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L E G A L  NOTICE 

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

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in this report, or that the use of any information, 
apparatus, method, o r  process disclosed in this report may not infringe privately owned rights; or 

A. 

8. Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, opporatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission' includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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V HW-76315 

BUDGETS AND COSTS 

January operating costs totaled $2, 355,000, an increase of $131,000 
from the  previous month; f iscal  year-to-date costs are $15, 996, 000 o r  53% 
of the $30, 139, 000 control budget. 
development costs for  January,  compared with las t  month and the control 
budget are shown below: 

Hanford Laborator ies '  r e sea rch  and 

C O S T  

(Dollars in  Current  Previous 
thousands! Month Month 

HL Programs  
02 Program $ 70 $ 68 
03 Program 4 2 
04 Program 942 759 
05 Program 113 101 
06 Program 282 24 1 
08 Program 2 6 

1413 1 177 
N-RD Sponsored 152 149 
IFD Sponsored 71 71 
CFD Sponsored 106 103 
F P D  Sponsored - -  -- 

Total $1 742 $1 500 

F Y  % 
To Date Budget Spent 

$ 505 $ 1069 47 
41 175 23 

6 573 12 170 54 
68 1 1373 50 

1797 3 154 57 
9 

9 606 18 041 53 
30 1 1 270 24 
626 932 67 
844 1421 59 
493 493 100 

- 9 100 

$11 870 $22 157 54% 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels  

Production of supports for  N fuel elements by an  off-site vendor has 
been discontinued because of cracking of the fabricated s t r i p  during forming. 
Reactor and Fuels  Laboratory, which had been providing sat isfactory supports  
on an  interim basis ,  will now continue to  do so until a sat isfactory commercial  
supplier can be established. 

A process  for  the forming of ductile Zircaloy-2 sheet  f rom Zircaloy-2 
An extrusion of a 6-inch billet t o  a 0.5-inch-thick bil lets was demonstrated. 

by 3.5-inch-wide sheet  b a r  was formed and reduced to  0.035-inch sheet  by 
* 
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warm rolling. 
and could be readily formed into N-inner fuel supports. 

this process  is being used in the production of a test lot of supports for  N-RD. 

Laboratory tes t s  indicated this product had good bend ductility 
Sheet formed by 

Some specimens of the self-brazed closure fuel element have been 
exposed in a high temperature,  out-of-reactor loop at  KE-Reactor for  the 

past  2 weeks. 

braze layer ,  but examination revealed no evidence of accelerated attack 
on this braze  layer .  

One of these had the weld bead removed to lay ba re  the 

The slugs were returned for fur ther  exposure. 

Detailed examination of boiling burnout data obtained with electrically 
heated models of that portion of the N fuel element forming the middle flow 
annulus and adjoining heated surface showed that when the annulus thickness 
was decreased by 8070 along the bottom (as would occur if portions of the 
se l f  supports  broke off), the burnout heat fluxes were  50 to 5570 than those 

obtained with a concentric tes t  section. Even so, boiling burnout would not 
be expected for  a single element with this degree of eccentricity in  the 
N-Reactor under normal  operating condition. 

Room temperature  measurements of the susceptibility to  brit t le 
f rac ture  of 3070 cold worked N process  tubing w e r e  made. The tubing does 
not fail in a brit t le manner at room temperature  and a p res su re  below 757'0 
of ultimate, but c racks  do propagate a t  8570 of ultimate strength.  This 
performance is near ly  identical to  that of 5070 cold worked KER tubing 
previously tested.  

A remote-fired-gun system to shoot shaped projecti les into uni r ra -  
diated pressurized tube specimens for  br i t t le  f rac ture  studies has been 
developed, tested, and is now being used in a test program. 

Examination of a Zircaloy-2 clad heater  rod exposed for  50 days to  
lithiated water  at pH 10 and 628 F and operating with a heat flux of 280, 000 
Btu/hr-f t  , showed rapid corrosion (up to  at least 12 mils )  and formation of 
thick fi lms in crevice regions adjacent to fuel support feet where nucleate 
boiling concentrated the LiOH. 

2 
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F u e l  elements from the single-tube tes t  in K E  -Reactor (in which 
quachrom glucosate is being evaluated as a replacement for  dichromate to 
reduce effluent activity result ing from chromium) are scheduled for  discharge 

and inspection in  ea r ly  February.  

Coupon tests to determine corrosion r a t e s  of carbon s t ee l  in cold 
process  water  at pH of 6. 6 and 7 . 0  indicate the lower pH increases  the 
corrosion rate by 50% to  about 6 . 0  mils  per  year .  

Recent s ta r tup  of the PRTR Fuel  Element Examination Facil i ty pro- 
vided the first opportunity to carefully inspect the worn contact sur faces  of 
the end brackets of a PRTR fuel element (No. 5110). These sur faces  had 
caused excessive wear  of a process  tube. Severely worn bottom bracket 
contacts were  scarred by charge-discharge operations. Very little wear  
was visible on the top bracket. Bundle wrap  bands were  displaced, presumably 
because of a charging mishap. 

Examination of three PRTR elements equipped with extended sur face  
clip-on wear  pads revealed they had showed no measurable  pad wear  after 
27 days of operation. 
fuel  elements.  

Pads w e r e  applied remotely to  six additional irradiated 

Destructive examination of Zircaloy cladding from a swaged U02-Pu02 
PRTR fuel element revealed an  inner surface reaction layer ,  0.0005-inch thick, 
of unknown composition. 

Evidence that the equilibrium location of fission products may shift as 
rod power is increased was revealed by studying high resolution autoradiographs 
of i r radiated (U, P u ) 0 2  pellets. Similar  studies showed essentially no reloca- 
tion of fission products in the immiscible MgO-Pu02 fuel system, in contrast  
t o  extensive relocation in (Zr ,  Pu)02 solid solutions. 

A fuel element capable of interchange between the PRTR and the F e r m i  
Components for  thermal  hydraulics studies are reac tor  blanket was designed. 

being assembled. 

. .  
m a  
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Initial reactivity burnup studies ( in  cooperation with P&IL personnel) 
in  the series of Phoenix fuel irradiation experiments were  completed. 
irradiation tes ts  to demonstrate Phoenix action are being studied. 

New 

The 4-rod cluster  rejuvenation fuel element successfully completed 
one irradiation cycle in the MTR at the Idaho Testing Station. 

A 1-foot-long prototype of an "arch-supported, 'I  one-piece, PRTR 
fuel elzment cladding was fabricated off-site by high-voltage electron beam 
welding. 

Reactor quality U 0 2  fuel mater ia l  w a s  produced by high-energy-rate 
impacting, using a tool s tee l  punch, at 200, 000 psi  without subsequent heat 
treatment to achieve stoichiometry, to remove trapped gases, o r  to  increase  
density by sintering. 

The PRTR mixed oxide fuel contains one part  of well homogenized, 
fine particle s i z e  57' Pu02-U02 and nine par t s  of l a rge r  particle s i z e  arc 
fused U 0 2 .  
fractions into bands. Heat t ransfer  and physics calculations indicate that 
peak-to-average heat flux rat ios  of 2 . 3 7  would occur  for  fuel rods loaded in 
80 increments  (1-inch total band length) if segregation were  complete; this 
would resu l t  in a maximum heat flux of 660, 000 Btu/tir-ft fo r  a fuel element 
operating at a tube power of 1200 kw. 

There has been evidence of par t ia l  segregation of these two 

- 2  

Based on the excessive absorption of hydrogen f rom d ry  C 0 2  and H2 
mixtures,  C 0 2 ,  does not appear to  be a satisfactory hydriding inhibitor for  
Z ir calo y - 2. 

The presence of KMn04 or its reduction products partially inhibits 
stress corrosion cracking of AIS1 304 and 316 stainless steel by 18% sodium 
hydroxide. 

- 7  s Corrosion rates fo r  Zircaloy in high temperature  D20 are s imi l a r  - * Y 
b- * 

* .  t o  r a t e s  in H 2 0 .  
f rom D20 is lower than fraction of H2 absorbed from light water  environment. 

The fraction of corrosion product D2 absorbed in  Zircaloy 

1 2 3 5 5 2 5  
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Notification was received of AEC approval to operate the PRCF'with 

D20-moderated zoned cores  containing U02 and Pu-A1 fuel elements.  Safe- 
guards studies supporting PRCF operation with other D20-moderated co res  
and "short  cooled" i r radiated fuel elements have been compiled in a comment 
draft .  

A f t e r  a study (reported in HW-76313) of fuel  element cooling in the 
PRTR following a total e lectr ical  power failure It w a s  concluded that, if 

liquid-phase convection circulation is inadequate, cooling of the fuel elements 
will be maintained by boiling convection circulation provided the fuel elements 
remain flooded. 

