t r ide,  is 
preferent ia l ly  comminuted. 
duct i le  plutonium i n  the coarser plus 325 mesh fraction. 
Melting experiments using the arc melted miterial  w i l l  be de- 
ferred u n t i l  a specimen f ree  of residual plutonium i s  obtained. 

Screening then leaves the more 

Fhotamicrographs were taken of an arc  melted plutonium ni t r ide  
button containing residual plutonium. 
phosphoric acid were both found t o  be suitable etchants, w i t h  
chromic oxide perheps the be t te r  of the two. 
n i t r i de  is i n  the form-of dendrites i n  a plutonium matrix. 
appears that approximately 80 percent of the plutonium combined 
with the nitrogen t o  form plutonium ni t r ide.  Chemical analyses 
of th i s  samz specimen fo r  plutonium support the 80 percent con- 
version estimate. 
analyze quantitatively fo r  nitrogen; however, it gave low values. 

Chromic oxide and tetar- 

The plutonium 
It 

The Nessler ammonium procedure was used t o  

Plutonium hydride can be converted t o  the mononitride by heating 
i n  anhydrous nnnnnnia, though first attempts yielded a two-phase 
product, plutonium dioxide plus plutonium ni t r ide .  Further ex- 
periments-will be performed in  an attempt t o  obtain a single- 
phase plutonium n i t r ide  by t h i s  means. 

Electron Mic roscw 

Exadnat im of an irradiated (5000 W / T )  UO, crys ta l  continued, 
using ref lect ion electron microscopy techniques. 
surface-heated using an arc-image furnace t o  about 500 C above 
ambient temperature; in a second experimnt the  specimen was bulk- 
heated using the standard wire-wound microscope furnace t o  980 C. 
Both fracture arid polished surfaces were examined during the 
heating and cooling cycles of about 40 minutes each. Qlly minor 
changes i n  the surfices were observed, similar t o  those reported 
previously on non-irradiated crystals .  
hlgher temperatures, longer i r radiat ians ,  and/or higher magnifi- 
cation may be required t o  observe irradiation-induced surface 
effects .  

The crystal was 

It appears l i ke ly  that 

Grestly increased electron beam densit ies have been achieved from 
an electron gun being developed fo r  a spec iEn heating attachment 
f o r  ref lect ion electron microscopy by coating a carburized fi la-  
m n t  with m 6 .  

UNCLASSIFIED 
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Etching Procedure fo r  UQ, Single Crystals 

Difficulty i n  interpreting c e m g r a p h l c  resu l t s  of UG single 
crystals  is complicated by the variations in microstructure 
result ing from different  etching teckiques .  
procedure should be established t o  compare ceramographic data 
from different  specinrens. 
minute etch with 10 percent %SO, -9 percent Gs at room 
temperature. The etchlng characterist ics are affected by the 
crystal  orientation. 

A standard etching 

Preliminary studies suggest a one 

UG Thermal Conductivity 

The thermal conductivlty program in coopemtion with BMI has 
been resumed. M?asurements on the non-irradiated UG single 
crys ta l  were extended t o  1200 C, and calculation of results is 
in progress. The crystal  wa6 returned t o  H4FO f o r  low level 
i r rad ia t ian  pr ior  t o  fur ther  measurements. 
survived the physical handllng and the& cycling necessary 
f o r  the reasuremnts, with only minor physical damage apparent 
(surface discoloration, edge chips, e tc .  ) 

The crystal  has 

Refurbishing equipment at BMI fo r  measurements OE the f i n a l  
sintered UO, rod i n  the original i r radiated ser ies  is i n  pro- 
gress. A pulsed-energy-input method of determining thermal 
d i f fus iv i ty  being evaluated at BMI 6ppears promising f o r  small 
ceramic samples. BMI personnel plan some exploratory measure- 
ments on UO, a t  elevated t e q e r a t u r e s  i n  connection v i t h  the 
HLO-BMI cooperative investigatian of UO, thermal conductivity. 

The last i n  a series of six I r radiat ion capsules, c a t a i n i n g  
cylindrical  specinrens of U% f o r  t h e r m l  and e lec t r i ca l  con- 
duct ivi ty  and ceremographic studies, was discharged a f t e r  four 
years of irradiation. 
that of previous specimens. 

The specimens b v e  an exposure twice 

Precompaction end Hot I sos ta t ic  Pressing of U% 

Swaging followed by hot i sos t e t i c  press- offers a promising 
method f o r  campacting inexpensive fue l  materials t o  uniform, 
high density fue l  elements. Mixtures of fused U% and micronized 
UO, w e r e  swaged in O.OO7-inch thick stainless s t e e l  cladding, and 
then hot i sos ta t ica l ly  pressed t o  densi t ies  greater than 95 per- 
cent TD. 

I 2 3 4 4 0 8  
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4. BASIC SWELLING PROCRAM 

Irradiation Program 

The i r radiat ion of four general swell- capsules i s  continuing. 
These capsules are being irradiated i n  tandem, two t o  each t e s t  
hole. 
and 575 C on a th i rd ,  
means of auxiliary e l ec t r i ca l  heat regardless of reactor opera- 
t i ng  conditions. 
400 C only during reactor operation. 
complete and another capsule is  approximately s ix ty  percent com- 
plete .  
Two capsules previously i r radiated are i n  Radiometallurgy fo r  dis-  
assembly and specimen recovery. 
components fo r  t h e  mtallographic swelling capsule i s  continuing. 
The inabi l i ty  t o  weld onto the sheath of the l/lG-inch sheathed 
heaters t o  be used for  t h i s  capsule has presented some sealing 
problems. It has been necessary t o  resoArt t o  high t e q e r a t ~ ~ z e  
s i lve r  brazing in order t o  obtain sat isfactory seals.  The 
snecimen holder has been designed and is  being fabricated. 
Assembly of a prototype capsule is proceeding. 

The control temperature i s  625 C on two of the capsules 
These temperatures are held constant by 

The fourth capsule operates a t  s l igh t ly  over 
An additional capsule is 

These two capsules w i l l  also be irradiated i n  tandem. 

Redesign and developrent of 

Post-Irradiation Examination 

As indicated in previous reports, uranium irradiated t o  two burnup 
levels, 0.29 a/o and 0.41 a/o, respectively, a t  approximately 
350 C under conditions of res t ra in t  swells considerably during 
vacuum annealing a t  ternperatures above 600 C. 
specimens, 0.41 a/o, undergo volume increases which are far 
greater than those of the lower burnup specimens, 0.29 a/o. 
The respective volume increases associated with the annealing 
at  600 C f o r  one hour are: 
annealing treatment caused extensive change t o  the as-irradiated 
pore s ize  distributions.  In  contrast, specimen 4-4 which was 
i r radiated at 575 C t o  a burnup of 0.28 a/o under conditions of 
no restraint showed no change i n  pore size dis t r ibut ion a f t e r  a 
100-hour post-irradiation anneal a t  575 C. 
f ract ion and pore void density exhibited no change. Since t h i s  
p a r t i c d m  specimen (4-4) had an extreluely large number of very 
small pores, micrographs at  35,oooX were used In addition t o  the 
standard micrographs a t  l5,OOOx. 
volume fraction dis t r ibut ion curve was revealed in the data ob- 
tained from the 35,000~ micrographs, but the resolution was not 
suff ic ient  a t  lower magnification t o  observe t h i s  peak. 
no change occurred, it is  concluded tha t  the pore configuration 

The higher burnup 

16.3 percent and 5.0 percent. The 

The pore volume 

A well defined peak in  the pore 

Since 
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attained in unrestrained uranium specimens irradiated in the high 
alpha range (approximately 600 C )  is thermally stable a t  tempera- 
tures at  or  below the i r radiat ion temperature. Similar compari- 
sons are currently being made oc unrestrained specinrecs (irradia- 
ted  t o  par t icular  burnups a t  prescribed temperatures) before and 
a f t e r  annealing. 

Two capsules, GEH-14-334 and 336> each cozltaining six coaxial U-U 
diffusion couples, have beeo opened after i r radiat ion end the  
specimens have been reclaimed. Sampling techniques, which have 
been developed, w i l l  permit eventual determination of' the U-235 
bwpup in the enriched layer and the depleted core of a l l  speci- 
mens; the exposure gradient along the length of the capsriles 
w i l l  be established. 

The specimens generally appear t o  be i n  excellent cocdition. 
enriched U-235 shel l ,  bonded metallurgically t o  the Zircaloy-2 
clad, appears dark under macroscopic viewing. This coloration 
i s  due t o  the bumping and growth of the enriched she l l  during the 
low temperature ( 4 3 0 0  C )  irradiations.  
spec-ns from capsule 336, which received twice the exposure of 
specimns in  capsule 334, have g r m  the most. 
growth observed, however, i s  considerably less than tha t  observed 
fn previously described copper clad (no&-bonded) specimens, 
GEH-14-281 and 282. 
bonded t o  the enriched U-235 she l l  restrains the growth of th i s  
shel l .  
cessed f o r  metallography. 
remained in tac t .  
layer. 
being annealed at 650 C f o r  100 hours t o  precipi ta te  gas pores 
in the  enriched layer. 
depleted in U-235 does not occur t o  a measurable extent, similar 
specimens will be annealed a t  higher temperatwes. 
fusion in to  the Zircaloy-2 clad wili a l s o  be investigated. 

The 

The enriched she l l s  in 

The amount of 

Presumably, the Wrcaloy-2 clad which is  

A semple from each of the two capsules has been pro- 
The Wrcaloy-2 U-235 interface has 

An additional sample from each of the two capsules is  
No porosity has been detected in the enriched 

If diffusioa of gas atoms in to  the core 

Gas atom dif-  

Alloy Selection 

Efforts t o  procure sufficient q u m t i t i e s  of the al loys selected 
f o r  study under t h i s  program have continued. 
both writ ten and personal, have been &e t o  procure heat 
analysis data and fabrication h is tor ies  of past heats of al loys.  
Sarqples from f ive  different heats of 
quested in pla te  form. 

Additional contacts, 

a l l o y s  have been re- 
Fromthis material differences in mechanical 
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properties w i l l  be determined, as well as differences i n  
chemical composition. 
ences ex is t  between heats in high temperature tens i le  and 
e t ress  t o  rupture strength i n  Hastelloy X-280 alloys. 
Reasons for  these differences have not been determined. 

Recent data indicate marked differ-  

In-Reactor Measurement of Mechanical Properties 

Two creep capsules operating in the reactor were used t o  
check temperature and pressure control inst.rumentation during 
the month. No creep data were obtained. Some instruments 
required recer t i f icat ion for  accuracy eioce they had been i n  
continual use on creep t e s t s  since instal la t ion.  

A new temperature control system has been developed and is 
now being checked i n  the laboratory t o  provide automatic 
control during reactor outages. The present temperature 
control system fo r  the creep capsules must be adjusted man- 
ual ly  at  every reactor shutdown and startup t o  maintain a 
constant temperature. 
the temperature as an unscheduled shutdown would give a tventy 
t o  t h i r t y  degree excursior. i f  the manual adJustments were not 
made. A new system, overcoming the reqairement of manual ad- 
justments, has been developed. 
only one controller with additianal amplifiers t o  control both 
the heating and cooling in a capsule. The new system uses one 
controller t o  control one zone of' the furnace from one thermo- 
couple. 
couple on control t o  obtain a signal i f  a temperature difference 
ex is t s .  This output difference, or signal: f romthe control 
thermocouple and the compared thennocoxple is  amplified and fed 
t o  the furnace zone of the compared thermocouple with a phase 
s h i f t  t o  reduce the  signal from the two thermocouples t o  zero. 
In th i s  way, all  temperatures are maintained the same as the 
one thermocouple on control. 
controller and sol id  s ta te ,  high power, amplifiers have shown 
that control of temperature and gradients t o  within plus or minus 
one degree I s  possible. The control system also operates the 
flaw valves t o  cool the capsule when cooling i s  required. Again, 
this control of cooling is also automatic and does not require 
manual adjustment d u r a  reactor outages. 

It i s  desirable t o  automatically control 

The new control system reqdires 

All other thermocouples are thec compared t o  the thermo- 

Laboratory tests with one standard 

A standby data printing system has been received and checked out. 
The standby equipment was ordered when the data pr inter ,  on two 
occasions, burned out the printing solenoids during operation. 
No cause fo r  burning the solenoids could be found. However, 
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during checkout of the standby p r in t e r  and matrix processor, 
a possible cause f o r  the or iginal  d i f f i cu l ty  may have been 
found. The checkout revealed improper serial operation of 
relays in the c i rcu i t s .  
relays was caused from shipping vibration. 
were properly adjusted, no further d i f f icu l ty  w a s  experienced 
and the system operated perfectly for six weeks. The standby 
system vas then installed in the data logging system at the  
reactor and the old system at the reaztor was  brought t o  the 
laboratory. The malfunctioning pr in te r  i s  now being checked 
fo r  proper serial operation of the relays and i f  performance 
is sat isfactory a d ig i t a l  voltmeter w i l l  be added t o  the system. 
The voltmeter wil l  provide the capabili ty of recording addi- 
tianal variables with the s t r a i n  and t i m e -  The recording of 
additional variables, including stress, temperature, e l ec t r i ca l  
power and coolant flow, w i l l  aid in interpreting the data, 
analyzing the creep curve and evaluating the perfomatice of the 
capsule. 

The poor operation of the  ser ia l iz ing 
When the relays 

Two headers from the l o t  of capsules were Identified as having 
Inconel pins instead of chrome1 and alumel pins. 
pins were found during checking of the capsule components as 
modifications f o r  internal  water coo lhg  were being made. 
headers are used in the capsule t o  separate the high pressure 
section from the low pressure shroud tubes. 
e l ec t r i ca l  connections, water tubes, pressure tubes, reference 
tubes and rotating shafts all go through t h i s  header. 
proper a l l o y  should be used in the pins f o r  themcouple  con- 
nections t o  eliminate possible errors  i f  a temperature gradient 
should ex i s t  on a dissimilar m e t a l  cambination. The headers 
w e r e  reworked and proper plns ins ta l led  i n  all e lec t r i ca l  and 
thermocouple locations. 

The incorrect 

The 

The insulated 

The 

A new s t a t i s t i c a l  plodel fo r  creep is being developed which lnay 
explain the l o w  values for the activation energy f o r  creep 
masured on the in-reactor specimen a t  30,OOO psi stress and 
300 C. The model is based on a s t a t i s t i c a l  random walk of vacm- 
c ies  t o  a dislocation line, resul t ing in a s t a t i s t i c a l  dis- 
location climb. This model m y  be applicable t o  other metals 
and explain the anomlies reported i n  t h e i r  activation energy 
spectrums not explained by thermodynemics. 

I r radiat ion Effects on Structural  M ~ t e r i a l s  

The purpose of this program is t o  investigate the combined 
ef fec ts  of radiation and reactor e n v i r o m n t  on the mechanical 



properties of s t ructural  mterials. Special attention w i l l  be 
given t o  the determination of mechanical property changes pro- 
duced in metals by i r radiat ion at  elevated temperatures in 
contact Kfth water. 

The remainder of the 88 specimen quadrants scheduled fo r  ir- 
rsdiat ian i n  the EFR, E 7  hot water loop were assembled and 
shipped t o  the G1IR. These quadrants w i l l  keep the low fu l l  
through cycle 54 at  which time specimens prepared from standard 
material l o t s  procured on the program will be inserted. 
of control quadrants f o r  the ex-reactor loop w a s  completed and 
Zircaloy-2 specimzns corresponding t o  FPR cycles 39 and 40 were 
discharged during the month. The oxide fi lm on these specimens 
was uniform, and there were no signs of p i t t ing .  . 

Assembly 

Upon completion of ELTI cycle 44, 36 tens i le  and 48 bend test 
specimens of Zircaloy-2 were discharged. 
ceived estimated exposures ranging from 5 x 1019 t o  loa nvt 
(>l Mev), and were replaced w i t h  72 Zircaloy-2 not.ch-tensile 
specinens. In  order t o  f a c i l i t a t e  calculation of notch-tensile 
parameters, a Fortran program fo r  the 7090 computer was written. 

These specFEns re- 

Twenty-nine Wrcaloy-2 tens i le  spec-ns representing the 0, 20, 
and 40 percent levels  of cold work and irradiated at 280 C t o  
approximately 3 x ld.9 nvt (>1 Mev) were t e s t e d - a t  room tempera- 
ture. The 
data obtained were compared with data fo r  similar specimens ir- 
radiated a t  ETR bulk water temperatures (about 80 C )  t o  
0.84 x 1019 nvt (>1 Mev). 
i r rad ia t ion  temperatures revealed only minor differences i n  
e i ther  strength or  duc t i l i ty .  
in  t o t a l  exposure between the two se t s  of i r radiat ions is  found 
t o  s ignif icant ly  a f fec t  properties, then sone recovery due t o  
280 C operation would be indicated. 
and directional e f fec ts  f o r  the specimens irradiated at  280 C 
were similar t o  those f o r  unlrradiated specimens cortesponding 
t o  equal levels  of cold work. 

Crosshead speeds w e r e  varied from 0.005 t o  2 in/min. 

Coauparing tens i le  data f o r  the two 

If the factor  of 3.5 difference 

The s t ra in-rate  sens i t iv i ty  

Tlamaae Mechanism in Iron 

The purpose of t h i s  program of study is t o  establish the nature 
of interactions between defects present in iron pr ior  t o  ir- 
radiation and defects produced by i r radiat ion.  Controlled pre- 
i r radiat ion defects will consist of interstitial carbon and 
nitrogen, as w e l l  as substi tutional titanium in various proportions. 
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Iran of a puri ty  of 99.99 percent and 99.95 percent has been 
ordered. Impurity defects w i l l  be introduced in  this metal. 
Required laboratory equipmmt i s  being assembled and tes ted.  
Foi l  specinrens of high puri ty  iron, O.OO3-inch thick and 1/2- 
inch diameter (Johnson and B t h e y  stock) are being heat treated 
f o r  traasmission electron microscope studies. 
ter izat ion,  these foils will be i r radiated and changes will 
be ascertained. 

After chk-s-  

A problem in neutrca danage studies i e  the accurate designation 
of integrated fast flux (energies >1 MY). T i  and Ni wires are 
commly used t o  determFne fast flux. 
integrated neutron f l u  from e i ther  of the above mMitors, the 
shape of the neutran spectrum must be essumed. 
being made t o  evaluate the poss ib i l i ty  of measurhg fast inte- 
grated neutron flux by u t i l i z ing  th in  evaporated films contain- 
ing atom which undergo fast fission. Evaporated films of Uo;!, 
In which the uranium U-235 content had been depleted by a factor  
of twenty, were prepared with thicknesses in the range of 24 t o  
132 A (calculated). These films and wire m i t o r s ,  conzained in 
a cadmium capsule, are currently being i r rsdiated.  After ir- 
radiation the films w i l l  be examined by transmissiori electron 
microscopy and f i ss ion  f-nt tracks will be counted and 
nreasured. 
this technique can supply information on integrated flux fo r  
par t icular  neutron energy ranges. 

In order t o  calculate 

An attempt is 

The data will then be analyzed t o  ascertain whether 

6: GAS-GRA~BI?~~ STUDIES 

EGCR Graphite Irradiations 

The fourth capsule i n  the ser ies  of long term BCCR graphite ir- 
radiations, H-3-4, ha8 completed the second cycle of i r radiat ion 
in the General Electr ic  Test Reactor. The maximum exposure re- 
ceived by ssmples which have been irradiated in all four H-3 
capsules is estimated t o  be 9.5 x l@ (E M.18 Hey), which i s  
equal t o  approximately 65,000 W / A T  in the EGCR. 

During the second i r radiat ion cycle on the H-3-4 capsule diff i -  
cu l t ies  were encountered i n  keeping the maximum sampie tempera- 
tures belov 850 C. 
temperature had been previously exposed t o  8.7 x 1021 nvt 
(E M.18 MY), and it was imperative that the samples follow the 
established temperature pattern.  
was successfully attained through the conibinaticm of three 

The samples being exposed at  the maximum 

The desired tempereture pattern 
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actions: the capsule was  removed and inspected; the reactor 
core loading was rearranged t o  sh i f t  the flux; and the reactor 
was run at l e s s  than full power fo r  several days. The cause 
of the temperature peakpeak"""""""" i s  a matter of speculatioc; it m y  
have been due t o  a slight shif t ing of the s a q l e s  inside the 
capsule during the previms shutdown. 
changed the heat t ransfer  characteristics., 

Such a s h i f t  could have 

D-nsional S t ab i l i t y  of F'uel-Sl~ppcrt-Sleeve Graphite. 
which has a somewhat lower degree of preferred orientation than 

A graphite 

conventional nuclear graphites w i l l  be used f o r  the EGCR fuel 
e lemnt  support sleeves, 
produced by Speer Carbai Company and generally known as Type 901, 
have been irradiated at about 600 C t o  determine dimensionsl 
s t ab i l i t y .  Samples extruded thrcugh a 3 by 8-inch die  and 
given single and double iqregnat ions were compared with a 
sample from the same m i x  excriied through a &-inch round die  
and given a single impregnation. 
produced from a new s o u c e  of r a w  materials a d  extmded with 
3 x 8-inch die  were included slccg w i t h  standard samples of CSF 
graphites. 

After an exposure of 3120 MUD/AT a t  approxiimtely 600 C, the  
following re la t ive  behavior was observEd: 

Several variations of this graphite, 

Sampies of the same type but 

1. The ef fec t  of the re -hpregia t icz  d id  not s ignif icant ly  
a l t e r  the magnitude gf average coztraction in e i ther  the 
transverse c r  para l le l  directions. 
nated sample, hcwever, 9 varlatior, i n  transverse samples 
was noted. 
the die contracted 1/3 l e s s  than those from the 8-inch 
direction. 
re-impregnat.ed saqle  

Ir, the singly impreg- 

Samples para l le i  tr, the  3-inch dimension of 

This difference w a s  apparently masked i n  the 

2. The radiation-induced c a t r a c t i a  of samples from the 4- 
inch round extrusion was rear ly  isctrcpic ,  whereas 
graphites extruded with the rec tangdar  die behaved mch 
l ike conventional nuclear graphi%es. 

3. !!!he new r a w  material reduced coritractiw in both the 
transverse and parallel directions 

Altering the pore structure by impregnaticn has apparently 
changed the anisotropy of the radiaticn-induced dimensianal 
changes. This exglanation implies tha t  the pores were elongated 
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and oriented i n  a preferred direction. Irradiation of these 
samples w i l l  be continued t o  provide infonnatior: on the ra te  
of contraction. 

Molten Metal Impregnation of Graphite 

pilllng the graphite pores with mezal is useful in the metallo- 
graphic examination of the structure of various carbans and 
graphites. It also provides a means of meassing the density 
prof i le  of graphite arid thereby of examining the depth of oxi- 
dation of moderator bars under various oxidizing conditions. 

Eethods have been deve l ipd  t o  lmpregnate the pores of graphite 
w i t h  such rmltec metals ss Za, Sr, Bi ,  Pb snd Ag. Graphite of 
dimensions 112 by 1/2 by 1 inch have been successfully impreg- 
nated. The e q u i p k t  consists cf a high pressure autoclave, an 
e l ec t r i ca l  resistance furnace, a y(~cuurn pumpI a cylinder of 
helium and accessory tubing and vaiv2s. 

After e t a l log raph lc  examination of the Impregnated graphite 
samples, it was cat=cluded that biernth would be the best choice 
f o r  an imprpgcact. B i s m t L  erners arid fills the pores 88 small 
as 1p dismrzter at the center of the sample; however, i n  sms 
instances pores of larger  diameter are not completely f i l l e d .  
These may be connected by very small diameter pipes and require 
much longer outgasshg arsd f i l l i rg  time than was allowed. 

I r radiat ion of Graphite Cmtain3.q B4C 

Three i r radiat ions have been concluded on graphite containing 
B,C, one in the Snout I1 f a c i l i t y  at  approximately 30 C t o  an 
exposure of 7.5 =/AT 
agproximertely 575 C t o  exposures of 150 and 300 W/AT.  No 
lsrge difference in  dinrensimal changes betveen nuclear grade 
graphite and graphite cmtaicing up t o  7 ut boron w a s  ob- 
served in these irradiat ions.  
e f fec ts  of pitting and COXTW~OE c? the B4C samples were ob- 
served vhich css t s  some doubt as t c t  the s t a b i l i t y  of B,C in a 
s l i&t ly  oxidizing atmsphere. It is now known t W  the re- 
acticm, B,C + Cq, yielding %& occurs at  a Easurable  r a t e  
under the conditions of these t e s t s .  The reaction is also en- 
hanced with the presence of water vapor, althougb the presence 
of water vapor is not suspected in these irradiations.  
material which hed cemented severel samples together and fo-d 
a glazed coat ing on the flux n i t o r  holders was confirmd as 

two ic a ~ a o f c r d  hot test hole at 

However, 8- deleterious 

A 

%I4 by -vis. 
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A new irradiat ion technique is  being explored in  which it i s  
planned t o  i r rad ia te  the samples in a vacuum. 
estimates of heating by the reaction BIO (n,a) Li7 are being 
made, and the e f fec ts  of sample configuration on self-shielding 
are being studied t o  f a c i l i t a t e  experiment design. 

Preliminary 

EGCR Graphite Oxidation Study 

A study of the oxidation characterist ics of the EGCR moderator 
has been conducted at  W o r d  t o  provide a basis t o  estimate 
potent ia l  combustion hazards in the  event of a depressurization 
accident. 
representatives of the AEC, OIWI, and Allis Chalmers Company t o  
enable machine calculations t o  be made on the hazards analysis. 
Of' part icular  in te res t  were several factors t o  be applied t o  
the basic oxidation r a t e  f o r  use i n  combustion calculations. 
Each is -lnanarized br ief ly .  

Results of t h i s  study were recently discussed with 

1. 

2. 

3. 

4. 

Gamma radiation: 
in the temperature range of in te res t  (e00 C )  i n  the ab- 
sence of 'radiation, and i n  the presence of two levels of 
ganma flu intensity,  2.5 x lo5 and 1 x lo6 r/hr. A de- 
crease in the activation energy was observed from 50 kca l l  
mole fo r  radiation in tens i t ies  of 0 clnd 2.5 x lo5 r/hr to 
30 kcsl/mole f o r  a radiation in tens i ty  of 1 x lo6 r/hr. 
Recently the gamna flux following an B E € ?  most credible 
accident was estimated t o  be 1 x 107 r/hr. I n  order t o  
establish the  oxidation rate a t  t h i s  higher intensi ty  an 
oxidation study w i l l  be conducted i n  the core of the PKFR 
on a high p r io r i ty  basis. 

Oxidation experiments have been conducted 

Depth of oxidation: An analyt ical  expression was derived 
and verified experinrentally fo r  determining the depth of 
oxidation i n  EGCR graphite after a given amount of oxida- 
t ion.  
generating mass which is essent ia l  i n  a combustion analysis. 

This expression will enable calculation of the heat 

h-ior nreutron damage: Oxidation experiments have been 
conducted on samples which have been irradiated t o  a 
neutron dose approximately equivalent t o  50 percent of 
the expected ECCR moderator l i fe .  
of less than a fac tor  of two has been observed. 

A rate enhanceEnt 

Oxidation inhibitor:  Q the basis of the lllaxirmun credible 
accident now postulated f o r  the EGCR, a rel iable  oxidation 
inhibi tor  caMot yet be recommended tha t  would effectively ' 
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extinguish a f i re  or prevent one from starting. It was 
concluded that a research program i n  t h i s  f i e l d  is  vi ta l  
t o  the Gas Cooled Reactor Program and the AEC has asked 
that such a study be conducted a t  Hanford. 

5 .  M a c e  impurities: Surface impurities may influence 
oxidation; harever, the type and amount of these im- 
pu r i t i e s  which would deposit in a combustion zone is  
d i f f i c u l t  t o  e s t i m t e .  The Oxidation r a t e  of discharged 
fue l  sleeves will be measured t o  detect the presence of 
any catalyt ic  e f fec ts  of impurities in the E#XR coolant. 

6. Gas purif icat ion of fue l  sleeves: Based on the oxidation 
ra te  of gas-purified graphites, it i s  estimated tha t  the 
oxidation rate of fue l  sleeves could be reduced by a 
factor  of 1/2 by gas purification. 

7- Moisture: No ca ta ly t ic  e f fec t  of moisture on the oxida- 
t ion  r a t e  of graphite in air has been detected i n  Hanford 
experiments. 

8. Interactions: The most l i ke ly  interaction of the above 
factors is  one involvbg germpa radiation and water vapor, 
which could result i n  complex gas-gas reac t ims .  

Effect of Impregnation on High Temperature Contraction 

The first i r rad ia t ion  has been completed on a series of sanples 
which are  intended t o  determine the e f fec t  of impregnation with 
furfuryl alcohol on high-temperature radiation-induced contrac- 
t ion.  Data from the i r rad ia t ion  i n  the range 600 t o  1000 C i n  
hot capsules in the Et% are found in the table .  Ekch capsule 
contained four samples: unimpregnated; impregnated and baked 
50 900 C; impregnated and graphitized at  2650; impregnated and 
graphitized at 2900 C. Since each capsule vas subjected t o  a 
s l igh t ly  different  neutron f lux  and, due t o  variations in gamma 
flux, operated at slightly different  temperatures, comparisons 
should be made only ammg sculrples in a single capsule. 
the results c lear ly  indicate that impregnation decreases the  
dimnsional s t a b i l i t y  of both TSX and -85, an EFGR candidate 
gmphite,  under high temperature i r radiat ion.  
returned t o  the ETR f o r  additional exposure. 

However, 

Samples have been 
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Contraction of Impregmated Graphites 

Estimated 
Integrated 
f l u x ,  nvt 

Graphite (m.18 Mev) 

Tsx 9.9 x 1020 
Tsx 1 0 ~ 6  
Tsx 6.2 

HLM 7 - 0  
ELM 6-7 

Flux In t ens i t s  Test 

-0.027 -0.149 -0.069 -0.065 
-0.165 -0.205 -0.222 -0.178 
-0 .029~  -0.070 -0.037 -0.032~ 

- 0 . ~ 0  -0.094 -0.100 -0.llo 
-0.0695 -O.O€Q5 -0.0815 -0.076 

~ 

The grsphite irradiation capsule, m-13-8, designed t o  study 
the effect  of flux intensi ty  on property chenges a t  a con- 
t ro l l ed  sample temperature, is operatirig sa t i s fac tor i ly  i n  the 
second cycle in the FIIR. The four positions having heaters are 
being controlled at 650 C. The heater in Position 1 began 
operating e r ra t i ca l ly  near the end of the l a s t  cycle and is now 
functioning intermittently.  
been rncrintained in the range 625 and 650 C. 
positions are heated only by gemma heating, and the thermocouples 
in these positions continue to function properly. 

Thm far the sample temperature has 
Three of the sample 

In-Reactor Testing of Aluminum Alloys 

The E-1 Loop was operated 10 days at 200 C as a part of the 
s t a r t u p  procedure. Upan cclrmpleting thls run, the loop was 
charged with six coupan holders i n  high, lov, and zero flux, 
containing coupone of X-8001 and A288 alumhum, nickel-plated 
alurminum, Zircaloy-2, c m h  s t ee l ,  and stainless s tee l .  A few 
of the Zircaloy-2 and s t s in less  s t e e l  coupons contained silver 
foils mder the surface to determine vhether crud depositirm is  
increased by 8~ internal  beta source. The test is being nm 
with deionized water (pH 6-7). 
however, it may not be pcssible t o  a t t a i n  a temperature t h i s  

The desired tenpzrature is 300 C; 

high. 

Design has been s ta r ted  to modify H-1 t o  permit chsrging of 
fuel elements. 
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The -rating procedure for C-1 Lwp is about 75 percent com- 
plete .  The production t e s t  t o  install an improved In-reactor 
test section is routing f o r  approvals. 
des-* f o r  1-inch x 5/8-inch coupo11, are being fabricated. 

The coupon holders, 

Dynamic Corrosian Behavior of a Hew Aluminum Alloy 

(1.8 Fe, 1.2 li, High Rmity Alumlnum Base) have completed 
three months (2130 hours) a t  330 C, 2500 psi ,  with 9.4 @/hr 
refreshmmt and 25 f p s  l i nea r  flow rate. Preliminsry data at 
10, 30 end 90 days indicate a l i nea r  corrosian rate f o r  x-8001, 
while the rate for the KY a l l o y  appears t o  a s h .  Coupons 
placed i n  the law flav section of the autoclave 8hov.penetx-a- 
tiom of 1.8 m i l s  fo r  x-8001 ccmpared t o  0.57 mil fo r  the new 
U o y  at 1900 hours. 
ture (>32O C )  corrosion behavior of the W al loy relative t o  
x-8001 under low flow conditions previously reported by Bowen 
(Hw-68253). Preliminary data also indicate Improved behavior 
of the SCY al loy  under dynamic conditicms. 

m C  corrosion t e s t 8  8 W h S  Of the 8lWdILUUI U O Y  

B e s e  t e s t s  conf'irm Improved high tempera- 

9. AEc-AEcLPRaxuM 

Twenty tramverse notches were spark michhed on the outside 
surface of a 0.680-inch ID by 0.035-inch w a l l  Zircaloy tube. 
These notches were a l l  30 mils long and varied in depth from 
1.4 t o  17.5 mils in approximBtely one mil increments. With the 
cryetal  aligned f o r  the transverse t e s t  the ultresonic respcmse 
of each of these notches vas measured. A t en  megacycle 1/2-inch 
by l/lc-inch f lat  rectangular lithium sulfate crystal  w a s  used at 
8 21 degree entry angle. 
17 degree entry me. 

Similar reed.ts we= obtained at a 

An6tlysis of the resulting curve of ultrsscmic respoase Versu8 
notch depth reveals that the response y8 depth is nanlinesr, 
the initid slope of the curye rises s h a r p l y t o  depths up t o  
4 U s ,  then decreases t o  a much smaller slope f o r  grooves up 
to  17.5 U S  deep. 

Advanced Reactor Concept Studies 

Several des- pu'amters were selected f o r  the initial refer- 
ence design study of a plutcmium-fueled power reactor f o r  space- 
c r a f t  crpplicatians. The reactor t o  be studied w i l l  be a 30 l& 
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thermal (-5 We) f a s t  reactor. Fuel w i l l  be plutonium oxide 
with tantalum cladding. The coclant w i l l  be boiling rubidium, 
operating a t  1000 C out le t  temperature and 1.50 psia.  
w i l l  be extracted by 8 t-xrbogenerator and rejected a t  a radia- 
t ion  temperature of 670 C. 

Heat 

Choice of fue l  f o r  t h i s  study w a s  a rb i t r a r i l y  limited t o  
plutonium oxide or carbide because of lack of data on ofYher 
plutonium compounds which are p o t e n t i d l y  cf in te res t .  The 
oxide was selected because of i ts  higher melt- point and 
compatibility with the tantalum Jacket material. 

A preliminary comparison of metal coolants indicated that 
rubidium would be preferable t o  potassium or  sodium at t h i s  
operating temperature primarily because of i t s  l G w e r  specific 
volume, par t icular ly  in the radia%cr, Nevertheless, the 
specific volume is high enough t o  present s lgn i f i cmt  problems 
in reactor plant and piping arrangement and core desigri. 
accompanying higher operating pressxre may a l s o  present struc- 
tural  design problems, but these have not yet been studied. 

TAe 

Study of t h e m 1  hydraulic considerations ic the use of boiling 
metals was in i t i a t ed  during the molrtl; t o  develop a basis f o r  
estimating poteritial rubidium vapor quali ty at the reactor ex i t .  
Moisture separation schems are also being studied. 

A paranetric study of rubidium cooled, plutonium fueled fast 
reactor cores was initiated i~ cooperation with the Applied 
Physics Operation. Additional neutron cross section data for  
rubidium, beryllium, U-234, u-236 and nitrogen were generated 
f r o m  the GAM-1 data tape t o  supplemerh the 16 group se t  being 
used f o r  t h i s  study. 

I). RADIATIm =CTS (rJ HGTAls - 5000 PROGRAM 
Preparaticm, encapsulation, Snd i r radiat ion of a variety of molyb- 
denum specinrens have continued. 
crystal l ine specinens containing several levels  of carbon as an 
interstitia3 impurity are  beiIig studied t o  establish the combined 
ef fec t  of neutron i r radiat ion and carbon impurity level  on the 
properties of the = t a l +  

lblybdenum f o i l s  of two carbon levels,  15 ppm end 450 ppm carbon, 
were quenched from 2000 C, thinned, and examined by electron trans- 
mission microscopy. 
angstroms in diameter, were observed. 

Both single crystal  and poly- 

Numerous small dislocation loops, 50 t o  500 
Zones f ree  of loops 



surrounded carbide par t ic les ;  similar denuded zo9es were also ob- 
served at grain boundaries. Tne carbides and boudaries  are  ex- 
cel lent  sinks for vacancies arid a c c o z t  f o r  the absence of loops 
in t h e i r  immediate vicinity.  

A capsule containing four molybdexxn single crystal  bend test 
specimens has been discharged from the reactor at an exposure of 

goal exposure w a s  reached. 

An investigation of f i e l d  ion microscopy a8 a technique f o r  radia- 
t ion  damge studies is i n  progress. 
emitters containing carbor, as an impurity are being prepared f o r  
this study. 
w i t h  .mirradiated molybderLm before i r r d i a t i n g  pre-shaped emitters. 

nvt. Flux monitors are  being analyzed t o  insure that  the 

lblybdenum sFngle crystal  

Preliminary evaluaticz of fhe technique w i l l  be made 

The crystallographic orierztations o€ the axis of molybdenum single- 
crystal  t ens i le  specimens, 112 ir; a i l ,  have been determined. 
range of orientations is not as great as was desired, most rod 
axes lying on or  near the plane containing [loo] and [llO] (the 
001 zone). 
t ion can be investigated, however. 

The 

A t  least three of the four predicted modes of deform- 

Twenty-four single-crystal  spec;sKns have been prepared with 110 
faces f o r  x-ray measurements. 
carbon crystals  indicate a l a t t i c e  parameter of 3.1472 A f 0.0001 A. 
Measurements on high-carbon and median-carbon crystals  are incomplete. 

Prelimiriary resul ts  on f o - a  l o w -  

A fixture has been designed which permits back-reflection Laue 
x-ray photographs of strained single-crystal  t ens i le  specimzns. 
This f ix ture  will maintab  a load on the specimen during x-ray 
examination of any giveo deformation stage, 

An i r rad ia t ion  proposal is being prepared t o  cover 18 capsules which 
contain the following specimens: six capsules containing 16 single 
crystal  t ens i l e  specinens and six x-ray specimens per capsule; six 
cspsules containing four polycrystalline t ens i l e  specimens per cap- 
sule; three capsules containing two polycrystalline stored energy 
and two length change specimens per capsule; and three capsules con- 
taining nine annealed polycrystalline r e s i s t i v i t y  specinrens per cap- 
sule.  Specimens in these 18 capsules will be exposed t o  a high fast 
f lux  fo r  three erposure levels. 

F'ive capsules containing a t o t a l  of 27 m e a l e d  polycrystalline re- 
s i s t i v i t y  specimens are being i r radiated t o  three exposures i n  a 
moderate fast flux environment. Cold worked polycrystalline 

UNCLASSIFIED 
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r e s i s t i v i ty  specimens a re  being i r radiated in the same e n v i r o m n t  
so that a comparison of the two may be made. 

E. CUSTOMW WORK 

1. RAD1aMeTAI;tURcY -ATIONS 

The radiography source of Finished Products Operation, CPD, was 
removed from the shielding and replaced with an 80 curie CO-60 
source. (RM 349) Two x-ray diffract ion samples from the inside 
and outside surfaces of a Purex waste tank w e r e  run; both x-ray 
diffract ion patterns exhibited the same pattern. It was thought 
that any damage t o  the tank would show up on the sample fromthe 
inside of the tank. (RM 366) 

The re la t ive  preferred orientation of an unfailed i r radiated 
dingot fuel  element was obtained by x-ray. These data were com- 
pared with the previous orientation data obtained on fa i led  
elements and the conparison showed the fa i led  fuel  elenrents have 
a greater degree of preferred orientation than the non-failed 
e lemnts .  (RM 437) Examination of two I&B enriched production 
e lemnts  with ruptures i n  the spire revealed the ruptures were 
caused by severe groove p i t t i ng  tha t  penetrated the internal 
aluminum cladding. (RM 644) 

V i s u a l  and mtallographic examination of a process tube fa i lure  
from 3070-F revealed tha t  the tube had fa i led  by a fatigue 
Echanism. 

CGH-857, Fbysical and Mechanical Prop-. The 
minor modifications, necessitated by manipulator interference, 
t o  the High Level U t i l i t y  C e l l  have been forwarded t o  the vendor 
and the scheduled delivery date fo r  the c e l l  castFngs remains 
June 15, 1962. 

CGH-858, El@ Level U t i l i t y  C e l l .  
machine was comleted. 

Instal la t ion of the milling 
The decladder has arrived on the si te 

and is  being &taJ.led i n  the ce l l .  
90 percent complete and construction forces are schedded t o  
complete their work within two weeks. 
d i f f i cu l t i e s  work on the project should be completed before 
June 1, 1962. 

C e l l  f e c i l i t i e s  a re  about 

Pending any unforeseen 
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3.  

Micro Sampling Equipment. 
a 1OX viewing scope and precision d r i l l i ng  spindle was com- 
pleted by the Technical Shop. 
t i ng  equipment i s  in  progress. 

"he micro d r i l l i ng  plug containing 

Fabrication of a sample collec- 

Basuring Equipment. The remote micrometer w i t h  0 t o  2-inch 
capacity was received and placed i n  operation. The micrometer 
features a stage w i t h  ver t ical  motion t o  center round specimens 
a t  t h e i r  diameters. The micrometer head is located on the ex- 
t e r i o r  of the c e l l  and accuracy has proven t o  be within 1 m i l .  

B u r s t  Test Equipment. 
a steel mandrel w i t h  a Neoprene sleeve vulcanized t o  the metal 
mandrel, sealing being effected by the same principle as a tabe- 
less t i r e .  Tests have been completed successfully on six speci- 
mns of Zr-2 cladding approximately 5/8-inch i n  diameter. 
modification would be required t o  use the same type of equipment 
at elevated temperatures and on larger tubes. 

Remote Macro Camera, A s m r y  psiper t i t l e d  "Improved Micro 
Camera f o r  Hot Cell Application" was submitted f o r  review by 
the ANS Hot Laboratory Division Program Committee fo r  the 10th  
Hot Laboratory and Equipment Conference. 

The newly designed eqdpment consists of 

Slight 

l4EZALLoCRApHIC LABORATORY 

Examination of NPR carbon steel connector tubing at areas pin- 
pointed by non-destructive tes t ing  has shown surface defects 
from 2 t o  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 i n  the surface during 
mechanical reduction of the tubing. 
defects cause partial  fracturing of the tube w a l l  t o  a depth 
exceeding 100 mils. The s t ee l  beneath t h i s  thin outer layer 
appears t o  be of good quality. 

During bend tes t ing  these 

Surfaces of copper, Wrcaloy-2, uranium and aluminum have been 
cleaned by Coextruded Products Operation using their  cathodic 
cleauing apparatus. The cathodic etching (cleaning) apparatus 
is in the developmntal stage and work i s  in progress t o  deter- 
mine optimum etching conditions fo r  cleaning metal compauents 
pr ior  t o  coextrusion. Argon etching press'- has been varied 
in the current test. Each of the four metals was etched under 
f ive different  argon pressure conditions. Following cleaning, 
the nretals were submitted t o  be replicated end subsequently 
examined in the electron nicroscope. Examination of the replicas 



from areas representing the f ive  etching conditions on a single 
=tal reveals no significant changes have been induced by vary- 
ing  the argon presmre. 

4. N-REACTOR CHARGING MACHINE 

Ibdifications.  
l i f t  drive assembly developed a serious shaft  seal  leak. 
shaft  seal was instal led and operation of the motor is satis- 

The hydraulic motor which powered the ver t ical  
A new 

factory . 
The valves which control the hydraulic connector cylinders 
caused considerable shock t o  the charging machine when the 
valves were de-energized t o  allow the hydraulic connectors 
t o  re t rac t .  With the assistance of a Vicker's service man, 
t h i s  problem was investigated. It was recomnded tha t  the 
valves be changed t o  a double solenoid, three-position valve. 
A modified spool and a time delay relay w i l l  be used a l s o  w i t h  
these new valves t o  correct the shock condition. 

The charging machine transfer arms, when moved t o  positions 2 
or  3, oscil lated when they arrived at the desired position. 
This problem was caxsed p a r t i a l l y  by the electrical. system 
tending t o  hunt and pa r t i a l ly  by the drive systemwhich had 
considerable backlash. New drive shaf ts  (torque tube) and 
solid-sleeve type couplings were instal led t o  reduce the back- 
lash and shaft angular deflection. Although t h i s  helped, it 
did not solve the problem. 
t h i s  s y s t e m  are under way. 

Plans f o r  further modification of 

The prototype test  assembly fo r  removal of pistons from empty 
magazines was fabricated and installed. 
and works very w e l l .  

The assembly was tested 

The new t ro l l ey  wheels f o r  the "C" elevator magazine support 
were fabricated, instal led,  md tested, but did not operate 
sat isfactor i ly .  An al ternate  design will be tested.  

meting. 
formal report Issued. 
between autoclaved components has prompted a reqirest fo r  further 
investigation in to  the matter. 

Nozzle-hrel Foot Test No. 1 w a s  completed and an in- 
The severe gall ing which was experienced 

All of the laboratory work has been completed on Design Test 
No. 8, Id le r  Roller Test. 