Nine different PRTR pres su re  tubes were  inspected during the month. 
A gas gap spacing between the p re s su re  and shroud tube of about 45 mils  was 
found in one channel, but this value is essentially unchanged f rom the last 
measurement made 2 operating months ago. 

Variations in zirconium concentration in PRTR pr imary  system water 
have been noted during reac tor  operation, but correlation of the data with 
frequency o r  severi ty  of frett ing corrosion in the PRTR have not been possible 
t o  date. 

Using ei ther  3 o r  10% ammonium citrate, difficulty was experienced in 
reducing activity levels in the ETR G 7 - X 3  Loop with the APACE decontaminating 
procedure.  It is quite possible that these fi lms are s imi l a r  to  the adherent 
films found in  PRTR during its decontamination. 

A suggestion of Draley and Ruther (ANL) that dynamic aluminum 
corrosion in high temperature  water  should be suppressed by the presence of 
corroding steel is not supported by loop experiments conducted in this  
Laboratory.  

-" 
The oxidation characteristics of Haynes 25, a cobalt base alloy, have' . -  . .  

been studied at 1000 C. 
p r e s s u r e  has been determined qualitatively. 

The effect of surface treatment and oxygen par t ia l  

l 2 3 S 5 2 b  
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Procurement of mater ia ls  for  the coordinated Irradiation Effects on 

Reactor Structural  Materials Program is continuing. Ten tons each of 
A212B and A302B have been roiled and heat treated.  
of the A302B alloy , however, exceeded that specified and a redraw opera- 
tion at  1250 F was necessary  to  improve its ductility. 
received for quantities of Inconel 600, Inconel X-750, Am 355, AIS1 304 SS, 
AISI 348 SS, and Zircaloy-2. 

The tensile strength 

Bids have been 

Tensile data on AISI 304 and 348 s ta inless  steels which have received 
exposures up to  1. 1 x lo2' nvt indicate a large increase  in yield s t rength and 
a lesser increase in tensile strength result ing from neutron irradiation. 
These same  s tee ls  show sma l l e r  but nonetheless la rge  increases  in yield 
strength af ter  prolonged residence in  280 C w a t e r  in the out-of-reactor loop 
with no neutron exposure whatsoever. Zircaloy-2 a l so  displays an increase 
in yield strength and decrease  in uniform elongation after out-of-reactor 
exposure to  280 C water,  but the magnitude of the effect is less than for  the 
steels. 

A basic study of the effects of irradiation hardening on c reep  has been 
initiated. 

Techniques have been developed to  measure  c r e e p  of i r radiated copper spec- 

imens at temperatures  as low as 77 K. Data obtained to date indicate unmistak- 
able differences in the obstacle geometries which control c r e e p  in annealed and 
in i r radiated (5  x 1017 nvt) polycrystalline copper. 

The mater ia l  being used is high purity polycrystalline copper. 

Metallographic examination has continued on the ruptured, i r radiated 
Inconel tube from the DR-1 gas loop. Samples taken from regions where 
tempera tures  were  70W300 F have 1 mi l  o r  less of oxide at the inner and 
outer  surfaces .  Samples taken from the vicinity of the t r ansve r se  failure,  
where the temperature  w a s  850-950 F, had oxide coatings up to 5 mils  in 
depth. b' : P q y  

DEClASSl BED 
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High purity molybdenum foils of 0.003-inch thickness were  heated 
to  successively higher temperatures--2100, 2200, 2300, and 2300+ C-and 

quenched rapidly in a flow of helium. 
and examined by electron microscopy. 

quenched foils. 
vacancies to c luster .  

The specimens were  then thinned 
No defects were observed in  the 

The quenched foils will now be aged in attempts to permit  

Length changes in single c rys ta l  molybdenum specimens 1. 5 inches 
in length containing carbon in  one of three concentration levels have been 
determined as a function of irradiation to e i ther  10l8 o r  lo1' nvt. Of the 
s ix  c rys ta l s  measured to date, two show no change in length; whereas,  the 
remainder  show increases in the range 40 to 120 microinches. In progress  
is a detailed evaluation of these changes with respect  to the known crystallo- 
graphic orientation of the c rys ta l s  and with respect  to  lattice parameter  
changes yet to be determined. 

One - half -inch-diameter by 0.005 - inch-thick unirradiated foils of 
molybdenum which had been annealed previously at 1900 C have been success-  
fully s t ra ined 1 to 2% by a specialized technique. 

Metallographic examination of uranium irradiated to  0.27 at. 70 burnup 
at 625 C indicates that  the fission gas pores that have been observed to seg- 
regate  at grain boundaries in lower burnup specimens have now coalesced 
into grain-boundary c racks  and la rge  irregular pores at t r iple  points of 
grains. 

235 Elec t ron  microscope examination of two specimens of Th-U 
i r radiated to  about 0 . 1  at. 70 burnup, and of one nonirradiated thorium 
control specimen has revealed no effect of irradiation with regard  to  etching 
charac te r i s t ics  of the matrix,  nature of the second phase o r  existence of 

pores .  

Successful coextrusion of Th-2-1/270 U (2.370 enriched)-lqo Z r  alloy 
Billets were  prepared by double melting ' *  was accomplished on January 18. 

. ,  
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xii HW -763 15 

i n  the consumable vacuum a r c  furnace in the 306 Building and coextruded 
on the 2700-ton p res s  in the 3 3 3  Building. Two extrusions of 17 feet and 

2 1  feet w e r e  produced, each of 1.75-inch OD x 1.05-inch ID x 0.025-inch 

Zircaloy-2 cladding. Billets were canned in copper and extruded a t  760 C 

f rom a 6-inch container at  a reduction ra t io  of 17  t o  1 and an extrusion 

constant of 18. 2 tsi. 
evaluation and wi l l  subsequently be fabricated into 8-inch fuel elements 
for irradiation tests in  a high temperature ,  high pressure  water  loop in  
the ETR. 

The extrusions are currently being sampled for  

Prel iminary resul ts  indicated that the region between O / P u  = 1 . 0  

and 1 . 5  in the P u - 0  phase system may be a two-phase field of PuO and 
F-Pu2C3. 

The approximate melting point of PuO was determined to  be 1800 C. 

PuOz and MgO appear to be entirely insoluble in each other in the 
liquid state. 

Analysis of X-ray powder patterns of a 48. 2 at.% C-Pu-C alloy 
indicated the possible growing-in of the zeta phase during a period of 400 
days at room temperature .  

In cooperation with Analytical Laboratories,  a combustion gravimetr ic  

method for  determination of carbon in plutonium carbides was reduced to 
routine pract ice  in  glove boxes. 

A compact of 10% U 0 2  in molybdenum having a uniform dispersion 
of 0 .5  micron U02 par t ic les  and 85'70 TD was successfully fabricated. S ta r t -  

ing powder was made by coprecipitating uranium and molybdenum oxides, 

roasting in air, and reducing in hydrogen at at 1200 C. Cold compaction 
and s inter ing in hydrogen at 1600 C followed. 

Encouraging preliminary data were  obtained on the thermoelectr ic  
propert ies  of U 0 2  in a test simulating in-reactor heating. 

b - . -  

1 2 3 5 5 2 4  
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Examination of a W - U 0 2  cermet  i r radiated at a cladding surface 
temperature  grea te r  than 2100 C revealed no reaction between the U02 and 
tungsten matr ix  and no dimensional change. 

Significantly grea te r  thermal  conductivity of U 0 2  single c rys ta l s  
than of polycrystalline U 0 2  w a s  demonstrated by irradiation test .  

Positive identification of the U02 microstruct,ure associated with 
the radial  limit of initial melting w a s  obtained by the discovery and location 
of previously molten tungsten par t ic les  in a U 0 2  specimen f rom the marke r  
w i r e  irradiation experiment. 

A 50 wt% uranium monosulfide-tungsten cermet  w a s  compacted by 
high energy impaction at  1200 C to 98% TD. 

Autoradiographs of a fuel core  exposed to  approximately 20, 000 

Mwd/ton showed a concentration of fission products in the same area which 
contained a concentration of metall ic inclusions. 

Fabrication w a s  completed on a capsule designed to  investigate the 
initial melting and possible resolidification of a UO fuel core  under operating 
conditions. 

2 

Time-lapse moving picture techniques w e r e  used to  show that the high 
temperature  reactions occurr ing in a UO -W cermet  during reflection 
electron microscopy begin abruptly and proceed rapdily to completion within 
a few minutes. 

2 

Polystyrene replication has  been completed successfully on selected 
areas of a nonirradiated U 0 2  fuel element. 

Initial ultramicrotomy experiments have shown that U 0 2  c rys ta l s  
can be thin-sectioned even with simple g lass  knives. 

A new technique w a s  used to determine near ly  0.1% free uranium 
meta l  in U 0 2  previously analyzed by coulometric t i tration techniques as 
hypers  toi c hiome t r ic  mat erial. 

1 2 3 5 5 3 0  
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Special fabrication activities included completion of the fission 
product transient samples for Phillips Petroleum Company, work on four 
types of elements for physics tes t s ,  and work on coextruded Pu-A1 elements 

fo r  corrosion tes t s  

Material  procurement and design of facilities for making the EBWR 
A project proposal was prepared plutonium loading continued on schedule. 

for installation of vibrational compaction facilities; loading studies were  
initiated. Review and revision of the fuel design are in process .  

In basic studies relating radiation damage of graphite with fundamental 
properties of the mater ia l  , sonic-modulus determinations were  used to deter-  
mine the phonon mean free path which is analogous to a crystal l i te  s ize .  
When the method w a s  applied to i r radiated lampblack graphite, a decrease  in 
crystall i te s i ze  was indicated. X-ray measurement,  on the other hand, 
implied a doubling in  s ize .  A plausible explanation for  the discrepancy exis ts .  

It is believed that sonic-modulus data may be of considerable value in 
understanding the fundamentals of radiation damage in graphite. 

Calculations for  the fast  supercr i t ical  p re s su re  power reac tor  concept. 
to determine the sensitivity of reactivity values to the group c r o s s  sections 
f o r  U238 which span the resonance region showed that sufficient numbers of 
neutrons are captured in  this portion of the spectrum to substantially affect 
the coolant coefficient. 
design calculations overest imates  the void coefficient, making it more  
positive while simultaneously making the flooding coefficient m o r e  negative 
The net effect of properly self-shielding these c r o s s  sections will be a 
decrease  in enrichment and increased reac tor  stability. 

The use of unshielded c r o s s  sections in previous 

The application of the "moderator-segmented fast  core" concept to  
the Plutonium Fuel  Space Reactor,  with the addition of boron as a burnable 
poison adjacent to the moderated a rea ,  may decrease  mechanical control 
requirements  from about 35% A.k to  15% A k. The corresponding increase in 

reac tor  diameter  is only about 15% above that for  the s t ra ight  plutonium- 
fueled core .  

1 2 3 5 5 3 1  
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Nineteen boiling burnout points were obtained wi th  an electrically 
heated model of a 19-rod fuel bundle with "warts" to maintain 0 .  050-inch 
spacing between rods ;  wi re  wraps are usually used to maintain the spacing. 
The tes t s  were  run with a 19- 1 /2-inch-long tes t  section in a horizontal 
position and the data covered heat fluxes from 300, 000 to 1, 600, 000 

Btu/hr-f t  . Pre l iminary  comparison of the data with previous data 
obtained with wire  wrapped tes t  sections indicated almost no difference in 
the resul ts  over the range of variables investigated. 

2 

The dome seal and nozzle assembly being tested in support of the 
AEC-AECL Cooperative Program were  completed and successfully passed 
a hydrostatic test  and 11 6-hour leakage test  with no evidence of leakage. 

2. Physics and Instruments 

Analog simuiation of the N pressure  injection system is satisfactorily 
underway. 

formance with N-RD schedules through operation of the analog computer o r  
a two-shift basis .  

Other N system studies and simulations are progressing in con- 

The studies on reac tor  automatic control sys t ems  continued with the 
development of analog simulations of equivalent reac tor  models in one-, two-, 

o r  three-dimension representations.  Analyses fur ther  demonstrated that the 
equivalent models provide a simplified method for  measuring and spec i i j  ing 

reac tor  control parameters .  

An exponential mockup of N-Reactor w a s  used to  determine that the 
reactivity worth of a control spline inser ted in a c r o s s  coolant channel is 
about 1 / 5 that of a horizontal control rod. 

Crit icali ty measurements  continued on plutonium ni t ra te  solutions - .. . 

using an  ll.S-inch-diameter, water-reflected spherical  vessel  and solutions 
in the 300-450 g P u / r  concentration range. 
steel vessel  wall becomes more  effective in reducing the worth of the 

it w a s  found that the stainless 

1 2 3 5 5 3 2  
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reflector as the plutonium concentration is increased. 

culating the buckling of partially emptied spheres  a lso was developed to 
aid these studies,  

A method for cal-  

Preparations for  cri t icali ty experiments with plastic plutonium - 
oxide mixtures continued. 
completed, and development and testing of the split table cri t icali ty machine 
continued. 

Safe s torage cabinets for the fuel blocks were  

Theoretical  cr i t ical  .mass studies included t ransport  theory calcula- 
tions on plutonium spheres  dissolving in HZO, completion of a repor t  
(HW-75887) on subcrit ical  interaction studies, and inclusion of polystyrene 

in the work on developing scat ter ing kernels for various moderators .  

Neutron safety consulting serv ices  were  provided regarding a pluto- 
nium metal  mold, a molten sa l t  bath, a plutonium fuel element s torage a r r ay ,  
and a s torage problem for  low enrichment uranium. 

In the cross-section program, the tr iple axis spectrometer  was pre-  
pared for  measurements  of inelastic neutron scat ter ing from H20 a t  elevated 
temperatures ,  and fast  neutron cross-section data obtained previously were  
processed using the IBM-7090 computer. 

The las t  of the first three Lx Pu-A1 PRTR physics elements has  been 
disassembled and samples  have been cut f rom selected rods  for  burnup 
analysis.  The remaining three  elements will be tested in the PRCF pr ior  to 

destructive analysis. In other PRTR studies, s eve ra l  physics computer 
codes are being set up for detailed analysis of experiments performed in the 
PRTR. 

Several  physics methods and cross-section sets that are employed in 
fast reac tor  studies a r e  being checked against data f rom two fast critical 
experiments.  
these methods. 

These evaluations will give some insight on the reliability of 
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The calculated flat reactivity-lifetime response of Phoenix-fueled 

Z r - H 2 0  reac tors  over a wide range of fuei loadings has now been confirmed 
for initial plutonium compositions of 5, 10, 15, and 20% Pu . 240 

In fuel cycle code developments, changes have been made in the 

Monte Carlo portion of reac tor  burnup that yield considerable reduction in  
computer running t ime. Three cases  have been successfully run using the 

CALX burnup code, a constant flux burnup, a constant power burnup, and 
a constant flux recycle case.  These were  r u n  using an input data tape. 

240) PRTR measurements were  made on high exposure (20. 6% Pu 
Pu-A1 fuel in a 10. 5-inch graphite latt ice.  
indicated that the PCTR can be used for measurements on large Pu-H20 
sys tems by using polyethylene to  mockup the H 2 0  moderator.  

Pre l iminary  calculations a l so  

Neutron flux t r ave r ses  through the PRCF showed significant photo- 
neutron generation i n  the D20 moderator due to gammas from irradiated 
fuel s tored  adjacent to the PRCF vessel.  

The cost  of the High Temperature  Lattice Tes t  Reactor as current ly  
scoped was estimated to  be $2,350,000; AEC assigned a budget figure cost  
of $2, 500,000. 

An invention disclosure w a s  submitted on a new concept for  an in-core 
1 2  neutron flux monitor. Signal cur ren t  is generated by the beta decay of B 

following the B1 '(n, y) B1 

an extremely long operating life, and capability fo r  operation at temperatures  
up to  1000 C. 

reaction. Calculations predict  excellent sensitivity, 

Preparat ions for  experimental tests are under way. 

In nondestructive testing research ,  studies of ultrasonic wave prop- 
agation in attenuating media have revealed that the ordinary law of refraction 

(Snell 's Law) must be modified to suitably account for attenuation effects 

which may be important in practical  testing applications. - I .  

.. 

'\ * 

A Ceramic  Fuels  laser utilizing a ruby crys ta l  and a Xenon flash tube 
was successfully placed in operation. Ea r ly  tests revealed that the brilliant 
r e d  output beam w a s  not as coherent as desired.  
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Instruments a r e  being developed and designed for telemetering data 
to central  receiving stations from senso r s  implanted in animals used in 
biology research .  

Orderly progress  w a s  made on a number of radiological physics 
programs, includi ;: the study of differences in  potassium measurements  
by different whole body counters, the development of P32 counting capabil- 
ity for a mobile counter, the development of X-ray scintillation counting 
methods and pulse shape discrimination neutron dosimetry methods, and 

preparation for gamma-ray calor imetry measurements on Pu 147 . 
Analyses of the la rge  quantity of atmospheric dispersion data collected 

at Hanford, Cape Canaveral, and Vandenberg A i r  Base reached the point at 
which comparisons between sites could be made. F o r  s imi l a r  conditions of 
t e r r a in  and micrometeorology, the dispersion measurements  were  strikingly 
s imi l a r  at all three  locations. Significant differences between sites due to  
t e r r a in  and meteorological regimes not common to all th ree  sites provide 
valuable data for  evaluating the local effects. 