A-53 HW-73514 

All preparatory work is complete for Design Test lo. 20, 
Process Tube Charging. 

5 .  FISSICM PRODUCT TRPUSSIERC SAWlS FOR PEtIUIPS 

Fabrication of 72 fission product transient semples for Phillips 
Petroleum Ccmpmy I s  continuing. 
these tubular elements clad with high purity aluminum containing 
Al - 3.2 w/o Pu a l loy  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 mhinmn 
"dogbane" attainable with these al loys results in a cladding 
thickness 0.004-lnch to O.OO5-inch less than specifications re- 
quire. 
cladding material appears to have eliminated 6- of the "dog- 
boning". 
thickness within specifications. 

Coextrusion of a number of 

Additions of 2 w/o Si to the high purity aluminum 

One extrusion of this type resulted in a cladding 

m e r ,  Reactor and Fuels Research 
and Development 

FW Albaugh:kb 
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PHYSICS AM) I N S T R m  R S E A R C H  AND DEVELOPMEMT OPERATION 

MOXCHLY REPORT 

REACTOR 

N-React or Program 

The exponential mockup of N-Reactor has been rebui l t  with mcdffications 
as outlined last month, 
with enriched, w e t  fuel with six control reds. 
without control rod extensions i n  the  base region. 
compared with the measurement with extensions i n  place t o  see if  there i s  
any reduction of control rod transients  near the base, 

An experhent has been made t o  determine the  thermal neutron leakage in to  

Vertical  traverses have been measured in the  p i l e  
This measrrrement w a s  taken 

This result w i l l  be 

tube that has been cuvered with a cadmium sleeve which does not 
a enclose 1'2" B2 t e connector end, When the connector end was covered with cadmium, 
the counting rate was reduced by about 256. 
plied before t rue  cadmium ra t ios  axe obtained. 

mch corrections must be ap- 

Optimization of Retubed Lattices 

The Pu-Be sources have been returned from Mound Ubora3ories where they 
were examined, recanned, and calibrated. 
fo r  the C I I - N  fuel in the  water-cooled, C-reactor l a t t i c e .  

Measurements have been resumed 

PCTR Measurements fo r  Large Diameter Fuels 

A Quarterly Report was wri t ten en t i t l ed  "Lattice Parameter Measurements 
f o r  a 1.66-inch Uranim R o d  i n  a 6.5-inch Graphite Lattice." 

Data Correlaticn and Analysis 

The derivation of effect ive cross sections fo r  reactor l a t t i c e s  by f i t t ing 
one-group 9 calculations t o  copper f l u x  traverses was continued t o  in- 
crease the range of l a t t i c e s  included IL the  analysis. Values of f for  
the analysis of exponential experiments can be calculated by using cross 
sections derived from th i s  analysis. 
made i n  an attempt t o  derive effective neutron temperatures from the 

Several multigrarp calculations were 



analysis. 
TJT, = 1 + 0.204& where A = bza 

of uncertainties in interpreting cadmium r a t i o  measurements. 

F m  cases gave results which c u d  be represented by 
Other cases gave poor resu l t s  because 

E 

Double - Focusing Be t  a-Ray Spect r anet e r  

A LU-1761~ source was obtained for  the double-focusing beta-ray spectrcnneter 
from an i r radiat ion of Laqq3. 
the source mounte 
p r e p e e  a stronger source than had been pessible previozsly, 'The source 
a l s o  was counted with a 256 channel analyzer i n  order t o  determine the 
amount of Na24 contamination which had been trmblesane previously. 

This was made possible by using graphite as 
The parpose of preparing the source in this way w a s  t o  

The mcunentum dis t r ibut ion of the high e n e r a  beta par t ic les  which were 
emitted by the  source were measured with the beta spectrameter, 
bution i s  being analyzed. with the  program ms FWMI-AUX and 

The distri- 

The Modified Heavy Gas Model anA Neutron Spectra 

Investigation of the effects of preserving the logarithmic decrement rather 
than the average energy loss per col l is ion i n  modifying the gas model has 
been completed f o r  graphite, The results d i f fe r  significantly f r a n t h o s e  
obtained d i rec t ly  from the code SPECTRUM, Hence, i n  the therma3. region 
presenring the logarithmic decrement produces an unsatisfactory theory, 
"his suggests a need t o  investigate the  rcle played by the logarithmic 
decrement i n  slowing down theory; such an investigation is now being con- 
sidered e 

Camputational ProgranmLing Services 

A number of simplifications i n  input have been added t o  TRIFOOh, the reactor 
kinetics code. 
data, f o r  which it then supplies standard values. 
choosing the next parameter i s  conditionslly operativeo 
t o  greatly speed convergence on cases which are sensit ive to small changes 
in the  paremeter, 
the new method gave convergence i n  four i t e ra t ions  where 39 i t e ra t ions  had 
not satisfied the same convergence c r i te r ion  with the old method. 
document i s  ready f o r  rough draft  typing. 

The program now gives user6 the option of omitting cer ta in  
A n  improved method of 

This is expected 

On a prellmlnary test with a loose convergence cr i ter ionJ 

The TRIP 

Reactor Lattice Physics has requested a program, BVTWB, canbining the two 
exponential data processing codes VTBCL and CBFIT2. 
ve r t i ca l  traverse data as VTWL now does, 

BVTBC8 first processes. 
It then varies the ve r t i ca l  
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extrapolation (x,), using a specified se t  of points, u n t i l  a minimum 02 
(measure of the quali ty of the  least spuares f i t )  i s  found, The B11 and 
Az from th i s  "best f i t "  are then used by the C8F'IT2 method t o  determine A, 
and Xb (extrapolation i n  the horizontal directions) fram two horizontal 
traverses.  
program, and a final f i t  is  made with the "best" values of extrapolation 
in all three directions.  In planning BVTBC8., primary consideration w a s  
given t o  ccmpatibility with present data decks, rather than program 
efficiency; present VTBCL and C W I E  data may be submitted t o  BVTW8 intact  
and without a l terat ion.  Nevertheless, a significant saving in machine time 
is expected and elapsed time (fran experiment t o  final results) w i l l  be 
cut by a factor  ranging from f ive  t o  ten.  

The X, and Ab are then re-entered in to  the W8CL portion of the 

BVTBCQ i s  i n  d e w .  

I n s t m e n t a t  ion 

The prototype unit f o r  twenty-four t ransis tor ized gamma spectrornetere t o  be 
fabricated by GE-APED f o r  the NPR me1 Failure Monitor was extensively 
tested and then returned t o  the vendor for modification 3f the high voltage 
supply. 
back for  final tes t ing.  A meeting was held with GE-APED, CE&UO, and Kaiser 
Engineers representatives t o  discuss other possible changes in the twenty- 
four final units, with a proposed change t o  sol id-s ta te  relays throughout 
and t o  a different  method of readout, 

Modifications were ccazpleted and the  spectrometer w a s  just received 

Drafting of the formal final report on the experimental Fast and Slow Scan- 
ning-Type m e 1  Failure Monitor continued. 
r a t io - t r ip  c i rcui t ry ,  canparison of r a t io - t r ip  t o  difference-trip c i rcui ts ,  
s l ip-r ing performance, and general mechanical design of the  scannero 

Sections ccarpleted included the 

The IPD Appropriation Request f o r  experimental h e 1  element rupture instru- 
mentation for the  pRTR Rupture T e s t  Loop was approved. 
specification of equipment are now beghrdrig. 

Final design and 

A new multi-channel pulse-height analyzer w a s  used t o  -her study gamma 
SCIntil lation spectroscopy methods f o r  determining the enrickslent of uranium 
samples. Three different schemes have been developed fo r  different  accur- 
acy requirements and sample geunetries. 
s i ze  and shape ( e  .g. , FpD Are1 cores), a single channel measurement of the  
U-235 185-kev ganrma w i l l  allm measurement of the enrichment t o  be t te r  
than 5 s  of i ts  value. The errors  are primarily due t o  small variations i n  
sample density and placement. If the samples are  variable In  size,  but of 
the  order of 0.25" thick by 0.5" or  larger  i n  diameter, the enrichment can 
be measured t o  within lo$ of i t s  value with a two-channel system. 
second channel measures the  Ccozpton continuum from U-238 daughters at a 
higher energy, about 250 kev, 

If all samples are ident ical  i n  

The 

This i s  used t o  normalize the  count fran the 
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first channel. 
t c  akoLt 2&, 
accuracies of the crder of 2s of the enrichment can be obt.ake3 w i t h  a 
three-channel system, 
continwm, which changes with s w l e  geometry, t o  permit a ccrrection for 
the  normalization. 
with enrichment f a r  v a l ~ e s  above lo$> but all three could be calibrated t o  
the soated accuracies fcr values UF t o  fill enrichment. 
desigrred f o r  an FplE h e 1  core enrichment monitor and f o r  an instrument t o  
measure tne  enrichment of samples of varying sizes  and shapes i n  the  HLO 3C6 
EXilding metallurgy labe. 
safety contrzl  

If the samples are of s W a r  size)  the accyacy increases 
If the  samples are mGre varie3, c r  high accuracy is  required, 

The th i rd  channel measures the slope of the U-238 

The responses of all three methods do not vary l inear ly  

muipment is being 

Both are expected t c  be help= aids i n  riuclear 

Systems StGfifes 

Technical c o n s a t a t  ions regarding NPR instrumentatlion continued i n  support 
of the NPR Project Section. 
l@ Building instrument wtwts compatible with the  central  dat,a logger 
inputs was accepted by bcth vendors concerned, 
i n  the requirements fo r  a power supply for  the flow monitor i n  order t o  
obtain resgorsivc bidding. 
presswe contrcl system was cmpleted and reported i n  a mmorandm. 
ther  attenticri w a 5  give3 t o  problems i n  isolat ing the flar logger inputs 
from the f i . 3  monitor sitgal l ines .  

A recammended e l ec t r i ca l  network t c  make the 

Changes were recamended 

A f lnct ional  review of the primary coolant 
Fur- 

Work began 3r6 the  preparation of prelFminaPy specifications fo r  the NPR 
Simulator analog c a p c t e r .  
w i l l  ccnsist of a dmble conscle with 325 m l i f i e r s  axid associated non- 
l inear  e-ipment, a sin@.e ccnmle with lo0 amxlifiers ax? associated non- 
l b e a r  eqdpment, and dl necessary auxiliary equipment, €.eo9 recorders: 
large screen sccpe, and special  test equipment. 
used ir, the  plant sirmrlator and the  single conscle w i l l  be used fcr 
detailed studies on subsystems. 
rent state-of-the-art equipment. 
solution repet i t ion and semiautunatic prablem setup. A review of the 
needed control roan simulation equipment has been s ta r ted  i r i  light of 
recent design changes and increased knowledge of expected operating proced- 
ures e 

Ora the basfs cf present scaping9 the compirter 

The double console w i l l  be 

The specifications w i l l  be based on cur- 
The sanp~%er  w i l l  be capable of fast 

miI-ther experiment& dat.a were obtained fo r  the  reactor control study, 
The ef fec ts  of control r d  movements on the signals frm fm in-core 
neutron f l u  monitors were measured at lO5-KW. 
control rods are  planr_.ed. 
t o  obtain estimates of spa t ia l  reactor t ransfer  fmct icns  

Additiosal t e s t s  with other 
Attempts w i l l  be made t c  correlate these data 

1 2 3 U 3 0  
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A n  eleven region reactor kinet ics  shndat ion has been developed and checked 
on the analog computer, 
errors l e s s  than 0.25$ of full scale. This s w a t i o n  i s  being programmed 
on the EASE and GEDA cmputers fo r  refined s t d i e s  Gf reactor instrumenta- 
t i o n  as related t o  nuclear safety and control. 
eliminating eleven amplifiers from the  simulatian; these w i l l  provide 
spares which w i l l  reduce the downtime due t o  component f a i lu re  during the 
problem mns. 

The t ransient  response is  excellent a& shows 

A method was faurd f o r  

SEPARATIONS 

m a r i n e n t s  witk Phtoniun Solutions 

Cr i t i ca l  mass experiments were temporarily szspended b r i n g  the month 
following the c r i t i c a l i t y  incident at R.eccplex 3r, April 7. 
neutron detection instruments normally used i n  the c r i t i c a l  experiments 
were removed t o  the 234-5 Building fo r  neutron flux monitoring during the 
subsequent operations of securing t h i s  building. 

Three of the 

Severd  c r i t i c a l  mass measurements were completed during the first portion 
of the month pr ior  t o  the c r i t i c a l i t y  excusion at Recuplex, and the  subse- 
quent removal of these instruments. 
inch sphere bare, and with ref lectors  of 1/2-inch and cne inch of paraffin, 
including several experiments i n  which the  sphere was only pa r t i a l ly  coveret 
with paraffin.  
additional data from which t o  o3tain more consistent values fo r  the ref lector  
savings of paraffin. 
sented i n  the  following table .  (Table I)  

Calculations fo r  the  ref lector  savings cf the paraffin and the  s ta inless  
s t e e l  she l l  of the  c r i t i c a l i t y  vessel  are presented below. 

Measurements were made with the 14- 

The experiments with these paraffin ref lectors  provided 

The data resul t ing from these measurements are pre- 
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Pu Reflector 
Concentrat ion Cr i t ica l  Volume Equivalent Savings 

Reflect or &/J ( l i t e r s  ) Radius (cm) (cm) 

0.044" SS 221 29 - 5  19 017 0.13 

Corrected t o  221 
"Bare" Unit* 

0.044" Ss + 220 

0.044'' Ss + 221 
1" paraff in  

3" parsfffIl 

30.1 19 *30 

24 -8 18 e 10 1.20 

22 .o 17 -07 2.23 

* Correction factor  for  the  t h i n  stainless s t e e l  she l l  of the vessel, 1 4  
&/mil of SS, previously determined. 

In the  next ser ies  of experiments a water re f lec tor  w i l l  be u e d .  
removable re f lec tor  tank has been instal led i n  preparation fo r  the experi- 
ments with the  14-inch sphere fu l ly  water reflected.  
instruments which were use2 at the  234-5 Building, have now been re- 
i n s t d l e d  a t  the  laboratory i n  preparation fo r  these measurements. 

The 

Tke neutron detection 

Emeriments with Plutonium a i d e  - Plast ic  Mixtures 

The fabrication of the  s p l i t  half machine fo r  use i n  c r i t i c a l i t y  experi- 
ments with Pu%-plastic mixtures i s  about 90 percent ccmplete. 
t es t ing  of the e l ec t r i ca l  part of the machine has begun. The electr ic& 
design f o r  wiring changes needed i n  the  209-E a i l d i n g  f o r  the ins ta l la -  
t i o n  of this device is a l s o  about 90 percent completed. 

Limiting Cr i t ica l  Concentration of $35 i n  Aqueous Solutions by Monte 
Carlo Techniqu es 

The value obtained frcea Monte Carlo calculations for the  l imit ing c r i t i c a l  
concentration of 939 enriched U@Fp- solution is 13.7 g U/J. 
be campared with the  experimental value of 12.97 f .05 g U/d (12.1 g $35/d) 
determined frm pCTR experiments and c r i t i c a l  experiments at 

FTelFmimry 

This is t o  

res- 
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The value of & was canputed f o r  concentrations of 12.97 g U/J and 13.5 g 
U/J with the HISK Monte Carlo Code. 
t o r i e s  were traced for  each concentration. The results of these calcula- 
t ions are summarized in the following table ,  

A t o t a l  of four thousand neutron his- 

MONTE CARLO C-ION OF km 
FOR m1cm U Q E  S O W T I O N  

Run 12097 g U/J 13.50 e U/S - NO, Fissions Absorptions - & Fissions Absorptions & 

1 396.51 1018.23 .9463 42?045 1017.38 1.0210 

994.10 .9805 403.25 974.17 1.0059 2 401.11 

3 394.11 973.42 09843 398 14 101.5.42 0,9528 

4 413.18 1011 58 *9925 407 14 g8ge31 LOOOO 

16, = 0.981 f .010 16, = e.995 f .ol2 

L i m i t i q  Cr i t i c s l  Concentrations of Pu239 i n  an Aqueous Solution 

Measurements were previously made in the  PCTR t o  dete 
c r i t i ca l  concentration of ~ 1 2 3 9  i n  an aquears solution 

n the l imi t ing  
preparing 

(1) Masterson, R. HOJ Neeley,.V. Io and Parell ,  To J., "Limited Cr i t i ca l  
Concentrations fo r  a Plutonium Nitrate Solution and for  a Uranium-235 
S O l U t l O n , "  Nuclear Physics Research Quarterly Report fo r  January, 
February, and March, 1962, HW-73116. 

( 2 )  Win, R. and D. W. Magnuson, "The Measurement of Ela and Other Nuclear 
Praperties of $33 and $35 in Cri t ica l  Aqueous Solutions," Nuclear 
Science & Engineering, - 12, 364-380 ( ~ 9 6 2 ) ~  

(3 )  MBsterson, R e  HO, V. I. Neeley, aad To J. Powell, "Limited C r i t i c a l  
Concentrations fo r  a Plutonium Nitrate Solution and fo r  a Uranium-235 
Solution," Nuclear Physics Research Quarterly Report for January, 
f i b m ~ ~ ,  March, 1962, RW-73116. 
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a report covering this work, the data were re-analyzed (and corrected) t o  
yield a value cf 8.4 f 1 ga pU2B/g ( the  preViCLS value given was 
9.1 gzn/&). 
only about 1 gm/& above the theoretic v a h e s .  

The new value is more consistent vi5h cmpLted valuesJ being 

Consulting Services on Nuclear Safety - Cr i t i ca l i t y  Hazards 

Participation on Hazards Review Group fo r  Recupla Cr i t i ca l i t y  Incident 

Consdting services on the 234-5 Building c r i t i c a l i t y  excursion were pro- 
vided t o  C P D  during April 7-26, 1962. 
a.m., April ?) i n  the K-9 tank located i n  the  SE h ~ d  of R e c ~ i ~ l e x  (Roam 
221.). 
was 131 the subcri t ical  state, it i s  estimated that K-9 atimakly b,, @Pan€. 
subcri t ical ,  and remained so thereafter, at -.lA:3O a.m. en Monday cf 
Pgril 9 .  
Recuplex area2 t o  determine a kill procedure, an2 ultimately t o  assu-e 
that c r i t i c a l i t y  w ~ u l d  not r e c u  ., 

The excursion took place at lo:% 

From an analysis of the rectron decay with while the mit 

Hazards reviews were made of all actioLc taken t o  re-enter the 

Neutron Flux Measurements iri  Recuplex Fac i l i ty  Following Cr i t i za l i t y  
Incident 

In connection wi th  the recent c r i t i c a l i t y  excrrrsion at Recuplex, Cr i t i ca l  
Mass Pbysizs personnel set ~p three complete neutron monitoring channels 
at the 234-5 Building. 
located in Corridor 912 near the  entrance t o  Corridcr 3.  

The electronics and asscciated reccrders were 

The "Safety Snooper" positioned the first two c a t e r s  on the f loor  behind 
the  SE hood at about 8 ft. fran veseel K-9 ( the  c r i t i c a l i t y  vessel)  or: 
April 13. 
enough, and at the same time strateg1xlI.y located, t o  obtain any useful 
information on vessel K-9 while in the  sLbcrit ical  s ta te .  

These counters were perhaps the only units  i n  the area sensit ive 

The third channel w a s  ins ta l led  a week l a t e r  OA a mcvable car t  d was 
used t o  monitor the neutron flux adjacent to, and i n  the v ic in i ty  cfj 
the RB hood. 

These counters were used to monitor a l l  operations such as 1) personnel 
entry in to  Ram 221 ( a  "neutron instrumented" approach t o  vessel K-9 was 
used), ( 2 )  closing vslve 312 which would have stopped air  sparge if  t h i s  
were occurring, ( 3 )  shutting off t he  vacuum t o  IC-9, ( 4 )  draining the solu- 
t i o n  from K-9, ( 5 )  procedtlre fo r  poisonfig the large K and L tanks with 
cadmium, ( 6 )  sampling procedure f o r  the various tanks. 
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A small decrease i n  the neutron flux could be observed ( a  few percent i n  
some cases) as cadmium was added t o  the large K and L tanks. 

During the draining of vessel K-9 it was possible t o  obtain an estimate 
of the c r i t i c a l  volume fYan the  change i n  neutron f l u .  
process was more or less continuous, but sanewhat intermittent, it w a s  not 
possible t o  accurately correlate the observed flux values with solution 
volume i n  K-9. 
the  l i n e  fran K-9 t o  the receiver vessel. 

Since the draining 

Also, there i s  scxne question concerning the hold up i n  

mom the neutron flux measurements during the draining process, the c r i t i -  
cal  volume i n  K-9 i s  estimated t o  be r3 43 f 2 l i t e r s .  
result.s of" the solution fo r  Pu concentratioE were 35 g WI; with  120 g 
N 3 / I .  The above volume i s  i n  m i t a t i v e  agreement with the estimated 
c r i t i c a l  volume of -42 l i t e r s ,  as predicted from theory fo r  the above 
solution i n  K-9. 

The analytical  

S ibcr i t ica l  Interactions 

The interaction probability function has been analytically integrated fo r  
cases of (1) equal para l le l  slabs, ( 2 )  equal perpendicular slabs, and 
pa r t i a l ly  integrated fo r  ( 3 )  equal para l le l  cylinders. Evaluation of the 
ana ly t ic  flenctions requires far less machine time than straight numerical 
integration ( i n  fact ,  fo r  single cases the  calculation can be done easi ly  
by hand),, and the answers are more accurate, since the  number of mesh 
points is  no longer a variable. 
month's report shows two trends. 
1-1.5$ closer t o  the measured value. 
at different  height and separation fo r  the same system, the eigenvalue i s  
nearly constant. 
sham by numerical integration are a function of the number of mesh points 
used 

Canparison with the eigenvalues of last 
First, the calculated hff are about 

Secondly, f o r  a ser ies  of calculations 

Evidently the increasing OF decreasing trends i n  &ff 

In sutw3ry9 a system has been found which predicts well the interactions 
of more than two canponents, or cunponents of unequal thickness, but equal 
interacting area. A canplete write-up of the method and the resu l t s  are  
t o  be included i n  the Physics Research m e r l y  Report. 

Transport Theory Analysis of Pu-Metal SOlUtiOTlE 

The d i f f i cu l t i e s  reported last month have been traced t o  a mislabeled table  
of hydrogen cross section data in I~Ufs-2543. 
t ropic  Hydrogen Cross Sections," but i n  r ea l i t y  it is the  isotropic cross 
sections with a small correction f o r  second moment sca t te r .  

The tab le  is  labeled "Aniso- 
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The siurple systems of bare 01 a,n& 6-phse  hr ad fl i i ly reflected 6-phase 
were r u  success-ly, indicating fhat the actGal pr3blm of PU metal sur- 
rounded by a Pu solution shovld give good resu l t s  also.  

Instrumentation and. Systems S td ies  

Simulation studies of a separations ''C" calm cositbued t o  evalLate 
several tentat ive mathematical models develcpd by Chemical Research and 
Development. 
study. 
iously, thus generating a canplete solLtfcn i n  one secondo Tils made it 
possible t c  ase the repet i t ive mode of comptes operation a2 t G  display 
the sclLtio3 cn the iarge screen l inear  cscillosccFs. 
determfried conzentration curves fo r  the t u x t y  runs were ae% up on an 
a rb i t ra ry  furct ion generator. This was s m e d  v i t h  the  cmputed cmcen- 
t r a t i o n  curve t o  form an er ror  signal. The error  signal was squared and 
integrated t o  produce the  error  square in+,egralo 
sensi t ive measure of the "fi t" between the twc c w e s .  The X-Y recorder 
was se t  ~p with an autonatie pen dropping c i r cu i t ,  thus maklng it possible 
t o  make a point plot .  
c a l  axis fo r  the value 6f the e r ror  sware integral ,  a horizontal axis fo r  
the value of one of the variables, and a diagonal axis for  the value of 
another variable. If the  vaziable driving the horizontal axis i s  swept 
slowly through a givez rangey complete solutions can be generated fo r  many 
values.of t h i s  variable,  For each solutionJ one value of the error  square 
integral  i s  determined and p la t ted  as a point. 
t he  variable along the diagonal axis are  changed as the  variable i t s e l f  
changes, then the  final result ie a chart regresenting crcss sections of 
an error  surface, Eighteen of the  runs based 01: one cf the mathematical 
models were d e .  Two of" the runs did not match the m o d e l .  These runs 
w i l l  be made v i t h  a different  mathematical model. This work is s t i l l  i n  
progress 

Some special  technfqyes were developed fo r  use w i t h  t h i s  
The sixmilation w a s  operated one hndred times faster than prev- 

The experimentally 

This integral  i s  a very 

The chart paFer w a s  marked with three axes; a vel-ti- 

If the reference points f o r  

Consultation was provided on the  design and location of cabling fo r  a C- 
columra data  logefng system. 
types of cable needed t o  carry some t h i r t y  different. silgzals, and a tenta- 
t i v e  low-noise grounding configuration w a ~ j  developed. 

Specifications were compiled for the several 

Instrument maintenance problems at the Cr i t ica l  Mass Iaborazory have 
increased. 
that three neutron systems had inoperative 13 
w a s  determined that the tubes had been Cnrervo 9 tag& looqb through a fault 
i n  the  design of the high voltage puwer supply. 
redesigned t o  limit the outp-czt voltage. 

New procedural checks of the c r i t i c a l i t y  alana system. revealed 
neutron counter tubes. It 

The c i r x i t  has been 

0 ECLASlflED 
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The temperature control system on the water ref lector  tank on the c r i t i c a l  
assembly at the Cr i t ica l  Mass U b  is being installed. 
maintain a constant water temperature during c r i t i c a l  experiments. 

Circuit development eontimed fo r  the control rod drive assembly fo r  use 
a t  the  Cr i t ica l  Mas€ laboratory. 
indicator performed correctly,  
0.001 inch, it was reqcired that th2 transmitter selsyn ro ta te  280 times 
fo r  one revolution of the cable drum. 
iner t ia ,  magnified by the gear reduction, caused pin and set-screw fa i lures  
i n  the gear t r a i n ,  m e r  discussion of requirements, the posit ion accuracy 
was changed t o  0.01 inch, and th i s  permitted changes i n  the gear train t o  
nearly, but nct xmpletely, eliminate the problem. 
t c  de-energize the transmitter selsyn during f ree- fa l l ;  however, t h i s  
requires the operator t c  marAually position the control roan indicator a f t e r  
each scram. 
selsyn c&d have been clutch-coupled t o  the motor shaft; however, clutch 
slippage wmld re f lec t  as phase sh i f t  w i th  the position indicator then 
being inccrrect. This method was discarded, Following the fcregoing, 
the rod drop time uzder control w a s  measued at 1,l seconds i n  ccanparison 
t o  f r ee  f a l l  time cf abcut 0.4 s e ~ m & ~  
ponents have been ordered, 

The system w i l l  

All c i rcu i t ry  except the selsyn position 
To cbtain the desired position accuracy of 

During rod free fall ,  the selsyn 

Firally, it was agreed 

This w a s  agreed t o  and w i l l  be used, As an alternate, the 

ALL final required mechanical cam- 

A number of neutron and gamma monitoring systems were installed i n  the 
234-5 Building fcllowine the recLplex c r i t i c a l i t y  incident. Three neutron 
monitors (a  LiI(Eu) sc in t i l l a t i on  crystal ,  a f i s s ion  counter, and a borm- 
l ined p r c p c r t i o a  counter) were instal led fo r  neutron multiplication meas- 
uemenfa. Six other neutrorl ehmx~ele using double-moderated B P j  tubes and 
sc in t i l l a t i on  deteztcrs were ins ta l led  t o  obt-ain neutron flux and dose-rate 
data, 
t o  record possible fast bursts Over f ive  decades of intensity.  
chanaels were instal led f c r  dose-rate momtoring, 
mentation operated without fa i lure  frum the time of ins ta l la t ion  until 
removal one t o  two weeks l a t e r ,  

OrA€ of these w h t  ecpippeci with triggered a t i s w e e p  oscilloscopes 
Two gama 

All the temporary instru- 

IVEUTRON CROSS SECTION PROGRAM 

Quasi-Elastic Neutron Scattering frm Water 

The processing of the q u s i - e l a s t i c  scattering data fo r  neutrons of ener- 
gies of 0.1, 0.15, and 0.25 ev was eanpleted. 
ive broadening of the quasi-elastic peak and i t s  dependence on momentum 
transfer  was a l s o  completed. 
is  not inconsistent with the simple diffusion model fo r  the dyxrrunics of the 
water with which t h e  neutrm interacts .  

The analysis of the  diff'us- 

The diffusive broadening which w a s  observed 

Howevere the coefficient of se l f -  

1 2 3 4 4 3 8  
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diffksfon f c r  water wheh i s  inferred from these resvlts is  appraximately 
50 percent larger  than values obtained by other meansj including the dif-  
fusive boradening measured elsewhere using very l o w  energy neutrons. The 
significance of t h i s  resu l t  i s  not explained a t  the present time. 
abstract  of t h i s  work was prepare3 and sLbmitted fcr the Symposium on the 
Inelast ic  Scattering of Netrons t o  be held by the International A t d c  
Energy Agency in September 1962. 

A n  

Inelast ic  Scattering of Neutrons from Water 

A preliminary analysis has been cmpleted of the resu l t s  of l m l a s t i c  
scattering of neutrons of i n i t i a l  energies of 0.15s 0.2, 0.3$ in& 0.4 ev 
from r ~ ~ m  t e q e r a t u e  water, 
Egelstaff Sza3tering Law f u c t m n  S ( a 2 p )  where f3 ani a: are the reduced 
energy and rnomeatum changes, respectively. These resu l t s  suver the appraxi- 
mate ranges 2 5 p 5 10 and 0.5 5 a 5 15. 
with the moct recent resu l t s  obtained by the Harwel.1-Chalk River cooperative 
measwements program. The Hanford r e s d t s  agree qtiite well with the Chalk 
River resu l t s  i n  the r e g i m  cf overlap which is apprximately f o r  p $6.  
The Hanfora r e s d t s  are  of generally m2h greater precision, hwever, The 
S(&p) values h v e  been used t o  derive the  generalized freqyency distribu- 
t i c n  f’UnctiOz ~ ( f 3 )  Gf water, 
the effects  of the higher eIiergy molecclar s t a t e s  of water. 
progress t o  determine m r e  accurate corrections fo r  f i n i t e  sample thickness 
and var ia t ion in spectrometer efficiency for  a mere complete analysis of 
the data., 
of 0.4 ev are  being repeated t o  resolve d iscrepncies  noted i n  the  prelimi- 
nary analysis. 
trometer shielaing was dismantled t o  permit reactor maintenance. 
on the inelas+,fc scat ter ing results was prepare3 and sikrrdtted f a r  the  
International Atomic Energy Agency Symposium on the Inelast ic  Scattering 
of Neatrons t o  be held i n  September 1962. 

lZle r e s d t s  were fcPmulated i n  terms of the 

The resu l t s  have been compared 

Tt2 p(B) fG3ctic~ which is derived shows 
Work i s  in 

I n  addition, a few experimental nins f o r  i n i t i a l  neutron energies 

These measurement,s have been interrdpted became the spec- 
An abstract 

mst Neutron Cross Sections 

The analysis of the  t o t a l  cross section data  taken last December has been 
cmpleted. 
A - 3 1 ~  i n  f ive  at of the  six samples which were investigateC* 
of these measurements have been prepared for  a Warter ly  repcrt  publica- 
t ion .  

The ef fec ts  of zero-time instabi l i t ,y  were corrected fo r  success- 
The r e s a t s  

Radiographic t e s t ing  was performed on 22 samples f o r  t o t a l  cross section 
measurements. 
The flaws i n  the Na and K samples are probably t c c  small t o  be significant.  

Voids were observed in the  samples c.f W, Map Ks SI and B i .  

DECLASSlFl ED 
1 2 3 4 4 3 9  
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The preparation of a computer program fo r  the reduction and analysis of 
total  cross section data has been started.  

Instrumentat ion 

Assembly of the 1024-channel time-of-flight analyaer i s  75$ ccmpleted. 
This analyzer w i l l  be used with a rotating crystal  neutron beam chopper 
for  slow neutron energy spectra measurements i n  experiments with the  neutron 
diffract ion spectrameter. The analyzer can be s p l i t  in to  two p2-channel 
or four 256-channei sections. 
t o  another, as well as subtraction or addition of any two sections, w i l l  
be possible, 
recorded on a para l le l  pr inter ,  

Transfer of data from one section of memory 

Data stored i n  memory can be displayed on an oscilloscope or 

REACTOR DEVELOPMENT - O4 PROGRAM 

Status of PRTR Fuel I r radiat ion Experiments 

Low Exposure Plutonium-Aluminum Elements (PRTR Test 13) 

Element 5052 i n  location 1247 w a s  discharged t o  the basin on Pgril 2, 1962, 
having accumulated 30.7 lddD exposure. 
discharged t o  the basin on A p r i l  18, 1962, with an exposure of about 41.3 
MUD. 
exposure * 

a m e n t  5095 i n  location 1556 was 

The first element was discharged February 2, 1962, a f t e r  13.1 ElwD 

Mark I lJW Elements (PRTR Test 3 7 )  

Two elements are assembled and a l l  six w i l l  be ready fo r  charging during the 
extended shutdown scheduled fo r  the first two weeks i n  May. Wrapping wires 
have been engraved with serial numbers and rod wraps are  marked with an "X" 
t o  i d e n t i e  points where the  wires cross the outer surface of the  rods. 
wire wrap around the  element i s  similarly marked at each crossing of the 
major gusset direction. 

The 

The t e s t  proposal, HW-73166 RD, w a s  issued March 29, 
1962 

Gamma Scanning Fac i l i ty  

Interference in B c e l l  with the proposed supercr i t ical  loop ins ta l la t ion  
is being investigated, 

I 2 3 4 4 4 0  
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Radiochemical and Mass Spectrmeter Work 

All th i r teen  samples from element 5075 have been analyzed f o r  plutonium 
content by coulometric t i t r a t ion ,  fo r  Cs-137 gamma act ivi ty ,  for Sr-90 
beta act ivi ty ,  and alpha counting extracted plutoniun is  in process. 
samples have been analyzed fo r  plutonium-isotopic composition. 
of the resu l t s  fo r  consistency and interpretation has begun. 

Three 
Analysis 

Foi l  Irradiations (PRTR T e s t  44) 

A t e s t  proposal concerning the flux monitoring f o i l  i r radiat ions i n  PRTR 
fue l  elements w a s  submitted t o  PRTR Technical Planning Operation on April 
13, 1962. 

Preparations were made for attaching bare and cadmium cwered lutetium 
f o i l s  t o  two unirradiated Pu-AI. elements. 
at minFrmun power i n  the PRTR for  30 minutes during the  next startup. 
culations which w i l l  enable more accurate corrections t o  be made t o  the 
lutetium data  have been requested frm APO. 

These f o i l s  w i l l  be irradiated 
Cal- 

A collimator has been set up and tes ted  for  use i n  counting Co-A1 flux 
monitors. 
in the  PRTR. 
obtained i n  an experiment conducted i n  the MTR at Idaho Fallse 

These monitors are mounted on the  fue l  elements being irradiated 
The collimator w a s  tes ted using Co-A1 monitors which were 

Other experiments were conducted w i t h  a 256 channel analyzer i n  preparation 
f o r  counting Zr-Co f l u  monitors. 

PRTR "Phoenix" Fuel mer imen t  

Further work on the possible PRm Phoenix experiment has been carried out. 
The power change in the Uo;1 regions of the central  i r radiat ion c e l l  was 
analyzed, and it w a s  found that the power increase is  quite l q g e - - i n  one 
region up t o  six times the power w i t h  natural U@, and i n  the other region 
up t o  twelve times. This pertains t o  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 o  l e s s  than t e n  percent, and that, instead, 
the PU enrichment of the test sample can be increased, thereby, maintain- 
ing the necessary Westcott r value withuut exceeding tube power limits i n  
the ce l l .  
in the central  region. 

Presently, calculations are being carried uut fo r  5 w/o Pu-A1 

D EClASSCFl ED 
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Cri t ica l   ass Studies f o r  1.8 w/o PU-~1 Fuel i n  &O 

mer imen t s  t o  determine nuclear paremeters fo r  1,8 w/o Pu-A1 fuel are being 
conducted i n  the tank in the  T17R reactor roam. 
approach t o  c r i t i c a l  and exponential measurements w i t h  lat t ice spacing of 
0,75, 0.80, 0.85, OogO, and 0.95 inches. 
t o  revise the specifications fo r  fuel element storage in the  PRCF c e l l  and 
t o  check the analytical  techniques fo r  €QO moderated reactors. 
these techniques will be used t o  furnish information about the  &O moderated 
l a t t i c e s  planned f o r  the PRCF. 

The experiments consist of 

The information w i l l  be used 

In  turn  

The approaches t o  c r i t i c a l  have sll been completed. Table I gives the 
c r i t i c a l  loadings which were indicated by extrapolation of the inverse 
mdt ip l ica t ion  curves. 
of 954 of the c r i t i c a l  masses. 
ing have not been analyzed by the l eas t  squares method. 
s m a l l  change when th i s  analysis is made. 

The highest multiplications occurred for  loadings 
The resu l t s  for  the 0.80 inch l a t t i c e  spac- 

There may be a 

TABLE I 

T r i a n g u l a r  Latt ice Cr i t ica l  Cr i t ica l  
Spacing (Ln. Center- No. of Weight ~0te . l  $* 

t 0- Center ) H& R o d s  (Kg Pu) (10'6cm-2) 

0.75 638 580 f 2 4.13 633 5 

0.80 819 509 3.62 6339 

0.85 1013 494 f 2 3.52 59 54 

0 .go 1218 516 f 2 3.67 5340 

0 -95 1435 578 f 2 4 e l 2  4 582 

* The # numbers include 609 x 10'6&-2 f o r  a ver t i ca l  buckling 
and assume an extrapolation length of 7.7 cm since the  loadings 
are t o t a l l y  reflected i n  all dimensions, 

The Pu-A1 rods are 44 inches long, 0.500 inches in diameter and contain 
1.82 W/o fs". An aver e canposition fo r  the PU by weight is 93.939 Pu239, 
5.629 Pu2 O, 0.442s S4l and 0.0149 Pu242. A n  average canposition f o r  the 
aluminum by weight i s  0.659 Si, 1.654 N i J  0.474 Fe, and 97.239 Al. The 
alloy is  clad i n  0.030 inch thick Zircaloy-2 with an outside diemeter of 
0.566". 
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Work that remains t o  be done are the exponential experiments on the 0.75 
and 0.80 inch l a t t i c e .  Also, since the fue l  rods that bave been used i n  
these experiments have different  amounts of P1-1240 content ( 5  t o  6$) ,  an 
approach t o  c r i t i c a l  using zoned loadings i n  the 0.85 inch l a t t i c e  instead 
of a random loading that w a s  used m i g h t  be of in te res t  and i s  being con- 
sidered e 

These measurements w i l l  help establish nuclear safety specifications f o r  
PRTR fuel,  reprocessing, and w i l l  supplement similar measurements t o  be 
made l a t e r  in the  PRCF. 

Zero-Dimensional Analysis of Pu-Al -%O Assemblies 

The objective of t h i s  br ief  study w a s  t o  examine the appl icabi l i ty  of the 
Westcott cross section formalism t o  the analysis of sane Pu-Al-+O assemb- 
l i e s ,  and t o  suggest possible prescriptions f o r  survey calculations of 
reactcr classes not d i rec t ly  t ractable  by means of the Westcott routines. 
While more refined methods of analysis, of cuurse, exist, the  simple zero- 
dimensional approach is  presently widely used i n  reactor survey c a l c a a -  
t ions 0 

The Westcott parameters can be used t o  generate reaction cross sections 
f o r  well-moderated assezablies and, hence, & can be determined. For the 
analysis of f i n i t e  assemblies, separate leakage calculations must be 
performed t o  arr ive at a hff value which can be compared with the experi- 
mental value. For this purpose the  Deutsch p r e ~ c r i p t i o n s ( ~ t 5 )  were used. 

The Pu-Al-€QO experiments) analyzed i n  t h i s  study, are  reported i n  reference 
(6). Summsrizing briefly:  24" long, .506" diameter &-AI, alloy rods w i t h  
5 w/o Pu enrichment, clad with 30 m i l s  of Zircalay-2 were positioned i n  a 
hexagonal pat tern in  a l igh t  water medium. 
The l a t t i c e  pi tch w a s  varied from .75" t o  1.80" and neutron multiplication 
and exponential measurements were conducted. 

The h; contained d5$ of Pu-240. 

(4)  Deutsch, R e  W., "Computing Three-Group Constants fo r  Neutron Diffus- 
ion," Nucleonics 15(l): 47 (1957). 

( 5 )  Deutsch, R. W., "Method f o r  Analyzing Lat-Ebric3ment Light-Water 

( 6 )  

Cores," GNEC-133, October 5, 1960, 

Neeley, V. I., R. C. W@, and E. D. Clayton, "Neutron Multiplication 
Measurement with Pu-Al Alloy Rods i n  Light WaterJ" HW-70944, August . 
29, 1961. 
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In  analyzing these assemblies a ser ies  of "refinements" were considered 
separately: 

(1) Effect of "neutron temperature." 
(2)  Effect of " B e l l  correctionon 
(3) 
( 4 )  
(5) 

Effect of thermal disadvant.age factors.  
Effect of reactor leakage on reactor s p e c t m .  
Effect of spectrum departure from the Maxwellian - 1 / E  shape. 

If all those e f fec ts  are taken in to  account, the  calculated values nearly 
fa l l  within the  experimental error.  All the  above ef fec ts  can, of cuurse, 
not be d i rec t ly  deduced fran a zero-dimensional study using Uestcutt 
parameters. 
are  required, which improve the calculational accuracy smewhat, without 
unduly canplicating the  calculational procedure 

Heterogeneous Pu-FpO Reactor Physics Calculations 

An ef for t  i s  being made t o  use three-group diffusion theory and related 
theoret ical  models of cross section specifications t o  compute the behavior 
of multiplying systems of Pu-AI. rods i n  $Oo 
i n  these analyses are  described in the preceding section. 

The pertinent resu l t  fo r  theoret ical  caxparison is  the estimated c r i t i c a l  
number of rods at each l a t t i c e  spacing, shown i n  Table I: 

Hence, f o r  survey calculations, a series of normalizations 

The experimental data used 

TABLE I 

ES!KMATED CRITICAL NUMBER OF RODS 
Lattice Spacing Ekperimental Theoretical Results Calc. 

I11 - I1 - I ( inches ) No. of Rods - 
0.75 
0.85 
0 .go 
1.00 
1.10 
1.20 
1.30 
1.50 

356 0 1  3n 06 
230.2 258.7 
192.0 230 7 
170.1 200 * 5 
166 e 5 191 0 5 
181.1 196 01 
215 0 5 217 09 
307.8 370 0 5 

366 390 350 0.990 
0 0971 
0 8954 
0.960 
0 0970 
0 .g84 
0 $98 
0.981 

* For the  experimental number of rods using method I. 



Theoretical values were cauputed using the SWAP code. All cross sections 
f o r  materials other than fuel,  and the  high ener group fue l  cross sections 

sections a re  Westcott cross sections with an upper energy limit at 3.681 KT. 
Macroscopic epithermal (group 2 )  fue l  cross sections are given by: 

are  group-averaged values obtained fran APEX-515 R) . T h e w  fuel cross 

I where 

theory result  I i T = So = ( l / D )  

D = fuel rod diameter 

El = t o t a l  moderator cross section theory resu l t  I1 

Vo = rod volume 

Vl = moderator volume i n  uni t  c e l l  

No = isotopic nuclear density 

S4 = non-l/V correction f o r  the epithermal group 

b4 = group cutoff parameter 

g, = non-l/v correction on Maxwellian 

To = 293 K 

T = neutron temperature 

aped = cross section value at resonance peak 

Cs = fue l  rod scat ter ing cross sections 

(7)  Henderson, W. E. and MXY J. Stanley, "Cross Sections f o r  Reactor Analy- 
sis," APEX-515, GE-ANPD, 1957. 
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The above model assumes the in f in i t e  di lut ion resonance integrals given by 
Westcott, and an empirical resonance self-shielding prescription. In re- 
sults I and I1 cf Table I, cross sections are based on an assumed 20 C 
neutron tempera , group cross section decreased s l ight ly ,  using the 

temperature (140 C )  i n  the fue l  is  ccplrputed by the method given by Deutsch: 
resu l t s  of BeU tw Result I11 d i f f e r s  frm result I1 i n  that the  neutron 

3' Teff Ca (m) - = [l + 0075 
T =s 

with Teff md T i n  degrees K and the homogenized c e l l  values of the cross 
sections 

Results I, 11, and I11 assume an axial  ref lector  savings of 9.0 cm on each, 
and i n  all three energy groups. 
enized medium, specified by cross sections which are volume- and flux-weighted 
values cmputed i n  a c e l l  f lux calculation using SWAP. 

The core i n  a l l  cases consists of an homog- 

Reactor calculations have sham that i n  the t i gh t ly  packed l a t t i c e s  the epi- 
thermal-to-thermal flux r a t i o  drops sharply i n  the core near the ref lector  
boundary. 
t ha t  zone. Calcdat ions shm that in  the case of the core with l a t t i c e  
spacing of 0.85 inch, removal of an outermost rod pertmbs the  system - 0.9 
mk, whereas, the removal of a center rod has an effect  of -0.2 mk. R e s a t  
IV re f lec ts  the resu l t s  of a perturbation calculation t o  correct resul t  I11 
f o r  the  lower spectral  r a t i o  near the  top and b o t t m  ref lectors ,  

This effectively increases the  specific multiplication r a t e  i n  

The corrections cf results 11) 111, and IV are  expected t o  be strongest i n  
the more t i gh t ly  packed l a t t i ce s ,  and of nearly no effect  i n  the case of the 
1.5 inch l a t t i c e .  