The developmental real- t ime air sampler  for use  in dispersion exper- 
iments was successfully field tested to  a distance of 1 mile from a ground 
level source.  

3. Chemistry 

A recently developed computer program is being used to  better estimate 
the flow of contaminated water f rom the N-Reactor c r i b  and subsequent fission 
product release to  the Columbia River.  
to  reach  the r ive r  in significant concentrations are  1131 and SrgO with t rave l  

t imes  of 11 days and 3.5 years ,  respectively. 

The only fission products expected 

In r eac to r  effluent radioisotope reduction studies, anodized and sealed; 
autoclaved and sil icate-treated aluminum coupons were  tested fo r  arsenate  
absorption. Autoclaved and anodized specimens showed the least and greatest 
a rsena te  absorption, respectively. 

’ .~ . -. ’ 
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The marked increase of gross  beta-emitter concentration in ground 
water beneath the Purex  A - 1 0  process condensate c r ib  is correlated with 
a Purex process  change whereby single-stage, vice double-stage, acid 

distillation is employed. 

Scintillation probing of ver t ical  we l l s  in the Purex  241-A tank fa rm 
resulted in the detection of possible process  line o r  tank leaks on the north 
s ide of the 101 tank and on the south s ide of the 106 tank. 

In solid s ta te  electromigration studies,  the passage of a heavy, low 
voltage, e lectr ical  current  through a 99. 9+% aluminum specimen containing 
radioactive Fe5' failed to affect migration of the tracer over an  extended 

t ime period at  an operating temperature  of 530 C. 

Phosphotungstic acid I s  found to  be adversely affected by alkaline 
solutions to  the extent it cannot be used a second t ime for  the extraction of 
~s~~~ from Purex  FTW. 

Laboratory and engineering studies on the CSREX process  continue 
to show promise of applicability for  the extraction of fission product cesium, 

strontium and rare ear ths  f rom Purex  formaldehyde t reated waste,  and for  
the subsequent separation of cesium and strontium from the rare earths. 

Laboratory and engineering studies w e r e  conciuded testing a flow- 
shee t  for the destruction of ni t r ic  acid in Purex  1WW by sugar  treatment.  
Efficiency of nitrate destruction (moles of ni t ra te  destroyed per  mole of 
sugar  consumed) was about 20 and residual  carbon contents were  low, i. e., 
f rom 0.4 to  -370. 

An effective solvent has been found to  be 0 . 3 M  - t r i - lauryl  amine (TLA) 
in Soltrol ,  for  the extraction of neptunium and nlutonium from Purex  1WW. 
Over 93 and 9870 of the neptunium and plutonium, respectively, are readily 
extracted.  Stripping the organic phase with a comparable volume of oxalic 
acid removes 85 to 9570 of the above products, respectively. 

. - ~ - r .  
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A solution of ammonium carbonate and ammonium hydroxide w a s  
found to  be quite effective in removing sodium from Duolite C-3 r e s in  follow- 
ing the cesium (and some sodium) extraction from Purex  high-level, alkaline 
supernate waste.  Ninety-nine percent of the sodium on the ion exchange bed 

w a s  readily removed with very smal l  cesium losses .  

About 10 ,000  cur ies  of Pm147 were  recovered and highly purified by 
a cation exchange process.  
which will be used as the s tar t ing mater ia l  for measurement of pertinent 
chemical and physical qualities which have not been determined previously 
o r  wi th  high precision. 

The aqueous product was converted to the oxide 

U s e  of a vibrating air hammer has been found to  be an effective means 
of removing unirradiated or i r radiated U 0 2  from 1 / 2-inch-diameter, Zircaloy- 
clad PRTR fuel rods.  
0. OS%, depending upon the mode of initial fuel rod manufacture. 

Uranium losses  to the cladding range between 0 .01  to  

Graphite electrodes coated with 1 -mil-thick pyrolytic graphite a r e  
found to be far superior  to  nuclear grade graphite as a cathode mater ia l  f o r  
the electrolytic preparation of UOz. The U 0 2  deposit is very easily removed 
f rom the coated cathodes, and the carbon contamination of the U 0 2  is sub- 
stantially reduced from that observed with uncoated cathodes. 

Continued studies of the electrodeposition of Pu02-U02 in the attain- 
ment of plutonium enrichment factors  as high as 13.5. The enrichment is 
achieved by electrolyzing an equimolar LiC1-KCl melt  containing uranium 
and plutonium while sparging with 8070 02-20% C12. Recovery of PuOz from 
the Pu02-U02 co-deposits is possible by selective dissolution of the U02 in 
f r e sh  melts  which are sparged with 02-C12 mixtures.  Overall  plutonium 
decontamination factors  f o r  uranium and promethium are about 500 and 300, --- respectively . ,- 

Engineering studies of the operation of the 18-inch radiant heat spray  
calciner show that the use of a large-channel recycle  tube is effective in 
greatly reducing calcine buildup on the reac tor  walls and increasing through- 
put capacit ies.  

4 ' 1  
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Study flowsheets were prepared (based on existing technology, where 
possible) for  the manufacturing-scale purification and packaging of selected 
fission products, namely, S rgO,  Cs137J Ce144, and Pm147. Feed for  the 

packaging plant is assumed to be the output of the Hanford W a s t e  Manage- 
ment operations. 

4. Biology 

Remodeling of l 4 4 - . F  Building is completed. Four  offices and the 

lunch room were converted into one large physiology laboratory and one 
animal colony record offfce. 
problem. 
practice due to tendency toward fighting. 

Crowding in the dog colony continues to be a 
Most all of the runs now house three adult dogs-a hazardous 

W a t e r  from melting snows combined with ice p res su res  to  wash out 
Some recording equipment was lost  but both dams at Rattlesnake Springs,  

most survived the flood. 

SULFAM-3 and BBULF-16, reac tor  tube cleaners ,  are toxic (LD-10) 
to young salmon at 1 4 6  and 1 7 5  ppm, respectively. 

F i s h  from 100-K aquatic biology troughs continue to  yield viable 
columnaris from 367' of the giils sampled. 

Yearling trout fed Zn65 retained 26% of the dose when killed after 
31 days. Highest concentrations of Zn65 were  present in the gill f i laments.  

srgO sources  consisting of srgO plaster  of Paris mixtures on glass 
plates were  prepared for  use as autoradiography s tandards and dose rates 
measured with an extrapolation chamber.  

All three female miniature goats have become pregnant, and one 
delivered t r iplets .  
and thyroid uptake determinations made. 

Daily low-level 113' feeding was s t a r t ed  during pregnancy ' 

Thyroid 1131 concentrations in cows range from 1 . 5  to  3 t imes  the 
daily intake. 
a level of 6 t o  18% of the daily dose. 

The 1131 concentration in milk has gradually increased from 
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237 Male r a t s  were  found to display m o r e  resis tance to  acute Np 
toxicity than females.  

l iver lipid content and subcellular distribution of the neptunium deposited in 
the l iver.  

This  observation cor re la tes  with differences in  

Dogs exposed 4 months ago to  Ce14402 aerosols  are displaying 
toxicity symptoms which are significantly different f rom those observed in 

plutonium-exposed dogs e 

Increasing c a r r i e r  iodine by a factor of lo8  in rat inhalation experi-  
ments reduced the proportion of total  body 1131 deposited in  the thyroid by 
a factor  of 10. 

5 of 17 
Twelve of 

23g0 

dogs have resp i ra tory  rates approximately four t imes  normal. 

the dogs show significant lymphopenia, 
were  sacrificed during the past year  showed translocation of as much as 
50% of plutonium to bronchial lymph nodes. 

Rats  exposed for  60 days to  Ygo in their drinking water  showed a 

Three yea r s  af ter  inhalation of less than 10 mc  Pu 2, 

Dogs from this group which died o r  

2570 incidence of corneal  opacity and ulceration with no evidence of cataract 
formation. This observation is possibly explained by the lack of penetration 
of the Ygo beta to the lens and should be of some clinical interest  in view of 
the use of Ygo in therapy for  human eye lesions.  

One species  of Ostracod identified from Rattlesnake Springs had 
previously been reported only from Yucatan and Trinidad. 

Radioiodine concentrations in North American deer  and elk thyroids 
decreased during the month. 

tions of 1131 comparable to  those from Maryland dee r  (1 to 2 nc/g).  California 
deer  thyroids w.ere at the lower l imit  for  1131 detection (0.05 nc/g).  

Thyroids f rom Montana elk contained concentra- 

Wintering waterfowl populations within the Hanford Reservation 
increased steadily during the month to a maximum of 330,000 ducks and 
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geese near the month’s end. 
observed this season and w a s  60% above peak populations l a s t  yea r .  

This w a s  the greatest  number of waterfowl 

5 .  Programming 

In cer ta in  circumstances it may be attractive to enrich depleted 
To calculate the burnup cost  of such a fuel loading, uranium with U233. 

the cost  of separating the U233  from U238 has been examined. The separa-  

tion of U233 f rom tJ2” requires  roughly one-third the energy required to  
separa te  U235 from U238; this leads to the calculation of unusually low 
values (less than 0. 1oJ0) for  the optimum tails composition from the diffusion 
cascade. Degrading U233 by mixing with U238 to an enrichment of 2% 

resul ts  in decreasing the value of the U233 by $2.00 to  $ 2 . 5 0  per  gram. 

TECHNICAL AND OTHER SERVICES 

A CPD process  operator assigned to the 234-5 Building sustained a 
contaminated puncture wound in the hand in June 1962. Surgical excision of 
the contaminated area at the t ime of the injury was successful in removing 
about 1 qc plutonium. Subsequently, 0.01 pc plutonium was excreted as a 
resul t  of treatment with DTPA. 

the evaluation of the employee’s body burden. 
shows that the body burden is 0.018 yc  plutonium o r  about 4570 of the maximum 
permissible  body burden. 

estimated to have 25-30 t imes  the maximum permissible  body burden. 

The medical t reatment  with DTPA delayed 
The cur ren t  evaluation now 

The original wound site before excision was 

Four  new plutonium deposition cases were  confirmed by bioassay 
analyses during the month of January. 
f rom th ree  previously reported contamination incidents involving CPD 
employees at the 234-5 Building in November and December, and one con- 
tamination incident that occurred this month at the s a m e  facility. In three  
of the cases, including the one that occurred in January, inhalation w a s  attri- 
buted as the mode of intake and the plutonium body burden was estimated to  be 
1% o r  less of the permissible  body burden (MPBB = 0.04 vc). The fourth case 
occurred as the resul t  of a plutonium contaminated injury received by a CPD 

The new deposition cases resulted 
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process  operator in November. 
the accident reduced the plutonium contamination in the puncture wound 
from pc to pc as measured by the wound counter. The current  

evaluation of this case  places the body burdens at  less than 10% of the 

permissible  body burden. 

Medical excision of t issue at  the time of 

The total  number of pluton~um deposition cases  that h v e  occurred 
at  Hanford is 316 of which 230 of the cases  involve employees now at 
Hanford. 
was 32, all result ing from known contamination incidents. 

The number of new deposition cases  that occurred in  CY-1962 

A document, writ ten jointly with IPD personnel, w a s  issued. It 
updated postirradiation results from the Quality Certification Program.  In 

addition to "fitting" the data in assess ing  the significance of apparent t rends 
and cycles over t ime, comparisons were  made between reac tors .  

The document presenting the probabilistic functions which descr ibe 
unscheduled reac tor  outages w a s  issued. 
use in generating outages in the Reactor Simulation Study. 

These functions w e r e  derived for 

During the past  month, work s ta r ted  on the N-Reactor reliability 
study; four-state reliability algebra w i l l  be applied. 
date include: scoping the analysis, investigation of the physical and logical 
relationships between the reac tor  subsystems, and logical representation 
of the c r i t e r i a  used to  determine the reac tor ' s  mode of operation. 

Areas  of progress  to 

A document was issued giving comprehensive rail accident statistics. 
Various cause,  damage, and speed relationships were  discussed in this 
document. 
to follow in shipping radioactive mater ia ls .  

These will be of use in  reaching decisions regarding procedures 

The study of securi ty  infractions a t  HAPO was completed and an o r a l  
presentation of resu l t s  was made. 
review of HAPO incidents involving lost  o r  forgotten badges during 1962. 
Study resu l t s  were  put into an  informal writ ten repor t  which included suggea- 
tions fo r  modification of cur ren t  data collection efforts. 

The study was expanded to  include a 
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A mathematical model of the N-Reactor s tack gas chemical reactions 
has been completed as par t  of the general study of the zirconium-graphite 
compatibility problem. The model consists of a simultaneous set of first 

order  nonlinear differential equations whose solutions yield the s tack gas 
composition as a function of position in the reac tor .  An attempt is being 

made to  study these solutions as a function of the controllable parameters  
on analogue computmg equipment. 
so  that the findings of the analogue studies can be investigated in greater 
detail.  

A digital program is also being writ ten 

A new model was fitted to two sets of gamma absorptiometer calibra- 
tion data. Each s e t  of data consisted of calibrations on four sample celis 
each run four t imes  at nine uranium concentrations. The new model is a 

modification of B e e r ' s  Law to include a second exponential t e r m  representing 
a scat ter ing of gamma photons at higher uranium concentrations. 

The resu l t s  of a s e r i e s  of experimental runs of shear-spinning 
cer ta in  metall ic shapes has led the customer to choose a preferable  method 
of designing the original blanks. 

has been programmed for  the digital computer. 
details  of the blank contours and the requisite tool center  coordinates for 
either machining blanks directly o r  forming appropriate molds in which 
blanks may be cast. 

The mathematics for  this mode of design 
This program computes the 

The EDPM program which produces tables of the Lamb wave frequency 
equation f o r  a rb i t r a ry  elast ic  mater ia l  constants is virtually complete. These 
tables permit  a m o r e  accurate  interpretation of experimental  data obtained 

by ultrasonic nondestructive testing devices which employ Lamb waves. 

The program to  index hexagonal c rys ta l s  was made operational during 
January.  A section was added to  the program which computes the standard 
deviations of the lattice constant estimates. Approximately ten sample cases 
have been successfully indexed. 
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Authorized funds for seven active projects total $1, 229, 500. 

total estimated cost of these projects is $7,  524, 000, of which $613, 000 had 
been spent through December 31, 1962. 

The 

SUPPORTING FUNCTIONS 

The output of the Plutonium Recycle Tes t  Reactor for  January was 

617 Mwd for an experimental t ime efficiency of 63'70 and a plant efficiency 
Of 4470. 

There  were six PRTR operating periods during the month; one c: 
which lasted through the month-end. Each of the other five were  terminated 

manually as a result  of these operational difficulties: highly dissolved O2 

content in the pr imary  system, once; excessive D 2 0  recovery system 
collection (cap gasket failures),  twice; suspected fuel element defects, 
twice. 

The core  loading at s tar tup on January 3 consisted of 26 U02 
elements,  29 Pu-A1 elements,  and 30 U02-Pu02 elements.  At month-end 
the  loadings w e r e :  24 U 0 2 ,  24 Pu-A1, and 37 U02-Pu02 elements.  
exposure history at month-end: 

Fuel  

Maximum U 0 2  exposure /element 
Average U 0 2  exposure /element 
Maximum Pu-A? exposure /element 
Average Pu-A1 exposure /element 
Maximum Moxtyl exposure/element 
Average Moxtyl exposure /element 

2560 Mwd/tonU 
1651 M w d / t o v  
7 3 . 0  Mwd 

5 2 . 3  Mwd 
2 7 . 9  Mwd (-558 Mwd/to%) 
1 2 . 8  Mwd C- 257 Mwd/tonU) 

Unusual activity indications on PRTR's rupture  detection system 
resulted in two unscheduled reac tor  outages. In both cases, a total-stagnant- 
water  tes t  was conducted, and in a third instance, five tubes were checked in 
this manner.  A s  a re su l t  of these tests five elements were  removed; it was 
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suspected that they were  leaking. One element was la te r  c leared as a 
Confirmation tests on all "suspects" were  suspect" and was recharged. 11 

initiated. 

A total of 81 outage hours for PRTR were  charged to  r epa i r  work. 

Major contributors were  tube-to-nozzle gasket repa i r  and helium compres - 
sor problems. 
high O2 in the helium and D 2 0  sys tems.  O2 problems were  t raced  to  shaft 
seal in-leakage on the core  bianket blower. 

In addition, a total of 45 hours of outage t ime was charged to 

The mechanical seal on the Plutonium Recycle Test  Reactor 's  PP # l  
was replaced after approximately 550 hours of running t ime.  

During the month of January,  there were  90 fuel element movements, 
in and out of the PRTR process tubes. Since the reac tor  was first loaded, 
there  have been over 2000 such movements-some to  the s torage basin and 
back, and some f rom process  tube to  process  tube. The process  tubes now 
in serv ice  have averaged 23 movements with one tube having 43 movements 
to  date. One fuel element, a UOz, has been moved 21 t imes.  

Cel l  leak rate testing of the PRCF required considerable t ime. 
3 Minimum consistent value at 6 inches water  gage was 1200 f t  /day with 

inability to reduce below 1000 ft /day. 
between weir  level and moderator level w a s  detected with the full flow 
moderator addition pump in service.  
res is tances  thus correct ing this problem. 