The PlutaniUm Recycle Cr i t ica l  Faci l i ty  

Bcperiments In which %O is  used as moderator i n  the  F'RCF are scheduled for  
appraximately eight month3 a f t e r  t h e  s tar tup with QO. 
cribe same of the  modifications which a re  necessary t o  the PRCF and which 
contain a description of t he  scope of the experimental program have been 
forwarded t o  PRCFO and MEW. 
design modifications 

Letters which des- 

These l e t t e r s  w i l l  be a basis fo r  scoping the  

(8) Letter t o  
ing, Vol. 

m i t o r ,  George I.  ell (LASL), Nuclear Science ana m i n e e r -  
51 P O  138, 19590 
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The detailed 
suggested t o  

procedure f D r  the  f irst  s tar tup test .  w a s  reviewed and revisions 
TPOo A chmnological outline and tentat ive time schedule fo r  

the s tar tup experiments has been prepwed. The t o t a l  time estimated fo r  the 
exper-nts is 50-60 eight-hour days, This i s  longer than the original 
estimate of two months. 
experiments which a re  t o  be done towards the end of the st&up include 
same post-startEp experiments. 
s tar tup 0 

The reason for  the difference i s  that p a r t s  of the 

They a r e  schedded t o  be done during the 

Graphite Lattice Parameters fo r  Law Brposure Pu-A1 me1 
Previous attempts t o  use Program ,S(9) for t.he analysis cf plutonium-aluml- 
num fueled 13ttf:cs were uisuccessful. Inconsistencies in inF7it Oata have 
beer- f d  an3 c;rrecte& during the  past month. 
made i n  which non-negative fluxes were obtained. 
cross sections i n  at leas t  the two thermal groups s t i l l  need refinement. 
Also, thrl* sotropic scat ter ing cross sections t.hat have been calculated 
by GAM-1 This i s  due t o  a pecul iar i ty  of the code it- 
self. The program integrates the  scattering kernel over the nectron cur- 
rent spectrum t o  obtain the  anisotropic scat ter ing cross sections. How- 
ever, i n  an in f in i te ,  homogeneous system the current vanishes everywhere 
and the code gives zero f o r  all the anisotropic cross sections. 
t o  circumvent t h i s  by keeping the system lexge but f i n i t e  have been unsuc- 
cessful, 
the  c e l l  calculation, neglecting anisotropic scattering for  the present 
time, 

A calclilation has been 
The v6,lues cf the various 

a re  incorrect. 

Attempts 

Because of t h i s  d i f f icu l ty ,  it has been decided t o  proceed with 

Ceramic Reactors fo r  Space qpplications 

The effect  of changing from graphite t o  nickel ref lectors  fo r  some corfrpact 
ceramic reactors w a s  b r ie f ly  examined. The analyses showed tha t  a 2.5 cm 
nickel re f lec tc r  substi tuted f o r  a 10 cm graphite re f lec tor  increased the 
t o t a l  reactor weight. 
as effect ive as 2.5 QP of nickel as a ref lector .  
of nickel for graphite does not seem p r d s i n g ,  

It was a lso  found that 2.5 cm of graphite i s  nearly 
Hence, t h i s  substi tution 

(9)  Dusne, Bo G., Neutron and Photon Transport - Plane Cylinder Sphere 
WOgrem S Variational Optimum Formulatior& XDC-59-9-Ut,. 

JmO'h G e  Do and W e k ,  J. Sop GAM-1: 

Constants, GA-1850, June 2 8  1961, 

Jano g 9  1959. 

(10) A Consistent Pl W t i g r o u p  
Code for  the Cslctilaticn of Fast Neutron Spectra and W t i g r o u p  

D EClASSlFl ED 
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In connection with the ceramic reactor work, another se t  of 16-gro~p cross 
sections f o r  use i n  the BFN code has been prepared and placed on tape. 
s e t  is based on data from LAMS-2543 by W e n  and Roach. 
agreement between calculations us ing  this set and the Y i f t a h ,  Okrent, and 
Moldauer (YOM) se t  of cross sections i s  quite poor, and an explanation of 
the differences i s  being sought, 

This 
Thus far, the 

Fast-Thermal Reactor Comglexes: "Fuel Reuse" 

The single pass fue l  reuse cycle described in the  last report has now been 
extended t o  a double cycle 
(Work on fue l  reuse is being carried out jo in t ly  with Programming Opera- 
t ion*  ) 

The resu l t s  are  presently belng- analyzed. 

Code Development 

The planned modifications t o  the  MELEAGW burnup code have became so exten- 
sive that it w a s  decided t o  give the new burnup code a new name - CAIX. 
Its canpanion cross section code, which will cab ine  resu l t s  from GAM and 
TEMPEST in to  a single CAIX  data tape w i l l  be known as SIGMA-3. 

Data Processing personnel have modified GAMo 
writes the results of i t s  slowing-dawn calculation t o  a binary tape, for  
further analysis by SIGMA-3 ( o r  some other program). 
t i on  t o  TEMPEST w i l l  be made. 
allow a more f lex ib le  treatment of resonance self-shieldiag, thou@ the 
code for putting the needed a d d i t i d  parameters on the  data tape i s  s t i l l  
being planned, 

The modified GAM optionally 

A similar modifica- 
Data Processing has a l s o  changed GAM t o  

The multi-group spectrum code for CAW[, which is similar t o  ANIPE, is essen- 
t i a l l y  all coded. SIGMA-3 remains t o  be written. 

Transport Theory Development Work 

&plication of the S, transport analysis t o  evaluation of multiple-scatter- 
ing effects,  in support of cross section measurement work an the double- 
d i f f rac t ion  neutron spectrcnaeter, revealed evidence of numerical i n s t ab i l i t y  
i n  the calculation of back-scattered fluax near the emergent-beam face of 
t h i n  f o i l s .  -her scrutiny of synrptans and trends indicated that angu- 
larly-Integrated flux and current met neutron balance requirements satis- 
factor i ly ,  and traced the origin of the  in s t ab i l i t y  t o  a fluctuous dis tor-  
t i o n  of higher harmonics within a mean f ree  path of slab-void interfaces.  
This subtle effect  escaped previous observation perhaps because most nuclear 
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analysis work i s  done i n  cylindrical  geometry with major a t tent ion focused 
upon c r i t i c a l i t y ,  power distribution., o r  f o i l  activation rather than upon 
the fine s t r u c t u e  of the  neutron angular distributiGn. 

Reformulaticn of the transport analysis t o  provide numerical s t a b i l i t y  
control by f lex ib le  selection of angular integration serpence, as sumarized 
i n  Figure 1, has elimfnated the in s t ab i l i t y  d i f f icu l ty .  
the success of this  procedure i s  not yet fully mderstocd. From both physi- 
ca l  analogy, and from mathematical consideration of the integral  e p t i o n  
formulation of transport theory, it becomes clear  that numerical s t a b i l i t y  
i s  best when the transport integration f o l l m s  the laat-free-.flight path 
f o r  the flux an& the next-free-flight path fa? the adJcht.  

Bat the  reasm fo r  

Yet, there seems t o  be more t o  it than th is .  F’or aJ.1 the integration pat- 
terns i n  Figure 1 meet this basic requirementJ and yet each pat tern displays 
a geanetry-dependent range of ins tab i l i ty .  EZopirically, it appears that the 
angular fntegratiori must not pass through the transverse dire, r t i on  i n  rec- 
t-ar geometry, but must pass through the transverse direction i n  curri-  
l inear  geometry, fcr best numerical s t ab i l i t y ,  

In summmy, hcwever, the  improved double-& transport  aaaLysie ( G E - W O  
program S) now provides s e f i c i e n t  f l e x i b i l i t y  in  choice cf angular integra- 
t i o n  sepuence t o  achieve numerical s t a b i l i t y  i n  a l l  gemetr ies .  
i n  figure 2 ,  the recommended “always safe” choices are  tke double-% a l te r -  
nating sequence (pa t te rn  A)  f m  rectangular gecanetry and the daable-&, 
successive sequence (pat tern B )  fo r  ccrvil ioear gecxnetry. 

A wide range of other e;ngular integration sequences has been incorporated 
in to  the  improved analysis, t o  f a c i l i t a t e  *her stability-optimization 
study Bcplorat ory  theory- hprovement work involving select  ion of other 
integration sequences mst., of course, be a c c q a n i e d  by close scrutiny fo r  
any evidence of numerical i n s t ab i l i t y  (non-physical f l u x  dis tor t ion pers is t -  
ing fo r  many i t e ra t ions) .  

The irnproved analysis has been programmed fo r  the IBM-7090,. is being dis-  
t r ibuted internal ly  t o  those doing transpcrt  analysis workJ and is  expected 
t o  be suitably documented fo r  extern83 dis t r ibut ion i n  the n& Physics Re- 
search Quarterly Report. 

As indicate3 

The Monte Carlo flow charts are canpleted and preliminary fnvestigation 
shows the logic  t o  be correct. The chaages i n  logic necessary t c  allow 
treatment of bound scatt.ering centers on the neutrorz thermalization process 
have been cunpleted in the col l is ion routine. 

. ‘e * 
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Figure 1: GE-HAPO Program S 

Double-Sn RadiRl-Angular Integration Sequence, with 
Chain-compounded Nest of Three-Pass Albedo Loope, 

Shown for  Double-S2 Angular Basis 

aeometry 
Sequence 

A. EIectangulsr. 
Alternating 

1 2 3 4 4 5 0  

6 

OUT 

IN 

M6ximum-St ab11 i t y InteRrat i on &que nce 
Zero Outer Albedo Non-zero Outer Albedo 

1-6-2-5-3-4 1-6-1-6-1-6- 

3-4-3-4-3-4. 
2-5-2-5-2-5- 
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Results cf discussions during a recent meeting a t  A t d c s  International 
have provide5 several possible refinements i n  the  Monte Carlo techniques 
used i n  RBUo 
of the RBU Monte Csrlo t o  be fonrmlated in the  future. hucther plaaning 
of f u t u e  investigations using RBU indicates that the analyses of l a t t i c e  
experiments, following the  current eva lu t fon  of uraxium and plutonim 
solution experiments w i l l  provide the necessary i&ormation needed t o  
begin the combined Monte Carlo, Diffusion, and Burnup studies associated 
with the PRP program. 

These refinements are planned fsr use in an advanced version 

Instrumentation a& Systems Stdies  

Recommendations were made regarding i n s t m e n t  ad]~stments tc .  h p r w e  
aperatioL of the PRTR %el Failure Monitor. These inoluded: Electronic 
system t e s t s ,  calibration with ti standard Cs137 sauces se t t ing  of dis- 
criminator l eve l s r  t e s t s  t o  obtain phototubes with low drift characteris- 
t i c s ,  and reduction of excessively high count ra tes .  

The experimental prototype t ransis tor ized PRTR Lfquid Effluent Monitor W a s  
tested fo r  the  month w i t h  an EMI/US-9536-B phctotube. 
with a radionuclide source at 105 counts per mimte, was sat isfactory with 
no gain-drift changes observed on the recorder chart. 
photutubes were tested.  
proven sat isfactory f o r  t h i b  application due t o  some feedback between the  
t r i p  relays and the measuring c i rcu i t .  Investigations were s ta r ted  on two 
types of ccomnercial magnetic amplifiers for  possible use i n  the alarm-trip 
c i rcu i t s .  
for  ganrma-emitting radiGEiiclides i n  1itpi.d fran 10-5 gama pe/cc t o  10-1 
&8mma ps/cc. 

Continua8 operation, 

Twc of the s table  
The cammercial contacting-type meters have not 

The instrument was designed t o  monitor and provide alarm function; 

The f eas ib i l i t y  study for acqyisit ion of an experimental process contra1 
computer i s  being revised t o  agree w i t h  the format r e e r e d  for  canpliance 
with an administ.rative direct ive from the Caamaission. 

Arrangements have been made t c  install transducers on the  PRTR degasser 
system as required t o  simultanecrlsly record degasser pressure, l eve l  and 
l i&d effluent flow during the  next scheduled artage. The transducers 
have been tes ted i n  the laboratory. Recording of these qpantdties w i l l  be 
used with other available data I n  an attempt t o  determine the cause of the 
e r r a t i c  variations in measured degasser leve l  and effluent flow. 

The equipnent requSred t o  measwe and record HMIR moderator leve l  simultan- 
e o u s l y  with neutron flux has been assembled and test&. 
Install the equipment during the next PRTR outage. The tes t  may not be 
scheduled u n t i l  the following outage, however, due t c  the p r io r i ty  of other 

It i s  planned t o  



tesfs. 
two sources and of moderator level  height framtwo sources. 
will be made at  "zero power" level; i 0 e e g  i n  the neighborhood of ten  kilo- 
watts. It has been observed that the  moderator level  varies i n  a sanewhat 
random manner when power i s  held at  equilibrium-especially at 6, l o w  level .  
It i s  expected that analysis of the  contributior: of moderator leve l  varia- 
t ions  t o  a flux frequency response c m e  might improve the accuracy of meas- 
urements of the r a t i o  p/.C*, and might even yield information as t o  the 
source of the moderator level  fluctuations. Most of the electronic equip- 
ment necessary fo r  the recording has been acwired. 
showing the intended posit ion of each caqonent i n  the 309 BLilding. 

Record-s w i l l  be made on magnetic tape of neutron f lux leve l  from 
Tne recordings 

A diagram was prepared 

The fw- t ransducer ,  u l t r a s o ~ i c  rescnance prc5e asser&ly fo r  measuring the 
w a l l ,  thickness 3f the PRTR process tubes has been assem3lel. 
and i ts  associated electronics a re  t o  be incorporated in to  the present PRTR 
process tube inspection system following a ser ies  of performance and ca l i -  
bration t e s t s  i n  the 314 Building mockup f a c i l i t y .  
measue the tube w a l l  thickness (a t  goo in te rva ls )  over a 0.055 inch range 
(0.125 t o  0.180 inch) at traverse speeds up t o  f o u  feet per minute. From 
bench test results, an over-all system accuracy within f 0.002 inch is  
expected. It may be necessary t c  m a t  the  osc i l la tor  near the top of the 
inspection tower t o  minimize cable losses.  

- Thorium BcDeriments i n  the FCTR 

The prcbe 

This equipment w i l l  

Specifications for $33-Thorium a i d e  Are1 elements were prepared and sent 
t c  Brookhaven. 
on both graphite and water l a t t i ce s ,  the l a t t e r  i n  conjunction with a Brook- 
haven ser ies  of experiments on similar elements. 
concerning the  ccmpatibility of the use of the  elements by Brookhaven and 
by Hanford Laboratories 

The Are1 elements would be used for experiments i n  the PCTR 

There is s t i l l  a questicn 

NEUTRON F"X MONITORS 

Technical editing of the formal report on long-life plutonium and urar&im 
in-core neutron flux detectors of the Phoenix or  regenerating t y p s  was 
completed. 
c lass i f ica t ion  review; sane of the calculations m y  be relatable  to planned 
future experimental tests i n  a W o r d  production reactor. 

Reproduction and issuance of the report is  delayed pending 

Concurrent with a change of technical personnel on this progrsm, the analyti- 
ca l  results and planned experimental testa have been c r i t i c a l l y  reviewed. 
The findings t o  date indicate that: (1) The Phoenix coacept. at leas t  
doubles the l i fe t ime Df a detector within a given sens i t iv i ty  range; 
( 2 )  Use of fe r t i l e  and f i s s i l e  nuclides of plutonium and mania provides 
methods f o r  obtaining various levels  of sensit ivity;  ( 3 )  The time the  

' 
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det.ector sens i t iv i ty  stays within pre-established l imi t s  fo r  usefulness 
depends upon both Inherent sens i t iv i ty  and flux environment; and ( 4 )  Devia- 
t ions fran nominal reactor environment can influence detector sens i t iv i ty  
in an exposure-dependent manner. 

Ef for ts  are  being made t o  formulate a more concise description of the inter-  
re la ted parametera for  regenerating detectors t o  guide the next phase of 
experimental studies. 

The experimental microwave equipment, long delayed in delivery, arrived and 
was assembled during the month. 
increase s e s i t i v l t y ,  and cal ibrate  on known at?sorption liltes of NH3' 
perlments are  being designed t o  f i r s t  ex 

Work i s  under w a y  t o  reduce system noise, 
EX- 

ce the f eas ib i l i t y  of monitoring 
neGtron flux by means of" the C135(n,y)Cl F reacticr-. 

NONDESTRUCTIVE TESTING RESEARCH 

Ellectrmametic Tes t im 

The separation of small variations in three parameters in a simulated multi- 
layer nondestructive t e s t  problem has been demonstrated using multiple 
parameter eddy current tes t ing  equipment now under development. Palse read- 
out of the parameters beixg observed, that is, apparent interchannel inter-  
ference, has been reduced t o  eight percent of f u l l  scale or less. This 
represents the end of the phase of the work in which the  obJective was t c  
demonstrate tha t  more than two parameters could be separated by the proposed 
method, 
metal t e s t  spechens w i l l  be demonstrated, and design dat.& w i l l  be obtained 
fo r  applying the new tes t ing  technique t o  a production t e s t ing  problem. 

In the next phase the separation of three or more parameters i n  

The present separation resu l t s  obtained i n  the three-parameter case are  due 
t o  improvements i n  the  over-all s t a b i l i t y  of the equlipment and i n  changes 
made i n  the simulated t e s t  specimen t o  increase the  difference between 
signals f r a n t h e  three parameters. As the parameters which are varied 
become more nearly identical ,  the separation becomes more difficult ,  and 
the  interchannel interference increases. Separation error  similarly in- 
creases as the  number of parameters are increased. 

Heat Transfer Testing 

Further development of heat t ransfer  t e s t ing  instrumentation has been aimed 
a t  detection of small differences i n  heat t ransfer  due t o  metallurgical 
differences in  fuel core t o  cladding bonds. Differences i n  surface emissi- 
v i t y  of the fuel  elements i s  the present factor determining the upper sensi- 
t i v i t y  limit of the t e s t ,  A dual radiometer f o r  use i n  an emissivity- 

1 2 3 4 4 5 3  
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independent heat t ransfer  tes t ing  system has been fabricated. Instal la t ion 
cf a 50-k~~ 10-kc induction heater fo r  special heat t ransfer  tes t ing  appli- 
cations is ccmplet3e, Initial tests shm itj w i l l  be desira5;le t o  compensate 
for the dis t r ibuted inductance of the high freqwncy leads connecting the 
generator t o  the  work statim. 

X-Ray - Skress Analysis 

Stress anaiysfs by the conventicrnal X - r a y  d i f f rac t icn  l i n e  sh i f t  method can 
be applied t o  w e l l  annealed, elastically-strained s t e e l  with an accuracy 
of about f 20$. 
using availa3le equipment. has shown that p las t ic  deformation occwred in 
regiom near the welds. 
can only be obtained on stress relieved pipes. E Y ~ E  after stress relievirig. 
the average of a n*aber of measurements are  reqrtired t o  give a reasonable 
indication zf the  engineering s t r e s s  in the  pipes, since some microscopic 
residGal s t ress  remains, The average of six meaarements adjacent t o  the 
weld in t w c  pipes s t r e s s  relieved one-half h o w  at. 1325GF9 and i n  one stress 
relieved one-half ha i r  at 8 O O G ~ >  gave an estimated accuracy of about f 5000 
p s i  0 

An attempt t o  measwe stresses i n  welded s t ee l  pipes, 

me t: this p las t ic  deformation, reaeomble accuracy 

Each s t r e s s  measurement requires a least sqmrea f i t  3f a straight l i n e  
plot  t o  four data points, and determination cf the standard deviation of 
the  slope of the l ine .  
s t a t i s t i c a l  analysis r e q i r e d ,  the X-ray l i ne  shift met.hod is  too cumber- 
s m e  i n  i t s  present f o m  for use as a routine pro5riction test f o r  welded 
s t e e l  pipes. 

Because of the num5er of measurements and the 

I t e  main usefulnese would be as a research tool .  

There appeared t o  be a correlation between the s t r e s s  r e l i e f  temperature 
and the 95$ confidence interval  of the s t r e s s  measurement. 
able, since the errors  i n  measurement are  largely dm t o  micro r e s i d u  
s t resses  

This is reason- 

Although granising, the resu l t s  would have t o  be confimed by M h e r  
experiments because of the possible effect  of i n i t i a l  conditions and 
canposition variatione. 
but no f'urther experimental work is  planned at this the. 

S t a t i s t i c a l  analysis of the data is continuing, 

A meeting w a s  held with NPR Primary Loop Engineering and Offsfte Inspection 
t o  discuss possible application of X-ray stress measurement techniques t.c 
NPR piping. 
~wm-148 was described, and Its possible use t o  replace tkermocuuples now 
being used t o  monitor s t r e s s  relieving temperatures w a s  discussed. 

The new maximum temperature indication method disclosed in 



Zirconium Eydride Detection 

Dislocation theory indicates that the  s t r e s s  dependence of ultrasonic 
attenuation in Zircaloy-2 m y  be different from tha t  i n  hydrided Zircalay-2 
samples. 
search w a s  made. 
t i v i t y  of ultrasonic attenuation and velocity t o  e l a s t i c  and p la s t i c  deform- 
at ion (between 0 and 0.5s s t ra in) ,  and recovery. 
performed by Alers, Hikata, and TrueU., who used the pulse technlque des- 
cribed by Roderick a Truell (Journal of Applied Physics, 23, 267 (1952)), 
at frequencies between 5 and 10 megacycles. 
t h e i r  Per f i t s  on the basis of dislocation theory. 
dynamic stress af fec ts  the  attenuation mcre than s t a t i c  stress, 
gators at Oak Ridge have made measurement.s of ultrasonic attenuation i n  
Zfrcaloy-2, and they found that the attenuation was proportional t o  the 
fourth parer of frequency, indicating that Rayleigh scattering is  the 
pr inci  al mechanism of the attenuation (these measurements were made between 
5 and b Mc). Most investigators have used salol  as the coupling media 
for  t h e i r  a t temat ion  measurements 

To obtain more information on work i n  this field, a l i t e r a tu re  
Several good references were found describing the sensi- 

Most of this work w a s  

These imes t iga tors  explain 
It was a lso  found that 

Investi- 

Ekperiments made with aluminum t o  check the  laboratory method have shown 
a stress dependence of attenuation, the attenuation being greater for 
aynamic s t r e s s  than fo r  s t a t i c  s t r e s s  of the same value. These attenua- 
t i o n  measurements were made with the  pulse technique (Roderick and Truel l )  
at 1 5  Mc, with applied compressive s t resses  between 0 and 9000 ps i .  The 
aluminum semple was made with a cylindrical  plug machined on one face, and 
the  quartz transducer w a s  attached t o  this plug. 
shear s t r e s s  i n  the salol, which w a s  used as a cauplant between the  alumi- 
num and the qpartz transducer. 
stresses,  thus giving erroneous attenuation values9 unless the transducer 
is applied t o  a surface isolated from strain. 

This was done t o  eliminate 

Salol coupling i s  affected by changing 

blldy Current Testing of Carbon Steel Reactor Piping 

Faurteen samples of 8&inch-O.Do x 1.0-inch-wall piping of varying heat 
treatment h ie tor ies  w a s  received. 
were as follows: 8W°F - four samples; U25OF - four samples; 1325OF - 
four samples; 1500°F - one sample; and 18000F - one sample. 
t es t ing  of these samples, with a General Zlectr ic  Metals Camparator and 
a specially fabricated t e s t  probe, indicates a difference can be detected 
with t h i s  technique. 
observations around the periphery of each samgle and examine the data fo r  
s t a t i s t i c a l  differences t o  obtain separation between adjacent temperatures; . 
i.e., t o  separate the samples t reated at ll25OF frm samples t reated at 
8W°F or 1325°F. 

The maximum temperatures of treatment 

Preliminary 

However, at this time it is necessary t o  make several 
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S t a t i s t i c d  methods are nct reqyfred t o  disfingAsh betweer, 800% and 
1325% Gr Mgher, or between U 5 " F  an? 1500°F ~r higher. 
further refinements, both i n  the t e s t  Fr&e and i n  the t e s t  proeed?;res9 
w i l l  increase the sens i t iv i ty  of this t e s t .  t o  the variable i n  questfor,, 
t 6  the point where s t a t i s t i c a l  evaluation is  unnecessary. 

It i s  hoped tha* 

Nondestructive Testing of Sheath Tkking 

A mador effor t  fer the  cwrea t  periocl was the consolfdaticn ef data and 
the prepwatkm of a formal fnterfn report covering ~ r o g ~ e s s  03 the prcgrsm 
through ~ c ~ o  

Measl;Penents of czltrasZxLLc reepolase amplit&e as a fkncticla cf incident 
angle continual, The relationships are  being investigated a t  several 
freqiency dept.h products with rectangular and e i r c d a r  lithium sxlphate 
transducers. Measurements of vltrasonic response iosscs as a m e t i o n  of 
metal-path length f o r  the incident W e s  with peak response a lsc  continued. 

A tentat ive a l i m e n t  p ~ e d u e  has been ievelcped fzr the Imerszcp? which 
dces nct depend on transducer freqcency characterist ics.  
methid of aLfgnment a t ransdwer w a ~  a rb i t r a r i l y  selected ana a reflected 
signal was used for  adjusting the  instrument center freqdency and bandwicith. 
Center frequencies and bandwidths can vary unpredictably amcw different 
crystals .  For instanceS one par t icular  Immerscopc was found t o  be &limedS 
w i n g  a par t icular  10 Mc crystal. t o  a center freqiency of 8,2 Mz at the 10 
Mc front panel sett.ing. The bandwfdth w a s  found t o  be 2.4 Mc. 
method uses a calibrateb, mdulated sine-wave oacl l la tor  ae the  signal 
scurce, 
1C Mc with a predictable bandwidth, 
ing fs largely d e t e r m i n e d  at t h i s  time. 
ment procedure developed, various bandwidths can be selected for  studyo 

For the  previous 

The new 

This method permits a c e u a t e  alignment at a center frequency of 
The best bandvidth fo r  Lanb wave test- 

Hcwever: with the re l iab le  align- 

Techniques t o  measure the  freqsericy ccunpcnents ccntaine8 i r s  the characteris- 
t i c  Lmmerscope transmitter pulse are being developea. Ttfs measurement is 
very d i f f i cu l t ,  s i m e  pulse sampling by most t e s u q r r e s  gives dis tor ted 
information. The simplest method w e 8  8 receiver crystal  as a sampling 
element. 
they can add undesirable frequency canponents t o  the samrled pulse. An 
attempt has been made t o  passively sample the t ransdt ted pulses with a 
transducer having a much higher resonance freqrrency t b  the  pulse frequency. 
For sampling 10 Mc pulses) a 25-k qyartz receiver ie being w e b .  
the  received pulse is acccqanfed by a portfor  ef the transmitter p d s e  which 
is radiatively coupled t o  the receiver crystal .  

Since receiver crystals  themselves have osci l la t ing properties, 

However, 

This transmitter pulse must 
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be eliminated before the  receiver pulse can be frequency analyzed. 
f o r  gating aut the  transmitter pulse are being developed, 

Methods 

Analysis of the  e f fec ts  of defect depth continued. 
phase veloci t ies  greater than the  longitudinal velocity, VL, were studied. 
The resu l t s  of the  studies are  not complete; however, it appears that the 
behavior of modes with phase veloci t ies  greater than VL could be rather  
e r r a t i c  under cer ta in  circumstances. 
of symmetrical modes which have EII approximately constant phase velocity 
Over a f a i r l y  wide range of frequency thickness product. Ih one respect 
t h i s  condition w o u l d  appear t o  be a desirable testing criterion, since the 
s t x ~ l e  thiclmess can vary over a greater range while operating at one 
frequency, However, analytical  work has sham that i n  these si tuations 
the par t ic le  vibrations on the  sample surface change dras t ica l ly  with very 
small changes i n  entry angle. A one-degree change i n  entry angle could 
cause the surface par t ic le  vibration t o  change from predominantly horizontal 
t o  predominantly ver t ica l .  The mode propagation thus suffers a very large 
change i n  attenuation leading t o  canplete loss of sens i t iv i ty  fo r  detecting 
defects. 

Lanb wave modes with 

Such conditions are par t icular ly  t rue  

The above effect  has not yet been experimentally examined. 

mer imen ta l  work t o  measure the actual response over wide ranges of defect 
depths i s  continuing. Completed data have not been fu l ly  analyzed. 

PHYSICAL RESEARCH - 05 PROGRAM 

Mechanism of Graphite Damage 

Work is continuing on improving the reproducibility of r e s i s t i v i t y  measure- 
ments. 
vacuum pumps on the electron Van de Graaff by an ion-getter pump. 

Fit t ings are being designed that w i l l  permit replacement of the 

BIOLOGY AND MEDICINE - 06 PROGRAM 

Atmospheric Fbysics 

Investigations of the spectrum of the  wind velocity and i ts  effect  on the 
mean horizontal dispersion of a smoke plume continued. Values of the stan- 
dard deviation of the mass distribution, uy, were derived d i rec t ly  frm the 
w i n d  direct ion time ser ies  at the seven foot leve l  of the Hanford Tower 
f o r  nine Green G l o w  Tests. 
beluw along with the  observed values, uy( 0). 

. -  

These calculated values, cry(c): are tabled 



Run 
NO - 

5 

6 

7 

8 

9 

1 5  

17 

18 

26 

ARCWISE STANDARD DEVIATION OF MASS DISTRIBUTION (METERS) 

200 

7 

12 

25 

34 

- 

21 

37 

12 

14 

29 

55 

55 

- 
20 

15 

1 5  

13 

16 

800 

40 

35 

88 

12 5 

84 

145 

42 

70 

80 

110 

210 

19 0 

95 

- 

75 

55 

60 

30 

40 

1600 

95 

65 

160 

- 

200 

12 5 

215 

120 

160 

150 

150 

330 

300 

190 

105 

95 

145 

65 

70 

25600 - 12800 

1050 

820 

265 . 270 

530 1850 

72 5 

1500 

200 930 

310 825 

180 750 

470 2000 

200 

430 
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The model i s  based on the rather r e s t r i c t ive  assumption that the w i n d  
vectors at all points in t he  t e s t  grid were ident ical  t o  that measured at 
the source point throughout the  period of tes t ing.  
assuurption is readily checked, since wind data are available at the suurce, 
two miles f r a t h e  source and at 13 miles. 
assuurption i s  fair within two t o  four miles from the source, but very poor 
at 13 milesf distance. 
uY bear out these expectations. 
ment of a less r e s t r i c t ive  and more realist ic model, 

The va l id i ty  of th i s  

It was conchided that the 

Comparisons of observed and calculated values of 
Investigation w i l l  continue tmard develop- 

Because of the  geceral arcwise sweeping of the plume) caused by a general 
trend i n  wind direction, any relationship between thermal s t a5 i l f ty  and 
peak exposue values has been masked fo r  the Green G l o w  and D r y  G d c h  
series. 
since trends i n  wind direction a re  extremely small re la t ive  t c  the other 
ser ies .  
t e s t s ,  exposures have been integrated along the  arc so that the cross-wind 
integrated exposure normalized t o  the  s w c e  strength, G, wher plotted 

against distance, x, shows a noticeable s t r a t i f i ca t ion  with respect t o  
measured thermal s t ab i l i t y .  

The relationship has been demonstrated f o r  Ocean Breeze t e s t s  

To remove the  effect  of trend i n  the Green G l o w  and D r y  Gulch 

Q 

Off-site work in connection with the  diffusion program at Cape Canaveral, 
Florida, was completed, embracing a t o t a l  of 76 experiments during a variety 
of meteorological conditions. 
required diffusion predictions in support of advanced missile f i r ings,  the 
data comprise an important addition t o  the  W o r d  and Vandenberg data f o r  
evaluating topographic and climatic influences Gn atmospheric dispersion 
patterns 

Progress has been made i n  the development of a multi-pigmerit t racer  tech- 
niqrre, 
pignent have been a r t i f i c i a l l y  dis t r ibuted on more than 100 f i l t e r s ,  and 
the  nunber of par t ic les  has been estimated by microscopic: examfnation, 
The f e a s i b i l i t y  of us- any of these w i l l  now be determined by studying 
their  counting character is t ics  by the Rsnhfi counter. 

In addition t o  successf'ully providing the  

Twenty-five different  types of fluorescent and phosphorescent 

A new thin,  large-area sc in t i l l a t i on  crystal  w a s  received t o  be used i n  
bremsstrahlung counting, 
three times as thick as the old crystal .  
higher and the background w a s  2/3 that of the  old crystal .  

It is  mounted on Quartz ra ther  than glass  and i s  
Sensi t ivi ty  t o  P-32 w a s  20$ 
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Two batches of germane ($e&) were made and tes ted fo r  use in proportional 
counters for  plutonium X-rays, Same counting action was observed. Analy- 
sis shared the germane a l s o  contained water vapor and axygen which w i l l  
have t o  be removed before good counting action can be expected. 

Preparations were started f o r  a t r i p  t o  Alaska with the shadow shield 
counter t o  measure radioactivity i n  E S ~ ~ ~ O S .  

Radiation Protection Operation was assisted i n  analyzing body burdens 
result ing fram radiation incidents. In one case, three eople were found 

of the people at the  RecGpluc accident were meastired and the neutron doses 
that produced them were estimated. !l%e ac t iv i ty  of gold fillings in t he i r  
t ee th  was also estimated. 
placing neutrcn monitsring equipment at the s i t e  of the  accident and meas- 
uring the radiation levels .  

t o  have inhaled 1-151 and some other isotopes. The Na-2 E body burdens 

Assistance was also given i n  this  inciderit by 

The posit ive ion accelerator operated sa t i s fac tor i ly  during the month, 

A shadow shield w a s  used with the precision long counter i n  order t o  
determine the  contribution t o  i t s  c w t i n g  r a t e  from room-scattered neu- 
trons. 
found fo r  radioactive nerstron sources. The extent of roam. scattering was 
found t o  be essent ia l ly  independent of orientation with respect t o  the 
beam f o r  neutrons produced with the Van de G r a a f f .  
ments with the Van de G r a a f f  a re  proving d i f f i cu l t  because of variation 
with time in  the neutron emission of the targets  and because of mtual 
interference between the counter being tested and the counter used f o r  
monitoring. 
of analyzing data frcm inverse-square experiments; no improvement Over 
the  present method was fmnd, 

Fair agreement with deductions fram inverse-square experiments was 

Inverse-sqgare experi- 

IBM computations were made t o  explore still another method 

A pulse-shape discriminator c i rcu i t  that is  a modification of two described 
in the literature has proved t o  be best tested so far. 
for  neutrons as law as 0.8 - 1,O MeV and there is  hope of pushing t o  s t i l l  
lower energies. 
Anthracene and m 5 0  p las t i c  respond about the sameJ but not as well as 
sti lbene. 
explored 

The c i rcu i t  operates 

Stilbene crystals  b v e  given the best discrimination. 

The use of anthracene at l iquid nitrogen temperatures is being 

The plutonium source w e  measured earlier was returned t o  the calorimeter. 
Its heat output has increased by about one percent, There s t i l l  remains 
about R loqb discrepancy between the measu-ed and the calculated expected 
value of the  heat mtput .  The s o u ~ c c  was shipped t o  Mound Laboratory t o  
obtain a cross-check on OUT measurement 
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The t r i enn ia l  meeting of the International Camnissiori on Radiological 
U n i t s  and Measurements was attended a t  Montreuy Switzerland. Major con- 
t r ibut ions from t h i s  laboratory included work on definit ions of quantit ies 
and units, stopping powersb W values, and neGtron source standardization. 

Radiation Instruments 

Mfty  automatic recharging Quartz f ibe r  dosimeters of the established 
design were ordered from an off -s i te  vendor. 
w a s  made with a microscope of the charging mechanism fo r  the experhental  
units.  
plated 10-micron-diameter Quartz f iber  t o  the center rod was noted. 
appeared that a mimite amount of welding might be h a p p e u ;  harmer, close 
examination of the gold-plated f ibe r  indicated the gold might be wearing 
away &er continuou, high r a t e  cycling, This effect  destroys the con- 
ducting property of the f ibe r  and prevents recharging. Because of this, 
a s ta in less  s t e e l  f i be r  and s ta in less  s t e e l  center rod were incorporated 
in to  one experimental dosimeter. Initial tes t ing  indicates superiority 
of the s t e e l  over the original method a t  continuous, high-rate cycling, 
It should be emphasized that the st icking problems generally o c c u  m e r  
extensive cycling which would, under normal i r radiat ion conditions, equate 
t o  long, continued use of the dosimeters. 

Considerable investigation 

A slight d i f f i cu l ty  of occasional random sticking of the gold- 
It 

A ser ies  of subminiature binary c i r cu i t s  and incandescent bulb driver c i r -  
cu i t s  were c q l e t e d  and tes ted  f o r  use i n  the pocket, signalling, dose 
meters: 
astable lrmltivibrator were designed with miniature transistors t o  drive 
the biaar ies  and a lso  t o  drive an incorporated resoslant air column alarm. 
Suitable alarm range switching and reset  e i r m i t s  were alse completed i n  
breadboard form. Thus, all necessary c i r cu i t s  f o r  use with the recharging 
pencil doslmeters i n  the pocket, signalling, dose meters have been experi- 
mentally c q l e t e d ,  
c i rcu i t  board units. 

In addition, an amplifier, monostable multivibrator, and an 

Fsbrication w a s  s ta r ted  on a number of cunplete printed 
All c i rcu i t ry  operates frm one 1.4-VDC mercurcy c e l l Q  

Further g~lmms background investigations were made at the Biology animal. farm 
w i t h  a NaI crystal  and phototube assembly canpletely surrounded by shielding 
t a l c  of about one foo t  thickness, 
unsatisfactory tests, the  proposed method of counting various radionuclides 
in hogs under outdoor conditions w a s  temporarily discarded, 

All necessary experimental t e s t s  were sa t i s f ac to r i ly  completed on the  
experimental coincidence-count type alpha counter f o r  standard HAP0 pluton- 
ium-collection air filters. 
Radiation Protection Operation. 

Since the r e su l t s  were similar t o  previous 

‘ I  - 

Fabrication was s ta r ted  on a final system for  
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An experiment& t ramfs tc r ized  logarithmic response p-dse amplifier was 
c q l e t e d  in  breadbaud form and is ready fo r  complete tes t ing  when time 
FiemtS o 

A prctotype experimental l a d  voltage dc t o  dc converter was completed 
inclu3in.g fabrication of one unit on a printed c i rcb i t  boar&. 
c i r ca i t  w i l l  be used with rechargeable nickel-sadmixn bat te r ies  i n  severaJ 
experimental portakle r d i a t  ion-detection instruments 
sa t i s fac tor i ly  frcm -10 F t o  + l 3 O  F with a f ive  milliampere load current 
with the  input voltage varied from 308 VDC t o  3 VLK as would be expected 
from the Ni-Cd battery, The uutput voltage, adjusted 8 5  desired froan 32 
t g  15 VDCs variecf ky less than 20 millivolts fcr the  s ta te5  cmditions.  
The o x  coq le t ed  ecnverter was instal led and tested in sn experimental 
transistorized pcrtsble GM instnunent. 
the crdiered N i - C d  ba t te r ies  a r r ive ,  

The converter 

The converter t e s t ec  

FfmJ t es t ing  w i l l  be done mer  

Circuit. development and fabrication contirxed fr,r both the experimental 
embinstion logarithmic and l inear  response and the six-decade logarithmic- 
response-only area radiation monitors, 
changed considerably i n  a t t . ap t s  t o  meet va.rims HAP0 reqdrements f o r  con- 
tinacus, alarming, ami recordins r a d i a t i m  area mmitors, 

Weriments  were stw-ea fer the detection of minlite mrji4s of S$ Y 
collected frm a licpid solution onto f i l t e r  gaper. "he detector i e  a 
0,Ol-inch-tuck by 5-inch-diameter sheet cf NE-102 (terphenyl-fn-poly- 
vinyltoluene). The noise level fram the D u n a t  6364 phototube was too 
great t o  permit proper detection sensi t ivi ty ,  and a low-noise EMI/vS-9530-S 
five- inch phototuh was ordered fo r  *her experiment 8 

The general c i r c d t  desip-was nearly complete3 fGr the experimental portable 

The original designs have been 

0 90 

mast system f o r  Atmospheric Pbysics studfee of air mmements, All 
canrmercial fistrunearts were ordered snd fabrication was started on 
of the designed c i rcu i t s .  

ne ce s s q -  
portions 

Isotopic Analysis Program 

Isotopic amlyses  were prmided on program samples as received during the  
month, 
mass spectrometer. 

These analyses were performed using the single filament ion source 

Work contfnued on setting up the ion-optic test bench for experimental 
studies, 
use of post acceleration of secondary electrons and sc in t i l l a t i on  detectionc 
The variable 60 kv puwer suprly f o r  these s t d i e s  was received and put into 

Construction continued on the  ion detector t o  detect ions by the 
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operating condition. The e l ec t r i ca l  system for  the ion s m c e  was tes ted 
f o r  breakdown at 10 kv with a sinrple ion source instal led.  

Operation of the PCTR continued routinely during the month. There were 
no unscheduled shctdams. 

nJo s e t s  of f o i l s  were i r radiated fo r  the Non-Metsllic Mater ia  Develop- 
ment Operation. 

A ser ies  of p r e s s x e  calibration t e s t s  was made duping the month t o  
determine the var ia t ion of the reactor react ivi ty  a i r  pressure Coefficient 
w i t h  the  core loading. The pressure coefficient varied f r a  -0.043 f/mb 
t o  -0.059 #/mb f o r  the three l a t t i c e s  tested.  The data obtained are tab- 
ulated below. AU of the l a t t i c e s  were natural uranium-graphite in which 
only the  number of uranium channels and the l a t t i c e  spacing were changed. 
The e f fec ts  of introducfng voids i n t o  the core were a l s o  measured. 

l a t t i c e  Spacing 
Inches 

7 1/2 
3 3/4 
3 3/4 
7 1/2* 
3 3 / h  

NO. of Uranim 
COliPmns 

9 
25 
37 
9 

37 

{/m bar 

-0 0059 
-0.050 

-0.066* 
-0 .Ob3 

-0.0454~ 

* Removed 37 1-3/4" diameter graphite plugs fram the core. 

Tables of Reactivity vs. Period f o r  PCTR and TIIR Dcperiments 

lev tables of reac t iv i ty  vs. period have been generated for use In FCTR 
and T!L!R experiments, using the  IBM 7090 program, PWIOD-REACTMTY. 
This program w a s  writtenS and m o d i f i e d  fo r  this par t icu ls r  applicationp 
by G. F. Bailey of Reactor DesiEpl Analysis, NPR ProJect Section, IPD. 

Tables have been prepared for  variaus ccmbinatians of the delayed neutron 
fraction, p, and the  p r a q t  l ifetime, 8 .  The combinations selected are 
shown below: 

1 2 3 4 4 b 3  
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- B 

0.0064 

0,0053 

I - 
1 5 miliisecond 
1.0 
0.6 
0.23 

1.5 
1.0 
0.6 

e 00 51 0 0 5  

The tables  are for  $35, Pu2j9, and $33 fueled cores i n  the XTRB and fo r  
the 'ITRp which is  fueled with U2350 
doing the  experiments, and i n  insuring com2lianee with safety specifica- 
t ions which l i m i t  absolute react ivi ty  additions 

The tables  w i l l  3c useful bath in 

The range of periods covered i n  the tables  i s  fram 15 t o  500 seconds. 
t h e  increments are  small enough t o  eliminate the need for  interpolation 
within the  ta3les .  

The 

The tabulation of reac t iv i t  
second i s  given i n  HU-73457 Tss along with  tabular values of corrections 
t o  the react ivi ty  of the PCTR for  changes i n  the atmospheric pressure or 
reactor temperature 

period fo r  fl = 0.0064 and = 1.0 m i l l i -  

Copies of' the tables f o r  the other values of 
loan basis frm the Supervisor, mer imen ta l  Reactors Operation. 

and I are available on a 

Calculations i n  Support of Revised TTR Hazards Report 

A solution fo r  the  neutron flux i n  the  !TTR as a function of time has been 
obtained for a ramp input of react ivi ty  of three cents per second. 
addition of three cents per second represents a more r e a l i s t i c  maximum 
than the value of four cents per second used i n  the  calculation reported 
last month. 

The 

The IBM 7090 code HAIREK was used. 

(U) Po F. Nichola, "Tabular  Values of Reactivity Versus Period, and 
Reactivity Corrections for Use i n  PCTR and TITI Bcperiments," HW-73457., 
April 23, 1962. 

0 ECLASSI FI ED 
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CUSTOMER WORK 

Weather Forecasting and Meteorological Service 

There have been considerable a c t i v i t i e s  this month i n  plant assistance work. 
Meteorological support and follow-up analyses were made available t o  the 
Ebergency Control Center i n  connection with the Cr i t i ca l i t y  b c i a e n t  
Past analyses and &dance were a l s o  made available t o  RPO i n  cmnection 
with several stack releases t o  the environment. 
review of t he  CPD Hazard Appraisal fo r  RPO and consultation with Occupa- 
t iona l  Health on oxides of nitrogen released by Fm). 