3 A discrepancy (22-23 inches) 

Piping changes relieved hydraulic 

Base  count measurements  using the source  were  taken in prepara-  
tion to  loading the PRCF. 

The Fuel  Element Rupture Test Facility's design features  which will 

permit  complete loop testing out-of-reactor were  completed. 
on the s t ruc tura l  steel for shielding, revised high- and low-pressure relief 
sys tems,  the emergency depressuring valve, and the inlet piping shut-off 
valve. 

Work progressed 

No  Design Tes t  i tems were  completed. 
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The project cornpietion date for the Gas Cooled Loop was extended 
to  June 30, 1963, by Directive No. AEC-145, Modification 8. 

is 9470 complete. 
tion is essentially complete. 
by Bristol-Siddeley at  the minimum conditions. 

conditions were  planned. 
l is t  i tems.  

The project 

Reinsulation of main loop piping following heater installa- 
The second and third blower units were  tested 

Tes ts  a t  m o r e  seve re  

Work has been completed on seve ra l  of the punch- 

Total productive t ime for  the period for Technical Shop's Operation 
was  23,884 hours.  Distribution of t ime w a s  as follows: 

Man-Hours 70 of Total 

20. 72 N-Reactor Department 4 948 
Irradiation Processing Department 4 321 18.10 

Chemical Process ing  Department 662 2.77 

Construction Engineering and Utilities 0 0 

Hanford Laboratories 13 953 58.41 

Total  productive t ime realized for Laboratory Maintenance Opera- 
tion was 16, 900 hours of a possible 17, 600 hours potentially available. Of 

the total productive t ime realized, 91% was expended in support of Hanford 
Laborator ies  components with the remaining 970 directed toward providing 
serv ice  for other HAP0 organizations. 
was 3. 370 of total available hours.  

Overtime worked during the month 

Manpower utlllzatlon in Laboratory Maintenance Operation for 
January is summarized as follows: 

A. ShopWork 2 500 hours 

B. Maintenance 8 200 hours  

1. Preventive Maintenance 1 600 hours 
2. Emergency or  Unscheduled Maintenance 1 600 hours 
3. Normal Scheduled Maintenance 5 000 hours 
4 .  Overtime 585 hours 

C.  R&D Assistance 6 200 hours 
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Heavy water physical inventory at the end of January indicated a' 
loss of 3241 pounds valued at $44,860. 
amounted to 3408 pounds resuiting in a charge to operations of $2897. 

Sc rap  generated during the month 

Fifty-seven Ph. D. applicants were  invited to visit HAP0 for 
employment interviews. 
two acceptances and one rejection were  received. 
currently open. 

Five visits were  made; two offers extended; 
Three offers are 

Nineteen P rogram and 11 direct  placement offers were  extended. 
Program activity included six acceptances and 10 rejections with 7 1  offers 
active at month's end. Direct placement resul ts  included five acceptances 
and one direct  placement. Eight direct  placement offers remain open. 

Three  graduates were  added to the rol l  while five present members  
were  placed on permanent assignment. Current program strength is 50. 

Information requested by the AEC for its annual r e sea rch  report  was 
Research performed for the Divisions of Reactor Development, assembled. 

Research,  and Biology and Medicine was included. 

Manager, Hanford Laborator ies  

HM Parker:JEB:dph 
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REACTOR AND FUELS LABORATOR'I MONTHLY REPOFKC 

JANUARY 1963 

TECHNICAL ACTIVITIES- 

A. FISSIONABLE MATERIALS - 02 PROGRAM 

1. Metallic Fuel Development 

Fuel Irradiations.  
fuel  elements was in i t ia ted  i n  the ETR. Two 10.5-inch long t e s t  
elements were charged i n  the M-3 high pressure loop f a c i l i t y  and 

"he i r radiat ion of fluted single-tube N-Reactor 

- 

are operating a t  f u l l  reactor power. 

Three &inch long fluted N-inner t e s t  elernents have received an 
exposure of 786 MWD/T in  cold water i r radiat ion at  Hanford. I n  
the high temperature i r radiat ion of another such element i n  the 
ETR-7 f a c i l i t y  four cycles of reactor operation have been completed 
sa t i s fac tor i ly  t o  give an equivalent exposure. 

Additional single-tube KSE-5 t e s t  elements have been completed and 
measured. 
t o  study high temperature swelling performance. N-inner fue l  com- 
ponents, with and without 2 w/o zirconium addition, a re  being fab- 
ricated fo r  in-reactor tes t ing  t o  establish comparative i r radiat ion 
performance of the two fue l  compositions. 

These elements w i l l  be irradiated i n  KER loops 1 and 2 

Examination of Irradiated N-Fuel Elements. 
evaluation of 14  N U ' S  (28 components) which were successfully 
irradiated a t  near prototypic N-Reactor conditions t o  approximately 
1700 W / T  i s  continuing. Study of the pre- and post-irradiation 
dimensional data has revealed the following dimznsional behavior. 

The post-irradiation 

Inner Component Outer Camponent 
( N I E  1 1 

OD Increase 
Range .003 t o  .o07" .OOO t o  .004" 
Ave . .005 .002 'I 
WX. Calc. Clad Strain 0 . 5 6  0.16% 

Residual Warp-Single Throw 
Range .005 t o  .o25lf .007 t o  .o29lf 
Ave . . O m  'I .0115 'I 

. .  
c 
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Inner Component Outer Component 

Warp Change-Single Throw 
Range -.007 t o  +.015" - .ooi t o  +.016" 
Ave . +. 007" +. 006" 

The planes of maximum warp i n  both se t s  of components were observed 
t o  s h i f t  i n  a random fashion. 
remeasured a t  the KE basin f a c i l i t y  because of an e r r a t i c  pat tern 
in the data. 

Lengths of the components are being 

me outer component (NOE) has been sectioned and examined in 
Radiometallurgy. No unusual features o r  shortcomings have been 
observed. The eutectic Be-Zr brazed closures have shown no in- 
dications of unsatisfactory behavior. 

Cladding Deformation Studies. 
four which have themcoupled uranium rods, were charged in four 

Thirty-six N a K  capsules, including 
- 

process tubes i n  F-Reactor. 
satisfactory.  
uranium temperatures sa t i s fac tor i ly ,  and excellent agreement ex is t s  
between the measured and calculated temperatures. 
calculations indicate tha t  the  Zr-2 cladding temperatures a re  very 
close t o  those desired. The fuel  samples i n  these capsules w i l l  
provide data on the e f fec ts  of cladding thickness uniformity, 
temperature, and exposure on the s t r a in  capabi l i t ies  of the Zr-2 
cladding. 

All  aspects of the charging were 
The four thermocouples are recording the center 

Preliminary 

Hot Headed Closure Studies. 
f iguration were developed for  N-inner hot heading which produce 
thicker Zircaloy-2 ID shoulders with less tendency t o  fold.  
modification permits machining of the shoulders square without 
seriously thinning the Zircaloy-2. 
the I D  shoulders resulted i n  folds through the shoulders. A 
crevice resulted between the closure cap and the inner shoulders 
on previously headed elements due t o  the th in  rounded shoulders. 

A die design and an element end con- 

This 

I n i t i a l  attempts t o  thicken 

Several short (4'' long) N-inner elements are being headed and 
machined f o r  subsequent welding-evaluation. 

Self-Brazed Closures. Three elements having closures ins ta l led  
by the "self-brazing" process were thermally cycled t en  times 
between room temperature and 300 C. Ultrasonic tests indicated 
no discernible change i n  bond quality as a resu l t  of the cycling. 

1 2 3 5 5 4 8  
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Similar resul ts  were obtained in t e s t s  applied t o  specimens 
thermally cycled 4 t o  10 t imes  according t o  standard beta-heat 
t reat ing procedures, 
metallographic verification of the non-destructive t e s t  resu l t s .  
Another three specimens, one of which had been faced off on One 
end t o  l ay  bare the annulus of braze material between cap and clad, 
were placed i n  a long-term high temperature loop i n  K-East Area. 
After two weeks of exposure, no evidence of corrosion w a s  evident 
indicating that  the Cu-Ni braze material is  reasonably resis tant  
t o  corrosive attack. 

Twelve 6-inch long t e s t  elements w i t h  self-brazed closures have 
been made, s ix  from unheat-treated stock and s ix  from already 
heat-treated stock. 
of behavior throughout processing, tes t ing,  and i r radiat ian.  