In addition, there w a s  a 

Weather ,Summy 

me of Forecast 

8 - H o u r  Production 
2 4 - H ~  General 
Special 

Number Made 

90 
60 

203 

$ Reliabi l i ty  

84.5 
85.2 
83.4 

Precipitation f o r  April was near ncrmal while temperatrires and wind speeds 
were both above normalo 
and 27th. 

There were nota5ly high winds cn the 6thg 24th, 

Instrumentation and systems Studies 

Circuitry and mechanical modifications were made on the Automatic Conveyor 
Laundry Monitor designed and fabricated for  Protective Equipment Decontami- 
nation, CE&uO. 
pa r t i a l ly  cmpleted in fabrication although light-shielding d i f f i cu l t i e s  
were encountered due t o  poor Quality double-aluminum-coated Wlar which 
had too many pinholes. 
and drop mechanism w a s  s tar ted.  
several simple wire f'rames were devised t o  provide constant 
the coveralls, and with the frames, less than 1000 d/m of Pu'39 cuuld be 
eas i ly  detected in act& contaminated garment t e s t s .  
of using air jets and large, sof t  rubberized air bag ro l l e r s  w a s  proposed 
t o  substitute f o r  the w i r e  frames, and this idea w i l l  be investigated. 

The alpha probes f o r  the second detection s ta t ion  were 

The control system f o r  the  automatic garment holder 
To improve the alpha detection sensi t ivi ty ,  

ositioning of 

An al ternate  scheme 

, .  Fabrication w a s  nearly completed in the 328 Shop on the detection head 
assembly f o r  the coincidence-cmt type alpha air f i l ter  counter f o r  count- 
ing of standard 
Radiological Development and Calibrations of Radiation Protection Operation. 
Similar fabrication continued on the field-use prutotype Continuous Coinci- 
derLt-COUnt Alpha Air Monitor, a l so  designed fo r  Radiation Protection Opera- 

4" x 8" air fi l ters.  This system w a s  designed f o r  
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t ion,  which w i l l  detect and alarm for  continLous air-alpha concentrations 
of 2 x 10-11 pc/cc within 90 minutes. 

Fabrication w a s  completed and t e s t s  were sche&ded for  the sc in t i l l a t ion ,  
transistorized Automatic Colunbia River Radiation Monitor designed fo r  
Environmental Studies and Evaluation, RPO. 

Assistance and advice w a s  given Radiological Physics concerning the gasoline- 
ergire-powered lo5-kilowatt e l ec t r i ca l  generatcz purchased fo r  1;se with a 
gamnas spectrometer for  investigations of i n  vivc radionwbides i n  certain 
AlaskarA catives -- 

Wxk was sa t i s f ac t c r i l y  cmpleted., 

All  main instrument fabrication was ccrnpieted on a transistorized a u a l l y -  
indicating alpha detection monitor which can be med with a standard HAP0 
a i r  prcportional type alpha probe. 
miniature emitter follower c i rcu i t  t c  be u e d  with the probe t o  permit the 
driving of lcng cables. 
which was designed f o r  t c t h  Finished Products Chemical Technology and Ccn- 
tr?l Operatfcrr, CPD. 

Circuit design was s tar ted fo r  a szecial 

All t e s t s  were completed on the main instrument 

A X l l - t h e  instrument engineer has been assigned t c  work associated wi%h 
Physical Me ta3 l~ rgy~s  Radiation Effects Faci l i ty  a t  lO5-m. 
logging system was studied i n  de t a i l  and it was determined that the poor 
r e l i a b i l i t y  is almost ccanpletely dQe t o  electro-mechanical stepping 
switches, relays, micro-positioners, servo motors, e tc .  The cost and 
f eas ib i l i t y  of modifying the system, incorporating sol id  s t a t e  ccxpounds 
where possit,le, is  now under study. A highly sensit ive Leeds and N o r t h p  
pctent imeter  and nul l  detector i s  used for  reading thermoeuuple voltages. 
The equipment had ground loops and leakage currents, which rendered the  
temperature readings inaccurate, This conditicn was alleviated by instal- 
lation of guard c i r cu i t s  and proper grounding, The equipment now measures 
thermocouple voltages t o  the accuracy of the eqepment specifications 

The data 

(k 0.015qb - 0.5 w). 
On April 23, one of the  expansion capsules at KW was found in the  "down" 
condition (appraximately 400°C). The cause was an over-temperature t r i p  
in the  capsule temperature control loop. Befcre tripping, the capsule 
reached a temperature which changed the  phase of the t e s t  material and 
niined the experiment. 
f aa l ty  s t r i p  chart recorder-controller i n  the contrcl lcop, 
is now being studied t o  determine i f  a more fai l -safe  design can be incor- 
porated, 
( o s c i l l a t i m s  are present). A dummy capsule i s  being i m t a J l e 2  with a 

Upon investigation, the  cause was found t o  be a 
The system 

The s t a b i l i t y  of cne of t he  temperature ccntrol systems i s  poor 

1 2 3 4 4 b b  DECLASSIFIED 
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canplete temperature control loop, 
on this system in an ef for t  t o  optimize the response and s tab i l ize  the 
loop a 

Tests and analysis w i l l  be performed 

The contract fo r  the  d i g i t a l  voltmeter f o r  the radiation effects  f a c i l i t y  
was awarded t o  Non-Wnear Systems, B c .  fo r  about $ll,OOO, 
instrument appears t G  be of excellent design. 
ging System is out fo r  bidst w i t h  at least four manufacturers active i n  
preparing proposals. 
scan and read out (on typewriter and tape punch) temperature and pressure 
data from in-reactor test  sample capsules, P re lMnary  development was 
begm on a sol id-s ta te  d i g i t a l  timer t o  i n i t i a t e  the creep capsule data 
loggiw cycle. 

The proposed 
The sixty-point Data Log- 

B i d  closing date is April 30- This system w i l l  

The present Chronolog devlce has proven unreliable. 

Recent changes t c  the heater arrangement on the FTD 333 9Lildin.g atrtrJ- 
claves have changed t h e i r  temperature control character is t ics  
equipment was installed t o  measure the  steF function response of one of 
the autcclaves operating under the new conditions., 
recorded but the  a w y s i s  is not ccanplete t o  date. 

Recording 

The data have been 

The reference system f o r  calibrating micro-&isplacement readout, systems, 
t o  be used by Physical Metallurgy Operation fo r  in-react.or creep measure- 
ments, has been mcwed t o  the 326 Building. 
assemble and check mt t h i s  system, and calibration of the  th i rd  generation 
transducer i E  expected t o  begin early i n  May. 

Work i s  in progress t o  re- 

optics 

The Groove Depth Microscope has been installed in a hood at 234-5 Building. 
Tests with the  equipment installed confirmed our calibration t e s t a  and the  
customer reports that he is able t o  repeat readings t o  within 70 micro- 
inches, He alsc suggested an improvement which makes the measurements 
easier  t o  talse and may increase the accuracy of the instrument, A new 
i l l m i n a t i o n  and knife edge unit w a s  designed based upon his suggestion, 
This unit hss beer fabricated and installed and does indeed promise t o  
increase reading accuracy. 

A work order w a s  received t o  cover the  cost of fabricating a similar unit 
fo r  Lawrence Radiation Laboratory. 
m o d i f i e d  where experience has shown improvements @auld be made, 
is BOW being fabricated by Tech Shops. 

The design was campletely reviewed and 
This unit  

A phone conversation with Hr., Farmer of Dow Chemical Campany, Rocky Flats, 
Denver, Colorado, revealed that Dow Chemical, is  fabricating three groove . 
depth microscopes fcr t h e i r  use. A sketch c;f the  optical  layout was sent 
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t o  them several Eonths ago. 

We are i n  the  midst of the  r a L e r  "tricky" job of making an el l ipsoidal  
ref lect ing microscoge objective fo r  a high temperature microscope f o r  
Ceramic m e l s  Operation. The el l ipsoid is  appraximated by f ive  spherical 
zones awing gririiilig. These zones are  blendea t o  a smooth el l ipsoid 
during polishing. The mirror was tes ted during t h i s  past month and found 
t o  be under-corrected. The new corrections r eGi red  t o  bring it t o  the 
desired shape were calculated, 

Fabrication of the traverse mechanism t o  be used i n  the four-inch I.D. 
pipes d e r  the 200 Area storage tankE was cmpleted 3y J. A-. Jones. 
Optical Shop fabricated the  target  and image forming mirror. 
j u t  completed final assembly and calibratiori. 

The 
We have 

A n  autocollimator has been designed and fabricated t o  check the square- 
ness of replacement reactor nozzles. These are  made by a new extrusion 
process which leaves the squareness of machined surfaces i n  dcnibt. 
these are  not square, there i s  danger of malfunction of b e l  charging 
equipment 

A photometer head fo r  use i n  molten salt solGtio3s has been designed and 
i s  being fabricated fo r  Process Control Devel3pmest. 

When 

A proposal fo r  demonstrating the f eas ib i l i t y  of an e lec t r i ca l  readout 
process tube d is tor t ion  traverse mechanism fo r  NPR was written. 

a t .ctal  

1. 

2. 

3.  
4 0  
5 .  
6 .  

7. 

8. 

9 .  

During the  four-week period (April 1-April 30) included i n  t h i s  reportl 
of 448 man-hous cf shop work was done. The work inclcded: 

Fabricaticn of cmponents of a radiometer for  Physical Measure- 
ments, HLO. 
Fabrication of a quartz comecting l i nk  f o r  the  LVM' calibration 
equipment a 

Repair cf two crane periscope he& for Arpex. 
Repair of a borescope fo r  Radiation Testing Operation, IPD. 
Repair of a fi lm editing device. 
Fabrication of zone electrophoresis equipment fo r  Radiological 
Chemistry. 
Fabrication of an alignment scope for  Plant Ecruipment Engineer- 
ing, IPD. 
Fabrication of a lamp adaptor fo r  a borescope f o r  I r radiat ion 
Testing, IPD0 
Fabrication and aluminizing cf a hemispherical s c in t i l l a t i on  
crystal  fo r  Bcperimental Nuelear Physics. 
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10. 

11. 

Fabrication of optical  components of the  eight-foot-long traverse 
mechanism for Fac i l i t i e s  Engineering Operation, CPD. 
Repair of B Building periscopes as requested by Fac i l i t i es  E&- 
neering Operation. 

Physic83 Testing 

Service testing work proceeded routinely. 
on 4,928 items, representing some 32,558 fee t  of msterial. 
par t  of th i s  material continues t o  consist of tubular ccnrponents. 
work included: 
heat treatment; magnetic par t ic le ;  mechanical tests (bend, f lattening, 
hardness, and tensile); metallography (macro and micro examination, and 
fracture);  penetrant (fluorescent O.D. and I.D. ); radiography (fluoroscopy, 
gamma-ray, and X-ray); surface treatment (steam detergent cleaning end 
vapor degreasing); and ultrasonic (flaw detection and thickness measure- 
ments). 
of the  operating departments and service organizations, and other A#: 
contractors. 
theory and applications 

A t o t a l  of 4,978 tests were made 
The greater 

Test 
dimensional measurements (micranetric); eddy -current; 

Work was done for 30 different  HAP0 canponents representing most 

Advice was given on 53 different  occasions on general t es t ing  

Physical Testing Operation has resumed responsibil i ty for operation of the 
tube shop at White Bluffs. 
on April 9. The only work remaining in question w i l l  be the amount of re- 
work on those tubes that may be damaged during instal la t ion.  
w i l l  be back-logged and caxpleted on a group basis, 

Work on the ?El3 pressure tubes was campleted 

Such work 

Work has been resumed on the remaining spare PR!FR pressure tubes. 
tubes w F u .  be etched preparatory t o  autoclaving. 
tested, pickled, and autoclaved, were straightened at the C-25 Building 
and have been shipped t o  Stores t o  await ins ta l la t ion  i n  the reactor as 
needed 

These 
The PRTR tubes previously 

All sheath tube testing has been completed. Miscellaneous'work was per- 
formed on a number of tubing jobs:. stainless s t e e l  exchanger tubing i s  
t o  be examined fo r  the nature of discontinuities i n  the  material; ultra- 
sonic thickness measurements were made on some samples of aluminum process 
tube and Inconel tubes were tes ted.  

Fleld t e s t ing  ac t iv i ty  consisted of X-ray and gema-rsy work at  PRTR 
(rupture-loop, primary system, and helium system), NPR (instrument leads 
and test  coupons), ~ e ~ a v a l  pump impellers, pura NO, 5 spare concentrator., 
and coolant headers fo r  NPR fabricated by J. A. Jones at North Richland. 
Fluorescent penetrant tests were conducted on over-bore nozzles, pump 
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impellers, and a pump casting i n  the 100-B  Area. 
measurements were made on a hydrogen peroxide tank i n  the 100-H Area. 

Ultrasonic thickness 

Special assistance was given t o  IPD maintenance i n  the  exmination of 
sp l i t t e r  blades used fo r  process tube replacement. A series of breakages 
in the  reactor with consequent delays and cost t o  the tube replacement 
work, led  t o  the examination of a trial log of used blades, Eight out of 
t h i r t y  were found t o  contain cracks, All new blades are  being inspected. 

Considerable e f for t  was expended on the NPR reactor problems in  the 300 Area 
laboratories. 
received from General Electric Campany, Schenectady, fo r  tes t ing.  The pipe 
w a s  welded by a technique developed at the Schenectady plant.  
of the weld were scribed anA cut t o  provide 40 guided bend 
specimens. 
quality. 
the  tes t ing  of t en  guided side-bend specimens. 
of acceptable quality. 
tudinal crack propagation study of Ladish and Taylor-Forge welds. 

A five-foot section of 18" O*D. NPR primBly loop pipe was 

Four sections 
4 macro 

Samples were tes ted and the weld was found t o  be of acceptable 
The HAP0 weld procedure test piece evaluation was cmpleted with 

The weld was found t o  be 
An additional cycle was completed on the longi- 

A meeting was held with representatives of Testing Methods, Fma, t o  report 
what work has been completed on the NPR primary loop 18-inch O.D. piping. 
Samples were supplied t o  Testing Methods fo r  -her developnent of u l t ra -  
sonic inspection methods. 

A review of the research and development work on stress analysis with X-ray 
d i f f rac t ion  and eddy current methods was presented t o  IpD-NPR representa- 
t ives  

Side-bend t e s t s  and ultrasonic t e s t s  of fatigue samples were cmpleted and 
shipped t o  100-D f o r  pressure and vibration fatigue tests. 
count w a s  made on two specimens fran one of the fatigue fa i led  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 metal. Fourteen t e s t  pieces were prepared f o r  a study of heat 
treatment condition by the eddy current t e s t  method. 
heat t reated t o  a var ie ty  of conditions t o  establish eddy current response. 

A grain s ize  

The coupons were 

A sample of 2-5/8" O.D. IVPR connector piping has been procured and sub- 
mitted t o  Tech Shops f o r  fabrication of an ultrasonic standard. Ultra- 
sonic examinations will be used in conjunction with other methods of inspec- 
t i o n  t o  evaluate the quality of the piping. 

F'our carbon s t e e l  pins &.three carbon s t e e l  nuts, representative samples 
of Gray-lock connectors fo r  use in the WR, were nondestructively and des- 
t ruct ively examined. Magnetic par t ic le  inspections, ultrasonic examina- 
t ions,  hardness t e s t s ,  f racture  t e s t s ,  bow measuements, heat treatment, 

1 2 3 4 4 1 0  DEClASSlFlED 



B-45 

and metallographic methods were u t i l i zed  t o  evaluate the sarnples. 

Preliminary development began on methods fo r  nondestructively and destruc- 
t i ve ly  determining the cladding t h i c h e s s  on approximately 35 miles of 
nickel clad copper tubing t o  be used fo r  conductor sheathing in the  NPR. 
The poss ib i l i ty  ~f u t i l i z ing  eddy current techniques fo r  nondestructive 
spot checks and randm sampling with destructive measurements was sug- 
gested. 

EXtensive test work has been done on both NPR venturi  inlet connectors 
and connector piping, 
and f la t tening t e s t s  t o  determine --received q p l i t y .  Additional t ens i l e  
and -act specimens were prepared and shipped of f -s i te  f o r  tes t ing.  

Primary q h a s i s  has been on magnetic par t ic le  

An CLtrascnic test w a s  developed f x  examinatior; of apprartimately 50 fee t  
of 3-1/2-inch O.De s ta in less  steel seamless piping located in the high 
pressure thermal bydraulic testing system at 189-D Building. Bcamination 
of the piFing revealed one section of the ve r t i ca l  r i s e r  t o  contain 
an indication of redectable magnitude. 
system, visual ly  examinedP radiographed, fhorescent  penetrant tested., 
and metallographically examined. No apparent eauEe fo r  the  ultrasonic 
indication was detecteci. by visual examination, rdiography, or fluorescent 
penetrant tests; howeverj metallographic examination disclosed a discon- 
t i nu i ty  cf slifficient magnitude t o  enable detection by ultrasound. As a 
resu l t  of the examinations, inspection of 4-1/2-inch O.D. piping also 
located i n  the system w a s  requested, 
piping was submitted. t o  Tech Shops fo r  fabrication of an ultrasonic stand- 
ard. 
the  current hydraulic tests a re  ccmpleted and the system shut down and 
access t o  the headers can be obtained, 

The section was removed from the 

A Eectfon of the 4-1/2-inch O.D. 

& ultrasonic t e s t  w i l l  be developed and ready fo r  application when 

Ultrascnic tes t ing  w a s  performed on the Purex concentrator tank i n  the 
200-E shops. A t o t a l  of 38 indications,9 exceeding the  standard, were 
found on the  ci rcmferent ia l  b o t t m  weld. 
indications with radiographic evidence of discont.inuities was good. 

Correlation of the tiltrasonic 

Assistance waa given in cal ibrat ing and measuring the accuracy of Beclonan 
meter heads i n  the  234-5 Building. 

Additicnal development work on s l i t  radiographic techniques for the  
examination of I&E fuel elements continued with fabrication of a circular  
disk t o  provide complete cantact with the  male end of the  fuel element. 
A 30-mil-wide sl i t  that goes t c  the center of the disk is  used. The disk 
prwides more control of scattered radiation, bGt requires such precise 
alignment w i t h  the  central  beam that prodQction use of the technique is  
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impracticable. 
were a l s o  t r i ed .  

Films of different  speeds and different rotational rates 

Work continued on use of“ autoradiography t o  demonstrate the efficiency 
of incremental loading of f ine  PuO;!> f ine  U%, and coarse Uo;! into fuel 
rods. 
other fue l  loadings with questionable uniformity. 
fixing f i l m  t o  the fuel  elements were tried, 
of molding 0.040-inch lead strips around the  fi lm and rod, 
was fast and econcmical. 
film and cut down the exposure period about 25$, 

Results showed gross segregation and prompted investigation of 
V a r i o u s  methods for  

The best method consisted 
This method 

The lead f o i l  intensified the  exposure of the 

Gamma-ray radiographic techniques were developed fo r  resolving thermo- 
couples i n  the center of zirconium-clad U% fuel rods, 

Deformation tests were made on FPD water mix spools t o  determine maximum 
deformation at a minimum load of 32>OOO lbs .  
f’urnished f o r  each of 40 spools and 22 fuel elements. 

Load deformation curves were 

Development and fabricat ion continued on the mechanical canponents fo r  the 
ultrasonic t e s t  which i s  being developed t o  detect cracks i n  installed 
react or process tubes 

Develapment of an ultrasonic unbond test fo r  f i s s ion  product transient 
fuel  capsules continued. Test standards were resdi ly  detected with a 
two-crystal transmission method. Fabrication of capsules for  testing 
i s  proceeding. 

ANALOG COMmrrW FACILITY OPERATION 

The m J o r  analog c q u t e r  problems considered during the  month were: 

1. NPR Simulator 
2. Reactor Instrumentation Studies 
3 *  “C“ Column simulation 

Two clesses on analog canputation were presented t o  members of Operations 
Research and Synthesis Operation and of FTD. 
canrputation w a s  given t o  members of the class  taking m n t a l s  of 
Data Processing 

A presentation on analog 

Techniques were developed and demonstrated f o r  using the analog computer 
t o  solve uptimization problems. 
automatically i n  a three-dimensional perspective presentat ion on graph 
paper which allows one t o  pick out the extremum points, 

A function of two variables can be plotted 

The technique is 
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considered highly valuable f o r  determining optimum values of system param- 
e te rs  and for  model f i t t i n g  applications. 
quali ty control m o d e l  on graph paper was found t o  be simple and fsst. 

Eighty percent of the GEDA equipment and ninety-four percent of the EASE 
equipment was i n  operable condition during the month. CcPnputer u t i l i za-  
t i on  w a s  as follows: 

A presentation of the FPD 

21 133 H o u r s  
21 H a s  
0 H a c r s  

98 
21 
28 

168 168 H o u r s  

14 Ha\zrS - - 

UP 
Scheduled D a m t  ime 
Unscheduled Downtime 
Idle  

To ta l  

A cmplete check was made on all GEDA integrators, emplifiers, and W c t i o n  
generators t o  determine the i r  operability. 
spent in correcting the troubles found at this time. To place the ccanputer 
i n  pruper operating condition, a very extensive step-by-step overhaul must 
be done. 
recorder has been ccmpleted. The EASE canpcter has had trouble with the 
reference parer supply several times i n  the last two weeks. A new main- 
tenance routine fo r  the BASE power supplies i s  now being used. B c h  parer 
supply is now being removed f r m  the cunputer once every six weeks t o  be 
canpletely overhauled on the bench while a spare i s  placed i n  i t s  location 
i n  the computer. 

A period of Over a week w a s  

The ins ta l la t ion  of a remote control hookup f o r  the old Brush 

m m m  EVALUATION 
E’olluwing one year of continuaus charge 
Ni-Cd bat ter ies ,  a Mrmber of larger 2.5 
ordered for evaluation and f i e l d  use in 
portable instrument. 

and discharge cycles on 250 ma-hr 
and 4 amp-hr bat te r ies  were 
a redesigned t ransis tor ized GM 

Tests on part icular  cammercial 0-10 mil l ivol t  chart recorders have Mi- 
cated excessive noise and dead-band problems. 
apparent during long-term recording of diode Oven noise t e s t s  on a combi- 
nation logarithmic and l inear  response experimental area radiation monitor. 

The f i e l d  t e s t s  at Redox and. Pura continued successmly  on the proto- 

The d i f f i cu l t i e s  became 

type ccmbined alpha, beta, gama sc in t i l l a t i on  t ransis tor ized hand 
shoe monitor. After f i ve  continuaus months of operation with only 
probe light-leak repairs  (a simple task)  necessary5 the instrument. 

and 
a few 
was 

I 2 3 4 4 1 3  
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scheduled for return t o  the 300 Area fo r  t e s t s  i n  the 325 and 327 Buildings. 
The standard HAP0 drawings and specifications have been campleted i n  a 
cooperative effor t  with Rpo and four of the  instnunents have been ordered 
from an off -s i te  fabricator,  

Several brands of double-duminized mlar film (0.9 -/an2) were tes ted 
end some of the material was found t o  be useless for  s c in t i l l a t i on  probes 
due t o  excessive pin holes and scratches. Of representative samples frm 
three manufacturers, only one proved t o  be acceptable, 
all double-aluminized Wlar be visually inspected w i t h  a strong l ight  
before application 

We advise that 

One vendor prototype Model 11 scintran, of 65 t o  be fabricated t o  Nucleonic 
Instrumentation design off-s i te ,  w a s  received and par t ia l ly  tested. 
general performance of the instrument and the  alpha sc in t i l l a t i on  probe 
was very good, 
fabrication can be started on the remaining 64 units. 

The 

Only a very few minor changes need t o  be made before 

The electronic c i rcu i t  drawings were nearly completed fo r  the  prototype 
t ransis tor ized sc in t i l l a t i on  alpha portable "poppy", and evaluation t e s t s  
were nearly ccunpleted on the large area beta-gamma air light pipe scin- 
t i l l a t i o n  probes fo r  the beta-gamma hand and shoe monitor, 

~ o ~ u w i n g  a previous evahat ion  reject ion of 60 out of 100 coanmercid 
pencil-type dosimeters of the 0-600 r type, the manufacturer re-submltted 
60 new units. 
dosimeters were heavily used during the 234-5 Building incident problem. 

Fifty-eight of these were found t o  be acceptable. These 

PF Gast:mcs 
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CHEMICAL RESIURCII AND DEVELOPMENT OPERATION 

RESEARCH ARD ENGINEERING 

FISSIONABLE MA'PERIAIS - 02 PROCRAM 

IRRADIATION PROCESSES 

A l u m  Production Studies 

Water treatment a t  the IFD reactors includes ( i n  pa r t )  control 
of the pH of the water and the addition of a lum (aluminum sulfate)  
as a c la r i f ica t ion  step.  The pH reduction f o r  corrosion prevent- 
ion may be controlled by ei ther  free sulfuric acid addition o r  by 
the addition of alum which hydrolyzes during water treatment. 

Currently, several of  the IPD plants are  manufacturing aluminum 
sulfate for water treatment i n  a continuous flow process by react- 
ing crude bauxite w i t h  a blend of water and an excess of 93 w/o 
H@Oq. 
H@04 gave 55.3 w/o available A120 and 15.8 w/o insoluble material, 
largely hydrated aluminum silicate3 

Analysis of the crude bauxite by dissolution i n  60 w,'o 

The water i s  added t o  the acid t o  a t t a i n  the necessary reaction 
temperature by heat of mixing and t o  prevent aluminum sulfate pre- 
cipitation, although the reaction once s tar ted i s  exothermic and 
proceeds t o  the boiling point generating considerable steam and 
foaming violently. A,series of studies t o  col lect  more process 
information on the operation of present plants as w e l l  as t o  a id  
i n  the design of future apparatus has been concluded. 
of the studies follow. 

Highlights 

In well-stirred vessels conversions of available A1203 t o  a l u m  as 
high 88 92 percent were obtained with f i ve  to eight pounds of 
bauxite per gallon of 93 w/o acid, one gallon water per gallon 
acid, and apparent (no allowsnce for foaming) l iqu id  holdup times 
of three minutes, a t  operating temperatures of 130-135 C. Oper- 
ation w i t h  poorer agi ta t ion under these conditions gave only 60 
to 90 percent conversion, reaction temperatures as high as 160 C 
and greater accumulation of unreacted solids i n  the reactor. 

The conversion of Al O3 i s  not a strong function of holdup time 

r a t i o s  below eight pounds of' bauxite per gallon of acid. It is 
a strong function of water-to-acid ra t io ,  however. Poor 

In the range two t o  f en minutes o r  of bauxite-to-acid r a t i o  a t  
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conversions end a greater dependency on holdup time were obtalned 
with 1.5 and 2.0 gallons of water per gallon of acid than with 
1.0 gallons of water per gallon of acid. 

Two reaction vessels i n  ser ies  performed l i t t l e  better than a 
single stirred vessel. A column-type agitated cocurrent flow 
reactor gave a t  l e a s t  as good conversion as the stirred vessel, 
although d i f f i cu l ty  w i t h  plugging of i n l e t  bauxite s lur ry  l i nes  
near the head tank prevented steady stste operation. 

New Production Reactor Cr ib  

The expected release rates  of f i s s ion  products fromthe IPR c r i b  
t o  the Columbia River, result ing from the discharge of diverted 
coolant containing rupture debris, was estimsted by use of a two- 
dimensional model. 

Except for  1-131 and Sr-90 the estimated amunts of all other 
r a d i o l o g i c s l l y - s i ~ i f i c a n t  f i ss ion  products reaching the Columbia 
River as a result of discharging rupture debris t o  the NPR c r i b  
are negligible. 

The maximum rate of release of 1-131 w i l l  occur about one month 
after cribbing and peak about three hours after the first trace of 
w a s t e  enters the r iver .  
percent of the t o t a l  1-13 released is soluble, the arar>unt of 
1-12 entering the r iver  can be calculated. For a f'usual'f rupture, 
expected release of 50 g uranium, the maximum oncentration i n  
the r iver  a t  Ringold w i l l  not exceed 2.7 KPC (thyroid) or 
9.0 x 10-3 IVPR disposal c r i t e r i a  ( 3  x 
concentration of 1-13 in  the r iver  w i l l  not exceed WR disposal 
c r i t e r i a  (thyroid) unless the loss of uranium per f a i lu re  exceeds 
5000 g. 

Based on the assumption that only one 

E). Moreover, the 

The time requlred fo r  the f irst  traces of Sr-90 t o  reach the r iver  
aiter cribbing is  estillPated to  be 10 years. If all of the Sr-90 
released is  assumed t o  be soluble, a maximum r iver  concentration 
0.23 and 23 tlmes the lqpR disposal c r i t e r i a  (bone) f o r  50 and 
5OOO g of urenium, respectively, will be reached within hours after 
the f i r s t . t r a c e  of S r - 9  reaches the r iver  and w i l l  decrease 
Slowly f o r  the next year or un t i l  supplemented by Sr-90 from sub- 
sequent ruptures. 

It should be emphasized that all of the above estimates were based 
on flow quantit ies derived from a two-dimensional c r ib  model and 
t h a t  pessimistic conditions and assumptions were selected. Ionic 
dirpersion, a phenomenon which would minimize peak release rates,  

1 2 3 4 4 1 b  
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w a s  ignored. However, u n t i l  c r ib  outflow i s  derived i n  three- 
dimensions and the phenomenon of ionic dispersion i s  evaluated, 
more pract ical  estimates cannot be provided. 

Ground Water Temperature Studies 

The gradient of the water table beneath the 100 Areas was a t  i t s  
yearly maximum slope during the past month. 
Yster movement toward the r ive r  a l s o  reached a m a x i m u m  during 
&nis same period. 
day i n  the rate of ground water movement was observed a t  100-B 
Area over the past s i x  months, based on isotopic analyses of 
water samples obtained i n  t h i s  area. me rate of movement is  
expected t o  decrease with r i s ing  r iver  levels  and lower water 
table gradiects,  
tor ing wells should also soon decrease since the temperature of 
t he  r iver  i s  now about 10 C colder than that of the ground water. 

The rate of ground 

A gradual increase of from 20 to 40 f e e t  per 

me temperature prof i les  of the 100 Area moni- 

Analyses of raw intake water collected from the pum s i n  the 1 8 ~ ~  
Building show concentrations of Cr-51 up t o  3 x 
viously, the highest detected concentration of Cr-51 a t  t h i s  
sampling location w a s  9 x 10-7 wc/ml. 
agreement with Cr-51 and gross beta analyses of 200 Area water 
which i s  pumped from the 1814 f a c i l i t y .  

W/ml. Pre- 

The current result i s  in  

Airborne Particulates i n  Reactor Operations 

Sampling and analysis of airborne par t iculates  during tube re- 
placement operations continued. 
available t o  permit completion of t h i s  study. Iodine-131 w a s  
detected i n  samples collected a t  100-B but was believed to be 
from an unusual 1-131 release from a separations area stack. 

Enough data w i l l  shortly be 

Effluent Monitoring 

The AB-76 prototype monitor w a s  moved t o  the 1464% Building, 
1004 Area. 
enced, since the m n i t o r  was placed in  service on April 12, w a s  
caused by a loose rectifier tube in  the amplifier. However, 
some difficult ies were met i n  the sampling and detector systems. 

The only mechanical o r  electronic d i f f i cu l ty  experi- 

Contamination build-up caused the background to double i n  the 
detector system c e l l  over two weeks of operation. 

gound was reduced s ignif icant ly  by decontaminating the ce l l  with 
water and detergent. !?he sample results did not change, which 
indicated the background build-up was not a i fect ing the As-'76 

The back- 
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analysis. 
of the AS-76 count was experienced for  the f i r s t  time. 
ence of 1-13, a f i ss ion  product, indicated a possible leaking 
fue l  element. 
radioactivity might be applied t o  rupture detection. 
application fo r  rupture detection or ways t o  e l ininate  1-13 inter-  
ference are being sought. 

O f  more importance is the f a c t  that 1-135 interference 
The pres- 

The f a c t  t ha t  the monitor detected the additional 
Useful 

Calibrations were made with AS-76 spikes. 
As-76/ml/count was obtained as a conversion factor .  
applies t o  a 7.5 minute count, a 274 ml sample volume and a 
spectrometer ehanaei width of 10 percent. 

A value of 0.OU. wc 
!?his factor 

Uranium Oxidation and Fission Product Volati l ization Studies 

Ihe draft of a report, " F ~ S S ~ O C  Product Rele6se from Uranium - 
!fhe Effect of I r radiat ion Level," was completed. An explanation 
wae developed for the resu l t s  obtained i n  the experimental work. 
Formation of f i ss ion  gas bubbles a t  high i r radiat ion levels  
appears to play a key ro le  i n  the release of vo la t i le  elements. 

SEPARATIONS PROCESSES 

Disposal t o  Ground 

Preparations are  being made t o  core sample the Redox 108-SX w a s t e  
t d  sludge. An equipment set-up which i s  essent ia l ly  8 duplicate 
of that used i n  sampling the Purex 103-A tank sludge w i l l  be used. 

Results of four soil column tests t o  eveua te  the s o i l  uptake 
of strontium from Redox 0-2 decant w a s t e  (276-S cr ib)  were received 
from Redox Analytical Control Operation. 
of typical waste were passed through the columns without detect- 
able breakthrough of a sr-85 tracer ,  To date the c r ib  has 
received two column volumes of waste, and it now receives waste a t  
a low rate of spproximetely 0.01 column volume per year. 
test results and waste disposal data indicate tha t  a replecement 
c r i b  rill not be needed for  a number of years. 

Thirteen column volumes 

These 

Iodine-131 Sampling in  Gaaeous Effluents 

The poss ib i l i ty  t ha t  at'dndant constituents in  plant effluents may 
reduce the efficiency of charcoal f o r  adsorbing 1-131 has been 
indicated in  recent t e s t s .  
i n  stack sampler charcoal capsules and f o r  an oxidizer off-gas 
charcoal t r ap  have been reported. 

Lower than predicted 1-13 retention 

Several experiments were 
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completed t h i s  mnth  t o  determine the e f fec t  of some possible 
constituents on the 1-13 adsorption and retention on charcoal. 
In these experiments the s m a l l  stack sampler capsules were used 
as the t e s t  charcoal, with a l inear  flow rate of car r ie r  or flush 
gas of about 100 feet per minute. Iodine i n  the laboratory t e s t s  
w a s  generated by heating carr ier-free 1-131 t o  300 C. 
reached from these studies are tha t :  

Conclusions 

1. The charcoal capsules are in t r ins ica l ly  e f f i c i en t  f o r  1-13 
generated i n  the laboratory e i ther  when the car r ie r  gas is  
air, air  containing NO2, or air containing hexone, 

Hexone and NO2 in  air  do not remove 1-13 adsorbed on charcoal. 

1-131 in stack gas i s  adsorbed much l e s s  e f f ic ien t ly  than 1-131 
generated in the laboratory 

2. 

3. 

The lowered efficiency of charcoal for  1-13 adsorption i n  process 
streams was not explained, and fur ther  study I s  planned. 

A report was drafted which describes the study of the efficiency 
of stack sampling systems for 1-131. 

Purex Process 

Because of current d i f f i cu l t i e s  w i t h  flooding i n  the 2D-2g Purex 
column system, t ransfer  ra tes  were determined fo r  the extraction 
of uranium from synthetic 2D feed-scrub solution into plant a X ( R 7 ) .  
For comparison, similar transfer rates were determined f o r  extract-  
ion into first cycle solvent ( G 5 ) ,  and into make-up solvent (RIA). 
Before use, sll organics were t reated with a typicel second cycle 
solvent wash--carbonate solution followed by water. 

!!he results showed tha t  extraction into the R 7  WBS significantly 
lower th8n into e i the r  of the other two solvents. There was l i t t l e  
difference between G5 and RlA. Stripping experiments showed 
almost ident ical  t ransfer  ra tes  fo r  all three solvents, bearing 
out the quite well established fact tha t  the extraction rate is  a 
more meaningful paremeter than the stripping rate (or  dis t r ibut ion 
coeff ic ient)  in assessing solvent quality of t h i s  type. The R7 
a lso  showed poor disengaging behavior, which likewise indicates 
generally poorer quality than the comparison samples. 

' 

Seuuples of both GS and R7 were subjected to  carbonate-permanganate 
treatment followed by water washing. !Fhe R 7  formed almost stable 
emulsions i n  the l a t t e r  s tep and an additional carbonate wash was 
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used with somewhat better disengaging of the phases. 
t ion rate studies were than repeated on both materials. 
results showed very l i t t l e  change for  the C5 sample whereas R 7  was 
markedly improved, 
increase i n  the first order rate constant had been effected by 
permanganate washing the R 7  sample. 

The extrac- 
The 

Graphical analysis showed t h a t  a two-fold 

Purex Solvent Extraction Studies 

P i lo t  plant studies t o  characterize the current Purex plant 2D and 
2E column ins t ab i l i t y  and inefficiency problems were continued 
during the month. Tests of Purex plant demineralized w a t e r ,  2DXJ 
2EX and 2DU ( Z E P )  demonstrated t h a t  the major contributor appeared 
t o  be the 2DU stream, although all of these streams contributed i n  
some degree t o  the 26 column ins tab i l i ty  problem. 

bgether  Kith the absence of any pronounced 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 i n  the "cold" 
p i l o t  plant)  and follows the organic stream. It should be noted, 
however, t h a t  these conclusions are based on use of plant organic 
streams collected when the plant performance w a s  not extremely bad. 

This fact, 

A comparison of the 2E column performance w i t h  various combinations 
of p i l o t  plant and -ex streams is shown In the following table.  
Rates were held constant a t  an L/V of 1, a t o t a l  flow of 1000 
gph/ft2, and temperatures of 50 t o  55 C. 

Ins tab i l i ty  Color Line 
Frequency B t .  from 

Source of Stream Cycles/Min e Bottom m, Ft .  

P i lo t  Plant 2DU and 2EX 62 f 5 7 - 9  1.P 

Pi lo t  Plant 2DU; -ex Zgx 49 f 2 - 9  1 3-1.5* 

Purex 2w; Pi lo t  Plant 2KX 47 f: 3 > 10 1 .t3 

Purex 2IXJ; Purex 2EX 42 2 >10 . 2.2 

2DU made i n  P i lo t  Plant from 
Purex 2TX; Pi lo t  Plant 2BX 53 f: 2 - 9  1 3-1.4, 

*Estimated from color l i n e  position 



A superior "sandwich-type" cartridge w a s  developed f o r  the 2E 
column t o  enable the plant to operate a t  h i g k r  capacities and 
under more e f f ic ien t  pulsing conditions. 
graded 23 percent free area nozzle plate cartridge with 3/4-inch 
thick clusters  of l inear  polyethylene plates inserted. !be 

nxommended nozzle plate spacing was two inches i n  the top s ix  
feet and three inches i n  the remainder; the plast ic  plate spacing 
was 7-1/2 inches i n  the bottom sir feet, 10-1/2 inches i n  the 
middle sir feet, and 13-1/2 inches in the top sir feet. This 
cartridge was demonstrated t o  operate sa t i s fac tor i ly  under the 
above conditions a t  72 cycles/min using Plant 2DU and aUr. 
optimum HTU was about 1.1 f t .  (waste loss was 0.004 percent using 
a 15 f t .  takl cartridge).  

Essentially t h i s  i s  a 

The 

Reduction of Uranyl Nitrate t o  Uranium(IV) Nitrate with Aluminum 

Studies on the formstion of uranium(IV) n i t r a t e  by the reduction 
of uranyl n i t r a t e  w i t h  aluminum metal were continued. The 
objective of the recent studies w a s  to minimize the amount of 
i n e r t  salts i n  the resultant uranium(IV) n i t r a t e  solution. 
majority of the runs were made on a 500 t o  2000 ml scale. One 
run was made on a 150 l i t e r  scale, 

!Fhe 

Highl ights  of the findings are: 

1. Uranium(IV) n i t r a t e  can be formed by the addition of aluminum 
dust t o  an acidic uranyl n i t r a t e  solution containing e i the r  
sulfemic acid o r  hydrazine as the holding redGtant.  No 
i n e r t  salts such as aluminum n i t r a t e  are needed. 

2. In order t o  prevent the formation of the black precipitate 
described last w n t h  (cf .  aW-73202 C ) ,  the quantity of alumi- 
num dust added must be less than that needed to reduce all 
of the uranyl n i t r a t e  and the f i n a l  solution must contain free 
n i t r i c  acid. 

3. With hydrazine, yields of uranium(IV) n i t r a t e  as high as 2.6 
moles per mole of aluminum n i t r a t e  were attained. 

4. In general, the yields increased with a decrease i n  the wle 
r a t i o  of aluminum added t o  uranyl ion. 

5 .  Although the use of an i n e r t  gas blanket increases the uranium 
( I V )  n i t r a t e  yield, it i s  not a necessary condition f o r  the 
reactor 

1 2 3 4 4 8 1  
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6. A t  the high uranium(IV)-to-sluminum rat ios ,  40 t o  60 percent 
of the i n i t i a l  uranyl n i t r a t e  i s  reduced. 

7. Solutions as high as 0.9 molar i n  uranium(N) n i t r a t e  were produced. 

8. Generally, the reaction is  complete i n  about four hours i f  the 
solution is  i n i t i a l l y  heated t o  50 C .  

9. !he reaction I t  exothermic. Without cooling, a solution i n i t i d l y  
a t  50 C w i l l  rise i n  temperature 0 t o  50 C depending upon the 
or iginal  uranyl n i t r a t e  concentration. 

10. The reoxidation rates of uranium(IV) n i t r a t e  i n  contact with a i r  
were determined, F i r s t  order reaction constants of 0.03 day-l 
and 0.12 day'l were measured with hydrazine and sulfamlc acid, 
respectively, as the holding reductant 

Although the uranium(IV) n i t r a t e  so produced contains dissolved eduml- 
n u ,  the weight of the aluminum is but 1/40 the weight of iron(I1) 
sulfamate contained i n  the conventional reductant solution of the same 
reducing potential  e 

Ion Exchange Contactor Studies 

The addition of a plug valve between the elution and scrub sections 
of the Jiggler has substantially reduced undesirable back-miring. 
experiment using a n i t r i c  acid and thorium feed solution and 50-100 
mesh Dower-1 ion exchanger w a s  conducted a t  an operating temperature 
of 25 C. 
factory absorption and elution. 
and 3 it. elution section are: 

An 

Results from t h i s  manually-operated run indicate very satis- 
Pertinent data fo r  a 2.7 f t .  absorption 

Flow R a t e  
Stream d s / m i n .  HNo3 g / l  laIV0-j (M) 

w 723 7 5 01 2.0 

XAS 210 7 0 0 

XAW 933 7 0.008 - 

XCP 210 7 to 0-5 14.4 - 

1 2 3 4 4 8 2  



These values are averages from four ten-minute cycles after at ta in-  
ment of steady state. Arialyaes of res in  loading and sodium are not 
yet  complete. 
of scrubbing 

The NMO3 is  being used for  study of effectiveness 

Resin Stress  Studies 

An unexplained var ia t ion (0.048 t o  0.220) i n  the coeff ic ient  of 
f r ic t ion ,  p', ( c f ,  HW-7-02 C )  obtained fo r  10-20 mesh resin as 
opposed t o  an almost constant value of the s a n ~  parameter (0.048) 
f o r  20-40 mesh resin led to the use of an oscillograph t o  me8sure 
values under t ransient  conditions. This Ins t ruEn t  can record 
simultaneously signals from both the ve r t i ca l  and radial stress 
transducers. In addition, i t s  galvanometer-light beam arrangement 
has greater sens i t iv i ty  t o  the rapid changes of force resul t ing 
from continuous resin par t ic le  re-arrangement in  the experimental 
bed than the conventional amplifier-recorder previously used. 

The var ia t ion of the coefficient of f r i c t ion  f o r  the 10-20 mesh 
res in  appears t o  be closely related t o  i t s  his tory of nit rat ion.  
A consistently low value i s  obtained w i t h  resin t h a t  has very 
recently been ni t ra ted,  whereas a consistently high value i s  
obtained for resin that has been in contact wi th  e i ther  d i s t i l l e d  
or process water for  over two weeks. 
residence i n  d i s t i l l ed  water resulted in  a marked increase in  the 
coeff ic ient .  

In one case even a 24-hour 

The average ve r t i ca l  stress for any one series of runs can be 
readily predicted mathematically from the variation in  radial 
stress versus bed height data and a force balance made on the 
res in  bed. 

Plutonium Recovery from RMC Line - Continuous Task I Oralate 
Supernate 

The 234-5 RMC l i n e  flowsheet employs continuous precipitation of 
plutonium from 2.7 to 3.1 molar n i t r i c  acid by addition of one 
molar oxalic acid. The plutonium oxalate precipi ta te  is removed 
by continuous mechenical f f l t r a t i o n  and the supernate, which 
contains 0.2 to 1.0 g/l plutonium, is  concentrated by evaporation 
and the plutonium recovered by solvent extraction a t  Recuplex. 
Replacement with a simple ion-exchange process would not only 
accomplish both concentration and recovery but would also render 
th button l i n e  independent of Recuplex. 
anion-exchange runs, with actual RW l i n e  supernate acidif ied to 
7 M - HNO3, were reported last month. 

Several very promising 

The feed employed i n  those 
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runs contained a precipitate which was subsequently found t o  con- 
t a i n  most of the plutonium, result ing i n  ion-exchange feed concen- 
t ra t ions of about 0.1 g/ l  vice one g / le  It has since been found 
t h a t  increasing the n i t r i c  acid concentration t o  8.6 M dissolves 
the precipitate.  Two additional column runs have bee; made a t  
t h i s  acidity.  mese runs gave even higher res in  loadings (30 to 
40 grams of plutonium per liter of res in)  than the former, although 
the 20 grams/liter obtained a t  7 M n i t r i c  was sufficiently high to 
make the process feasible. 
acidi ty  appears t o  be due both to the higher feed plutonium con- 
centration and t o  a fur ther  suppression i n  the ionization of oxalic 
acid. 
changed t o  a much more intense green as the nirtric acid concentra- 
t ion  was Increased from 7 M - to 8.6 M. - 

The i&-eased loading a t  the higher 

In this regard, it w a s  observed that the color of the feed 

The scheme proposed f o r  234-5 lostal la t ion would employ three 
c r i t i c a l l y  safe columns operated i n  a cyclic manner, l ee . ,  two 
would be loaded i n  series while the th i rd  was being eluted. This 
mode of operation would combine the advantages of near-continuous 
operation, high product concentration (up t o  40 g / l ) ,  and very low 
waste losses.  

Cesium Removal, Purification and Concentration from Furex Fonnalde- 
hyde Treated Waste 

Work continued on a flowsheet for separation and purification of 
cesium from Purex formaldehyde-treated waste, using mineral 
colunms. Emphasis was shif ted from anrmonium acetate to smrnonium 
carbonate solution f o r  elution of cesium from c l inopt i lo l i te .  The 
carbonate i s  preferred because it can be removed below 100 C,  
leaving enaqueous solution of cesium carbonate. Elution of C e s i u m  
from c l inopt i lo l i te  with ammonium acetate o r  carbonate is  greatly 
enhanced by employing elevated temperatures. 
cent complete a t  8 column volumes for either 2 IV annnonium acetate 
a t  80 C or 4 B ammonium carbonate a t  60 C .  
not prsctical-for amonium carbonate because of gas evolution due 
'bdecomposition. The cesium from t h i s  solution can then be loeded 
on an inorganic zeol i te  column fo r  storage and/or shipment. 
zeol i te  i n  the second column should have a high cesium capacity but 
n o t  necessarily a high select ivi ty .  
materials are being eurmined f o r  this purpose. 

Elution i s  98 per- 

H i & r  temperatures are 

The 

Several alumina-silicate 

The two synthetic zeolites,  Zeolon and Linde AW-500 on 
kinetics and capacit ies were reported last month, have 

which cesium 
been 

1 2  
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. 

examined fo r  cesium se lec t iv i ty .  
supernatant solution w a s  used 88 the cesium feed stock. 
column volumes t o  50 percent breakthrough were 29, 43 and 21 fo r  
Zeolon, AW-500 and c l inopt i lo l i te ,  respectively. Since the 
kinetics of AW-500 are a lso  superior t o  the other materials tested, 
i t s  use in aikaline waste treatment appeaks most promising. 

Synthetic neutralized waste 
The 

Elution of Cesium from Clinopt i lol i te  after Heating 

Columns of c l inopt i lo l i te ,  loaded w i t h  Cs-137 from a synthetic 
formaldehyde-treated waste, were heated different  lengths of 
time and then eluted wi th  ammonium n i t r a t e .  The percent eluted 
f o r  the experimrental conditions are summarized in  the following 
table  : 

Percent Eluted 
Temperature? C Time Heated, hr. at 20 Col. Vol. 

400 
400 
400 
200 
200 

94.5 
90.5 
92.5 
92 
99 

The percent Cs-137 eluted remained essent ia l ly  constant a f t e r  20 
column volumes except f o r  the f i rs t  column from which elut ion con- 
tinued u n t i l  96 percent was eluted a t  60 column volumes. 

Recovery of Neptunium( I V )  from Purex Formaldehyde Treated Waste 
w i t h  D2EHPA 

Studies of the f eas ib i l i t y  of recovering Np from Purex plant FTW 
by extraction into D2EHPA-1BP-Diluent solvents were continued. 
As previously reported, greater than 97 percent extraction of 
neptunium(IV) w a s  obtained i n  a single batch contact of equal 
volumes of 1965 version Prw with 0.04 W D2EHPA-0.02 M TBP-Shell 
Spray Base. In agreement w i t h  ORHI, e e r i e m e ,  ex t rGt ion  of 
Bp(IV) p m  synthetic F!W was found to  be inversely proportional 
t o  [H+] 
a t  ac id i t i e s  below 1-2 M. HowevGr, even a t  acidities as high as 
4.5 M, 96 percent of t h z  IVp(IV) was extracted i n  a single batch 
c o n t s t '  with an equal volume of 0.04 M D2EHPA-0.02 M 'IBP-SSB. 
Contact of this organic with an equal-volume of 0.5-M oxalic acid 
removed over 97 percent of the Ip(l;v) e Oxalic acid ;tripping has 
the advantage over stripping with BaOH in that stripped Np and Pe 
are not precipitated.  

- 

a t  ac id i t i e s  above 1-2 M and d i rec t ly  proportional to [a+] 

1 2 3 4 4 8 5  
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Solvent Extraction Removal of Fission Products from Purex F W  

Tracer-level studies to develop a D2EHPA solvent extraction flow- 
sheet f o r  separating strontiurt and rare earths from Purex F W  were 
continued, 
acetate-buffered R W  (1965 composition) feed a t  pH 4 and solvent 
containing 0.3 M D2EHPA-0.15 M TBP-Soltrol 170. A t  an l /v  of 0.5 
and w i t h  seven zxtrcpetfon stGes, strontium and cerium recoveries 
were greater than 99 percect end promethium recovery was about 80 
percent Excellent ,decontamination from iron, chromium, ruthenium 
and zirconium-niobium were obtained. Ces ium and sodium DF's were 
26 and 10, respectively, Simulated extraction feed solutions 
(1965 F W  =de 0.19 M in HBDW and O035 M i n  c i t r a t e )  traced with 
Sr-85 and Ce-144 wer; subdeeted t o  Co-&-radiation t o  a t o t a l  dose 
of 7 x 107 R. 
irradiated solution and 0.3 M DaHPA-0 .15  M TBP-Shell Spray Base 
was 21 compared t o  30 with a-non-irradiatex controlo Similarly, 
the Q f o r  Ce-144 was about 320 compared t o  TOO w i t h  the control. 
The decreased K d t s  are believed t o  result from increased solvent 
loading w i t h  i ne r t  iron and chromium (c f .  HW-73202 C )  ra ther  than 
from effects of decomposition products of €EDTA. 

Mixer set t ler  runs were made w i t h  HEDTA-complexed, 

The dis t r ibut ion r a t i o  for sr-85 between the 

Sol idif icat ion of Low-Level Wastes 

Diff icul t lee  in obtaining nondeliquescent sol ids  from highly alka- 
l i n e  wastes, such as coating removal waste, by concentration wi th  
hot air or  afr-C02 mixtures prompted study of the formation of 
"concretes" from such wastes. Synthetic coating removal waste 
was concentrated by a factor of three and mixed with Portland 
cement o r  plaster  of &rise About 0.5 grams of plaster  of Psris 
per ml of concentrated waste was required t o  produce a rock-hard 
sol id;  about one gram of Portland cement per ml of concentrated 
waste was required. 
it does not set  to a so l id  f o r  several hours at  these proportions 
while Portland cement sets rapidly, 
poured in to  a tank would have time to flow before se t t ing .  

Plaster  of FBris has the fur ther  advantage that 

Plaster  of Paris slurries 

Product J'orms fo r  High Level Wastes 

Bench-scale experiments were started t o  study ways of incorporating 
4 x 8 beads of synthetic alumino-silicate zeol i te  in a matrix of 
material of high thermal conductivity. Synthetic zeol i tes  have 
been reported t o  have a t t r ac t ive  ion exchange capacity f o r  use i n  
packaging Sr-go and 128-137, but has the unattreetive feature of 
low thermal conductivity. 
the bead6 in air  sad i n  helium a t  200 F were found to be 0.1 and 

The effect ive thermal conductivities of 

1 2 3 4 4 8 b  



and 0.15 Btu/hr-f t -9 .  
temperatures of the order of l7OO B could be expected in a 1 2  
inch diameter cylinder of the material ( w i t h  helium) 
temperature could be reduced t o  880 F i f  the effect ive the& 
conductivity were increased to  1.0. 

A t  typical Sr-90 loadings, internal  

This 

A two-inch diameter by 8-inch long cylinder of the beads was 
successfully cas t  i n  a Wood's metal matrix by pouring the molten 
metal into a restrained bed of zeol i te  beads. 
the experiment w i t h  molten aluminum were l e s s  successful because 
of the high surface tension of molten aluminum, and the aluminum 
oxide which formed i n  air  a t  the melting point, interfered w i t h  
ttreflow. Addition of bismuth did not lower the surface tension 
e n o m t o  help. 
and molten salts. 

Attempts t o  repeat 

Additional studies are  planned w i t h  other alloys 

In other studies w i t h  synthetic zeolites,  Linde 4-A and 13-X were 
found t o  shrink a t  800 C; a t  950 C the shrinkage wa8 to 50 per- 
cent of the or iginal  volume 

The recently discovered fluxing ef fec t  of S r ( O H ) 2  on SrO casts  
som doubt on previously reported findings concerning the fluxing 
power of l i thium fluoride,  
a t  low temperature forms Sr(OH)2, which fluxes S ~ O  a t  550 c to a 
dense melt, but further decomposes a t  800 C (or by radiolysis) to 
SrO and H20. 
agent f o r  SrO, the quantitative e f fec t  is not yet  known. 
cake of SrO, Sr(0H) 
when heated to 800 

In other packaging studies, cesium alum, C s $ l  (S04)4.24 H 0 was 

but suffers a 25 percent weight 108s on fur ther  heating to 900 C. 
Cesium oxalate, C S H ~ ( C ~ O ~ ) ~ ,  decomposes a t  250-300 C and above 
500 C loses  w e i g h t  slowly by vola t i l i ze t ion  of Cs 0. Molybdic 

for coneoliclating cesium 12-tungsto-phosphate. 

The partial decomposition of Sr02.8H$ 

Although l i thium fluoride has proved t o  be a fluxing 
A fluxed 

and LiF that melted at 500 C became so l id  
the decomposition temperature of Sr(OH)2. 

found t o  lose water up t o  300 C .  It i s  then s z able up to  850 C 

acid snd l e d  silicate are  two fluxing sgents tha z show promise 

Remote Weldina 

Conditions sui table  f o r  welding f i ss ion  product containers wi th  
the tungeten ine r t  gas welder using argon 88 shield gas were deter- 
mined and 38 semples were welded. l o  leaks could be detected in  
any of the samples w i t h  the mass spectrometer leak detector. 

D €CLASS I FI ED = 
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Ten samples were welded using helium as the shield gas and a leak 
was detected i n  one of the samples. 
are required before helium can be considered as a candidate for 
shield gas. 

A spring loaded swinging arm torch positioner was used to weld all 
48 samples. 
cylinder positloner. 

Solutions t o  other problems 

'Ihe operation of it i s  superior t o  the former air 

TRAIVSURANIC ELEMENT AND FISSION PROIXTC? RBCOVERY 

Assistance t o  Purex Head-End Fission Product Recovery 

A large number of laboratory experiments (wi th  tracer-level, 
synthetic solutions) were perfcl-med t c  (li help define optimum 
oxalate precipi ta t ica  conditions f s r  the asparation of cerium 
from strontium, and (2) t o  elucidate the e f fec t  of hydrogen per- 
oxide on the sulfate precipitation of rare earths from FTW. 
Significant findings follow, 

I n  the present Purex strontium flowsheet, the carbonate product i s  
dissolved i n  n i t r i c  acid and cerium i s  then precipitated as the 
oxalate, leaving the strontium i n  the supernate. Under strongly 
acid conditions (> 1 M HIVO ), plant experience shows that over 95 

tamination is  not as good as desired, A t  lower acidi t ies ,  cerium 
decontamination i s  very good, but strontium loss  is excessive. 
Experiments were designed to explore in  de t a i l  the effects  of pH, 
sulfate, lead and oxalate on the oxalate step. Cerium precipita- 
t ion  w a s  found to  be affected by pH and oxalate concentration but 
not by lead or sulfate.  
adverse e f fec t  on strontium behavior under the conditions examined. 
In  fact ,  there was a consistent correlation of decreased strontium 
precipitation wi th  increased lead additions, an ef fec t  which is 
contrary t o  t h a t  expected (snd which w i l l  be studied fur ther) .  I n  
all ce~c)es, cerium decontamination factors  exceeded 10, and often 
20, while 90 t o  100 percent of the strontium remained i n  the 
supernate--a separation which would be quite sat isfactory i f  it 
could be duplicated i n  plant equipment. 

percent of the strontTum s z ays in  solution, but the cerium decon- 

Also, neither sulfate nor lead had an 

It was recently observed tha t  hydrogen-peroxide inhibi ts  the pre- 
c ip i ta t ion  of rare ear th  sulfates. 
studied further since it not only has potentially adverse impli- 
cations f o r  Purex m r e  e8rth recovery but also might conceivably 
afford an al ternate  way to separate rare earths from strontium. 
Using tartrate-complexed FTW and the standard lead-carrier sulfate  

n i s  unexpected phenomenon was 
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precipitation scheme, over 90 percent of both cerium and promethium 
were precipitated over a pH range from 1 t o  2.5. 
addition of 5 ml of 30 percent hydrogen peroxide per 100 ml of mJ, 
v i r tua l ly  none of the rare earths were precipitated a t  pH 2 or 
2.5. 
the cerium remained in solution. 
both elements precipitated. 
amounts of peroxide are  planned. 

However, w i t h  

A t  pH 1.5, about half  of the promethium and one-fourth of 
A t  pH 1.0, over 90 percent of 

Additional experiments w i t h  varying 

Path of Technetium In  the Purex Plant 

Analyses have been completed f o r  technetium-99 in a ser ies  of 
Purex plant samples. These support the following preliminary 
conclusions : 

1. About 20 percent of the technetium continues to leave the 
plant w i t h  the uranium product. 

2. Less than one percent follows the plutonium. 

3. About 70 t o  80 percent leaves the plant w i t h  the  HAU. 

4. About 10 percent recycles v ia  the 3 WB stream. O f  t h i s  10 
percent recycle, 8 percent is  contributed by the IIlw and 2 
percent by the 2AU. 

5. O f  the technetium reaching the par t i t ion cycle, over 90 per- 
cent follows the uranium into the IBU stream, 

Further sampling w i l l  be carried out t o  confirm t h i s  b t a  and t o  
determine how the p t h  of technetium varies with t i m e  and operating 
conditions. 
soon as available. 

Additional Redox samples w i l l  also be analyzed as 

A - C e l l  Decontamination 

A - C e l l  decontamination work has been completed. 
culties were encountered. Repairs to  building equipnrent me 
presently being m d e .  
ation by April 30. 

Bo major d i f f i -  

A - C e l l  w i l l  be ready f o r  equipment in s t a l l -  

Cesium Solvent Bxtraction 

Lsboratory study of the solvent extraction of cesium from Hanford 
waste solutions continued. b j o r  items studied and the results 
obtained included the following: 

D EELASSIRED 1 2 3 4 4 8 9  
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1. 

2. 

3. 

4. 

5 .  

2,4,6 t r i n i t r o  - 2' - trifluoro-methyl diphenylamine, 2,2', 4,6 
t e t r an i t ro  diphenylamine, t r i n i t r o  diphenylamine, and t r in i t ro -  
dBchloro diphenylamine were compared with dipicrylamine in 
somewhat more de ta i l  than reported last month. 
cesium from e i the r  "as received" (pH 10) 10% supernate o r  
from P W  ( t a r t r a t e  complexed and adjusted to - pH 8.5) was 
negligible with all except dipicrylamine, which gave cesium 
BZ values of 4 and 23, respectively, from the two wastes. 
However, addition of 0.1 o r  0.2 M additional NaOH resulted in 
very nearly comparable cesium e x h c t i o n  with ell of the 
extractants 

Extraction of 

A series of other nitroparaffins w a s  compared with ni t ro-  
benzene as diluents fo r  dipicrylamineo 
toluene, 1-nitropropene, 2-nitropropane, nitrocyclohexane, 
o-nitroanisole, and 2-nitrobutanee None gave quite as high 
extraction coefficients 8s nitrobenzene; however, all were 
i n  the same "ba l l  park" and any one of these solvents could 
probably be used successfully. 
f l a sh  point (190 F) of any of these solvents f o r  which t h i s  
data was available. 

These included ni t ro-  

Nitrobenzene has the highest 

I r radiat ion s t a b i l i t y  measurements i n  the cobalt-60 source 
indica d that the "half l i fe"  of dipierylamine is about 

application but low enough to  insure that eny dipicrylamine 
which found i ts  way t o  the waste tanks would soon be destroyed. 

4 x 10 ? R, a s t a b i l i t y  more than adequate for the intended 

The stripping, o r  back-extraction, of cesium from DPA-nitro- 
benzene solutions was studied as a function of n i t r i c  acid 
and dipicrylamine concentration. !?he value of Ea ranged from 
about 0.1 t o  O.Ol"as the ac id i ty  increased from 0.1 M t o  1 M 
and w a s  not strongly dependent on DPA concentration. 

- - 

Dodecylphenol and o-phenylphenol were tried 8s  cesium extrae- 
hsrt8, using both zylene and nitrobenzene as diluents.  
Brtractioa coeff ic ients  f o r  cesium from simulated 10% super- 
nate and "1965" F!H, using 1 M extractant, were very low 
(- value 0.16). 
mole/liter) caused precipi ta tes  to form in the organic phase, 
except with 1 Y o-phenylphenol in nitrobenzene. 
caee the cesium extraction coefficient w a s  increased to 1.3. 
n i s  extractant may merit m t h e r  study. 

Additizn of caustic (equivalent t o  0.15 

In the la t ter  
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-. Ces 'm Analysis by Solvent Bxtraction 

A ser ies  of experiments were perforred t o  determine t h e  e f fec t  of 
various potential  interferences in the cesium analytical method 
(which uses dipicrylemine-nitrobenzene as extractaut ) e 

ions tested, only sodium, potassium and mmnium interfered; 
however, <using 0.025 M DPA) sodium levels  of 0.5 H and potassium 
and ammnium concentrazions of somewhat less than 6.05 M were 
acceptable, assuming a single stage of extraction and e-m 
volumes of aqueous and organic. 
w i t h  0.08 M DPA, which should allow higher concentrations of 
competing ions to be tolerated.  

O f  the 

Further studies ere being d e  

Hydraulic Bquipment 

A Deming j e t  pumg has been received and instal led in i ts  test 
stand. 
pumping hot water (195 r)  a t  25 gpm against 8 head of approximstely 
75 feet. 
tures up to 201 F; a t  202 T the capacity and head developed by the 
pump decrease lnarkedly became of the reduced net posit ive suction 
head which permits cavitation within the pump, and loss of priming 
by the j e t .  

I n i t i a l  operation has been smooth and quiet fo r  120 hours, 

Operation of the  je t  has been sat isfactory for tempera- 
. 

J'wther tests have been completed wi th  a 75 gpm steam J e t  submerged 
in boiling water and employing a cold water i n l e t  quench. 
di lut ion approxinrrtea 30 percent, including cold water and steam 
dilution. 
temperature was from 88 to 90 C. 

Overall 

S t e m  r e s  supplied at 80 psig and final delivery 

Gaeketing Materials 

I n  the continuing search fo r  a radiation res i s tan t  material t o  
nplace  B plant polytetrailuoroethylene gaskets, two more materials 
have been considered. The two materials which ve been tested 
in a B plant connector are  asbistos F l e r i t e d l i c ~  and polypropylene. 

A w h i t e  asbestos tko-Inch pipe s i ze  150 ASA Plex l t a l l i c  gasket 
was tested with 115 p i g  steam f o r  13 days. With 8 torque of 400 
ft.lb there was no appxrent leakage. 
t s l l i c  gasket was compressed between flanges that were 1/2 degree 
from parallel. 

In a second test, a J'lexi- 

The gasket compressed Oo028 inches more on one 
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side than _ _  d I on the opposite side. 
w i t h  200 f t . l b .  torque. 
there w a s  no apparent leakage, 

The gaa-et w a s  tightened 
After s i x  days of 115 psig steam service 

Polypropylene w a s  found to be unsatisfactory due t o  rapid flow. 

!?on-Me t a l l i c  Elater ials 

Bavick ll, a transparent p las t ic  material produced by JeTo Baker 
Co., discolored and swelled I n  n i t r i c  acid and dissolved slowly 
in hexone, It wa8 essent ia l ly  unaffected by Purer HAX, Recuplex 
CAX, carbon tetrachloride, and 25 percent DBBP-75 percent carbon 
tetrachloride. 
As e control, Plexiglas I1 WA@was tested I n  the solutions 
f o r  the s8me t e s t  duration. 

Test duration MS 4-0 days a t  r o o m  temperature. 

Ihe ef fec t  was substentially identical .  

A fibrous potassium t i tana te  thermal insulation was tested by 
s t a t i c  immersion a t  room temperature f o r  36 d a y s .  
dissolved in n i t r i c  acid after one hour and softened in water a f t e r  
one day. 
soda, carbon tetrachloride and hexone. 

This material 

It was unaffected by Purex EAX, Recuplex CAX, caustic 

S ta t i c  imuersion tests in nitrobenzene (diluent for  the dipicry- 
lamine cesium solvent extraction process) were made on a number of 
p l a s t i c  materials. Only polytetreflwroethylene, polyethylene, 
and a si l icone rubber were unaffected. 

Corrosion in Formaldehyde Treatment Reactor 

Tests t o  determine corrosion of 304-L stainless s t ee l  under a 
nrnge of conditions simulating operation of the Purer plant formal- 
dehyde treatment protptype vessel are in progress. 
304-L were exposed to boiling solutions of the following composit- 
ions: 0.5 to 2.0 M BRO3 - 0.0 to 2.5 H g O 4  - 0.35 5 Pe2(S04)3 - 
0.4 M HMO3. me gighest corrosion rate observed (1.3 mils/mo) 
occs red  in tbe solution containing 2.5 M H o 2.0 EI BIVO~. 
A l l  other rates were 0.5 mIls/nm o r  less. test  s-exc ept  
with Cr(VI) and Cr(II1) present at  0.01 M are in progress. 
liminary observations indicate signif ic&t corrosion acceleration 
w i t h  C r ( V 1 )  present; e f fec ts  of Cr(1II) are not evident at t h i s  
t i m e  0 

Samples of 

Pre- 

Bffect of Yerrite on Corrosion Resistance of Welds 

Corrosion test samples were cut from six ell-weld-metal peds 
purposely prepared t o  provide a wide r a g e  of ferri te content. 

Rohm and H a a s  Coo 
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'Ihe ferri te content, as meamred by an Blco Gage, ranged from 
zero t o  28 percent, Test samples were exposed to boiling 65 w/o 
EN03 and to a boiling synthetic Purex IWW solution. 
re la t ion between corrosion rate and f e r r i t e  content w a s  found 
for these test  samples. 

l o  cor- 

F i l t e r  Screens for Strontium Oxide 

Nickel, platinum and s ta ideas  s t e e l  were examined as possible 
f i l t e r  screen materials to withstand strontium oxide and strontium 
oxide-lithium fluoride a t  high temperature. 
a t  750 C.  
mils/mo) w i t h  both. 
good (ca. 1 m i l / m o )  and platinum resistance wa8 excellent (0.1 

The tests were made 
Stainless s t e e l  (430) corrosion w a s  excessive (8  - 17 

Nickel ( 'As type) corrosion resistance was 

mfl/l& 

PRmss C O l r n O L  IXVBLOPMRMT 

Turbine Meter Bvaluetion 

Turbine-type meters are being evaluated as a means of obtaining 
improved r e l i a b i l i t y  of organic strem flow measurements over 
tha t  provided by rotameter instruments currently in  useo Wo 
snrr l l  (one gpm) meters have been under t e s t  fo r  approximately s i x  
months in the experimental C-colum facility. Their performance 
has been generally sat isfactory fo r  t h i s  purpose (there have been 
xxre corrosion effects  in an acidic aqueous stream). A plent- 
s i zed  turbine meter (150 gpm) has been ins ta l led  i n  a test loop 
t o  determine i ts  operational eharacterist ies.  The t e s t  program 
devised fo r  the meter concentrates on determining Its f i d e l i t y  
under intermittent flow conditions. The 2DX stream i n  Purer 
has been selected f o r  a subsequent test  of the meter. 

Glass Sc in t i l l a tor  for Counting Alpha Part ic les  

A lov r l l i c a ,  cerium-activated sc in t i l l a t i ng  glass has been suc- 
ce6siully used f o r  counting thorium alpha particles,  i n  solution, 
i n  a laboratory test. 
a r e  required f o r  an adequate signal-to-noise r a t i o  but the equip- 
ment complexity re la t ive to other methods, such as si l icon PrJ 
alpha particle counting, is  mre than offset  by the higher counting 
rates obtained. As an example, the count rate obtained with the 
sc in t i l l a t i ng  glass w a s  41,000 cpm versus 900 cpm obtained using 
a diffused junction s i l icon  PI! alpha counter when exposed to the 
same plutonium alpha source i n  air. Laboratory calibration i n  a 
7/8-inch diameter by l/8-inch thick Teflod? sample c e l l  resul ted 

A multiplier phototube and preamplifier 

I 
@ B . I .  duPont de Nemours 
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in a count rate of 6100 g p m  for  a solution concentration of 300 
g / l  of thorium. 
single water wash of the ce l l .  

Background w e s  reduced t o  about 200 cpm after a 

The alpha counting system described above w i l l  be thoroughly evalu- 
ated on the product stream of a thorium resin separation column in  
the 321 Building pr ior  t o  considering it fo r  ins ta l la t ion  on a 
separations plant stresrc. 

Neutron Monitor i n  Purex E - 6  Tank 

The need fo r  monitoring plutonium concentration i n  the E-6 tank has 
resulted in  development e f fo r t  on an in-tank neutron monitor. 
probe containing a BF3 tube and preamplifier appears t o  be pract ical  
fo r  t h i s  applieation, 
devised to make ins ta l la t ion  of the neutron monitor possible. The 
new jumper w i l l  provide four t o  six instrument connector heads 
using an exis t ing single penetration in  the ce l l  w a l l .  Successful 
application of t h i s  idea can a l lev ia te  a long-standing problem of 
l imited instrument connectors i n  both Purex end Redox plants. 

A 

A novel instrument connector jumper has been 

Boiling Point Determination 

A device to  determine the boiling point of Redox dissolver solu- 
t ions is  under development. 
to within 0.5 C,  it w i l l  provide useful informetion concerning 
the extent of uranium dissolution. 
are subject t o  substantial  error ,  and i n i t i a l  e f fo r t s  have been 
directed toward experimental study of the accuracy tha t  can be 
expected. 
and resistance recorder were found to be accurate within 0.15 C. 
A heated probe was tested which enabled measurementoIthe boiling 
point of w a t e r  t o  within one degree centigrade. However, changes 
i n  the rate of boiling water and salt solutions produced measured 
boiling point variations of about 0.6 C. The information obtained 
t o  date casts doubt on the f eas ib i l i t y  of achieving 0.5 C accuracy 
under plant conditions, but t e s t s  are being continued t o  determine 
methods of minimizing errors  inherent i n  the measurement. 

If the boiling point can be measured 

Boiling point determinations 

Temperature measurements using a standard thermohm bulb 

> 

pH Flow Cell  Design 

A t  the  present the E - 3  tank i s  sampled and pH is determined by use 
of a one-drop pH electrode i n  the Gi lmnt  sampler. 
exposures to personnel using this method are quite high and an 
a l te rna te  method i s  needed. 
appropriate shielding in  the in-line cavity of the E - 3  sampler, 

Radiation 

By ins ta l l ing  8 pH flow ce l l  and 
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the pH can be obtained without personnel exposure. 
been completed on a system which provides the required pH readout 
and permits remote buffering of the electrode. 

Design has 

c-Column Data Analysis 

Withdrawal of 200 ml samples from a sequence of ports on the 
experimental C-column perturbs column operation and introduces 
some error  into analysis of the reeulting data, since steady 
state operation is assumed. 
for each port and the sequence of port analyses was determined 
which minimizes the average absolute e r ror  over al l  ports. It 
was assumed i n  this determination that (1) w i t h b a w d  of the 
samples causes the C Q I ~  contents t o  drop an equivalent volume 
and hence introduces a concentration discontinuity at  the sample 
port, (2) t h i s  dieturbance decays berek t o  the steady s t a t e  Value 
I n  8 manner similar to  heat conduction, that is, the process is 
described by the partial d i f fe ren t ia l  equation: 

An estimate of t h i s  error  was m. I 

where v( t ,x)  is the aqueous phase uranium concentration a t  time ti 
a f t e r  a sample is withdrawn and a t  a distance x up the column, 
minus the steady state concentration, and K i s  a constant which 
has been determined experimentally, and (3) the samples are w i t h -  
drawn at  intervals  of three minutes. 

With these a ~ s ~ t i o n s ,  the minimum average error  tha t  can be 
obtained was found to  be about 0.3 gms/liter w i t h  a maximum e r ror  
of about 0.5 -/liter for one of the ports m e  minimization is 
currently being repeated to determine the sequence resul t ing in 
the minimum average percentage e r ror  over all the ports. 

DEClASSKI ED 
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f C T O R  DEVELOPMgNT - 04 FROCRAM 

m I q I u M  RECYCLE PROGRAM 

S a l t  Clve le  Process 

Co-Deposition of Uranium aad Plutonium D l o X i b . 6  *,Additional studies 
were performed to  improve PuO2-UO2 e lectrolyt ic  Cp-deposition 
techniques. 
t o  a 2.6 LiC1-BaC1-KC1 (1.5 w/o PU, 5 w/o U) melt prior t o  electro- 
l y s i s  a t  600 C w i t h  a chlorine gas sparge. It was hoped that the 
tha l l i c  ion formed by the chlorine would act as Ba auxiliary 
oxidant t o  increase the plutonium( IV)/plutonium( 111) r a t i o  in the 
m e l t  and thus increase the P.1o2/UO2 r a t i o  in the deposit. The 
P u O $ J O 2  r a t i o  was indeed increased by a factor  of three, from 
0,007 t o  0.02, Extrapolating from these results, to produce a 
deposit containing 1 w/o pu02 in U02 by t h i s  method would require 
a P u / U  r a t i o  of 0.15 in the s ta r t ing  melt; or, for 25 w/o U, 3.8 
w/o (50-65 g/l) Pu, 
accompanied by a marked decrease in the current efficiency, from 
77 to 23 percent. 

A brief investigation w a s  made of the e f fec t  of melt temperature 
upon uranium/plutonium separation during electrolysis  with an HC1 
gas sparge, 
plutonium/uranium r a t i o  in the oxide product remined nearly 
constant a t  about 0.02 ( a  separation factor  of 52) over the t e m -  
perature range from 500 to  TOO C. Another observation from t h i s  
work WBS that the plutonium separation factor  is about the same 
with e i ther  a C12 or an H C 1  sparge. 

- U 0 2  Crystal Growth Studies - During the past  quarter, work has 
been resumed on the electrodeposition of U02 in the fonn of dense, 
shaped, self-supporting pieces. A t  present, the grorth of 
cylindricel. hollow rods on rotat ing graphite (l/b-inch welding 
rod) cathodes is being studied, 
ing m e l t  of 2.5 KC1-PbC12 (25 w/o U ) ,  a t tent ion was switched t o  
the KC1-LIC1 (33 w/o U )  system a t  500 C. 
a 0.5 vol t  c e l l  potential  and a 5 ampere current, U02 cylinders 
about one.inch in diameter have been bu i l t  up on 2-inch long 
cathodes in a period of 16 hours. The deposits are composed of 
ty-pickl radial ly  oriented cdumellsr grains. 

In this instance, 2 u/o t ha l l i um a8 T l C l  was added 

The increase i n  the pu02/U02 r a t i o  w a s  

With a 1.7 LiC1-KC1 (4  w/o U, 4 w/o Pu) melt, the 

After a few trials with a start- 

Using an HC1 gas spsrge, 

A systematic study is being d e  of the ~ar iables  governlag bulk 
density, O/U ra t io ,  Impurity content, and other important pmp- 
e r t i e s .  Thus far, it appears that U02 bulk densit ies of 10.8 - 
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10.9 w i t h  corresponding l i thium impurity contents of less than 
10 p p ,  can be achieved by using r m e l t  temperatures of 500 C or 
higher (bulk density and purity both f a l l  of markedly w i t h  a 450 C 
melt temperature); end that higher bulk densit ies are  8 S S O C i a t e d  
w i t h  lower O/U r8t108. 

Blectrochemistry of Uranium in Molten Chloride S e l t  Solutions - 
During the past quarter, the planned study of the elcctrochemietry 
of uranium in molten l e C l - K C 1  has been nearly completed, and work 
ha8 been s tar ted on the l 8 C l - L i C l  systemo Recent nreasurements i n  
A a C l - E l  melts may be summarized as follows: 

1. EMF measurements fo r  the c e l l  reaction 

UO2 + c12 = U02C12 

have been made 8s a function of temperature and uranyl 
chloride concentrations. Ihennodynamlc values fo r  the reaction 
at  993 K were calculated, the results giving evidence of 
decreasing complexation of the uranyl(V1) ion with increasing 
uranyl(vI ) concentration Tor a concentration increase from 
0.074 t o  1.37 n r o l a l ,  the free energy change f o r  the reaction 
(0, cd/mole) was found t o  increase from -3,900 t o  -24,600; 
the entropy change (AS, entropy uni ts)  increased from 6.7 to  
16.5; and the heat of reaction (AH ca l /mle )  changed from 
-25,200 to  -8,200. 
an uncertainty into these values. Betimates of the er ror  

An unmeasured Junction potential  has thrown 

. indicate any ef fec t  to be small, however. 

2 .  Impedance measurements vere continued w i t h  a mdif ied  impedance 
bridge. 
earlier, became of a much lower noise-to-signal ra t io .  @all- 
ta t ive ly  the reactions previously proposed 

The results were much better than those obtained 

(1) uo2++ + e -  - VO,+ 
(2 )  U O ~ +  + e -  = U O ~  

were confirmed i n  low uranium concentrations. The change in  
the potential  of the second reaction a8 a function of uranium 
concentration shove the consecutive single-electron reactions 
to predominate up t o  a concentration of about 0.01 m o l a l .  A t  
about this concentration, the potentisls of the two reactions 
became about the same, and a t  greater concentrations only the 
overall  reduction of uranyl(V1) t o  U02 is observed. 

1 2 3 4 4 9 1  
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3. Using Impedance measurement data, calculations have been d e  
of the rate of reduction of uranyl(V1) to ursnyl(V). Since 
the data did not follow simple theory, the suggestion of 
Laitinen and Randles [Trans. Faraday Soc. 51~54  (1955)l w a s  
followed, and corrections were made fo r  the e f fec t  upon the 
impedance measurements of the adsorption of reactant ions 
onto the electrode surface, These corrections brought the 
data into l i n e  and permitted rough calculation of the rate 
constant as about 1.6 cm/sec. 
ient  t o  be 0.5 ( a  reasonable value fo r  a reaction with this 
large a rate constant), the exchange current densit ies were 
calculated t o  be 0.13 to  le28 amp/cm2 for  uranyl(V1) con- 
centration f r o m  1.35 t o  13-3 millimolar. The rate constant 
and exchange densit ies of t h i s  reaction are thus about the 
same as those for the reduction of Cd*, Zn++ and Ag+, which 
are considered t o  have fast electrode reactions. 

Assuming the transfer coeffic- 

Pilot Plant Blectrolysis - Pi lo t  plant e lectrolysis  studies were 
continued i n  an 80 liter quartz pot with the 60 w/o KC1-40 w/o LiCl 
molten salt system. Melt preparetion included dissolution of 
U308 feed with chlorine a t  600 C and drying with chlorine and 
hydrogen chloride a t  535 C. 
pre-electrolysis s tep formerly used for melt drying w a s  discon- 
Unued without adverse e f fec ts  on U02 product characterist ics.  

In the February mnthly report (cf EW-72902 C )  it w a s  noted that 
UOz product of s m a l l  crystal s ize  was produced from a melt con- 
taining 0.35 w/o iron. 
run w a s  made a t  a lower reference potential ,  0.33 volts,  t o  deter- 
mine the e f f ec t  on product characterist ics.  Shutdown of the 
induction heater uni t  due t o  a w a t e r  pressure drop caused the 
electrolysis  temperature t o  drop from 535 C t o  360 C rendering 
the resu l t s  inconclusive. However, inspection of the product 
deposited before the temperature excursion indicated product 
character is t ics  similar to those i n  the ea r l i e r  runo 

After the first run reported here a 

Using the same melt and Impure feed a 

The impure m e l t  was discarded end a run was made with fresh salt 
and pure u308 feed. Bighty-rive pounds of dense, large c rys ta l  
UO2 MB  electrodeposited I n  54 hours of operation a t  0.77 reference 
vol t s  and 200 amps. Uranium concentration in the melt decreased 
from 30 t o  1 3  percent during the depositiono Ihe product had an 
O/U r a t i o  of 2.0037 and a bulk density of 10.78 gm/cc. 
crushing the density was 10.95 gm/cc o r  99.8 percent of theoretical .  
Impurities i n  the bulk product a f t e r  a water rinse were 70 ppm L l  

After 

and 23 ppm K. In addition, 
D cathode was bonded t o  the 
deposited on the cathode. 

some corrosion product from the Hastell3y 
product surface, where the product was 

1 2 3 4 4 9 8  
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- UOe Crushing and Classifying - A toothed, s ingle-rol l  crusher 
made of stacked, staggered-tooth mill ing cut te rs  operated success- 
f u l l y  in crushing a var ie ty  of grades of e lectrolyt ic  U02. 
Crusher product matched current par t ic le  size specifications in 
three ways: (1) all product passed a 6-mesh screen, (2) about 60 
percent of the produet waa greater them 30 mesh, and (3) less than 
10 percent w a s  less than 200 mesh s ize .  
the exis t ing product must be further crushed to increase the per- 
cent of minus 200 mesh particles. 
with various equipment, including a modified r o l l  crusher, double- 
r o l l  crusher with adjustable roll clearance, and a commercial face 
mi l l  0 

A cer tain f ract ion of 

mi6 crushing w i l l  be studied 

Hydraulic c lass i f ica t ion  has been abandoned due t o  faf lure  to 
echleve e f f i c i en t  separation of par t ic les  in the minus 100 mesh 
s ize  r a g e .  Various combinations of a basic "sorting 
arrangement f a i l ed  to produce the desired aeparation. A sonic 
vibrating double-deck screen will be relied upon for c l s s s i f i -  
cation in an integrated crushing/classifying system currently 
being designed. 

Heating with Alternating Current - A.C. heating studies were mde 
2 3  a two-liter quartz pot containing 60 w/o KC1 and 40 w/o L i C l  
and uranium concentrations of 20-30 w/o. Power was supplied by a 
do cycle AX. source capable of delivering 320 amps a t  1 2  vol ts  
( 3840 w a t t s  ) . 
Iwo different  carbon electrodes configurstions were t r ied .  
first, 1/2-inch x 2-inch x 14-inch bars immersed sir inches 
required 3840 watts t o  maintain the m e l t  a t  530 C. 
ineff ic ient  heating was observed near the lurface of the melt. 
The aecond electrode as-pmbly was a "paddle" type with a 2-inch 
square blade connected ,a a 12-inch handle shrouded with a piece 
O r  quartz tubing t o  prevent heating a t  the surface of the melt. 
only 800 watts of power were necessary to maintain the m e l t  at 

The 

Localized 

530 C *  

Loo8ely bonded crys ta l l ine  deposits were obtained on %e A.C. 
electrodes when heating a w e t  m e l t ,  
percent urenium(V1) 
a d r y  melt was used; however, a s l igh t  deposit was obtained after 
heating 8 hours a t  8 vol ts  and 100 amps. 
this deposit have not been reported. 

The deposit analyzed 52.6 
No €appr@ci8bl€! deposit was obtained when 

Analytical results on 

UOg was deposited using a separate pair of carbon electrodes 
while heating w i t h  A.C. A 73 percent D O C O  current efficiency 

1 2 3 4 4 9 9  
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was obtained and the deposit appeared unaffected by A.C. 
c a l  resu l t s  of the deposit have not been reported. 

Analyti-  

Graphite Containers fo r  Molten Sa l t  Baths - Previous work has 
indicated that molten alkali halide salts leach through dense 
graphite crucibles i n  one or  two days, the exact time depending 
on the w a l l  thickness and the structure of the graphite. In an 
attempt to overcome t h i s  disadvantage in an o t k n f i s e  suitable 
corrosion-resistant material, a graphite crucible wi th  l/2-inch 
thick Valls w a s  impregnated with barium chloride (melting point 
960 C )  by su-rgence at  1100 C for  24 hours. After cooling, a 
60 w/o KC1-40 w/o L i C l  s a l t  mixture was held in the crucible at 
500 C. Although BaCl is solzble i n  the melt, the leaching of 

six days, indicating that the barium chloride had s ignif icant ly  
retarded the leaching precess. 
solve the leaching problem by i t s e l f  it m y  prove useful i n  
combination with other frozen wall techniques. 

the lower melting sal f through the crucible was retarded four t o  

Although t h i s  method does not 

An induction-heated crucfble w i t h  60 w/o KC1-40 W/o L i C l  molten 
salt has been studied. 
diameter and a l/2-inch w a l l  was heated with a ten kilocycle 
induction coil with 8 9-inch inside diameter, 
space was f i l l e d  with a one-inch thick annulus of quartz sand 
contained in a concrete-asbestos pipe w i t h  1/2-inch wall thiclrness - 

A graphite crucible w i t h  a six-inch outside 

The intervening 

In one run the crucible was operated continuously fo r  ten days at 
450-550 C, w i t h  mre salt being sdded as the l iqu id  leached 
through the graphite. 
en t i r e  void spece in the sand t o  be f i l l e d  with salt. 
w a l l  temperatures outside the sand varied from 250 t o  300 C during 
t h i s  period. 

One temperature excursion permitted the 
Average 

!fhe freezing point of the salt is 350 C o  

The salt bath was then frozen and melted f ive  times t o  test the 
mechanicel strength of the graphite. 
sections of the crucible revealed no cracking of the graphite. 
The e lec t r i ca l  coupling character is t ics  of the graphite did not 
change during the run. Further effor ts  will be directed toward 
increesing the heat flow through the non-conductive external 
construction materials to minimize the amount of salt outside the 
graphite. 

Bremination of cro88 

Xetall ie Materials of Construction - Samples of tungsten, ' A '  nickel, 
Hi-1541 and N i - 1 3 4 l  were exposed for single six-hour periods i n  a 
C1 -8parged 40 w/o LiCl-60 w/o KC1 melt at  600 C .  The IVi-A1 samples cor- 
r o  B ed a t  ra tes  of 3 and 5 m i l s / m o ,  respectively; the other two torroded 
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a t  rates i n  excess of 50 mils/moo The two N i - A 1  alloys were 
exposed to  the sfme m e l t  w i t h  10 w/o UO l2 present. 
ra tes  for  both were about 65 mils/mo an severe preferential  

Corrosion 

attack of segregated phase was evident. 

Aqueous Dissolution of PRIB Fuels 

The second of two 5-inch lon 
goal) PEfTR spike fuel  (Al-lo! percent, Pu-2 percent N i )  was declad 
and pa r t i a l ly  dissolved in the 222-5 cubicle dissolver. 
Zirceloy-4 cladding w a s  readily removed i n  6.5 hours by boiling 
solution i n i t i a l l y  4,O M NE F - O,5 H X?H4N03. A t t e m p t s  to acti- 

O.OO5 M or  O,O5 M Hg(N0 1 failed, The rcd aw-are t o  dis olve 
a t  e i t ce r  H~(NO 
expected for d d s h u t i o n  in n i t r i c  acid a l o n z  Activation of the 
pa r t i a l ly  immersed declad rod was achieved readily i n  boiling 1 - M - 0.01 M NH4F. 

month (cf e HW-73202 C ) .  A6 soon as aetivatian occurred, concen- 
trated n i t r i c  acid was added t o  &e the solution about 6 M i n  
HRO The rod remained &I- 
v a d d  and dissolved rapidly, 
indicated that the irradiated rod, once activated, dissolved a t  
the same high rate a8 has been observed for non-irradiated spike 
fue l  alloy. 
(100 percent of goal) spike fue l  allcy to determine whether or 
not the above act ivat ing procedure is applicable. 

rods of irradieted (60 percent of 

Ihe 

8 concanfration st a rate [cao  1 mg/min-cm 
!l 

vste  the declad rod i n  &Il 4 ng 6 E BO3 - 0,03 M NE F containing 

observed-in exp&&nents wixh the first rod as reported 1Bst 
- 0.015 M Hg(N0 ) This behavior parallels 

and to  completely immerse the rod, 
The rate of ac id  consumption 

Further experiments w i l l  be done w i t h  f u l l y  irradiated 

In-Cell Calciner 

Several mdif icat ions and test runs were made on the mock-up 
during the month. Because of some di f f fcu l ty  i n  positioning 
the Prelt-pot e& under the  c o l ~  with the msnipulators, a drive 
mechcrnism w a ~ l  constructed to mve the ca r t  i n  and out remotely. 
Side t rave l  w i l l  s t i l l  be &ne manually with the manipulators. 
In other manipulator tests, a sprey nozzle YBS changed remotely 
end the off-gas and feed l ines  were moved f r o m  the spray calciner 
t o  the pot and back, Following one run, the column was a l s o  
flushed down w i t h  water by uBe of spray nozzles which inser t  
in to  the caleiner.  
The new U- turn  Induction coil for  the m e l t  pot was completed 
and tested. 
t o  the m e l t  pot through coaxial cables equivalent t o  those 

A high degree of cleanliness was achieved. 