N-Reactor Fuel Support Development. In the invest i  f ation of sheet 
fabrication procedures, extrusions i n  the form of 32 inch x 3 inch 
bar were made and evaluated as s ta r t ing  material. 
sheet produced f romth i s  material was found t o  have good bend duc t i l i t y  
i n  the longitudinal direction and exceptional duc t i l i t y  i n  the trans- 
verse direction. A fabrication schedule based on the use of extmded 
sheet bar was selected fo r  the production of material for  s q p o r t s .  

These specimens are being sectioned fo r  

These specimens are  intended fo r  comparison 

The 0.035-inch 

I n  the program t o  develop a production forming method f o r  N-inner 
fuel  supports, the primary problem of forming the par ts  without 
cracks i n  the loops appears t o  have been completely solved. In 
making about 2000 supports, no cracking has been observed, although 
several minor dimensional discrepancies have res t r ic ted  the yield 
of acceptable parts.  The necessary process and equipment changes 
are being made t o  improve the uniformity of the product. 

D i e s  and f ixtures  fo r  producing N-outer fue l  supports of the 
original "suitcase handle" configuration are 9 6  complete. These 
supports of the shape originally proposed f o r  the outer fue l  
element are t o  be used u n t i l  the arch-type design proposed by NXD 
is  proofed and in  production. 

N-Reactor Process Tube Scratching Studies. 
possible damage t o  the N-Reactor process tubes by charging of N-fuel 
elements are proceeding. 
of repeated corrosion of the bare Zr-2 exposed a f t e r  fue l  element 
charging, s t ee l  support shoes were passed over a given section of 
process tube a t o t a l  of 40 times. The autoclave f i lm was broken 
through within three passes, a f t e r  which scratching continued 
through t o  the end of the t e s t .  Depth of the scratch varied from 

Laboratory tests t o  study 

To determine the effect  on scratch depth 
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0.0001 t o  O.COO8 inch a t  various locations along the tube with 
no par t icular  pattern t o  the variations.  
was then autoclaved i n  400 C ,  1500 p s i  steam f o r  1 4  days t o  simu- 
la te  the amount of corrosion the scratched region of the process 
tube would experience i n  one charge-discharge cycle. 
t ional  40 passes were then made or: the same damaged area over 
which the f irst  test  w a s  run. On measurement the scratch depth 
again var ied from 0.0001 t o  0.0008 inch as i n  the first t e s t .  
Additional t e s t s  are being run t o  determine the relationship of 
additional corrosion and charging cycles t o  the scratch depth. 

Fuel Element Straightening. 
fabricated for  the three r o l l  straightener has been received, and 
instal la t ion i s  approximately 5O$ complete. Hot straightening of 
NIE fuel  elements i n  the three r o l l  straightener w i l l  be resumed 
immediately upon completion of t h i s  ins ta l la t ion .  

Brazing Alloy Development. 
brazing alloys i s  under way. 
evaluation program has been designed and is  being bu i l t .  
of the b r i t t l e  nature of most of tnese alloys,  physical t es t ing  
w i l l  be done on investment cast  specimens. 
and impact bar wax pattern mold has been made and the first in- 
vestment mold prepared. A vacuum-induction melting point deter- 
mination unit  has been bu i l t  and the vacuum system i s  being de- 
bugged. This unit  w i l l  allow determination of the melting point 
of high melting temperature braze alloys a t  temperatures up t o  
1500 C.  Temperatures w i l l  be determined by the thermal arrest 
method using both opt ical  two-color pyroneters and thermocouples. 
The small specimen autoclaves are ins ta l led  and currently under 
t e s t .  Hopefully, the first specinens w i l l  be placed i n  the  auto- 
clave during February. 
use of the magnetic induction concentration principle,  has been 
b u i l t  and w i l l  be s ta r ted  as soon as the  vacuum system is  coq le t ed .  
"his furnace w i l l  be capable of reaching temperatures of 3600 C 
under proper conditions. 
from the concentrated magnetic f i e l d  may allow an improvement i n  the 
brazing process, perhaps even using some of the very high melting 
brazing alloys without affecting the uranium core beneath the cap. 

The process tube section 

An addi- 

The semi-automatic handling equipment 

A program t o  evaluate experimental 
Equipment necessary f o r  t h i s  

Because 

To do th i s ,  a t ens i l e  

A high temperature heating furnace, making 

Highly localized heating which results 

Brazing studies have shown t h a t  copper can form an excellent d i f -  
fusion bond between two Zircaloy-2 surfaces and between Wrcaloy 
and uranium. In  order t o  obtain more information about the  
mechanical properties and the corrosion properties of the Zircaloy 
plus copper alloys,  a se r ies  of these alloys ranging from $- w/o 
copper t o  80 W/O copper, remainder Zircaloy-2, are being formed 
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by arc melting. 
i n  the Zr-Ti-Cu system. Melting points, corrosion rates, impact 
strengths, and tens i le  strengths w i l l  be used f o r  comparisons of 
a l l  alloys. 

Also being investigated are possible brazing alloys 

Cladding Alloy Development. 
cladding quality of the coextruded fuel ,  a s t i f fer  alloy, with the 
composition Zr + 3Nb + lSn, has been chosen f o r  evaluation purposes. 
This a l loy has approximately the same corrosion and nuclear properties 
as Zircaloy-2, but is  nearly twice as strong i n  the annealed condition. 
I n  the heat treated condition, t h a t  is, when heated above the eutec- 
to id  decomposition temperature, the a l l o y  becomes considerably harder 
due t o  the high proportion of B~ wnich holds both the niobium and t i n  
i n  solution. Observed hardnesses are:  

In an attempt t o  improve the inner 

Brinnel Hardness 
22.1 K g / d  

Condition 
A s  extruded 
580 C 2 hrs (Below eutectoid] 20.6 
750 C 2 hrs  22.7 
850 C 2 hrs 27.9 

11 

11 

Thus, t o  obtain the hardest structure possible pr ior  t o  extrusion, 
the specimens should be heat treated a t  850 C. In addition t o  the 
coextruded fue l  tubes several rod coextrusions are planned t o  
evaluate the compatibility of t h i s  cladding al loy with the uranium 
core i n  heat treatment and closure studies. 

Supporting Fabrication. 
flange joint  has been successfully extended t o  include projection 
welded flanges. By using projection instead of spot welds, thick 
flanges the shape of end caps can be attached. 
simulated end caps are undergoing autoclave tes t ing.  

The Zircaloy clad thermocouple t o  Zircaloy 

Two pieces with 

Another approach used w a s  the  replacement of projections by a ti- 
tanium ring. A 
section of one is  being autoclaved t o  determine corrosion behavior 
i n  the joint .  Sections of the others have shown varying degress of 
bonding. 

Six titanium welds (or braze jo in t s )  were t r ied .  

KVNS Self-Support. 
fo r  IPD. However, IPD has suggested tha t  the base of the Tee section 
in the support crown be extended t o  touch the fue l  cladding. 
represents a modification of the original specification which required 
0.030 inch co l laps ib i l i ty  a t  t h i s  point. 
progress t o  provide the changes proposed by them. 

Proof parts of the K-5 ra i l  have been provided 

This 

The die  modification i s  i n  
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Dispersion Strengthened Fuel Mte r i a l s .  
method of producing sub-micron U$ par t ic les  dispersed uniformly 
i n  a metal matrix was extended t o  include trials of molybdenum 
and tungsten as the matrix. 
metals precipitated a t  the same pH as the uranium with the method 
t r ied .  
formly distributed. 
10s U@-Mo powder result ing i n  a 95% theoretical  density. 
distribution of the U Q  w a s  non-uniform t o  the same extent noted 
i n  the powder. 
powder were hydrogen sintered a t  1600 C t o  758 theoret ical  
density. 
was obtained. The 1 6  U@-W powder w a s  cold compacted and 
sintered a t  1600 C .  
and resulted i n  l i t t l e  or no sintering. 

The co-precipitation 

It was found tha t  neither of these 

This resulted i n  a powder in which the UCQ was not uni- 
One hot compact (1200 C )  was made from the 

The 

Cold compacts (40 t s i  pressure) of the lo$ U O 2 - b  

A reasonably uniform dispersion of 0.5 micron par t ic les  

This temperature i s  too low for tungsten 

-Investigation of NPR Fuel Element Rupture. 
element ruptured i n  the autoclave a f t e r  approximately 19 hours 

An NF% outer fue l  
- 

i n  400 C - 1500 ps i  steam. 
rupture i n  the cladding was associated with one of the spot.welds 
attaching the l icking c l ip  t o  the inside cladding. 
section i s  i n  a form of a b l i s t e r  w i t h  the spot weld at  the apex. 
The spot weld is  also cracked through the cladding. This type of 
b l i s t e r  i s  similar t o  those obtained during ruptures of purposely 
defected fue l  elements. 
b l i s t e r  on the Zircaloy cladding w i t h  the defected hole a t  the 
apex. 