Bighty to  90 percent of rated power was transferred 
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anticipated f o r  in -ce l l  useo 
through assembly have been fabricated, as has the 4000-apere 
s tep  plug f o r  the DC power for  the spray calciner. 
voltage power supply for the e lee t ros t s t ic  precipitator has been 
mceived but is requiring modification t o  provide an intenqe(liate 
col lector  voltage. !?he larger V a r i a c  transformers have also been 
received. 
racks, e t c .  is complete and all detailed pr ints  should be avail- 
able by May 1 such that in-cel l  e l ec t r i ca l  work can begin. m e  
in-cel l  gamma analyzer, which w a s  dismantled duping c e l l  decon- 
tamination, is  being modified s l igh t ly  and reassembled, but In 
f r o n t  of the right-hand window rather thsn the l e f t ,  away from 
the heat and high background of the cahciner, and away from the 
high-current and r-f cunductors. 

Most components for the r-f feed- 

The high 

Conceptual design of bus bars, hangers, traneformer 

Analytical results have been received both on the recent spray 
calciner test  run and on the  first pot calcination t e s t .  
spray calcination run, the de-entrainment factor  ~eross the 
stainless steel filter w a s  1300. 
decreased the off-gas dust loading by a factor  of seven when the 
voltage was turned on, even though the applied voltage w a s  much 
less than the design value (since the high voltaige generator for  
use w i t h  the uni t  had not been received). 
ing was not decreased s ignif icant ly  by the two absolute f i l ters,  
which indicates that a very high degree of clean-up was accom- 
plished by the condenser and scrubbers, e tc .  
entrainment factor  was about 106~ me powder collected in the 
s e v e r d  spray c d c i n e r  tests wem melted down i n  the pot a t  a 

kmperature of 850-900 C. 
melted d o n  t o  1-1/4 inches f o r  8. final density greater than 3 
g/c@. 
during the melt down. 

In the 

!&e e lec t ros ta t ic  bubble scrubber 

The off-gas dust load- 

The overall  de- 

The i n i t i a l  7-inch deep layer of powder 

Some moisture and abundant sulfate Aunes were evolved 

The pot c a l  iner run w a s  d e  a t  a recommended boildown rate of 
1.8 l/hr.ft , o r  0.52 gal/& f o r  the  5-inch pot. Bighteen liters 
of simulated Purex w a s t e  were processed. Boildown was completed 
in nine hours. 
during this a*. A f t e r  boildown, denitration was accomplished 
a t  50 percent power, w i t h  6ome i ron showing in the off-gas. 
w a s  then imre86ed to  75 percent and sulfates began t o  corn off ,  
as evidenced by w h i t e  iumes in the condensate trap and 6 C N b b e r S .  
A f t e r  one hour the pot thermocouples indiested that melt-down had 
occurred (temperature suddenly rose to 850 C). The pot contained 
9.3 pounds of m e l t  whose density of 2.69 g/cc represents a volume 
reduction of 11. !Che run was uneventful except for the post cal-  
cination discovery that the 3/4-inch off-gas line had almost 

5 
Off-gas samples ehomd very l i t t l e  carryover 

Power 

a 



plugged, Condensate samples showed that 
sodium (78 grams) reached the condensate 
phase, suggesting that ertensive foaming 

a l s rge  amount of 
during the desulfation 
may heve occurred and 

that t h i s  foaming meyr have caused the off-gas l i n e  fouling. 

Smthe t ic Zeolites 

A laboratory investigation of the cesium capacit ies and loading 
kinetics of synthetic zeol i tes  continued. 

Cesium capsci t ies  were determined in small 5.5  g columrzs of 0.25 
t o  0.50 5 grain s ize  zeol i tes  at 25 C .  Cesium influent concen- 
t ra t ion  was 0.08 M C s C l  wi th  Cs-134 8 s  a tracer. 
acities es deted-ned a t  the 50 percent breakthrough point were 
3*62 medg for standard Deedso, 2.65 meq/g f a r  Linde 13, 
2.52 medg for Linde AW-500 and 0.78 meq/g fo r  Lfnde k. Some- 
w h a t  greater cesium capacit ies were obtained f o r  Linde 1 3  under 
ideal loading conditions. 

C e s i u m  cap- 

Loading kinet ics  of Linde 13 were examined, using two cesium 
concentrations, two temperatures and zeol i te  s ize  ranges. With 
a 0.1 M C s C l  influent l o d i n g ,  rates were 0.017 see-1 and 0.023 
see-l Zt 25 C f o r  0.70 t o  1.00 m snd 0.25 to 0050 mm size  ranges, 

respectively.  
between 25 and 40 C. W i t h  the 0.70 to 1.00 mm grain size  range, 
f u l l  loading was at ta ined in 10 minutes and 90 percent loading 
in 3.5 minuteso 
required 8 minutes and 90 percent loading 2.3 minutes. 

!?emperatme had l i t t l e  e f fec t  on loading rates 

hill loading of the 0.25 t o  0.50 mm s ize  range 

An influent concentration of 0.1 M C s C l  i s  j u s t  in the region 
where per t ic le  difiuaion i s  the I& exchange rate controlling 
mechaniem. With organic resins, reaction rates in the pebrticle 
diffusion region normally vary inversely w i t h  the par t ic le  radius 
squared. Linde 1% and other synthetic zeol i tes  al low substan- 
tial flow of solution into the particle. 
synthetic zeol i tes  show no such dependence of loading rate on 
the par t ic le  radius. 

The result is that 

In the region of film diffusion ra te  control, a 0.001 M CsCl 
was used as influent. 
nq/ml/scc aad 0.0033 meq/d/sec were obtained for 0.25 t o  0.50 
mm and 0.70 to  1.00 mu, respectively. Approximately 50 minutes 
were required to f'ull loading f o r  the 0.25 to 0.50 m size range 
a t  25 C. In the film Uiffuuion region, i n i t i a l  resetion rates 
vary inversely with par t ic le  radius. 

I n i t i a l  loading mtee for ces iu i  of 0.0068 
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Intermediate- and Low-Level Wastes 

A sample of Purex coating waste  from the 101-BY tank was treated 
with C02 near boiling temperature u n t i l  a precipitate appeared. 
Preliminary results indicate tha t  the precipitate carried 
s t  ontium. 'Phe supernatant solution was diluted by a factor  of 
10 t o  simulate a high entrainment condensate such as might be 
produced by in-tank sol idif icat ion of coating waste. The simu- 
la ted condensate was passed through a column of c l inop t i lo l i t e  
t o  determine the amount of radloisotopes removed. The cesium 
DF was greater than 100. Very l i t t l e ,  i f  any, ruthenium was 
removed. Strontium and cerium concentrations i n  the influent 
were too low ( l e s s  than MPC) t o  pennit measurement of the uptake 
o f  these isotopes. 

E 

Condensate Treatment 

Micro P i lo t  Plant Run 25 was performed t o  evaluate the decontami- 
nation a b i l i t y  of Amberlite 200 (a  polystyrene resin)  in the 
hydrogen form and t o  observe the hydraulic character is t ics  of the 
bed when the feed i s  not pref i l tered with activated carbon. Over 
6000 column volumes of steam-stripped Furex Tank P a m  condensate 
waste were t reated before the run was ended. Cesium-137 and 
strontium-90 concentrations i n  the eff luent  were less than the i r  
respective KPC, throughout the run. 
of bed depth across the resin column at  a flow rate of about 1 
gpm/ft2 increased from about 0.1 ps i  a t  the beginning of the run 
t o  about 5.5 p s i  at  the end of the run. 
drop was primarily a r e su l t  of the bed acting as a filter t o  remove 
s t icky organic par t iculate  matter present i n  the feed to the 
column. 
caused the agglomeration of 8 one-inch layer  of res in  a t  the top 
of the bed. 
effect ive in remving the organic. 
the agglomerated mat which had settled to  the bottom of the column 
during the backwashing operation was necessary; i n  addition, a 
small smount of acetone was used to remove residual organic adher- 
ing to individual par t ic les .  It i s  believed that in a larger  unit 
backwashing with hot wster along with mechanical agi ta t ion w i l l  
s a t i s f ac to r i ly  clean the bed pr ior  to regeneration. 

The pressure drop per foot 

The increase i n  pressure 

Although the organic matter penetrated the en t i re  bed, it 

Backwashing the.bed with w a t e r  w a s  only pa r t i a l ly  
Mechanically breaking up of 

Release of Radiocesium from Clinopt i lol l te  

Cursory tap water leaching tests were made on the 1350 C melts 
from the cesium-clinoptilolite vo la t i l i za t ion  studies. 
r a t e s  of the glass decreased with time ranging from 2.6 x 10-7 

Leaching 
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g/cm2/day for the first eight  days to 3.3 x 
18 days. 
glasses, but if the leaching ra te  continues to  decrease there could 
be an order of magnitude difference a f t e r  one year. 

g/cm2/day sfter 
This appears t o  be i n  the s a  range reported for other 

Cl inopt i lol i te  Beneficiation Studies 

!€be presence of large quantit ies of high grade, coarse-grained 
c l inop t i lo l i t e  in the John Day Formation of eastern Oregon was 
confirmed. Arrangements were made wi th  the Oregon Depertment of 
Geology and Mineral Industries for sampling of the formation. 
Samples w i l l  be compared with those from Hector, California, and 
Jersey Valley, Nevada, t o  help determine the optimum material and 
most desirable properties of the c l inopt i lo l i te  for adSOrb1ng 
cesium from wastes, 

BIOLOGY m ~ D I C ~ B  - 06 PROGRAM 

BRRBSTRIAL BCOLOGY - BARTH SCIENCES 

Geology and Hydrology 

A program w a s  writ ten for the IBM-7090 computer to  calculate 
flow times for three-dimensional saturated flow from a r iver  bank 
lagoon o r  c r i b  t o  the r ive r ,  
the i n i t i a l  results are  being evaluated. 
resu l t s  w i l l  be in the form of a table of dimensionless ra t ios  
which can be used t o  obtain solutions for various flow systems. 

Ihe program w a s  successfully m and 
The f i n a l  generated 

A program deck and l i s t i n g  of the "General F i t "  subroutine 
w a s  received from the Bureau of Standards a t  Boulder, Colorado. 
!?he Fortran program, writ ten for a cE-1604 computer, is currently 
being studied preliminary t o  revision for IBX-7090 use. This sub- 
routine is a method f o r  obtaining an optimum mathematical expres- 
sion for the ground water potential  everywhere on the Project 
using the potent ia l  measurements obtained from irregular ly  spaced 
w e l l s .  The expression w i l l  be used later as part of the input 
t o  generate soil permeabilities on a regulsr grid network. These 
permeabilities are  necessary Information f o r  e l ec t r i ca l  analog 
simulation of ground water flow on the ProJect. 

Two wells close t o  the 200-Bast Area B-Plant swamp show maximum 
ground water temperatures within the sand and gravel bed that 
l i e s  upon bsaal t  and beneath si l ts  and clays of the lower Ringold 
formation. 
deposit of an e a r l i e r  eastward flowing stream. Sharp temperature 

The gravel bed is probably in part an a l luv ia l  fan 

- _  
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increases a lso  were noted in several wells t o  the eas t  and east-  
southeast of the B-swamp. 
maximum temperatures occurred in aquifers within the conglomerate 
member of the Ringold Formation beneath confining beds of s i l t  
and clay. These data suggest t h a t  w a r m  waste water, probably 
from the B-swemp, is  moving to sed a t  a depth within the Ringold 
Formation. 

I n  these cases the increases and 

ATMOSPHSRIC RADIWCTIVITY AND P A U L .  

Thorium-232 Bioassay Procedure 

The Haford thorium bioassa,y procedure w a s  modified t o  include 
neutron eu3t.ivation analysis of the separated Th-232 and gama 
counting of the Pa-233 produced, With a one day i r radiat ion and 
a t e n  minute count, a sens i t iv i ty  of 10-3 Gg i s  eas i ly  obtained. 
Blank urine indicates a Th-232 level  of about loe2 * g o  
i s  separated from the irradiated Th-232 by extraction into di- 
isobutylcarbinol w i t h  a yield of about 90 percent. 
possible t o  measure the Pa-233 without chemical separation a f t e r  
a two-week decay period i f  resu l t s  of the analyses are not needed 
i n  a shorter period. 

The Pa-233 

It may be 

Radiation Chemistry 

Differences in activation energies of hydroxyl radical reactions 
between cer ta in  solutes and erioglaucine were calculated from 
reaction rate measurements made at different temperatures. The 
available data are  tabulated below together wi th  the protection 
indices: 

Activation Energy 
Compound Protection Index Difference (kcal mole’l) 

Glyc ine 8.3 10-4 
Alenine 4.8 x 10-3 
-sine 4.7 x 10-1 
Bthanol 1.40 x 10-1 

1.0 0.4 
1.2 2 0.2 
0~89 +- 0.08 
1.8 2 0.1 

It i s  Interesting t o  note t ha t  while the protection indices of the 
three amino acids d i f fe r  by factors  of up t o  500, their activation 
energies are not s t a t i s t i c a l l y  distinguishable a t  even the 75 
percent confidence level.  In contrast, these activation energy 
differences are all distinguishable from tha t  of ethanol. 
possible conclusion is  that radical attack on the emino acids is  
a t  some site in the  structure common t o  them all, i .e.  

A 
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and that reaction a t  this si te i s  characterized by an activation 
energy of -1.0 kcal mole'le 
can then be ascribed t o  s t e r i c  factors  involved i n  the approach 
of an HO' toward the sensit ive site and to the molecular diameters 
of the compounds which determine their col l is ion frequencies. 

Differences i n  the actual rates 

RADIOIS~PBS AS PARTICLES AHD VOLATILE 

Part ic le  DeDosition i n  Conduits 

Measurement of s ize  dis t r ibut ions of par t ic les  used i n  recent 
deposition experlments i n  a 1/2-inch diameter ver t ica l  tube per- 
mitted nore reliable comparison of the observed percent deposition 
with t ha t  predicted from previously developed equetions. 
actual par t ic le  s ize  dis t r ibut ion resulted i n  closer agreement 
than when an estimated s ize  dis t r ibut ion w a s  used. 
percent deposition was s t i l l  from 5 to 8 percent greater than 
t h a t  predicted from the e a r l i e r  regression equation f o r  the de- 
position constant end the  a6sumptlon of exponential d e p s i t l o n  
w i t h  tube length, 
modified to  show a 5.0 power dependence of deposition constant 
on velocity and a 4.0 power dependence on paxticle diameter, 
rather than the 5.26 power and 4.26 power dependence, respectively, 
shown i n  the equation representing the best f i t  t o  the bulk of 
the data from ear ly  experiments. !the good agreement w i t h  the 
mdified equation gives added confidence that the form of the 
equation is correct and tha t  exponential deposition i n  a long tube 

The 

R?e observed 

The data fit signif icant ly  better an equation 

actually occurs. 

A multivarient graph was prepared from which the par t ic le  deposition 
can be quickly estimated when the par t ic le  s i ze  sad density, d r  
velocity, conduit diameter aad length are known. A nomgraph f o r  
calculating the deposition constant WBS a l s o  constructed. These 
w i l l  be included i n  a topical  report  which wa8 prepared in draft 
Shge 

Manager 
Chemicel Research and Development 

WH Reas:cf 
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BIOLOGY OPERATION 

Hw-7354 - 

A. ORGANIZATION AND PERSONNEL 

W. C. Berlin, assigned t o  P l a n t  Nutrition and Microbiology, terminated on 
April 13 t o  accept a position with the local  AEC. 

April 20 t o  accept a position with NASA, Ames Research Center, Mountain 
View, California. 

April 23, 1962. 

R. H. Schiffman, Biological Scient is t  i n  Aquatic Biology, terminated on 

P. A. Olson was appointed Acting Manager of Aquatic Biology, effective 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 02 PROGRAM 

Effect of Reactor Effluent on Aquatic Organisms 

The study tes t ing the effect of reactor effluent on migrating-size 
chinook salmon fingerling was continued a t  1706-KE. 
on growth o r  mortality i s  yet evident a t  the tes ted levels of 3, 5,  and 
7 per cent. 

No effect of effluent 

Columnaris 

Young salmon have been given repeated exposures t o  the columnarb organism 
t o  determine whether the f i s h  can acquire immunity t o  the organism. 
Results t o  date are inconclusive. 

BIOLOGY AND MEDICINE - 06 PROGRAM 

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS 

Phosphorus 

Cichlids fed food containing P3* levels of 0.25, 0.1, and b .O~c/g  have 
shown no differences i n  mortality a t t r ibutable  t o  t h e  isotope after four 
montha . 
Strontium 

Four 100-day-old miniature offspring a t  the 625 
level died or were ki l led  when sad-moribund. 
swine that had been fed 625 pc  Srm per day for approximately five months 
a t  the time of parturit ion,  thus they were exposed t o  Srm i n  utero, and 
subsequent t o  bir th ,  received Srw i n  the 
(s ix  weeks of age) they received 156 pc Sr% per day u n t i l  about one week 
before de t h  when t h e i r  feeding level was elevated as scheduled t o  
312 pc Srh per day. A t  autopsy, the prominent lesions were hemorrhage 
throughout the body, v a m n g  from petechiae t o  extensive extravasations 

c Srm per day feeding B hese animals were born t o  

lk from t h e i r  dam. A t  weaning 
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of blood, 
cytopenia noted pr ior  t o  death. 

This extensive hemorrhage correlated well with the severe thrornbo- 

A terminal pneumonia was noted i n  one animal and a rather ant ibiot ic  res is tant  
s t r a i n  of Escherichia was isolated from t h e  lung. Bacterial cultures 
of material from l iver ,  spleen, post-cervical and mesenteric lymph nodes, and 
heart  blood of the other animals yielded both E_. & and a Streptococcus. 
Their presence i n  these organs suggested a terminal bacteremia contributed t o  
the death of the animal. 
significance of t h i s  has not been determined. 

Both were rather ant ibiot ic  resistant,  but the 

These deaths are the first of F1 generation animals (exposure i n  utero,  during 
suckling period, and subsequent t o  weani 
leve l  t o  be attr ibuted t o  toxici ty  of Srg. A t  lower levels  of feeding, t h e  F1 
generation animals have shown only minimal changes or none a t  a l l .  
of F1 animals a t  these lower levels  are 1 2 5  pc/day - 13 months, 2 5  &day - 
30 months, and 1 and spc/day - 36 months. 

daily S r m  i n  feed) a t  any feeding 

The ages 

Three F1 generation females on the 1 2 5  pc  SrS0/day leve l  farrowed normal 
Utters . 
Experiments were performed t o  study the absorption of SrBs and ca45 by isolated 
mitochondria from r a t  l i v e r  Incubated i n  vivo f o r  10 minutes a t  30' i n  a 
solution containing ATP, succinate, cytochrome C, Mg, K C 1  and sucrose a t  pH 7. 
In  t h e  
the Sr sf 
reduced S",t15t abaorption t o  11 per cent and Cat! absor ion t o  40 per cent. The 
addition of 0.9 

ions is of in te res t  in d.aw of t h e i r  chemical similarity. 

bsence of s table  strcntiwn r calcium approximately 68 per cent of 
85 per cent of the Cab5 was abso ed. Addition of 0.9 pM Ca 

Sr t o  t h e  basal media increased sre4 absorption t o  84 
per cent and Ca 4 9  absorption t c  92 per cent. The opposite effect  of t h e  two 

Comparative Toxicity 

One female miniature pig injoated intravenously with 6.& pc Ra226/kg bo* 
weight about 7 months ago (when appraxbately four years old), died after 
oxhibiting c l ln lca l  symptoms of a severe nephritis, 
of a ahronla nophrltls wera noted a t  necropsy. Another animal i n  t h i s  same 
oxperirPenta1 group i s  rhowing rimilrr severe rymptms of chr nic nephritis. 

Clrosr lesion8 suggestive 

Control aninulr and .nimolr of rlrailrr age which received Sr 80 remain noI*81381, 

I O d i A e  
7 

Two young lmbr were lntrcrvanously i a s c t e d  with 1125 and the  pattern of 
loor l i r r t ion  within the thyroid  was deterrained a t  5 ,  15, 30, and 60 Ipinutes 
by rutoradiogrrphy. 
rt the oollulrr level was nrllsed usln# this Isotope, 

Preliminary rerrultr Indicate t h a t  sat isfactory l o c a l l s ~ t l o n  

Neptunium 

Rats were InJectod 
weight i n  order t o  

2 3 4 5 0 9  

intraperitoneally With 10, 20 and 30 ng Np237/kg body 
study t h e  symptoms of chemical toldcity.  Neptunium was 
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administered as the c i t r a t e  and a l l  animals survived f o r  30 days, a t  
which time they were sacrificed f o r  radiometric and histologic 
examination. 
24 hours was a function of dose level,  approximately 13 per cent being 
excreted a t  the 10 mg/kg level; 29 per cent a t  the 20 mg/kg level and 
32 per cent a t  the 30 mg/kg level. 

An intravenous indection of 1.5 mg (1.0 pc) of lllp237/kg body weight 
i n  sheep caused moderate l i v e r  damage detected by radioiodinated rose 
bengal tea t .  ( In  an extension of t h i s  study, and we hope conclusion, 
two sheep were injected with 0.75 mg (0.5 pc) of Np237/kg. No damage 
(or only minimal) i s  expected a t  t h i s  level.) 

Excretion of neptunium i n  the urine during the first 

DTPA appears t o  be very much leas  effective i n  promoting neptunium 
excretion than it is  i n  promoting plutonium excretion. Percentage 
neptunium excretion was increased from about 25 per cent i n  controls 
t o  about 44 per cent i n  the t reated animals over a three-day period. 
The re la t ive  ineffectiveness of the DTPA may be an indication t h a t  
the neptunium I s  present i n  t issues  as a monovalent ion, possibly Np02+, 
which would be less effectively chelated than a divalent or t r ivalent  
ion. 

Plutonium 

Comparative toxici ty  studies with Pu23!3yd Pu 239 on an equivalent 
microcurie basis indicate t h a t  the Pu i s  substantially more toxic. 
This would sug e s t  that  chemical effects  are important i n  the acute 

Four pigs were injected intradermally with ei ther  5 pc  pU239 n i t r a t e  
a t  12 or 20 s i t e a  or 1 pc a t  24 or 88 sites and sacr i f iced either one 
or seven days after injection. i n  order t o  determine t h e  extent of 
translocation. After 1 and 7 days, 5' and 12 per cent of the  injected 
dose were found i n  the regional lymph nodes and 2 and 6 per cent i n  
the l i v e r  i n  the swine injected with 1 y c  plutonium per si te.  
appeared tha t  greater re la t ive  translocation was observed i n  the 
animals with 1 p c  than w i t h  5 pc s i t e s .  

Milk Transfer 

Preliminary data available on the t ransfer  of C I U ~ ~  and U233 from plasma 
t o  milk following single intravenous administration t o  lactating sheep 
reveal considerable difference i n  the metabolism of the two elements. 
mu( concentrations of 1~233  
i n  plasma, &ereas with Cm2d milk concentrations were four t o  five times 
those observed i n  plasma. 
those previously observed f o r  americium. 

toxici ty  of PU 5 39. 

It 

ere less than 10 per cent of t ha t  found 

The values for are s l igh t ly  higher than 

I n  a continuation of t h  above study, la tati 5 sheep w ; ~  given 
intravenous doses of Cats, Sr9O, R u - I t l ~ ~ ~  , h 7,  or  Ra 
whole blood, and milk concentrations of t h e  radionuclides Pollowed for  
10 days post-injection. 

and plasma, 
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Inhalation Studies 

239 One beagle dog died two and one-half years a f t e r  depositing about 4 uc Pu 
by inhalation of a plutonium dioxide aerosol. Death was associated with 
respiratory embarrassment. 
paralleled t h a t  of dogs tha t  died two o r  three months after deposition of 

The acuteness of the dog's f ina l  collapse 

50 t o  loo pc Pu239, 

Although Neo-synephrine, DTPA, and Pluronics ( 
oxide polymer) administered as aerosols af 
a l l  markedly increased t h e  clearance of Ce 
effective. In t o experiments the  lungs of r a t s  k i l l e d  three weeks after 
exposure t o  Cel41 and t reated with DTPA aerosols contained about 8 per cent of 
the Celu-Prlu found i n  the untreated controls , Pluronics and Neo-eynephrine 
were less effective, reducing t h e  lung burden t o  about 25 per cent of t h e  

These experiments are being repeated i n  dogs with both h23902 and 

Pulmonary function tests have been developed f o r  dogs. 
measured on anesthetized dogs and is expected t o  indicate change8 tha t  might 
occur i n  pulmonary t issue as a resu l t  of radiation before changes can be 
detected radiographically. Analysia of blood f o r  02, CO2, and N2 are  also 
being completed on dogs before and after exposure t o  radioactive aerosols. 

Compliance can be 

A computer program is being developed i n  cooperation with Data Processing 
Operation f o r  reduction of excretion, t issue distribution, and retention data 
obtained i n  radioactive par t ic le  inhalation experiments , 
indicates the  program w i l l  be par t icular ly  useful f o r  f i t t i n g  curves t o  daily 
excretion data, 

Early experience 

Redia ti on Protective Agents 

Two cmpaunds, Aluminon (amcnlum aurin tricarboxylate) and calcein W (fluorescein 
imino diacetlc acid) were tes ted f o r  their  a b i l i t y  t o  protect rats i r radiated 
with 1,000 r X ray, 
the treated animah. 
progress 

Experhantr mra oonducted t o  study the enhanced acid phorphatase i n  a c e  
injected with foreign bone marraw, There was 0011s~) indication t h a t  alkaline 
phoophakre wie e lmated  i n  mice receiving homologaus bone marrow two weeks 
following 950 r X ray, 

No animals survived but death was r ignif lcant ly  delayed i n  
Further studler with these and similar agents am in 

It l o  plumed t o  attempt conflnaatlon with histochemical 
techniques 0 

Collulrr B i o l o a  

Tho effect o f  D20 on v i ab i l i t y  of c ichl id  egg8 was exendnod. While control 
eggs developed i n  five dam, 30 per cent D20 delayed hatching time 2& hours. 
However, f ive  dry8 later b2O-traated eggs began t o  die and a l l  were dead 
by the 7th dny, 
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Eggs exposed t o  50 per cent D20 did not develop and a l l  were dead by 
the 5th day. 

The results with eggs are i n  contrast with earlier observations i n  
which newly hatched cichlids survived and fed when exposed t o  30 per cent 
D20 

Thymus of white rats approximately three months old were irradiated w i t h  
various doses t o  determine what changes occurred i n  the thymocyte 
population. 
decrease i n  number following exposure. 
with dose. 
uere observed i n  the larger  reticulum cel ls .  

Preliminary resu l t s  indicate tha t  t h e  small lymphocytes 
This  decrease appears t o  vary 

A t  two days a f t e r  irradiation, several division figures 

Plants 

The accumulation of Zn65 by plants i r r igated with Columbia River water 
i s  being e 
form of Zn Raw r iver  water was f i l t e r e d  through 0.3 u 
millipore f i l t e rs  and thence through exchange resins. 
of t h e  Zn was rexoved by f i l t r a t i o n ,  35 t o  45 per cent by cation resin and 
5 per cent by anion resin. 
extraction. Values a re  quite variable and seem t o  be related t o  suspended 
material i n  the water. 

The effect  of streptomycin on Cs137 uptake i n  barley plants was compared 
t o  chloramphenicol effects. 
Cs1J7 accumulation. 
a t t r ibuted t o  i t s  so-called specific action i n  blocking protein synthesis, 
however, the data obtained with streptomycin leads t o  the  suggestion tha t  
the inhibitory effects  may be due t o  an over-all impairment of metabolism. 

. P r e U n a r y  experiments are  concerned with the vined i n  the river.  
Thirty t o  50 per cent 

Essentially a l l  of the Zn was removed by the 

L i k e  chloramphenicol, streptomycin reduced 
The reduction caused by chloramphenicol has been 

Plant Ecology 

The chlorophyll 'lA1f content i n  leaves from common desert shrubs of the 
Hanford Reservation were cmpared during l a t e  April. 
sagebrush, poth perennials, contained 52 and 27 mg chlorophyll "A" per 
gram w e t  weight as compared t o  1 8  and 15 grams, respectively, for 
hopsage and rabbitbrush, both of which a re  deciduous. 
deciduous plants contained an average of 69 per cent moisture as compared 
t o  44 per cent f o r  the evergreens. 

Bitterbrush and 

Levels of the 

Project Chariot 

Strontium analyses on 13 caribou collected i n  the Alaskan Arctic during 
1961 uere completed. 
and 1960 were as follow: 

The average levels found i n  f lesh  during 1961 
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No. of animals Avg. pc S r  90 M a x .  p o s i t i v e  measure- 
Date sampled Wet 'Jt. Std.  /Da W t .  ment pc S rm/g  w e t  Vt. - 
1960 15 L 0.017 4 0.067 0.022 

1961 13 4 0.025 < 0.095 0.017 

(These va lues  a r e  comparable t o  t h e  measurements on t h r e e  Alaskan 
car ibou repor ted  by A .  R. Schu le r t  i n  t h e  Apr i l  13, 1962 i s s u e  of 
Science.  ) 

It appears t h a t  cesium i n  f l e s h  of car ibou i s  a c t u a l l y  more important 
from t h e  r a d i a t i o n  hazard a spec t  than  SrW. 
i n  f l e s h  of  car ibou k i l l e d  during 1961 me: 

Cesium-137 concent ra t ions  

Number of animals Average pc/g wet Wt. Col l ec t ion  s i t e  

C o l v i l l e  River  9 9.9 

OgOtONk Creek 1 2  1.1 

Noatak River  22 1 2  .o 

The d i f f e rence  of cesium ccnten t  i n  car ibou from d i f f e r e n t  l oca t ions  i s  
probably a t t r i b u t a b l e  t o  eco log ica l  f a c t o r s  such as d i f f e rences  i n  
ra infal l  and food h a b i t s  of t h e  animals. 

Goose Nesting Survey 

Eighty per c e n t  of Canada goose n e s t s  wi th in  t h e  Hanford Reservat ion 
terminated during t h e  month. 
26 p e r  cen t  fewer than  observed during 1961. 
be  t h e  l e a s t  product ive nes t ing  season observed s ince  s t u d i e d  began 
i n  1953. 

There were 122 success fu l  nes t s ,  which i s  
It now appears  t h i s  will 

I n t e r n a l  Emitter Committee ' 

The A p r i l m e e t i n g  of t h e  I n t e r n a l  Emitter Committee, postponed because 
of t h e  c r i t i ca l i t y  inc ident ,  was rescheduled f o r  May. 
Ki l l  be t h e  gues t  . D r .  R. F. Fos te r  

- BIOL&Y OPERATION 

HA Kornberg:es 
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C. Lectures  

a. Papers Presented a t  Soc ie ty  Meetings 

F. A. Mraz " I n t e s t i n a l  Absorption of Ca45 and Sra5 a s  Affected by 
t h e  Alkal ine Ea r ths  and pH, 
New Jersey, A p r i l  16-18, 1962. 

Federat ion Meetings, A t l a n t i c  City, 

W. C. Hanson, "P ro jec t  Chariot ,"  American Chemical Society,  Desert Inn, 
Richlaad, Wash., Apr i l  26, 1962. 

b. Off-Site and Local Seminars 

H. E. Erdman, "Radiation Damage t o  Genetic Material," Exchange Seminar, 
Washington S t a t e  University, Pullman, Wash., Apr i l  24, 1962. 

E. M. Uyeki, "The Regenerating Liver  as a Model f o r  Mitosis ,"  Exchange 
Seminar, Washington S t a t e  Universi ty ,  Pullman, Wash., Apr i l  3, 1962 

C. Seminars (Biology) 

None 

d. Miscellaneous 

L. K. Bustad, "Impact of Atomic Energy on Agr icu l ture  Today and Tomorrow,If 
Annual F'FA Banquet, Benton-Kiona High School, Benton City, Washington, 
Apr i l  23, 1962. 

D. Publ ica t ions  

a. Documents 

Kornberg, H.A. and Staf f  of t h e  Biology Laboratory. 1962. Biology 
Research Annual Report f o r  1961. Hw-72500. 

McClellan, R.O., J. R. McKenney, and L. K.  Bustad. 1962. fletabolism 
and Dosimetry of Cesium-137 i n  Male Sheep. HW-72511 (February 1962) . 

b. Open Libera ture  

Ballou, J.E. 1962. Removal of depos i ted  plutonium by t r i e thy lene te t r amine  
hexaace t ic  ac id .  Nature 193 : 1303-4 . 

Cline,  J.F. 1962. Effect of n u t r i e n t  potassium on t h e  uptake of caesium- 
137 and potassium and on d i sc r imina t ion  f a c t o r .  Nature 193: 1302-3. 

Nakatani, R.E. 1962. A method f o r  force-feeding rad io iso topes  t o  
y e a r l i n g  t r o u t .  Progress ive  F ish-Cul tur i s t  2b: 56-59. 

UNCLASSIFTED 
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OPERATIONS RESEARCH AND b7YWEEsIS O P r n T I O N  
M0mPn;Y € W O R T  - APRIL, 1962 

OFGANIZATION AND PERSONNEL 

mere were no changes in organization or personnel during the month. 

STATISTICAL AND MA!5EDWIC& ACTIVITS%S FOR OTKER HAP0 COMPOEJENTS 

Fuels Preparation Department 

The first rough draft of the formal report presenting the empirical models 
which relate dimensional distortion during irradiation to reactor environ- 
ment has been completed. The report is being coauthored with FPD personnel. 

Preliminary steps have been W e n  to incorporate additional calculations 
ir the MERCY Program. 
evaluation of measurement performance at a given measurement station. 

When ccespleted, this routine w i l l  permit a rapid 

The production test proposed to evaluate alternate fabrication routes for 
the Alsi process uranium core was redesigned to include an additional mute, 
gamma extrusion. Alternate designs were proposed depending on whether or 
not it proves feasible to cut four bars frcm the original dingot rather than 
three bars as is normally done. 

A previous study had sham 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 u l c 2  tester in order tc 
determine if similar segregation existing for UT-2 voltages. The result- 
ing data were analyzed, and expressions were found relating UT-2 voltages 
to position within the ingot. 

A brief analysis was made of frequency of cracks in overbore fuel elements. 
The negative exponential distribution was shown to fit the data. 
arises when the underlying frequency distribution is Poisson with varying 
parameter A. 

This 

Such a situation seems reasonable in this instance. 

A design was proposed for a PWR canparing bond characteristics of ingot 
and dingot uranium with and without lead plugs. These will be compared 
at various combinations of Alsi ancl preheat times. 

Personnel having the responsibility for development of the hot die sizing 
process held an orientation meeting in which the many process variables 
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were identified. 
Preliminary attentioE w i l l  be givea the preheating and press variables. 

Subsequent tc this,*an initial test desigc was formulated. 

As requested, a critique is being made of a prqosed document reporting on 
the effects of certain NPR process variables on the integrity of the 
zirconium-beryllium bonding layer. 

A document was issue3 presenting the resul%s of an analysis of warp data 
fran 18 recent NPR ex%rsims. The document, coaG%hored with FPD personnel, 
recommended that evolutionary operation be investigated as a means of bet.ter 
understanding the effects of process variables and hence improving qdity. 

A study is 3eira made of MPR wall thickness data tz de5ermice i%a behavior 
along an extrusion. 

A preliminary analysis has been made of clad thickness data from sae 100 Np3 
extrusions. This is aimed primarily at cmptxirg veadors. 

Further dsta have been analyzed from experiments designed to establish cool- 
ing rates for NPR fuel elements after the Beta heat treatix. An additional 
experiment was designed mAd re:mer,deL 

Calibration formilas were derived relating NPE fuel element clad thickness 
as a function of film density. 
in the resulting report. 
given calibration differs from previous mes. 

A discussion of the errcr sources was ircluded 
This enables a determination to be made of wher, a 

Some work was done i~ connectioa with the development of a tester designed 
to detect uranium contamination in the bonding layer. Counting statistics 
are used in this applicatim. 

Due to a canbination of circumstances, there are on occasion rather grsss 
discrepancies between official forecasts of requirements for a given fuel 
element type and actual demands. 
crepancies could. be obJectively anticipated. 
the assumption that long range forecasts should be fairly accurate, and 
hence, discrepancies in one direction for previous months should be fcllxed 
by discrepancfes in the other direction. 
to investigate its applicability. 

A study was made to see if such clis- 
A m d e l  was developed on 

'Ibis mdel is being tried infsrmally 

Irradiation Processing Department 

Evaluation programs for reactor inciden5 da'a have been written ard debugged. 
Although these data are being evaluated primarily for use in constructing 
the camputer simulation of' reactor operations, discussions with I P D  persomel 
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have indicated that they would be useful for management control purposes. 
For this reason, arrangements have been made to present to interested I P D  
personnel a project program report, analytical information description, 
and data recording system during the first part of May. Meanwhile, other 
parts of the study are progressing. 

Uniform corrosion data are being analyzed using exis+,ing corrosion models 
in order to ccmrpare them and possibly derive an empirical model if deemed 
necessary. %is is important both from a f'uel and process tube standpoint. 

As reported previously, additional total count data were taken on fuel 
elements frm the suspect lot which had fuel elements i3 it from one caming 
line known to have operated outside of process specificatims for an un- 
determined amomt of time. 
was given for disposition of the suspect l o t .  

These data were analyzed, and a recammendation 

Preliminary work was done in investigating the feasibility of using gama 
monitor data, Panellit pressures, and exit water temperatures in a more 
objective m e r  to permit earlier rupture detection. 
it appears that this can be accomplished, it is questionable whether or not 
a workable system can be developed. 

Although statistically 

Work continued on the problem of estimating the probability of detecting 
defects in welded primary piping for the I P R  project. 
mathematical model of defect frequency and size is being constructed 
preparatary to a statistical analysis of data from guided bend tests. 

Currently, a 

Work continued on the provision of a reliability analysis of various 
reactor safety systems employing a "k out of n" t n e  of trip logic. 

A t  the request of members of IPD,  R and E 8, talk on a reliability algebra 
for four-state saf'ety devices was presented to the group. 

Chemical Processing Departme nt 

One of the current problems in 6 D ' s  accountability system is the lack of 
good agreement between the measurement by the ratio method of the amount 
of plutonium received from IPD and the measurement of th? amount of 
plutonium nitrate obtained fran the primary separation plants. I h e  
possibility of using th? isotopic dilution method developed by AERE at 
Harwell for the measurement of receipts fran IPD was suggested. 
t h  feasibility of using the relationship between plutonium nitrate con- 
centration and specific gravity for verification of measured plutonium 
content of primary p M  output was examined by multiple regression analysis 
of available da ta .  

In addition, 
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The use of weekly measurements of the average plutonium content and part-by- 
part variability has operated quite satisfactorily for control of mi 
plutonium content requirement, 
of every part by neutron counting for process control along with a randm 
sample fDr measurement by means of a mass spectrameter of the process average 
and part-to-part variability has not proven entirely adequate. 
sample disclosed a significant change in both process average and part vari- 
ability that was not detected by the routine control measurement. 
attention is being given this problem. 

rc"L"" m e  use of measurement of plutonium2 0 content 

'Jhe randam 

Further 

F'urther work on the statistical risk problem associated w i t h  the shipment of 
radioactive materials awaits a response to a request for information from the 
Interstate Cmerce Commission, Correspondence has a lso  been exchanged with 
the National Safety Council, 

Additional consultation was given in interpreting extensive work sampling 
data collected by CPD personnel. 

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 impor tant  in criticality studies. 

Document 1137-73467, "A Contour Canpletion Algorithm", has been issued. 

Medical treatment injury statistics are currently being anslyzed to give 
appropriate confidence limits for parameters occurring in the mathematical 
model. 

Relations Operation 

M e r  salary cumre6 were fitted 8s requested. 
in interpreting same of these curves, 

In addition, help was given 

Advice was given in connection with appropriate techniques for obtaining 
representative samples of plant personnel for survey purposes. 

STATISTICAL AM) lUEEBM'ICAL ACTIVITlEs WIzIITm RIX) 

Further work vas done on the problem of estimating the parsmeters in the system 
of nonlinear differential equations which express mass transfer Uynamics of the 
extraction process as a function of column position us ing  orpic and aqueo~ 

DECLASSIFIED 
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uranium concentration data taken at 17 ports along the column during a single 
experimental runo 
guesstimates,which, in turq are the initial values used in the nonlinear 
least squares 7090 calculation. 
are sligEfay different a transformation is being developed to nap analog 
estimates into digital ones. 

The absorptiometer calibration curves for the backup set of f o u  test cells 
were completed. 
Arture experiments if the original test cells are damaged, 

A discussion was held concerning the fitting of resemtioc water table data 
to an appropriate nonlinear diffusion model, 
the analysis will be a mathematical expression for the permeability function 
in the diffusion equation which can be used to estimate soil permeability 
characteristics beneath the reservation. 

The analog ccnnputer is being used to obtain preliminary 

Since the analog and digital fit metrics 

These calibration functions and cells w i l l  be used for 

Hopefully, the end product of 

Theoretical studies to determine the heat transfer properties of a proposed 
annulus-shaped container for high thermal source materials have been com- 
pleted. 
on the 7090 computer, and the findings reported, 

Tne model was evaluated for a wide range of its design parameters 

A formal. solution has been obtained to the problem of determining the steady- 
state nonviscaus flow pattern of a fluid in a cylindrical tank which 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 circulating devices. 
Development, CR m d  D, as part of their studies on waste concentration methods. 

The problem was suggested by Engineering 

Computations 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 ccnapactified fuel elements. 
from the actual tests were excellent. 

First results 

3000 prop;rm 

AB agreed upon with the Manufacturing Services Laboratory in Schenectady, 
three 7090 generated magnetic tapes were supplied for the purpose of check- 
ing aut the prototype Gorton controls under development there. 
received that.the test series was completely satisfactory and supplied valu- 
able information on reliability, accuracy, speeds, accelerations and auxiliary 
functions. 

Word has been 

6 
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4000 ProFpgm 

Irradiation Effects on Stnctural Materials 

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

PluC,onium Fuels Research 

A statistical evaluation of plutonium analyses on eight. types of plutonium oxide 
pellets was cmpleted. 
several azalysta using differert pellet sampling techniques. 
hcixsde3 estimation of the time trerds in the .&ha, bias azld precisian ox? each 
of the pellet ssmpling techniques, md, in adaition, 95 percent confidence 
i3terva.l estimates of the average plutonium content. af each pellet type. 

B e  analyses were performed over a two-year period by 
The evaluation 

Further work was done on precision and accuracies studies of several methods 
of estimating trace boron content. A statistical analysis is in pragress t; 
correia+,e OUT analytical laboratwies data with Battelle boron cmtext estimates 
based 3r- reactivity measurement to determine (1) whether there is a kias 'L;e*weer, 
the t w 3  prccedures and (2) the relative precisim of each. 

Actinide Element Research 

AFORTFAN program to determine cubic crystal indices froan X-ray diffraction 
data was tested with five sets of data. 
squares fit of the lattice constant has been written md is currently being 
debugged. Consideration is also being given to the more csmplicated mathe- 
matical prgblem of indexing hexagonal crystals. 

An improved version using a least 

Division of Research Programs 

A rough draft report was ccmpleted on the search anddetection prablem. Further 
work was done with ZERO search and planer plot routine. 
general definition of the IRA Mark-I1 Program file. In this connection, weekly 
discussions have been held with EDPO personnel. 
laboratory blanks and duplicate analyses was completed and the results reported. 

Work continued on the 

A statistical analysis of 

'he DE_' program for the quantitative resolution of a time dependent gamma 
eaergy spectm was rewritten without the use cf matrix calculation subrsutices. 
The revision uses abcmt. 50 percent of t k  memory required by the mstrix language 
zrogram. 
with Rackground Zorrec$ixs", was almost cmpleted. 

'Ihe rough draft of a report, "Fixed Time Estimatior, of Counting Rates 
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6000 program 

Biology and Medicine 

Work continued on fitting a multiccpnpartment 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 frm a study of discrimination of strontium over calcium 
was begun. 

Atmospheric DifAzsion StuUies 

Work continued on the fitting of tentative diffusion curves to the APE 
dats using the nonlinear least squares program. 
held concerning the statistics of particle sizing in connection with an 
experimental program to estimste the scavenging efficiency of rain drops 
as a function of their average diameter. Propagation of error variance 
fonrmlaswere supplied fo r  several scavenging efficiency estimators. 

Several discussions were 

Several sets of d a t a  were analyzed to determine the relation of excretion 
in the urine to time after intake. 

A nomograph was constructed for  use in evaluating a formula of the form: 

The last two in a series of lectures on probability and statistics were 
presented to participants in the Engineering "A" Course. 

Manager 
Operations Research and Synthesis 

CA Bennett : dg1 
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Coxtibined Cycles 

The combined cycles studies are planned t o  show the e f fec ts  of fuel element 
geometry, reactor design, fue l  management strategy, and economic cllmate on 
fuel cycle costs and bred fuel values. 
of interrelated nonlfnear varfables; therefore, it is d i f f i c u l t  to assess the 
impact of a given variable in studies of a single specific reactor type. 
becanes necessary t o  parameterize the variables choosing values l i ke ly  t o  show 
both the d i rec t  impact of the variable and the degree of i t s  interaction with 
other variables of the study. 

These studies involve a-lsrge number 

It 

Such studies are  further eompYlcated by the d i f f icu l ty  of representing the 
neutron reaction phenanena i n  a model suitable for use I n  computer analyses. 

The model originated by C. H. Westeott has gained wide popularity fo r  use i n  
survey type codes. Unfortunately, it has l imitat ions Ident i f led by Westcott 
fo r  use i n  analyzing reactors havfng hard neutron spectra. 
have high neutron thermal cross sections and, therefore, tend t o  harden the 
neutron spectrum when used as a fuel enrichment even more rapidly than, for 
instance, does U-235. The 1 ev resonance of Pu-240 further complicates the 
analysis e 

Plutonium isotopes 

m, the burn-up code used i n  the cwibined cycles study involving ten  
fueling schemes suumaxlzed In Table Ip u t i l i z e s  the Westcott flux and cross 
section model. 01Eof the advantages is that MEWAGER adJusts the cross section 
model during the burn-up calculation. 
Increase the expense of bm-w calculations t o  a prohibitive degree for lslurvey 
work If the spectrum w e r e  similarly adJueted during burn-up. 

A more sophisticated model could 

Prellmlnary results indicate that sane of the more interest ing combinations of 
fuel elements types and reactor parsPreters involve hard neutron spectra that 
cbange with i rmdia t ion .  The Westcott model ie least valid for hard neutron 
opcctra. 
hard neutron sp tc t ra  and the Zoned Spectrum i r rad ia t ion  beglns with a hard 
epectra. 
are l ike ly  valid but the exact condination of isotopes and neutron spectra 
producing the desired result are l i ke ly  t o  change with an improved neutron 
reaction model .  
assumed bpor"bance and urgency. 

I n  addition, Phoenix and reduced density fuels  appear a t t rac t ive  in 

The WELEACER data heretofore reported fo r  all three of these concepts 

For these reasons, the cal ibrat ion of the Westcott model has 
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TABLE I 

IDENTIFPCATICIV 3F PEED CaMpOSITIONS BY SERIES m R  

Plutonium Canpositions Used 
for  F iss i le  Enrichment 

Assigned h-239 Pu-240 Pu-241 Pu-242 
Series Noa Fuel Combinations A L L - k  

1,000 U-235 i n  uranium none 

2,000 U-233 i n  depleted 
uranfum 

none 

3,000 Plutonium i n  depleted 70 18 11 1 
uranium 

4 p 000 Plutonium in depleted 95 5 
u r a n i u m  

5,000 Plutonium i n  depleted 3 03 33 06 25 10.1 
uranium 

6,000 U-235 i n  Th-232 none 

79 OOo U-233 i n  Th-232 none 

8, ooc Plutonium in !t%-232 70 18 11 1 

9,000 Plutonium in Th-232 95 5 

10, OOO Plutonium i n  Th-232 31.3 33 06 25 1001 

SPECTRUM V (described in HW-7193) is being used t o  cal ibrate  the Westcott flux 
and cross section model. This work, being carried out w i t h  the  assistance of 
the Applied Physics group, has indicated a sizable diecrepancy between t h e  
spectral  index, as calculated in MELEACER code, and the spectral  Index calculated 
by SPECTRW V code when enriching v l t h  the amount of plutonlum typical ly  
associated with mfnfrmrm fuel coste, Of course, the discrepancies are minor i f  
one uses well-moderated cases vlth natural  enrichment. 
Westcott continually cautions readers t o  1Mt the use of the so-called Westcott 
cross section t o  such cases, Westcott does not, however, demonstrate the gpeciflc 
l imitations of the cross section and flux spectrum Plodel, The in te res t  i n  
using MELEAGER code for  spectrums sopnewhat harder than those for which the 
Westcott system was designed is BO great that the model must be calibrated and, 
if possible, extended t o  cover this region. 
exist; it is necessary t o  know t h e i r  magnitude and direction, and, i f  possible, 
t o  supply sufficient bias t o  allow the use of the Westcott model with reasonable 
accuracy. In the  Westcott system, cross sections are analytically averaged for  
each isotope and constants m e  derived for  use i n  the following equation: 

As Indicated, C. H, 

It is not enough t o  know that errors 
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where 

& = effective Westeott cross seetion 

ro = 2200 meterslseeond cross section for  monoenergetic neutrons 

g = a constant, typical  of a specific isotope ref lect ing i ts  
neutron absorption properties In  the thew neutron energy 
range 

s = a constant, which primarily reflects the neutron absorption 
properties of a specific isotope i n  the epithennal energy 
range 

r = a spectral  index ref lect ing the relative amounts of thermal 
and epithermal neutrons present with larger r 's indicating 
a so-called M e r  neutron spectrum. 

The spectral  index r becomes especially powerful i n  this equation when plutonium 
isotopes are analyzed because the plutonium isotopes have rather large "s" 
factors.  

The Applied Pbysies group has attempted t o  calibrate MELEAGR code against 
c r i t i c a l  mass measurements wfth plutonium and has demonstrated reasonable 
results using the spectral  indexes previously derived fran the W t i g r o u p  code 
(75 groups t o  4 2  ev), SPEZTRWM V. 
model which has been checked against cadmium ra t io s  and other spectrum meamre- 
ments i n  6A-2544 by Beyster, e t  al, of General AtoPIPfes. 
MELEAGE3 code using geometrical SDPV1s* were much higher as was expected and 
gave extremely pessfmistlc results when used t o  calculate react ivi ty  of plutonium 
enriched cases. Thus, It appesrs that  the Westcott aystem of cross sections 
could be used with reasone;ble results for considerably harder neutron epectra 
with an irproved spectral  index model o r  formulation. 

This code uses a rather elegant slowing-down 

The rqs  calculated by 

The MEZE&BR formulation for  spectral  Index, r, follows. Most of the terms are 
unique t o  MELEAGEEl and are  obscured further by the l imitation of the Fortran 
coding Wstem. As a consequence they arc defined -her: 

* SDPV is the volume and f lux weighted slowing down parer of the moderator 
normalfzed t o  the fuel .  

1 2 3 4 5 2 4  
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S I W  + sm 
?- r  

where 

summed over-all fie1 isotopes = E; G , y , S l  

and 
neutrons and y is the nuclefbarn emp g being the Westcott constant previously 
discussed 

I s  t h e  2200 meter/sesond absorption cross sections fo r  monoenergetic 

fuel 
and f i s  the thermal u t i l i za t ion  factor 

(SI@ is a means of introducing nonfuel neutron absorption). 

SDPV is tbe volume and flux weighted slowfng-down power of  the moderator 
nonnalfzed t o  the fuel. 

'IWL = thermal nonlealrage probability 

m=&- 
To 

where Tn In neutron temperature i n  % and To is 293 OK 120 C )  standard and 

J 

where To and Y'are, as before and S is  the Weetcott parameter unique for  each 
me1 ieotopc. 

This formulation was examined with the in ten t  of empirically improving i ts  
appl icabi l i ty  t o  hardened neutron spectra. 
MEZFUER Spectral indexes (r le )  indicate that they are too high fo r  any isotope 
present in appreciable concentration, but that they are even higher for  isotopes 
having lmge  "6" factors such as Pu-240. 
using B simple f'unction failed when appreciable quant i t ies  of Pu-240 were present. 

An exemination of uncorrected 

An ear ly attempt t o  correct for  r by 

I 2 3 4 5 2 5  tRJCLASSIFIED 



A m o d i f i e d  MELEAGQI deck suitably labeled t o  indicate that it contains unusual 
experimental a l terat ions gives spectral indexes that track thoee fran spectrum 
code for single isotupes and mixtures (see Table 11) calculated by the following 
equations : 

which i s  operated on by the equation 

where k l  and 9 are constants supplied as input t o  MELEAGER code. 

k 
aksorptions and serves t o  give self-shielding t o  this factor 
because in the formulation it is multiplied by Ssme 

i s  adjusted t o  give suitable influence t o  the epithennal 

then adJusts the  degree of self-shielding applied t o  sll 

The spectral  index formlat ion in modifled MEZEAGEFl has also been trfed with 
mixtures of plutonium isotopes with varying amounts of boron present wi th  
similarly excellent results. 

After additional checking of the modifled MELEAGER formulation and cross 
sections they can be used t o  determine the magnitude of the conservatism of 
the standard MELEAoER code with respect t o  bred fue l  values and htel cycle 
costs for the  various studies i n  progress. 
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TABU I1 

A COMPARfSON OF STANDARD AND MODIFIED MELEXER SPECTRAL INDEXES 
WITH SPEc"RUM V RESULTS MIR SINGLE ISUWPES OF VARYING CONCENTRXCIONS 

MELEAGER Modified 
Concentrations (1) Spectrum r Uncorrected r ~ A G E R  r (2)  

u-235 

0 0 0002 
0.0004 
0.0006 
0 0 0010 
o e 0015 

0 0 00004 
0 * 00010 
0.00020 
o.oO04o 
o 00080 

Pu-240 

0.0004 
0 0 0010 
0.0020 
o 0030 
0 0 0040 

0 0736 
0.137 
0 191 
0.281 
0 0 370 

0 0 105 
o .,265 
0.453 
0 0566 
0.632 

o 086 0.083 

0.229 0,205 
0 0 356 0 301 
0,501 0 0 396 

0 e 1605 0 0148 

0,049 0 0474 
0 e 1137 0,106 
0.219 0.1% 
0 ., 3914 0.322 
0 5702 . 0.481 

1) Nuclei (barn cm of hanogenized c e l l ) ,  
2) Using KI = 1 and 5 = 0.5 

Zoned Fueling of Plutonium Enriched Reactors 

The fie1 element fabricating and a c k e t l n g  cost, FEFJ, for  an element that 
contains plutonium i s  higher than fo r  an element t ha t  contains only uranium. 
Thfs cost, which is called the "delta" FEFJ cost, is approximately independent 
of the amount of plutonium i n  the element over limited ranges. Thus, the t o t a l  
FEFJ cost of a reactor that i s  pa r t i a l ly  enriched with plutonium can be reduced 
by concentrating the plutonium in to  a f e w  elements (as opposed t o  uniform 
enrichment in which every element w i l l  contain some plutonium), That is ,  the 
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average FEFJ cost per f i e 1  element can be decreased by "zoning" the reactor 
such that some elements contain only uranium while  the others contain a 
mixture of plutonium and uranium. This can be expressed as: 

I%FJ = FEFJ, + vr A 
where: 

fiJ = reactor averaged EEXJ cost per pound of f i e 1  

l?EFJu = FEFJ cost for fue l  elements containing uranium only 

A = additional FEFJ coet increment for  fue l  elements that  
' contain plutonium 

Vr = fraction of the fuel  elements in the reaztor that contain 
plutonium 0 

The plutonium value calculations reported I n  HW-72217 fo r  self-sustaining 
plutonium recycle assumed that the product VrA was constant throughout the 
recycle ser ies .  
of recycle plutonium increases i n  successive steps, then  V, cannot be constant 
and this I s  equivalent t o  forcing A t o  vary. 
programed that calculates Vr f o r  each step i n  the recycle ser ies  and u ~ e s  this 
value t o  determine mJ based on Input values of F"JU and dl 
used t o  calculate V r  are  that the  plutonium is  mixed wlth depleted uranium and 
the Init ial  f i s s i l e  enrichment i s  the same for sll of the  fuel elements i n  the 
reactor.  

However, if the zoning cr i te r ion  is unchanged and the amount 

A more correct formulation w a s  

The c r i t e r i a  

Table I11 shows the reactor averaged FEFJ costs using the old and new calcula- 
t lona l  methods for the APWR, w h i l e  Table IV shows the corresponding plutonium 
values I n  each case. 
from MELEAGER-CHAIN which uses the 
Reminimizing with the A conetant, V, variable method would make a significant 
difference I n  these results, 

It should be noted that the pbyslcs results were obtained 
A *Vr = Constant calculational method. 

The plutonium values shown i n  the next t o  the last column i n  Table N are about 
@/gram lower than the values ehom for Case AFWR-IV ' i n  HW-72217, because the 
Incremental charges for fabricating plutonium-bearing fue l  are about twlce as 
high in Table I Y  8s for  Case APWR-IV. 
last column of Table IV are about $3.OO/gm less than the Inflated values shown 
In the adjacent column, this suggests that the plutonium values shown for  
Case APWR-IV i n  HW-72217 are high by about $1.50 per f i s s i l e  gram. 

Since the refined values shown i n  the 

, 
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TABLE I11 

FEFJ COSTS FOR THE APWR USING TWO 
DI- FEFJ FORMLUWIONS 

Fraction of the Fuel Reactor Average FEFJ, $/Pound Fuel 
Step Elements that = Constant 

Number Contain Plutonium A*v, = constant ( l )  < = Variablefz) 

1 
2 
3 
4 
5 
6 
7 

0.0 
0 142 
0.183 
0 0 190 
0.200 
0.204 
0.205 

$40 0 0 0  
50.00 
50 .oo 
50 .oo 
50 .oo 
50.00 
50000 

$40.00 

52.87 
53 036 
54.06 
54 035 

50,OO 

54.42 

(1) 

(2) 

Rased on FEFJu = $40 per pound fie1 and V, A = $10 per pound fuel. 

Based on FEFJ 
( A  chosen so that FEFJ in Step 2 wi l l  be ident ica l  with the 

= $40 per pound fuel and A = $70.32 per pound fuel  

B 'Vr = constant method) 0 

A = Constant 
I t e m  A.vr = Constant (') Vr = Variable(2) 

Fuel Coet, ~ I U S / I S W ~  2.58 2,61 

Plutonium values i n  each step, 
$/gram ( f i s s i l e )  

1 
2 
3 
4 
5 
6 

00-0 

7.60 
8 . 9  
9 025 
8.40 
7.60 

sl-0 

6.00 
6 ~ 5  
6.45 
5040 ' 

4 055 

(1) and (2) See notes on Table III. 
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Phoenix Fuel: Effect of Speciflc Power 

Phoenix fuels  have been studied a t  vsrlous speciflc power levels  t o  determine 
the effect  of Pu-241 decay and Am-241 decay on the exposure achievable with a 
given fuel  composition. A t  speciflc powers of abcut 30 watts/cc the exposure 
is greatly reduced i n  camparison t o  the exposure achievable at  powers of 100 
and 300 watts/cc. 
generally expressed in megawatts per ton of fuel  (MW/T) and for U% fuel  will 
often be In the  range of 10 t o  15 megawatts per ton of uranium. 
t o  ll0 t o  165 watts per cm3 for  U@ at theoret ical  density. 
power i n  m e g a w a t t s  per ton for  fue l  with a density of 3 @ns Pu/cc operated at a 
volumetric speclflc power of 165 watts/cc would be 50 megawatts per ton of 
plutonium 

The specific power of central  s ta t ion power plants i s  

This corresponds 
The equivalent 

It has been determined that the reduetion i n  obtainable energy gfeld I s  caused 
prfmarily by the  poisoning ef fec t  of americium-241 (Am-241). The information 
presented here points out the importance of specific power i n  fuels with high 
241 content. 
and econcmics standpoints both because sane Pu-241 is lost as a thermal reactor 
fuel  by radioactive decay and because the Am-241 which is formed f'ra Pu-241 
decay I s  a strong absorber of tbermal neutrons. 

The Pu-241 content of the fuel is important *can reactor control 

An Investigation is  presently be- made t o  determine the impact on f i e 1  costs 
of Am-241 formation in Phoenix fuels. It appears that It will be important t o  
operate plutonium fuels  contalning a large percentage of Pu-241 at  high specific 
power i n  order t o  keep the r a t i o  of Pu-241 decays t o  Pu-241 f iss ions as low as 
possible 

The MELEAGR? burn-up code was used t o  rind the exposure for three groups of 
cases as shorn i n  Table V. The specfflc power level was varled i n  each group. 

I n  the flrst group, both the k-241 formstion constant and the Pu-241 decay 
constant were set equal t o  zero. 
Pu-241 did not decay and i f  Am-241 was not formed. 

These c a ~ e s  show how burn-up would occur if 

In the second group, Am-241 was allowed t o  form as i f  Pu-241 were decaylng a t  
the normal rate. However, the  code w a s  operated i n  a manner such that there 
was no loos of Pu-241 concentration by decay. 
shows the effect  on exposure of the Am-241 fornation. 

In  the th i rd  group of cases the  formation constant for  Am-241 was equal t o  the 
decay constant for  Pu-241 and both events (decay of Pu-241, formation of Am-241) 
were allowed t o  occur. 

The reeul ts  of these cases 

1 2 3 4 5 3 0  UIVCLASSIFIED 
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Table V l ists  the exposures obtained for the three se t s  of conditions mentioned. 
In  computations fo r  Table V the i n i t i a l  plutonium composition was; 
Pu-239, 20 percent PU-240, 15 percent Pu-2419 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 l i s t e d  both i n  megawatts thermal per ton of fue l  and i n  
watts per cubic centimeter, 

62 percent 

The exposure is l isted in correspondfng units. 

The tfme involved i n  burn-up for each case I s  glven both i n  days and years  i n  
Columns 6 and 7# respectively. 
obtainable lifetime due t o  Am-241 formation. 
t o  d e t e d n e  a t  Just what specific power this maximum l i f e  would be at this fuel 
density but it appears t o  occur samewhere near 100 MW/ton. 
of years will be different  for Phoenfx f'uels developed i n  hard spectra and i n  
soft spectra. 

A t  low epecifle power, a significan% smount of Pu-241 (l3-yesr ha l f - l i f e )  decays 
by,&?' t o  Am-241 (470 year ha l f - l i f e ) .  
section of Am-241 is /J 585 barns. 
of Am-241 are greater than 3000 barns and other resonances ex is t  at  higher energies 
i n  the epithermal range. Thus, it is a very strong absorber, especially i n  hard 
spectrum reactors,  
between 600-700 barns while the 2200 m/s flssion cross section is only about 
3.2 barns. 
the Westcott effect ive cross section notation $ = ro (g + rs) where the g and b 

factors r e f l ec t  the thermal and epithenmal absorptions, respectively, and r is 
the spectral  index. 

It should be noted that there is a maximUm 
Sufficient work has not been done 

The l imft i n  terms 

The 2200 m/s neutron absorption cross 
Several. low-lying resonances (0,3# 0.6, 1.3 ev) 

The 2200 m / s  capture cross section is variously l i s t e d  

The cross sections employed i n  t he  MELEAGER bum-up code make use of 

The effective Westcott Am-241 cross section i n  a Phoenix fue l  varies typically 
from 7 3000 barns at start up t o  - 1400 barns a t  the end of burn-up. 

Am-241 forms the Am-242 isomer with a 16-hour halflife wi th  a preferent ia l  r a t i o  
of 14 t o  1 over that of the N 1OO-year hal f l i fe  Am-242 isomer. 
242 isomers have large f l se ion cross sections, It would be necessary t o  expose 
the 16-hour halfl ife h-2k isaner t o  a high flux level  i n  order t o  f lss ion it 
before,& - decay and formation of Ch-242 occurs. 
Cm-242 ha6 sn &-barn t h e m  neutron absorption cross section and no 
f i ss ion  cross section. 
poison, i t s  daughters and decay products con t r ibu t i r .  very l i t t l e  t o  the 
f iss ions in thermal spectrum reactors. 

Although both 

From available information, 

Thus, the  net e f fec t  of Am-241 is t o  ac t  as a strong 

1 2 3 4 5 3 1  UNCLAsSIrnED 



rnCLAsSIFIED F- 11 HW-73514 

TABU V 

TABLE TO IIILUSI’FWE IMPACT OF AM-241 FO€MATIOTJ ON EXPOSURE 
M P U J T O W  FUELS WITH HIGH 241 CONCElJTRATION 

No Pu-241 Decay and No Am-241 Formation 

Power 
MW/Ton w/ec 

Exposure 
r n / T  MWD/ec 

m e 1  U f e  
Days Years 

10 33 650,000 2,150,000 65,000 178.1 
30 100 650,000 2,150,000 21,700 59 45 
100 330 6509 OOo 2,150, OOo 69 500 17.8 
300 1,000 650, OOo 2,150,000 2; 160 5 e 9  

Very high 650~  000 2,1509 OOo V e r y  short life 

Am-241 Formation only (No 241 Decay) 

10 33 199 000 63,000 1,900 5 0.2 
30 100 93, 000 307, OOo 39 100 8 * 5  
100 330 620,000 2 05 0,000 6,200 17 .o 

With Pu-241 Decay and With Am-241 Formation 

10 33 17, ooo 56,000 1,700 4.7 

300 1, OOo L 6509 000 C 2,150, OOo c 2,160 4 5.9 

30 100 74,000 245, OOo 2,470 6.8 
100 330 510,000 1, 690, OOo 5D1O0 14 ,O 
200 660 650,000 < 2,150,000 4 3,250 4 8.9 

Very high 6509 OOo 2,150, OOo Very short life 

Idealized U-2z 

The rough draf’t of a report t i t l e d  Uranium Price Schedules and Bred me1 Values, 
HW-72219, ha8 been prepared. 
the theoret ical  basis  for pricing bred f’uels i n  proportion t o  the cost of fully- 
enriched uranium fran the  diff’usion cascade. The cost of  burning uranium I s  
highly dependent upon the enrichment and the burn-up fraction, but it is not 
obvious tha t  the value of bred f i e 1  In 823 equivalent s i tuat ion will be independent 
of these factors.  
chemical properties but the same nuclear properties as U-235 ( i o e o ,  an “ideal“ 
U0235)~ i t s  value would be pract ical ly  equal t o  the  cost of fully-enriched 
uranium regardless of the burn-up s i tuat ion.  

The prime obJective of this rep0i.t is t o  demonstrate 

This report demonstrates that if the  bred f’uel has different 

I 2 3 4 5 3 2  UNCLASSIFIED 



UNCLASSIFIED F-12 HW-73514 

Code Development 

A routine t o  extrapolate the fuel cost camponent curves i n  QUICK-MINIMIZER was 
written and is debugged, The expreesion fo r  the extrapolated curve has the form: 

This expression was formulated t o  match the polynomial flt generated by MINIMIZER 
at the "cutoff" enrichment Xoo 
are determlned by speeifyfng that the  derimtive and the  second derivative of 
the extrapolated curve w i l l  match those of the polynomial a t - X  = X,, 

The arbi t rary constants A and B in this expression 

When the derivative and the second derivative of the p o l p m i a l  have the same 
sign at the argument of the exponential w i l l  be positive. In this case the 
extrapolation w i l l  not damp out but w i l l  increase or decrease &out l i m i t ,  
The increasing exponential is physically r e s l i s t i c  but as the fuel cost cannot 
decrease without l i m i t  this expression w i l l  be replaced by a l inear  junction 
that w i l l  match the  value of the polynomial and i t s  derivative at 16. 

An exponential Function of the same form w i l l  be used i n  PREEUS t o  help fit 
the  isotopic capos i t ions  o f  longlived fuels. 
determined by matching the actual data points a t  the ends and in the center 
of the range of in te res t .  

The arbi t rary constants w i l l  be 

Improved data have been prepared for use i n  testing KINIIMZZER subroutine for 
W C K  fuel costs from GRADED APWR fuel  systems in addition t o  BATCH fueling. 
New MINIMIZER tests have been devleed and ewe being run t o  replace data prepared 
in December, 1961. 
of MINIMIZER subroutine i n  interpolating and extrapolating data from both batch 
and graded Are1 systems. 

Wse Include i l l u s t r a t ions  which w i l l  show the effectiveness 

Two se t s  of ident ical  caBe8 were processed through QECK, one from W E R  
data  cardr, the  other from MQ;EAGER cards run through PRSTEUS. 
canpared ievorably. Pretreated cases resulted i n  an average of two percent 
lower fuel costs f'ran QUICK. Another set of cases is t o  be processed for a 
firmer checkout 

!Phe cases 

A DA!FMAKER program has been written and is being debugged. 
generate data cards for CHAIN and should reduce the  amount of work and time 
required for  making up CHAIN decks by a s i p i f f c a n t  factor.  

This program w i l l  
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- 
Rad1 onuclide Heat Source 6 

When a l l  o f t h e  possible radionuclides which may have potent ia l  fo r  use as heat 
sources are  examined from the stsndpofnt of a few prac t ica l  c r i t e r i a  the l is t  
shrinks t o  a t o t a l  of only s ix  isotopes, strontium-90, cesium-137, 
promethium-147, phtonium-238, end uranium-232 (and i ts  daughter, thorium-228) . These are: 

The c r i t e r i a  for screening o r  selection which reduce8 the list t o  this small  
number include the following: 

10 

2. 

30 

4, 

5 .  

6, 

7. 

8. 

90 

10 0 

11 0 

HaLf-life i n  the range of 1 t o  100 years, 

Heat output t o t a l l i ng  more than 0.1 watt per gram of the pure isotope. 

If the heat source is a f iss ion product, the f iss ion yield shall be 
greater than 0,1 percent. 

The isotope as delivered for  heat source preparation shall not cost 
more than $2000/inftial watt when manufactured on more than a 
prototype scale,  

Candidates must not requfre processes involvfng isotopic separation 
for  e i ther  target  o r  product materfal, 

Sufficient data must be at  hand t o  deflne a r e a l i s t i c  and near 
future production process 
i n  accelerators and cer tain fast reactors ) 

The product m u s t  not involve the use of extremeJy rare elements such 
as radium-226, americium-243, or  lead-210 

Iner t  gases are  unsuitable (~r-8510 

When produced by steps of neutron i r radiat ion and chemical processing 
no more than two Steps of each may be required, 

The thermal neutron cross section of the target  shall not be l e s s  
than two barns. 

The t h e m  neutron cmss  eection of the product must not exceed 
1500 barns. 

( T h i s  allows PU-238 but excludes tritium.) 

(This excludes materials produced only 

I 2 3 4 5 3 4  
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Although Sr-90, (213-137, and PU-238 have already been selected for a number of 
heat source applications, this study points up that Pm-147 should be receivlng 
additional emphasis. Although it has a half-Ufe of 2.6 years, which is much 
shorter than four of the others, it is  the only one competitive with PU-238 
i n  tha t  with aged material ( to  l e t  -0148 decay out) Its gama energy (frm 
bremstrahlung) is sufficiently low t o  make it possible t o  avoid the  special  
heavy shielding problems associated with all of the other four isotopes. 
addition the study continues t o  support the posit ion of U-232 and Th-228 as 
outstanding heat sources. 

In 

n 

WK wo0ds:jm 
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RADIATION PROTECTION OPERATION 
RFPORT FOR THE MONTH OF APRIL 1962 

A. 0RGANIZATI:ON AND PERSONNEL 

Transfers within the Section during the month included R. W. Simmons 
transferring t o  Environmental Studies and Evaluation from Radiation Monitor- 
ing, and R. J, Beaver transferring t o  Radiation Monitorixq from Environmental 
Studies and Evaluation, both effectlve April 2.. Roberta K. Lattin was trans- 
ferred from Contract and Accounting t o  External Dosimetry effective Apri l16.  
Alvin J .  Stevens was reactivated effective April 30. 

B. ACTIVITIES 

Occuptional Exposure Experferne 

On April 7 about 11:OO a.m. ,  a nuclear excursion occurred i n  the K-9 vessel 
of the Solvent Extraction hood i n  the Recuplex f a c i l i t y  a t  the 234-5 Building.  
A t  the time of the event, there - -re 22 employees i n  the building including 
four persons i n  the Recuplex are&. Automatic activation of the c r i t i c a l i t y  
alam system aler ted a l l  persons i n  the building o f  the event. 
prompt and effective.  

Evacuation was 

Surveys of a l l  persons who were i n  Z-plant were made a t  the 200-W M r s t  
A i d  Station shortly after the evacuation. 
taminated. On the basis of surveys made f o r  neutron activation of  Na23 i n  the 
body and statements made by the involved employees, four employees were trans- 
ferred t o  the Kadlec Hospital f o r  further t e s t s  and observations. 

No personnel were found t o  be con- 

A l l  of the 24 employees i n  the 2-plant f a c i l i t y  were wearing t h e i r  f i l m  
badge dosimeters as prescribed. Analysis of these dosimeters, analysis of  
blood samples, and examinations i n  the Whole Body Counter provided early pre- 
liminary estimates of the radiation doses received. For the four men i n  the 
room where the excursion occurred, their preliminary dose estimates were known 
four hours after the excursion. 
f a c i l i t y ,  their  doses were known six hours after the event. 
were i n  the room where the excursion occurred received radiation doses of 
about 110 rems, 43 rems, 19 rems, and 1.4 rems, respectively. 
sons i n  the 2-plant f a c i l i t y  received a dose of < 1 rem due t o  the excursion 
except f o r  one employee who was i n  a nearby office and received 1.7 rems. 

For the other 20 persons i n  the Z-plant 
The four men who 

A l l  other per- 

The Hanford Laboratories home phone crash alarm system was activated 
shortly af'ter the incident, Within one hour after the excursion, i n i t i a l  
staffing of the Emergency Control Center a d  emeqency supporting Labora- 
t o r i e s '  f a c i l i t i e s  was completed. A major portion of the Laboratories' staff 
i n  radiation protection, nuclear physics, and analytical  laboratories functions 
was assigned t o  duties i n  support of the s tabi l izat ion o f  the Recuplex f a c i l i t y  

UNCLASSIFIED 
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during April. Throughout the recovery period, normal Hanford radiation pro- 
tection control limits were i n  force. 
served on the Recuplex Advisory Council during the recovery period after the 
incident 

The Manager, Radiation Protection, 

Three minor cases of plutonium deposition, each less than one percent of 
the maximum permissible body burden, were confirmed by bioassay analyses dur- 
ing the month. 
occurred a t  Hanford is 288, of  which 208 are currently employed. 

The t o t a l  number of plutonium deposition cases tha t  have 

PRTR personnel were exposed t o  dosage ra tes  of 1.1 rems/hour, including 
1 r/hour, while checking f o r  leaks i n  A c e l l  while the reactor was operating 
a t  3 M w ,  
activated when the moderatar storage tank l i d  was removed, causing an emis- 
sion of radioactive gas, 
personnel were bioassayed and the maximum result m s  10.9 pc T/lo 
par t ic le  of irradiated zircalloy, which was found i n  the storage basin area, 
showed a dose rate of 26 rads/hour a t  one inch. The maximum dose rate mea- 
sured during charge-discharge operaeons w a s  1.7 r/hour a t  a distance of 15 
feet  frm a fuel element. 
viously obtained and is probably caused by tk element being removed from 
the reactor before suff ic ient  radioactive decay, A primary system ion 
exchanger was replaced in dose rates to  250 mr/hour. 
40 r/hour were noted near the remaining i o n  exchangers, 
received doses i n  excess of  25 m r e m  fran internal ly  deposited tritium, 
maximum accrued dose was 460 m r e m  i n  a 30-day period. 

The high-level a i r  alarm on the main exhaust duct i n  PRTR was 

Following repositioning of f lux monitoring channels, 
A small 

This measurement i s  approximately twice that pre- 

Dose ra tes  of 30 and 
Twenty employees 

The 

Extensive decontamination of A c e l l  i n  the Bgh-Level Radiochemistry 
h c i l i t y  w a s  completed without incident. 
has been reduced from an or iginal  70 rads/hour t o  approximately 10 mrads/ 
hour, The maximum estimated exposure t o  personnel involved i n  the decon- 
tamination durPng the past two months was  less than 1 rem. 
Whole Body Counter data confirm no indication of  internal ly  deposited f iss ion 
products t o  personnel involved In  t h i s  work. 

The average radiation background 

Bioassay and 

Skin contamination t o  60,000 c/m v i th  nasal contamination t o  40,000 c/m 

A similar occurrence was 
was detected on exit  surveys of three employees who had been working w i t h  the 
bll 3 hoppers on the top of the lO5-W reactor, 
reported on another shift the same day f o r  two employees doing ident ical  
work. Examination a t  the Whole Body Counter indicated the presence of 113’. 
Subsequent thyroid counts showed iodine deposition f o r  four of the men that  
represented frm about one percent t o  twelve percent of the permissible body 
burden, extrapolated t o  the day of the incident and w i t h  the thyroid the 
organ of reference. 
no sfgnfflcant 1131 deposition. 
iodine was determined. 

Thyroid checks of  seven other 105-KW employees showed 
No explanation f o r  the presence of the 
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A report was received from radiation monitorfng a t  100-F Area that an 
IPD power operator had received I1s a t  Virginia Mason Hospital i n  Seatt le.  
The report indicated that a CP dose rate measurement at  the employee's neck 
showed about 90 mr/hour. Evaluation of the employee's f i l m  dosimeter f o r  
the 4-week period showed a dose of  1 r gama. The employee's normal work 
assignment does not require entry i n t o  radiation zones, 
mentation t o  determine his occupational dose f o r  the period was in i t i a t ed .  

The necessary docu- 

A CPD pipef i t ter  received plutonium skin contamination t o  100,000 d/m 
on his forearms w h i l e  worklng i n  the 233-S f ac i l f ty ,  Redox Operation. 
Although the employee w a s  wearing surgeon's gloves taped t o  his overalls, 
the contamfnation was apparently transferred t o  the coverall sleeves and 
then t o  the forearms. The skin condition was reported as good after about 
two hours of decontamination e f f o r t s  t o  remove the contamination. Special 
urine samples were requested f o r  bioassay analysis,  

Environmental Experience 

Iodine-l3l emitted from the Purex stack during the period April 2 t o  
April 1 2  totaled about 4-4 curies, The high emfssion i s  believed t o  have 
resulted from dissolving "green" metal. Varyly wind speeds and directions 
combined with the  vagrant characterist ic of 113 clouds dispersed the con- 
tamination s o  t h a t  none w a s  detected on vegetation except i n  the immediate 
v ic in i ty  of the  200 E a s t  Area. 
l i t e r  was found i n  the Ringold area. 

A maximum level  i n  milk of about 70 ppc/ 

Average fa l lou t  concentrations a t  various l o c a l i t i e s  i n  the Pacific 
Northwest ranged from 2.4 t o  13  ppc/m3 during the month of April. Sporadic 
increases noted during the f i rs t  week of April appeared t o  be the f irst  evi- 
dence of the spring peaks expected from the USSR t es t lng  last fa l l .  

Control of afr-borne contaminants a t  the Hot Sedworks continued t o  be 
troublesome Emissions of about 5 millicuries (undetermined beta-emitters 
estimated t o  be about ha l f  Srgo) occurred on April 23  and April  27. 
emironmental contamination of significance resulted. 

No 

A t o t a l  of 122 f i s h  w a s  taken from sampllng locations on the Columbia 
River a t  Priest Rapids, Hanford, Ringold, Richland, Burbank, and McNary 
Dam. 
mitted to the laboratory fo r  radiochemical analysis. 

One hundred and thi r ty-f ive tissue samples from these f i s h  w e r e  sub- 

Ninety-eibht produce samples w e r e  obtained f o r  radiochemical analysis. 
These include milk f r o m  the Ringold, Riverview, Benton City, Mesa, and 
Eltopia areas as w e l l  as composite samples obtained from the Twin City 
Creamery. Milk samples totaled lo3  gallons. Four pounds of W i l l a p  Bay 
oysters, two pounds of ground round steak, four pounds of rhubarb, fourteen 
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pounds of asparqus, sixteen pounds of pasture grass, and fifty-one sets of 
beef thypoid glands were also obtained, 

One f l i g h t  was made mer the project and adjacent areas f o r  background 
data,  Two other f l i g h t s  were made i n  connection with the Recuplex incident. 

The output of P32 i n  reactor effluent remains steady but the quantities 
of As76 and Np239 continued t o  eclfne,  A normal seasonal increase w a s  
observed i n  the quantity of Mn5 t and N d 4 .  

Studies and Immovements 

Electronic equipment f o r  measuring the buildup of particulate ac t iv i ty  
on the f i l t e r  sample collected a t  the Hot Semiworks process stack was 
instal led during the month, Operation t o  date has been satisfactory,  

Ail equfpment has been instal led a t  the 306 Building t o  sample radio- 
active contamination that may escape t o  the atmosphere from the portions of 
the thorium processing cycle. 

Arrangements were cmpleted with the USPHS t o  obtain samples of Columbia 
This cooperation between River water a t  Vancouver and ship t h e m  t o  Hanford. 

the two organizations saves dispatching R man t o  Portland every other week 
t o  obtain t h e  sample, 

General assistance was rendered t o  Security Operation t o  expedite the 
fabrication of the new security credentials.  
designed and an arbor press t o  hold the die was received, A work order fo r  
90 storage racks capable of  holding 18,000 f i l m  bed.ge dosimeters w a s  placed 
after the prototype was  found acceptable. Tbe old racks cannot be modified 
t o  accommodate the new badge dosimeters, 

A photo blanMng die  was 

The automatic densitometer was moved i n t o  the soundproof booth i n  the 

Doses t o  1,000 m r  from radium-gamma radiation can now be read 
3705 Building. 
completed. 
on the  densitometer without switching scales, The e l ec t r i c  relays were 
ins ta l led  on the power l i m  leading t o  the densitometer that w i l l  auto- 
matically disconnect the densitcmeter when there i s  a power failure o r  large 
l i n e  fluctuations, 

The modifications t o  the densitometer have essent ia l ly  been 

The manufacturer's pre-production Scintran w a s  compared w i t h  the proto- 

The geollletry of the manufacturer's probe was bet te r  than 
type. 
was satisfactory.  
the prototype. 
c i r cu i t .  

The workmanship and general appearance of the pre-production model 

Nucleonic Instrumentation i s  evaluating the components and 
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c .  VISITORS 

Visitors consulting with members of the Radiation Protection staff dur- 
ing the  month incluied: 

A. M. Menoux - French Atornfc Energy, Saclay 
A. Barbreau 

Dr. C. A ,  Paulsen - Consulting Endocrinologist, School of Medicine, 

- French Atomic Energy, Fontemy-aux-Roses 

University of Washington 

Dr. C .  C .  Lushbaugh - Pathologist, Los Ahmos Scient i f ic  Laboratory 

D r .  G o  A ,  Andrews - Cak Ridge 

St ig  0. W. Bergstrom - Atomic 
Sweden 

D. RELATIONS 

I n s t i t u t e  of Nuclear Stui ies  

Energy Conrmfssion, Studsvfk, Tystberga, 

A t o t a l  of sixteen members of t h e  Radiological Emrgency S t a f f  toured 
the Civil Defense Emergency Relocation Center located on Rattlesnake Moun- 
t a i n  

A safety and housekeeping inspection of a l l  300 Area Radiation Monitor- 
ing f a c i l i t i e s  revealed good general safety atmosphere with no significant 
infractions o r  deficiencies. 
inspection were corrected promptly. 

Minor improvements suggested during the 

Radiation Monitoring personnel assigned t o  PRTR are attending formal 

Tours were conducted through the Cr i t i ca l  Fac i l i ty  for  groups 
classes covering the operational, safety, and radiological aspects of the 
Gas Loop. 
of 300 Area monitors. !Two radiation orientations, one radiation refresher 
training course, and one lecture on emergency monitoring vere provided t o  
RLO and 0 customer components. 

A t o t a l  of eighteen persons attended the Disaster Level Monitoring 
t ra ining course before these sessions were discontinued as a resu l t  of the 
Incident a t  Recuplex. 
date 

This training program will be resumed a t  a la ter  

E. SIGllIFICANT EPORTS 

~~-72691-3-"Sumnnrry of Radiological Data f o r  the Month of  March 1962" by 
R. F. Foster. 

UNCIASSIFIED 
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HW-73341 - ' t a l ib ra t ion  of Staplex Portable A i r  Samplers With an Anemometer" 
by L. F. Kocher* 

HW-73538 - "Monthly Report - Apri l  1962, Radiation Monitoring Operation" by 
A. J. Stevens, 

UNCIASSIFIED 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permissible Limits 
Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 
Dosimeters Processed 
Paired Results - 100-280 m r  
Paired Results - Over 280 mr 
Lost Results 

W o r d  Beta-Gamma Film Badg e Dosilneters 
Fflm b c e s s e d  
Results - lOO-3OO mads 
Results - 300-500 mrads 
Results - Over 500 mads 
Lost Results 
Average Dose Per film Packet - mad (ow) 

- ml- (s9 

Hmford Neutron F f l m  Badge Dosimeters 

Slow Neutron 
Film Processed 
Results - 50-lOO mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Re s ul t s 

Fast Neutron 
Film Processed 
Results - 50-100 m r e m  
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

*Hand Checks 
Checks Taken - Alpha - Eeta-Gamna 

+Skin Contaudmtion 
Plutonfm 
Mssion Products 
U r a n i u m  
T r i t i u m  

*Inclules t w o  reporting periods from CF'D. 

April 1962 t o  Date 
3 3 
3 3 
2 2 

5,532 13,368 
1 22 
0 3 
0 0 

10,097. 38,249 
193 1,369 
17 142 
8 59 
18 100 
12 0 97 10 72 
29 0 65 27 0 97 

2,362 
3 
1 
0 
5 

45 
56 

3 
0 

5,926 
4 
2 
0 
8 

1,650 
250 
32 5 
3 
10 

71 
181 
11 
0 
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Whole Body Counter 
GE Employees 

Routine 
Special 
Terminal 
Non-Routine 

Non-Employees 
Pre-Employment 

Male Female April 1962 t o  Date 

65 
81 119 

0 3 
L 

3 
-77 

0 
117 
- 0 

7 
- 0 

110 
- 

Bioassay 
3 

2 1  

0 

0 

Confirmed Plutonium Deposition Cases Plutonium - Samples Assayed 322 
- Results above 2.2 x 10-8 pc/sample 

Fission Product - Samples Assayed 
Uranium - Samples Assayed 169 

Strontium - Samples Assayed 50 

536 . - Results above 3.1 x 10-5 pc/sample 

Biological - Samples Assayed 

Uranium Analyses 

Sample Description 
Fuels Preparation 
-1s Preparation* 
Hanford Laboratories 
Hanford Laboratories** 
Chemical Processing 
Chemic a1 Fro ce s si@* 
Special Incidents 
Random 

T r i t i u m  Samples 
Urine Samples 

> 5.0 pc/ l  
1.0 pc/l 

Samples Assayed 

Mode rat or  

R e f  l ec tor  

D20 Samples 

Primry coolant 

Other Water Samples 
No. 5489 Drum 

Following Exposure 
U n i t s  of 10-9 pc u / ~ ~  

Number 
Maximum Average Samples 

5 .3  2.5 0 55 0 
0 

1 1 . 2  5 00 18 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

4.2 1.7 32 

3 
35 1 

5" 
1,757 

74 
2,418 

1 4  
768 
172 
299 

Following Period 
of No Exposure 

mts of 10-9 I.rc U / ~ C  
N u m b e r  

Maximum Average Samples 
T 1.9 7 - 

0 0 0 
11.8 4.1 18 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Maxfmum 

61.6 

Total Count - 
112 

30 
215 

628.4 p c / d  8 
116.8 p c / d  8 

8 
408.3 v/d 24 

107.6 p c / d  178 
417 

*The t o t a l  number of plutonium deposition cases which have occurred at  Han- 
ford i s  now 288, of which 208 are currently employed. 

*%amples taken pr ior  t o  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 
Pencils 
Other 

Miscellaneous Special Services 
T o t a l  Number of Calibrations 

Number of Units Calibrated 
April  1962 t o  Eate 

4,012 
1,080 
2,218 

8,531 

92 3 
248 

804 
524 
192 
110 417 

1,997 
- 

2,668 7,024 
7,890 

1,769 4,699 

- 11,307 311 
15,073 34,817 

AR Keene : l j w  
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FINANCE AmD ADMINISTRATION 

ACCOUNTING 

Cost Accountinq 

A revised 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-AM: are being changed to agree with totals developed at 
a DRD budget review in Washington on April 13, 1962. 
Contract Accounting as a part of the HAP0 budget will a l s o  be revised to 
reflect the new amounts. 

Data submitted to 

HAP0 requirements for irradiation unit services f’rom 100-AEC for the remainder 
of FY 1962 and for FY 1963 and FY 1964 were estimated and submitted to 
HOO-AM: for inclusion in the Budget for FY 1964 and Revision of Budget for nr 1963. 
FY 1962 Financial Plan changes received by BOO-AM: in April and pertinent 
to Hanford Laboratory p r o m s  are as follows: 

1. 

2. 

3 .  

The 02 Rogram authorization for irradiation unit services 
was increased by $400,000 to a new total of $691,000 to. 
provide adequate funding for the fiscal year. 

The 04 Program was increased in total by $38,000, exclusive 
of irradiation unit services, comprising several individual 
program changes. 
being sought concerning the control points established for 
research and development and capital equipment in the Reactor 
and Fuels Ikterials Prowam. 

Clarification from Washington-AEC is still 

The 06 Rogram was reduced by $50,000 to reflect the voluntary 
transfer of Arnds to another site at the Request of Washington- 
AEX. Although not reflected in the Financial Plan, the Division 
of Biology and Medicine has approved the diversion of $46,000 
A.om research and developmnt to capital equipment as requested 
by Banford Laboratories. 

I An additional authorization of $84,000 was received f’rom UCLRL in connection 
with Project Whitney. 
including $25,000 for capital equipment procurement. 

One special request account covering consultation by K. R. Merckx with APED 
on mechanical design and performance of nuclear Are1 was established during 
the month and assigned code .4P. 

Total authorization for FY 1962 is now $654,000 
I 

UNCLASSIFIED 
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A new "Hi-Spot'' cost-budget s ta tus  report was introduced i n  April. 
f'unction i s  provision of de t a i l s  of research and development costs and 
personnel assignments t o  sub-section managers several days i n  advance of  
regular operating cost report issuance. 
during periods of the f i s c a l  year when cost control and financial  plan- 
ning warrant. Three monthly reports, "Detail of Research and Development 
for Product Departments, " "Detail of  Banford Laboratories ' Research and 
Development Costs" and "Summary of Process Technology Costs" were issued 
by EDP equipment for  the first time i n  April covering March costs. 

I ts  

This report will be employed 

Cumulative costs through April 29, 1962 i n  connection with the 200-W 
c r i t i c a l i t y  incident t o t a l  $15,729. 
ance provided by Hanford Laboratories but excludes administrative personnel 
and Radiation Protection services. It also excludes work orders issued t o  
EL0 components (such as Technical Shops) for  specific fabrications or 
analyses 

This amount covers technical assist- 

General Accountinq 

While the t o t a l  number of t r i p s  f i s c a l  year-to-date by Banford Laboratories 
personnel i s  running s l igh t ly  behind the t o t a l  at  the  end of April last yeax, 
t o t a l  costs a r e  higher as shown below: 

(Amounts i n  thousands) FY t o  Date 
1961 1962 

Attendance a t  Meetings $ 30.0 $ 25.6 
A l l  Other 223.8 243.3 

9253.8 9268.9 

Following is a summary of the s ta tus  of l e t t e r s  02" agreements covering 
specific actions requiring AEC concurrence: 

No - Title - Status 

AT-= Seattle World's a i r  - Library Exhibit Approved April 13, 1962 

AT-223 university of Washington Primate In process 
Research Center - Executive 
Conunittee 

AT-228 Processing of Film Demnstrsting the  AEC returning Kith 
Alsi canning Process suggested al ternat ive 

AT-237 Summer Ins t i t u t e  i n  Nuclear Euergy AEC holding 
for  m i n e e r i n g  Flseulty 
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Ixuring the month $133,670 of equipment was transferred t o  classified plant 
accounts from Equipment Work i n  Progress and $29,921 from Construction 
Work i n  Progress. 

A report of results was issued for the  physical inventory of movable cata- 
logued equipment i n  the custody of Chemical Research and Development 
Operation. 
at  $2,204,175 were physically counted. 
missing and 32 items valued a t  $11,376 not previously recorded i n  property 
records were inventoried. These s t a t i s t i c s  compare t o  eight missing items 
and 37 pickup items i n  FY 1960 inventory. 
results indicates that property control within CR&DO bas improved as i l l u s -  
trated by the f ac t  that three of the four  sub-sections had no missing 
equipment and custodians appeared t o  be bet ter  informed as t o  the locatdon 
of  equipment. 

Two thousand f ive  hundrea and thirty-one (2,531) items valued 
Six items valued a t  $2,261 were 

Analysis of  the inventory 

Reconciliation of  the inventory of  Other Special Materials for the quarter 
ending March 31, 1962 i s  complete, and results w i l l  be reported i n  May 
1962. 
t e r l y  inventory is  being made for inclusion i n  t h i s  report .  

A follow-up on recommendations and findings of the previous quar- 

HLO material investment a t  April 1, 1962 totaled $26.2 million as detailed 
below: 

Spare Parts $ 364 
SS Material 24 659 
Reactor and Other Special Materials 1 194 

$26 217 
(Amounts i n  thousands) 

Heavy water losses chargeable t o  operating cost f o r  the month o f  April 
amounted t o  $2l,459 comprised of PR'IR Heavy Water BPID loss of $18,794 
and scrap generated during April valued a t  $2,665. 

The value of heavy water scrap accumulations at  April 30, 1962 is  
$2'75,064 (22,309.78 l b s . ) .  
Operation t o  ship 36 drums valued a t  $ll2,553. 
scrap returns in FY 1962 w i l l  be $210,000. 

Approval has been obtained from Savannah River 
It i s  estimated that t o t a l  

Eighty-two items valued at  $79,859 were received a t  the  laboratory Equipment 
and Material Pool during the month of A p r i l .  !Chis included one f'urnace 
valued at  $47,369. 
ferred i n  l i e u  of  placement of requisitions, 37 items valued at  $19,436 
were withdrawn by custodians, 82 items valued at  $30,631 were excessed i n  
connection with a review of items held in the storage pool for a period 
exceeding 24 months with no ac t iv i ty .  
at  $545,537 physically located i n  the storage pool. 

Nineteen items valued a t  $11,949 were loaned or  trans- 

mere  are  currently 851 items valued' 

UNCLASSIFIED 
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Materials on hand a t  the Iaboratory Pool at month end consisted of the 
following: 

Beryllium 
Gold 
p s l l a d i u m  
Platinum 
Silver 
Zirconium 

A U  other mater-3 
of others 

T o t a l  materials 

held for  the convenien 

$ 592 
3 374 
2 483 
12 386 

463 
sz2!2  

328 000 

We were advised by Contract and Accounting Operation that Y t t r i u m  has been 
reclassif ied from a Reactor Material t o  a General Supply i t e m .  
and Accounting has been requested t o  obtain a ruling as t o  whether Yttrlum 
received from Lockland at  no cost must be turned over t o  Stores Operation< 

Contract 

Progress of uni t izat ion action on projects is described below: 

Completed 
CAH-921 GeolosTical and Eydrologicd Weus - FY 1961 
k - 9 1 4  Rattlesnake Springs Radioecology h c i l i t y  

Near Completion 
E-167 Plutonium Recycle Test Reactor 

-Biology Laboratory lhprovanent - 108-F Building 
CAH-901 Structural  Mtaterials Irradiat ion Test Equipment - GllR 

New Money Authorized BLO 
CAH-822 Pressurized Cas Cooled b o p  Faci l i ty  $35 000 

Physic& Conpletion Notices Issued 
CGH-842 Cri t ica l  h c i l i t y  

*CAH-888 
CAEI-896 
CAH-go2 
CAE-914 
CAH-919 
CAH-921 

*CAH-924 
AEC -167 

Biology Laboratory 3nprovements 
Stress-Rupture TestSng Faci l i ty  
Uranium Scrap Burning f i c i l i t y  
Rattlesnake Springe Radioecology Faci l i ty  
Air Conditioning - 314 Building 
&0lOgiCd & lFydrological Wells - FY 1961 
200-KW Induction Heating System - 306 Building 
Plutonium Recycle Test Reactor 
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Physical Completion Notices Issued (Continued) 

*Physical Completion Notice for AEM Services hss not been issued 
by GEe 
for $60,500, the amount authorized General Electric by work 
authority. 

HOO-AM: Physical Completion Notice contains an accrual 

WAR4 Services only. 

Construction Completion and Cost Closing Statements Issued 
CAH-914 Rattlesnake Springs Radioecology Facility 
CM-ga Geological and Hydrologicd Wells - FY 1961 

The following contracts were processed during the month: 

CA-340 Rutherford &is 
CA-326 M. E. Ebsminger 
DEI-147 Battelle Memorial Institute 
CA-331 William M. Mckson 
SA-167 Supplement - Turco Products, Inc. 

New and revised OPGs issued are shown below: 

OPG NO. 

1.4 

22,l.l 
22.1.7 
301.5 

3.2.4 
3.303 
3.4.4 
3.4.9 
3.4.10 
3.4.12 
3.4.13 
3.4.14 
33.6.1 

55.1.2 
6.6 
7.4 
7.6 

New Revised - 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 

Title 

Reporting of Accident8 or Special 
Incidents 
Hanford Laboratories Organization 
Finance & Administration Organization 
Assistance to -lies of Deceased 
Rnployees 
Overtime 
Strike Misconduct 
Inquiries Relative to Bnployees 
Reactivation of Elmployees 
P a r t - t h e  and Temporary E$rployees 
Pansfers and Promotions 
Procurement of Ehployees 
Removal from Payroll 
Publication of Technical Articles 
or Books 
Monthly Attendance Report 
Conflicts of Interest 
Security Education Program 
Infhctions of Security Regulations 

- 
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OPG No. 

7 07 

7-11 
7 -13 

7.16 

7 -17 

New - Revised T i t l e  - 
X Procurement of Classified Services 

X Control of Code Designations 
X Authorization and Control of Visits 

X -assified Document Removals  and 

X Movement of  Classified and Radio- 

or Materials 

and Visitors 

Control of  Contraband 

active Material 

Personnel Accounting 

Conflict of in te res t  acknowledgnents were received from 94 per cent of all 
exempt employees. 
*om the remaining six per cent. 

' 

Supervision has been requested t o  obtain acknowledgments 

Following a r e  the payroll s t a t i s t i c s  for the month of April 1962: 

Number of EL0 Employees 
Changes During Month - T o t a l  Exempt Nonexempt 

Ehployees on payroll a t  beginning of  month 1 437 688 769 
Additions and Transfers In ll 3 8 

2 R e m o v a l s  and Transfers Out  - 14 

Ebqloyees on payroll a t  end of month 1 432 a 
- 16 - 

775 

Overtime Payments During Month A p r i l  March 

Exempt 
Nonexempt 

Total 

Gross Payroll Paid During Month 

&=Pt 
Nonexempt, 

$ 5  443 $ 3 367 
25 641 20 842 

&084  $24 209 

$ 622 613 $ 629 995 
426 457 500 884 

%tal $l 049 070 $1 130 879 
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Participation i n  m l o y e e  Benefit 
Plans a t  Month &id 

Pension 
Insurance Plan-Personal 

U . S .  savings Bonds 
-Dependent 

Stock Bonus Plan 
savings Plan 
savings and Security Plan 

Good Neighbor Fund 

Insurance Claims 
m l o y e e  Benefits 

Life Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Dependent Benefits 
Comprehensive Medical 

Total 

Apr i l  
Number Per Cent 

1 292 
361 

1 062 

89 
74 

1 0 7 9  
964 

Number 

-0- 
10 
57 

128 - 
2 

9944 

99 *8 

38.9 
5.2 

89.7 
67.3 

Amount 

$ -0- 
873 

4 287 

i o  023 

$15 183 

March 
Number Per Cent 

1 289 
361 

1 067 

88 
75 

1 079 
969 

Number 

-0- 
15 
73 

141 - 
229 

99-5 

99.8 

38 09 
5 02 

89.3 
67.4 

Amount 

$ -0- 
1 033 
5 096 

LQB 
$18 068 

TECHNICAL ADMINISISATION 

Ehployee Relations 

Fourteen non-exempt employment requisit ions were f i l l e d  during April; 25 
remain t o  be f i l l e d .  

A revision of HAP0 OPG 3.5.2, Tuition R e m  Program, was prepared and 
submitted for  approval. 

Professional Placement 

Advanced Degree - Four Ph.D. applicants v i s i ted  HAP0 for employment in te r -  
views. 
received. 

Four offers  w e r e  extended; one acceptance and three rejections were 
Current open of fers  t o t a l  six, 

BS/MS - Mfty  program of fers  and t en  d i rec t  placement of fe rs  were extended; 
of fe rs  accepted - 2'7 and four, re ject ions received - 54 and five,  respec- 
t ively.  Current open of fers  t o t a l  95. 
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Technical Graduate Program - Six Technical Graduates were placed on per- 
manent assignment; one new member was added to the r o l l s  and one termi- 
nated. Current program members total 38. 

Technical Information 

The quarterly 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 EVALUATIONS 

"he cost logic of a Fuel element fabrication model was developed with Pro- 
gramming Operation personnel. Purpose of the model, to be programmed f o r  
coIxiputer application, is to calculate fuel element production costs with 
reasonable accuracy. QecificaUy 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 followlng: 

Nuclear Material (accountability for each type) $/fie1 Element 
Non-Nuclear Material (accountability for each type) $/Fuel Element 
Variable Labor Cost $/Horn 
BQuipment Cost (a variable cost) $/he1 Element 
Spce Occupancy (a fixed cost) $/year 
med krnlfacturing cost $/ye= 
Other Flxed Cost $/Year 

Additional information required for each process step: 

Step No., Description, Average time in the step, Recycle rate 
and to what etep, Material value loss ,  Use Charge Rate, and 
Interest Rate on Working Capital. 

A study report of Platerials administration in the Iaboratories was issued 
by Business wstems Development Operation personnel. 

FACILITIES EIJT)IIVEEZUIJG 

Projects 

At month's end Facilities Engineering Operation was responsible for U. active 
projects having total authorized f'unds in the amount of $2,721,600. The 

I 2 3 1 1 5 5 2  
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t o t a l  estimated cost of these projects i s  $7,730,000. 
projects through March 31, 1962 were $1,274,000. 
de t a i l s  project s ta tus .  

Ekpenditures on these 
The appended report 

The following summarizes the s ta tus  of  project ac t iv i ty  i n  April: 

Mumber of authorized projects at  month's end - - - - - - - 
Number of new projeccs authorized - - - - - - - - - - - - 11 0 - - - - - - - - - - 0 Projects completed - - - - - - - 

2 New projects submitted t o  the AEC - - - - - - - - - - - - 
CAH-962, Low Level Radiochemistry Building 
CAH-963, Geological & Hydr0logictj.l Weus - FY 1962 

4 New Projects awaiting AEC authorization - - - - - - - - - 
CAH-917, Field Service Center - Atmospheric Physics 
CAH-959, Graphite Machining Shop 
CAH-962, b w  Level Radiochemistry Building 
W-963, Geologicd & J.tydrological wells - FY 1962 

Project proposals complete or nearing completion - - - - 3 2 
CAH-958, Plutonium F'uels Testing and Evaluation Labs.--308 Bldg. --- Faci l i ty  for  Radioactive Part ic le  Inhalation Studies 

Services 

Engineering services were provided during April on the  following a c t i v i t i e s  
with sat isfactory progress shown on each: 

Iaboratory Modifications - 325, 321A and 3706 Buildings 
Controlled Environment h c i l i t y  - 108 Building 
Spl i t -Half  Machine - Cri t ica l  Mass laboratory 
Salt Bath M n a c e  Alarm - 306 Building 
Cell Door Drive Modification - Whole Body Counter (747 Building) 
Compressor and Motor Control Center - 209-E Building 
Electr ical  bad Study - 108-F Wrilding 
Relocate Induction Heating Equipment - 314 Building 

Twenty-nine equipment requis i t ions to ta l ing  $25,000 were issued during the 
month. 
i s  $500,000. 

The t o t a l  value of material and equipment procurement i n  process 

UNCIASSIFIED 

1 2 3 0 5 5 3  



UNCLASSIFIED H - 1 0  HW-73514 

Plant Engineering e f for t  was expended on: 

Pressure system code work on: H - 1  Loop, Burst Test Facil i ty,  
PR?R "B" Cell Rupture b o p ,  222-U Vessel and 1 8 9 - ~  piping. 

Kve-year power forecast including firm and dump power usage 
figures for  t he  coming two years. 

3702 Building ventilation system maintenance and air  balance. 
309 Building f i re  alarm bel l .  

Maintenance and Operation 

Costs for  March were $159,188. 
of forecasted expenditures 
were $2,465. 

Costs t o  date ($1,367,805) are 98.7s 
Improvement maintenance costs for  h r c h  

The following tabulation summarizes waste disposal operations: 

March - February 

Concrete Barrels 
badlugger s -Hot Waste 
Crib Waste 

Drafting 

21 4 
5 3 

260,000 g a l .  220,000 gal. 

The equivalent of 178 drawings were completed during the  month. 

Major jobs i n  progress include f i ss ion  product packaging, 280 ton extru- 
sion press instal la t ion,  PRm as-builts, f'uel rod ultrasonic vibrator 
modifications, A-C Columns - 321 Building (CGH-951), PRTR f i e 1  element 
rupture t e s t  f a c i l i t y  and shim rod housing, equipment modifications for  
fabrication of seven-rod PR'IR fie1 element, cladding cu t te r  assembly for  
PRTR and neutron accelerator specimen support mechanism. 

Construction 

There were 80 existing J. A. Jones Compaqy orders at the  beginning of the 
month with a total unexpended balance of $142,081. 
new orders, three supplements and adjustments fo r  underruns amounted t o  
$118,764. 
$77,434. 
was $183,411. 

One hundred sixty-eight 

Ekpenditures during the month op Banford laboratories work were 
T o t a l  J. A. Jones backlog at  month's end (Includes C. 0. Cost . )  

UNCLASSIFIED 

I 2 3 4 5 5 4  



UNcLAss1nED H-ll 

Construction activities completed during April were: 

141-C Ehilding - Install individual feeding stations - 

309 Building - Install shielding wall 
325 Building - Re-install Dynapak moved from 306 Building 

Hw-73514 

Finance and Administration 

W Sale : whm 

1 2 3 4 5 5 5  
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C f  

CPIC  

I C  
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I 
! 1 

~ ~ u r n ~  Paic 

COST PLY8 mXED C E t  

.LINT C O O C I S  

h I C W I T C C T -  E N O l N L E R  

0 E l l . W  C N O I N C E R I N O  O C C R A T I O W  

@E W E L D  C N O I N L C R I N G  

SCOCC. C U R P O S E .  S T A T U S  P I O 8 R 8 O S  

Piping stress calculations for new heater not yet completed by Vdrdor. IWfort is bel114 
made to improve delivery date on W e  u n i t e  

Brietol-Slddeley l e  proceedbg vi* ulndcn-pad bear-. 
muchine is s t i l l  on rchedule. 

Teat by )by 11, 1962 of flrrt 

*Initial authorization date wae December 18, 1958, 

FUNDIN@ CROJ. NO. TITLE 

I 

s COST 4 CDYY. TO ACC UTHORIZED F U N D S  
DCslGN 

M A N  P O W  L R  

f l X L O  PRICE 

COST PLUS F IXED F C L  

PLANT F O R C E S  

Ancnirccr - LNOINLCR 

D E S I O N  E N G I N L E R I N O  O P L R A T I O N  

O E  FIELD ENGINEER IN^ 

I I[cow,t, J 100 

I I I II I I 
SCOPC. P U R P O S E .  S T A T U S  L P R O @ R 8 S S  

1 2 3 4 5 5 b  
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SEMI -MONTHLY PROJECT STATUS REPORT I ""-73514 I 

GENERAL ELECTRIC c o .  - Banford Laboratories I  DATE^-30-62 
1 TITLL I C U N D I N O  

- ---- uu-07 I 
U T W O R I Z C D  

L N Q I N C L R  

m0 - KA Clark 
,M A N POW E R 

' I X L D  P R I C E  

:osr P L U S  mXED ?LE 

B L A N T  ? O R C E S  

L R C H I T E C T -  C N O I N C E R  

)=SI O N  L N Q I N E L R I N G  O P E R A T I O N  

WELD L N G I N F L R I N G  

LST'D. 
C O M P L  

I C O P E .  P U R P O S E .  S T A T U S  L PROGRESS 

Thfs project will provide f a c i l l t i e s  f o r  determining physical and mechanical properties 
of irradiated materials, and involves the  ins ta l la t ion  of a c e l l  i n  the 327 Buildingo 

Current estimate of T i t l e  I and I1 costs - $55,000.  
Procurement and construction authorized 9-22-61. 

Basement f loor  and foundation concrete work is completed. 
u n t i l  c e l l  assembly is delivered. 

Detailed design started 1-1-60. 

Construction has stopped 

Number of purchase orders required 19 Value (Est.) $253 # OOQwdcw 
19 Value 203, 

+Original authorization for design was October I, 1959. 
WBased on revised schedule submitted t o  BOO-AEC for approval 4-u-62. 
-Includes dellvery charges, inspection and contingency. 



S T A R T I N G  

FIXED P R l C  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

O E  F 9 L L O  E N G I N E E R I N G  

I I 
~ 

S C O P E .  P U R P O S E .  S T A T U S  L PROGRESS 

This progect will provide f a c i l i t i e s  t o  prepare specimens from irradiated materials 
for use i n  determining their phyaical and mechanical properties and involves the 
ins ta l la t ion  of a c e l l  in 327 Building. 

Current estimate of Title I and I1 costs is  $62,000. 
Procurement and construction authorized 4-6-610 

.rcOrlginal authorizationfmdesign was October 1, 1959. 

Detailed design started 4-1-6C. 

Number of purchase orders required 12 Value $205,625 
Number  of purchase orders placed 12 Value 205,625 

The Fla t  Tensile Sample Former and two menipuletors a re  other items of equipent  
not deliveres. 

The Ins ta l le t ion  of c e l l  plugs and windws is complete. 

Mechanical and e l ec t r i ca l  work is eqec ted  t o  be complete by 5-15-62. 

They are  expected by 5-15-62. 



SEMI -MONTHLY PROJECT STATUS REPORT 
GENERAL ELECTRIC co. - Eanford Laboratories 

FEO - RW Descenzo 
M A N  PO WE R A V E R A O C  

' I X E D  P R I C E  10 
: 0 S T  P L U I  P I X E D  C L E  

~ w -  73514 
DATE 4-30-62 

B L A N T  C O R C E S  

k R C t 4 I T E C T -  L N O I N C E R  

D E I I O N  E N O I N E E R I N O  O P E R A T I O N  

O E  FSCLD E N O I N E E R I N G  , 

0 

1 

This proJeet w i l l  allow greater capacity for analytical work involving todayss more 
highly radioactive solutions and consists of adding a ehielded laboratory t o  the 
325 Building. 

Installation of c e l l  access doors and sleeve assemblies WBE completed. 
form for  high density concrete wall has been started. 

Outside 

iQriginSl suthorization for preliminary design was August 12, 1959. 

I 2 3 4 5 5 9  
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I 
PROJ.  NO. T I T L E  ? U N D I N G  

D E S I G N  S IAEC I COST & COMM. TO L * U  T H O R l Z  E O  F U N D S  

SEMI -MONTHLY PROJECT STATUS REPORT 

E S T I M A T E D  T O  

F I X E D  P R I C E  

C O S T  P L U S  F l X E D  F E E  

P L A N T  C O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F i E L D  E N G I N E E R I N G  

SCOPE. P U R P O S E .  S T A T U S  b PROGRESS 

1 1 CONST. ( G E  s IESTIMATEO T O T A L  COST s 
I T A R T I N G  DESIGN DATE AUTMORIZED zz'::. 'DESI O N  P E R C E N T  C O M P L E T E  

C O N S T .  DIU. COMP. DATE D A T E S  CONST.  W T ' D .  S C H L D .  A C T U A L  

DESIGN 1 I E N G I N E E R  

(1) a. A. Grant Cmpe;w 
(2)  Lewis Hopkfns Cons+,ruetion Company 

h i s  f a c i l i t y  is to be used for fuel rupture behavior studies with respect t o  physical 
3istortion and rate of fission product releaseo 

Project i s  behind o f f i c i a l  schedule because of delays fn delivery of material. 

*Initial authorization was on lo-1-59. 

T I T L E  I 
M A N  P O W E R  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I O N  E N G I N  E E R l N  G O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

I I I I I 
S C O P E .  P U R P O S E .  S T A T U S  L P R O G R E S S  



SEMI -MONTHLY PROJECT STATUS REPORT 
GENERAL ELECTRIC co. - Hanford Iaboratories 

~ w -  73514 
DATE 4-30-62 

P L A N T  C O R C L S  

A R C H I T E C T -  S N O I N L E R  

OESIQN L N O I N E L R I N G  O P E R A T I O N  

OK FILL0 L N O I N C E R I N G  

c11OJ .N 0. 

CAH-888 

CPFF 

loo 97 

TITLE F U N O I N O  

Biology Iaboratory Improvements 60-h-1 

I I I1 I 1 

SCOPE.  C U R C O S E .  S T A T U S  L P R O G R E S S  

E N O I N  EER 

FEO - J!r Lloyd 
M A N  POW E R A V L R A O E  A c c w  M A N D A Y S  

F I X L O  C R l C L  2580 
C O S T  P L U S  FIXED F L I  

This project provides additional space for  biological research supporting services, 
and involves an addition t o  the  108-F Building. 

DESIQW 100 BS loo 

~E-TIT* I , I  17 NS loo 
TITLE I 

AC-TIT. I I 83 BS loo 

Wiring of panels and motors is complete. Startup of equipent  has begun. 

Hauserman par t i t ions a re  installed. 
done. 
covering w i l l  start week of Apr i l  23rd. 

When doors are taped, a i r  balanciDg will be 
Floor t i l e  has been received in Seat t le  and laying remining 2nd f loor  

All t i e - in s  a re  completed. 

Painting contractor has completed painting outside surface of blockwallso 

Trip t o  Allied Engineering revealed need of additions t o  the operating mechanism. 
B. Do Bobna and General Electr ic  have determined and agreed on items of work t o  be 
included. These items w i l l  be presented t o  Allied Engineering through Purchasing 
Operation. A l l i e d  Engineering estimates this  work will require approximately ten 
days a f t e r  not i f icat ion t o  proceed. 

Woriginal authorization for  design was May 3, 1960. 



a-18 

PIXED P R l C  

C O S T  PLUS C I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N O I N L L R  

D E S I O N  L N O I N E E R I N G  O P E R A T I O N  

5COPl i .  P U R P O S E .  S T A T U I  L PROORES5 

This proJect is t o  provide a f a c i l i t y  t o  perform a full scope of engineering tests 
and pi lo t  plant studies associated w i t h  fue l  reprocessing cancepts. 

The revised design schedule has been approved by AECo 

A revised project proposal is being routed in General Electric Company fo r  approval. 

Design is continuing on a l l  phases as scheduled. 

Satisfactory design progress was made during the montho 
have been issued fo r  comment ard 29 fo r  spproval. 

A t o t a l  of 206 drawings 

Sstimated construction s ta r t ing  date for removal of burial ground f i l l .  

m i g i n a l  authorization for  i n i t i a t ion  of design was February 9,  1961. 
is the authorization date for the last design supplemento 

Octo 2'7, 1$1 

-~ncluding transferred capi ta l  property valued a t  $100,000. 



SEMI -MONTHLY PROJECT STATUS REPORT 
GENERAL ELECTRIC co. - a n f o r d  Laboratories 

HW- '93 514 
DATE 4-30-62 

The project proposal was submitted t o  the AEC on January 23, 1961. 

There has been no change in the e t a t u s  of th i s  report  f o r  BOE time. 

*%sed on AEC authorization by 5-15-63. 

F EST'D. 
C O M P L .  O U ( c N l l - 1 - 6 3 * ~  - S T A R T I N G  i 0 E S l C N  &?& DATE AUTHORIZED 

  CON ST^-^^^-^^ 11 DIR. CDMP. DATE DA E) CONST. 9-1&3* 
E N G I N E E R  

F E O  - JT Lloyd 
A V E R A G E  A C C W  M A N D A Y S  M A N P O W E R  

F I X E D  P R I C E  

C O S T  P L U S  F l X E D  FEE 

P L A N T  C O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G l  N E E  R I N  G O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

F U N D I N G  PF40.l. NO. I T I T L E  

P E R C E N T  C O M P L E T E  

w t ' o .  scnED. A C T U A L  

DESIGN 100 - 
TITLE I 

GE-T'T*I I 

AE-TIT, I I 

- 
CDNST. 100 

P F  

CPFf  I 

FP 

J?EO - KA Clark 
A V E R A G E  ACCUM M A N D A Y S  M A N P O W E R  

F I X E 0  P R I C E  

C O S T  P L U S  F I X E D  FEL 

P L A N T  F O R C E S  

A . R C U I T E C T  - E N G I N E E R  - &my w i n e a s  3 G o  
D E S I G N  E N G I N E E R I N 0  O P E R A T I O N  2 1f.M 
G E  F I E L D  E N G I N E E R I N 0  

TITLE I 

6E-TIT.11 57 88 80 
A E - T I T . I I  43 95 96 

I 

CONST. 100 

P F  

CPFF 

F P  



H-20 
SEMI - MONTHLY PROJECT STATUS REPORT nw- 73514 

GENERAL ELECTRIC to. - mnford Laboratories o ~ t ~ 4 - 3 0 - 6 2  
-Waste Treatment - cno1 .n 0. TITLE mitf on6 t o  the 271 CR 

E S T I M A T E D  T 

 go - XA Clark 
M A N P O W E R  

C l X E D  P R I C E  

C O S T  P L U S  n X @ D  

P L A N T  C O R C L S  

A R C H I T E C T -  C N O l N E E R  

DIESIGN L N O I N E C R I N G  O P E R A T I O N  

QI ? $ E L 0  E N O I N L C R I N O  

A V t R A  

3 

A C C W  M A N D A Y  7- 
150 

I 
COWST. 100 161 16 

13 75 90 
67 0 0 

I I I I, I I 1 

S C O P E .  CURCOSE.  S T A T U S  b PROGRESS 

This progect provides f a c i l i t i e s  for p i lo t  plent developnent of decontamilultion 
processes for fntsrmdfate  leve l  chemical processing plant waste for safe discharge 
t o  the plant environso Design was accomplished by the Bovay Engineers. 

Directive Noo AEC-l*, Mod. 2, dated 4-5-62 authorized additional fkmds i n  the 
amount of $12,OOO for a new proJect total authorization of $92,OOO and exbemion 
of the eompletlori date t o  July 31, 19620 

The J Q  A. Jones C o m p n y  has completed underground piping and foundation worko 
The only work remaining for  them I s  grading of the s i t e .  

m e  fixed price contract was awarded on 4-10-6ze 

me contractor fo r  this  portion of the f a c i l i t y  s t a r t e d  work a t  the s i t e  4-24-620 



SEMI -MONTHLY PROJECT STATUS REPORT HW- 7351b 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F l E L D  E N G I N E E R I N G  

PR 0J.N 0.  

166 

T I T L E  Coolant Systems Developnent Laboratory FUN D I N  G 

* 
CPFF 

FP I I I 
I I I I  I I I 

S C O P E .  P U R P O S E .  S T A T U S  b P R O G R E S S  

This proJect provides f a c i l i t i e s  fo r  the conduct of corrosion and decontamination 
studies fo r  nuelear reactor coolant systema, by the  addition of 2)700. sq. fto 
laboratory f a c i l i t y  on the west side of the 1706-KE Bulldingo 
by the Bovay Engineers. 

Design was aecmplished 
Current estFmcrte of T i t l e  I and I1 costa - $ll,OOOO 

+orfginal authorization f o r  design was 8-9-61. 

A contractor orientation meeting was held on 4-20-62 a t  which the contract requirements, 
including t he  specral conditio= were discussedo 

Arrangements were made for  start of construction on 5-1-62. 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I O N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N 0  I FP 

I I I 

I 
I 

1 I I1 I 
S C O P E ,  P U R P O S E .  S T A T U S  L P R O G R E S S  

This proJect w i l l  provide a closely integreted "A" columu in series w i t h  the relocated 
"C" column t o  permit the developuent of a mathematical model fo r  the mass t ransfer  
of uranium, as w e l l  a s  the exploration of the poss ib i l i t i es  of computer optimization 
of a combined "A-C" extraction battery. 

Specifications and purchase requis i t ions fo r  procured items are being prepared. 

Removal of of the obsolete piping bas been completed, 

Ins ta l la t ion  of intermediate leve l  platforms has started. 
is in progress. 

Relocation of "C" column 
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FIXED P R l C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C U I T E C T  - E N G I N E E R  

O E S l Q N  e N G I N E E R 1 N O  O P L R A T I O N  

G E  FIELD E N G I N E E R I N Q  

H-22 
SEMt - MONTHL 

COST & COMM 

S T A R T I N G  

F I X E D  P R l C  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

AE- TIT. I I 
I 
I 

100 CONST. 

PF 

CPFF 

FP 

SCOPE.  P U R P O S E .  S T A T U S  b P R O G R E S S  

This progect will provide the primary test f a c i l i t y  fo r  detemhmtion of the f eas ib i l i t y  
of using alum%ntPm-clsd fie1 elements i n  high temperature m t e x  by studying improved 
alloys 8nd CorPoeion i D h i b i t O X S o  

AEC" Directive No. RU-536, dated k r c h  29, 1962 authorized $10,000 t o  i n i t i a t e  design 
and provide new cost e s t a t e  for review by the  Commission, 
and meetings have been held with the  customer and design t o  define area of wo- -k a d  
coordinate praposed deaign concepto 

Design work is in progress 

I 
FUNDIN 0 PROJ.  NO. 1 T I T L E  I 

The ProJect proposEbl was submitted t o  the Commission fox approval on Mreh 2, 1962. 

Directive HW-535, dated arch 21, 1962, authorized t o t a l  proJect funds in the amount 
of $4 o , o 0 o o  

Design was started on A p r i l  23, 1962. 
%onstruetion may be initiated a t  an earlier date t o  take edvantege of the pesenee 

- =- 9- A - a s  -4nv t n  Jdv. 1962, 



F I X E D  P R I  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

GE FiELD E N G I N E E R I N G  

S C O P E .  P U R P O S E .  S T A T U S  b P R O G R E S S  

This project provides fo r  the extension of plutonium research laboratories on the 
aeeond f loor  of 308 building by erection of plastered ce i lhgs  and walle t o  provide 
contamination control barriers. 
fabrication of a metallography hood. 

It a lso  inclw3es laboratory service extensioo and 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  PEE 

P L A N T  F O R C E S  

A R C H I T E C T  - ENOINSER 

D L S I O N  ENGINEERINQ O P E R A T I O N  

G E  F I E L D  ENGINLERINQ 

The project proposal was withdrawn from the Commission by General Electr ic  Company 
f o r  modification. 

AE- TIT.  I I 
I 

100 COUSl .  

PF 

CPFF 

FP 

Expansion of the Jus t i f ica t ion  f o r  subject work is  being prepared for  submission t o  the 
AEC 0 

The project proposal was subxnttted t o  the Conmission for approval March 2, 19620 

Additional Justif ication has been requested f o r  the proposed worko 

*%sed on AEC a oval by June 1, 1 9 6 ~ ~  
123U5bT 



SEMI -MONTHLY PROJECT STATUS REPORT 

E N G I N E E R  

T A R T ' N G  D E S I G N  

FEO - HE Ralph 

n P E R C E N T  C O M P L E T E  
DATE AUTHORIZED EIT'D. 

M A N  PO WE R 
F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C M I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FiELD E N G I N E E R I N G  

'*"' i C O N S T .  IIDIR. COMP. DATE 

S C O P E .  P U R P O S E ,  S T A T U S  b P R O G R E S S  

Tnis proJeet involves the continued e i u  
and monitoring w e l l s .  

COM P L .  
D A T E S  CONST. I W T * D .  I scnco. IACTUAL 

of special hydrological research, test 

A V E R A G E  ACCUM M A N D A Y 1  

PrsJect proposal submitted to the Commission for approval A p r i l  23) 1962. 

*Based on Commission Approval by 5-3-62. 

T I T L E  I 

GE-TIT. I I 
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TEST REACTOR AND AUXILIMIES OPERATION 

PUJTONNM RECYCIE PROGRAM 

Plutonium Recycle Tes t  Reactor 

Operation 

Reactor output was 1044 MWD for a plant efficiency of 49.7s and a t o t a l  
experimental t i m e  efficiency of 51.7$. 
A p r i l  30, is 7261 MWD. 

Accumulated exposure through 
Additional exposure informtion is as follows: 

~ i m u m  U% exposure/element 2240 MWD/TU 
Average U% exposure/element 1518  TU 

~ a x ~ r m r m  ~ ~ x t y l  exposure/element 12.6 m 
w i r m r m  PU-u exposure/element 73.7 MWD 
Average Pu-A1 exposure/element 44.5 MWD 

Average Moxtyl exposure/element 10.2 m 

The ninth r e m l i n g  was performed on Apr i l  2. Three new PU-U elements 
containing high exposure plutonium and three new elements containing a 
mixture of PUO, and UO, (Moxtyl) were charged i n  place of UO, elements. 
Additionally, an TJ[ PU-Al element and an additional Moxtyl element were 
charged i n  mid-month. 
have been satisfactory,  with no unusual operating problems. 

The perfollnances of the HX and the Moxtyl elements 

The status of the various test elements a t  the end of April is  shown 
below: 

PRTR 
Test 
No. 
5 
10 
10 
13 
13 
13 
13 
13 
14 
14 

- "tibe Element 
Location Ifumber 
1653 1501 
1051 1082 
1857 1067 
3253 5092 
1544 5093 
1556 5095 
1247 5051 
1847 5052 
1146 5096 
1156 5097 

Description 
U02-Tubular 

PU-AI. Instxvmented 
PU-Al I n s t m n t e d  
&-AI. Instrumnted 
&-A1 Instrumented 
PU-Al Instrumented 

U%-Hot S w  
uo2-vipac 

MOxtyl-Swsged 
mtyi-9waea 

Date 
Charged 
u-3-61 
11-3-61 
11-3-61 
12-3-61 

1-17-62 
1-17-62 

12-3-61 

1-17-62 
4-2-62 
4-2-62 

Date 
Mscharwd 

-- 

-- 
4-18-62 

4-2-62 
2-7-62 

ACCumU- 
lated 
EaJD 

60.3 
35.0 
38.9 
54.7 
47. 3 

13.1 
30.7 
12.6 
10.6 

41.3 
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(Graphite Oxidation Tests 
The first of a ser ies  of 

m-73514 

under PIiTR Test Number 40 

%O and Helium losses were 1540 lb. and 189,400 scf,  respectively. 

There were nine reactor scrams during the month, f ive  occurring a t  power 
levels  of 60 MW or  higher. Six were the result of e r r a t i c  operation of the 
log flux instrumentation, two were caused by a fau l ty  relay in the shutdown 
valve c i rcu i t ,  and one was the resu l t  of pressurizer high l iquld leve l  
durlng a scram recapery, 

There was one two-day scheduled outage a t  the beginning of the month during 
which Primary Rnnp No. 3 seal was replaced. 
caused by high helium and D20 losses. 
corrected. 
replaced because of breakthrough. 

Two unscheduled outages were 

On one of these outages, the prfmary s y s t e m  ion exchanger was 
The ~ o u r c e s  were found and 

Equipnent EXIE rience 

PrFmary pump #3 was replaced because of sea l  failure. 
operation about three months. 
because of insulation imbrittlement on the old Kiring. 

The pump had been i n  
Pressurizer leve l  switches were rewired 

A series of repairs were made on and about a pressurizer r e l i e f  valve. 
r ing flanges leaked and required remachfning, then an original  weld leaked 
and required replacement, and then the valve spring failed. 
apparently failed during hydrostatic tes t ing  following the weld replacem?nt. 

The 

The spring 

A leak-through failure of the control valve on the primary coolant clean-up 
s y s t e m  required replacerment of the s t e m  and seat. 

Replacement of the primary ion exchanger was &e d i f f i c u l t  by the presence 
of weld protrusions which interfered v i t h  operation of the  internal  cut ters  
used to disengage the ion exchanger. 
top of the ion exchanger) were lower than expected and permitted d i rec t  
sight guidance during replacement work. 

RmgramPed mintenance required 460 mn-hours o r  8.7s of available craf't 

Radiation levels (30 R 4" f'rom the 

how6 

&movement Work Status (Significant items) 

Work C q l e t e d  : 

Instal le t ion of new helium unloading s ta t ion  valves. 
Revised secondary seals on moderator, re f lec tor  and top 

Additional shielding f o r  storage basin wall a t  -12' -0" 
shield pumps. 

and bottom 

level 

UlJcLAssIFm 
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Work Partially Completed: 

\ 

Safety circuit ground and low voltage detector. 
Outlet nozzle cap modification (now 5046 complete), 
Automatic condensate drain fram HX-7. 
Boiler feedwater auxiliary control valve. 
Relocation of pressurizer level transmitters. 
Modification of primary pump power cables. 
Primary pump bowl vent line. 
RTD tenninalboerd modification. 
Gas bottle storage facility modification. 
Fueling vehicle hoist modification 
Reactor core liquid level instnrmentation. 

Design Work Completed: 

Reroute D20 injection line. 
FYimary 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. 
Oil storage building. 
Out let nozzle bracing . 
Boiler feed pump seals. 
D20 recovery system. 

Process Enuineerirw and Reactor Physics 

A preliminary study was made of the hazards associated with the trsnsi- 
tion frm the 3-zone U ~ - P u - f U  loading to a 2-zone U%-Moxtyl losdlng. 
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. 
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PRTR Test Number 26 (Shim Rod Calibration) was performed involving calibra- 
t ion  of one tyyical  shim rod from each of the three rings. 

PRTR Test h b e r  27 (Moderator Level Coefficient) indicated a moderator 
level  'coefficient of 0.53 &/inch at 103 inches moderator level. 

An attempt was made during the perf'ormsnce of €"R Test lhniber k ( F u l l  
Design Operation of the Steam Generator) t o  -aise the steam generator 
pressure from its current operating pressure of 340 psig t o  full design 
pressure of 410 psig. 
psig due t o  the primary coolant bulk outlet  temperature reaching its 
maximum lbit of 530 F and two process tube out le t  temperatures approached 
t h e i r  nraximum limits of 540 F. 

?he attempt was terminated at  a pressure of 365 

Procedures 

Revised Operating Procedures Issued 
Revised Operating 'standards Issued 
Temporary Deviations t o  Operating Standards Issued 
Revised Process Specifications Accepted for  Use 
Maintenance Manuals Issued 
Maintenance Procedures Issued 

Drawing As-built status April 

Approved for as -bui l t  
ReSgy fo r  approval 
In  draf t ing  
Voided 

Personnel Training was as follows: 

Qualification subjects 
Specifications, Standards, Procedures 
Fueling Vehicle 
Egintenance Craftsmen 

Status of Qualified Personnel at  Month-End: 

Qualified Reactor Engineers 
Ulif ied Technicians 
Qualified 'kchnologists 

214 

10 
6 
10 

13 
10 

5 
0 
1 
1 

Tota l  

521 
31 
100 

45 

lo0 653 MBn-Ho~rs 

1 2 3 4 5 1 2  



UNcLASsIFm 

Project Items 

1-5 EM-73514 

Second Communication System - 904 complete. 
Fuel Element Examination Fac i l i ty  - Mechanical reassembly completed. 

Water Control Iabbratory - A l l  equipment received and instal la t ion 
Elec t r ica l  repairs i n  progress. 

started e 

Plutonium Recycle Cr i t ica l  Faci l i ty  

Project Exceptions 

Safety rod cadmium plating was tested and found t o  be satisfactory.  
The rods were-installed and drop tested sat isfactor i ly .  The Log-N 
channels t r ip le  t r i p  uni t  was returned from the vendor and tes ted 
sa t i s fac tor i ly .  Design test  status i s  as follows: 

Electr ical  
Ins tnrmentation 
F'uel Handling 
Moderator System 
Thimble Coolant 

994 
904 
204 
75s 
504 

Operation 

Work continued on s tar tup preparations. 
conducted f o r  the IPD team which will conduct the audit on star tup 
preparations. 

An orientation session w p  

Preliminary planning was star ted on the H20 moderated second generation 
experimental program. 
scheduling definit ions.  

PRCF orientation sessions were completed f o r  8 PRTR assigned personnel. 
A t o t a l  of 40 PRCF man-hours was devoted t o  training, 

Current e f fo r t s  include scope, budget, and 

Fuel Element mture Test F'acflfty 

Project Status (Project CAR-867) 

Overall construction is  estimated at  944 complete. 
cmplete  and the water plant is 88$ complete. 
i n i t i a t ed  t o  a l lev ia te  potent ia l ly  hazardous conditions. 
shielding of the piping and heat exchangers is  approximately 604 ccnuplete. 

CPFP work is 9796 
Minor design changes were 

Design f o r  

Ope rat ion 

Work continued on the instrument manual visual  training aids, the technical 
manual and valve lists. . UNCLASSIFIED 

1 2 3 4 5 7 3  
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GAS COOLED F?EAC!IOR PROGRAM 

ProJect Status (CAH-822) 

The project is 914 completer. The vendor started fabrication of the heater. 
The blower vendor indicated sat tsfactory p r o p s 8  toward mld-hy t es t ing  of 
the blowers . 
Operation 

Formal t ra ining of a l l  PRTR operating personnel was i n i t i a t ed  April 19, 
Some work continued on procedure preparation and m~nuals, etc .  

TEcHIQIcAt SHOPS 

Total productive time f o r  the period was 23,790 hours. 
hours perfordaed iii the TecIihfl2al shops, 5,960 hours assigned t o  Minor Construc- 
t ion,  1,419 hours assigned t o  of f - s i te  vendors, and 818 hours t o  other project 
shops. Total shop backlog is  22,582 hours, of which 70 percent is required 
i n  the current month w i t h  the remainder dis t r ibuted over a three-month period. 
Overtime hours worked during the month was 6.4 percent (1,228 hours) of the 
t o t a l  available hours 

This includes 15,593 

Distribution of time W ~ S  as follows: 

Fuels Preparation lkpartment 5,206 21 89% 
I r radiat ion Processing DepartEnt 2, log 8.86% 
Chemical Processing Depcwtmnt 1,977 8.31s 
EIanford Iaboratories Operation 14,482 60.87% 
Construction Engineering & U t i l i t i e s  Operation 16 07% 

Requests fo r  emergency service increased, mguiring a 6.4 percent o v e r t b e  r a t io  
compared t o  a 3.5 percent r a t i o  f o r  the previws period. A h r g e  percentage of 
the increaee was due t o  ehop work Ilelated t o  the 234-5 incident and t o  the start- 
up of the Purex process. 
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INVENTIONS OR DISCOVERIES 

t 

9 

All  persons 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 a s  listed below. Such 
persons fur ther  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 Plast ic  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 

R. C. Aungst 

Frank B. Quinlan 

Frank B. Quinlan and 
R. G. Wheeler 

Frank B. Quinlan and 
R. G. Wheeler 

A System for  Producing a Time Variable 
Transport  Lag for a n  Analog Voltage 
(HWIR- 15 11) 

Roller Chain Extensometer for Tube 
Testing 
A Method of Preparing a Metallic 
Surface so that it w i l l  not Gall During a 
Cold Forming Operation (HWIR- 1486) 

The A r t  of Bonding Iron to  Zirconium or 
Zircaloy-2 by Hot Rollin and the Use of 
a Molybdenum Interface f HWIR- 1489) 

The Art of Bonding Iron Alloys to 
Uranium with a Sound Metallurgical Bond 
(HWIR -1490) 

Manager, Hanford Laboratories 

UNC LASSIFLE D 