I n i t i a l  findings indicated tha t  the 

The fa i led  

These ruptures would form an i n i t i a l  

The assumption, by analogy with rupture experiments, t ha t  the 
b l i s t e r  a t  the c l ip  weld indicates the point of initis1 fa i lure ,  
has been fur ther  substantiated by metallography. Cross sections 
taken through the spot wzld nugget and Zircaloy cladding have re- 
vealed tha t  the bl is tered section of the Zircaloy cladding, in- 
cluding the weld nugget and locking cl ip ,  contained much less hy- 
dride than portions of adjacent cladding. 

This i s  the dis t r ibut ion of hydride noted i n  fue l  element rupture 
experiments. The low hydrogen a t  the i n i t i a l  defect can be 
rationalized by the following l i n e  of argument. In the immediate 
vicini ty  of the defect, water vapor inh ib i t s  hydriding of the 
cladding by hydrogen generated fromthe uranium water reaction. 
The water vapor i s  rapidly consumed by the reactive uranium so 
tha t  a t  distances of the order of half a centimeter, only hydrogen 
i s  present a t  the uranium-zirconium interface.  Catastrophic z i r -  
conium hydriding and cladding disintegration resul ts .  
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The actual cause of the fa i led  spot weld i s  not yet known. 
Successive metallographic sections through the weld area are 
being taken f o r  study. To date the following abnormalities 
have been detected: (1) a weld penetration approaching 80 t o  
9CY$ of the Zircaloy cladding; (2 )  a 3 6  offset  between the 
weld nugget and the spot weld dimple on the locking clip; and 
(3)  heavy oxide formation in  the cracks and i n  the crevices 
between the locking c l ip  and the cladding which could have 
been caused by fluoride contamination. 

2. Corrosion and Water Quality Studies 

Corrosion Rates i n  Low pH Water. 
corrosion i n  cold water systemseare being obtained from cor- 
rosometer probes and coupon samples. 
a f t e r  only 3-1/3 months of exposure, indicated 4.2 mils/year i n  
pH 7.0 water i n  D plant and 6.0 mils/year i n  pH 6.6 water a t  XE. 
The measurements from the  corrosometer probes do not agree very 
closely and may be related t o  the manner of probe placement. 
Probes are scheduled t o  be inserted d i rec t ly  in to  the bulk ef-  
fluent l ines  of reactors and i n  the out le t  nozzles of the once- 
through (SP) tubes i n  KE t o  give more rel iable  measurements and 
more d i rec t ly  comparable data. 

Measurements of carbon s t e e l  

Single coupon measurements, 

A half-plant t e s t  (ET 442A) i s  scheduled t o  s tar t  next month 
a t  D-Reactor t o  compare 6.6 pH and 7.0 pH (with dichromate con- 
centration of 1.8 ppm). Four coupon holders, with 48 aluminum 
and 8 carbon s t ee l  s q l e s ,  are  being prepared t o  monitor this 
t e s t .  

Nucleate Boiling on Zircaloy Samples. Operation of the TF-3 
loop t o  evaluate the possible Zr-2 corrosion problems which 
could occur in the crevice formed between an NPR support and 
the heater rod cladding w a s  continued. Metallurgical examina- 
t ion  w a s  completed on a 23-2 clad heater rod w i t h  NPR supports 
exposed t o  l i t h i a t ed  water at  pH 10.0, with a bulk temperature 
of 628 F, a pressure of 2000 psi ,  and a heat flux of 280,000 Btu/ 
f t 2  hr. 
the LiOH, corrosion greater than 12 mils had occurred, result ing 
i n  complete perforation of the Zr-2 cladding. 
areas of high corrosion, large quantit ies of corrosion product 
(Zr@) were present, firmly attached t o  the metal and compact i n  
appearance although some cracks i n  the oxide were apparent. No 
LiOH concentration w a s  found on the heater rod. 
centrations up t o  75-100 ppm were found in the worst areas; 
however, no evidence of any preferred orientation was observed. 
Normal corrosion was found on the heater rod i n  areas f ree  of 
crevices. 

In  crevice regions where nucleate boiling concentrated 

In most of the 

Hydride con- 

UNCLASSIFIED 
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In a second t e s t  under similar conditions except fo r  a bulk 
temperature of 598 F, a thermocouple w a s  placed underneath 
the silpport ra i l  t o  monitor the cladding temperature. 
tinuously increasing temperature w a s  noted. 
temperature w a s  709 F and had increased t o  733 F in 16 days. 
Following a loop shutdown, the temperature dropped t o  720 F and 
then increased t o  744 F a f t e r  35 days. 
appeared t o  be undiminished and e i ther  severe crud deposition 
or  corrosion was occurring, which in  turn indicated tha t  nu- 
cleate boiling was probably occurring. 

Reactor Decontamination After Rupture. 
verified tha t  the peroxide-oxalic-peracetic and peroxide-oxalic- 
gluconic solutions are effective oxidants and dissolution agents 
fo r  uranium oxides over the  temperature range of 25 C t o  80 C. 
Loop t e s t s  are scheduled t o  evaluate tine efficiency of these 
solutions a t  room temperature. 
would simplify reactor decontamination and reduce corrosion 
problems. 

Decontamination of ETR G7-K3 Loop. 
Loop i n  the ETR was contaminated by a metallic fue l  element 
rupture t o  the point that  decontamination w a s  required t o  reduce 
ac t iv i ty  levels .  Prior t o  t h i s  fa i lure ,  the main portion of the 
G7-M3 Loop system had been operating since August of 1961. Some 
portions had been i n  operation since 1959 as the single G7 system. 
The G7 system experienced two uranium oxide element ruptures 
dwring i ts  operation before modification and integration with the 
M3 system. 
months before the system became active from a fue l  element with 
suspected uranium-contaminated welds. 

A con- 
"he in i t ia l  

The r a t e  of r i s e  

Laboratory t e s t s  have 

Low temperature procedures 

In November 1962, the G7-M3 

After startup, the G7-E13 system operated f o r  nine 

Loop decontamination w a s  attempted in January 1963. 
was  cleaned w i t h  a 16 HNO3 solution t o  dissolve q t u r e  debris, 
followed by the APACE procedure using a 34 c i t r a t e  concentration. 
A c i t r a t e  sample taken before draining read 30 mr/hr. The system 
ac t iv i ty  levels  were s t i l l  high so a second APACE w a s  used with a 
lo$ c i t r a t e  concentration. A c i t r a t e  sample taken before draining 
read 17 mr/hr. The system ac t iv i ty  leve l  w a s  s t i l l  approximately 
400 mr/hr a f t e r  draining. 

The system 

A section of the loop piping has been cut out fo r  detailed study 
a t  HAPO. 
smearable ac t iv i ty  of 1500 mrad/hr, including 5 mr/hr. 
reason f o r  the inadequate decontamination from standard decon- 
tamination techniques i s  unknown. 

The ac t iv i ty  reading on the piece is  600 mr/hr w i t h  
The 

UNCLASSIFIED 
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&scaling and Densting. 
derusting NPR should rusting occur in  the piping systems during 
the lay-up period following chemical removal of mill scale. 
Ini t ia l  t e s t s  were made i n  the W-14 loop which was  derusted 
using 1 lb/gal Turco 4507 a t  200 F f o r  1 /2  hour. 
adequately derusted the loop and prevented f lash rust  from re- 
forming. However, a f t e r  one week, copious quantit ies of rust 
were found i n  the loop. 
loop, but because of the TF-14 experience and the anticipated 
d i f f icu l ty  in  rinsing the solution from K - 1 ,  an amoniated 
c i t r i c  acid procedure has been recommended f o r  the second step 
in the K-1 derusting t e s t .  

Procedures are being evaluated for 

This procedure 

A similar t e s t  was planned f o r  the K - 1  

Removal of Vapor Phase Inhibitor. When the welds on the NPR 
front face r i s e r s  were annealed, a considerable amount of the 
powdered vapor phase rust  inhibitor present melted and sol idif ied.  
Laboratory t e s t s  indicated t h a t  several organic solvents or  350 F 
water dissolves the solids.  Strong acids o r  bases had no effect .  
Since it i s  both expensive and potentially dangerous t o  f i l l  these 
large volume pipes w i t h  organic solutions, the high-temperature 
water method of removal i s  being fur ther  evaluated. 
w i l l  be constructed t o  run prototypical t e s t s  i n  TF-7. 

A t e s t  section 

Evaluation of NHl+OH i n  K-1. 
in which loop p H  control w i l l  be changed from LiOH t o  N a O H  t o  
simulate a similar changeover proposed f o r  N-Reactor. 
t ion  f o r  the test  K-1  loop was descaled t o  remove the rust  and 
mill scale present in the piping from recent modifications. 
Following the descaling, deionized water w i t h  the pH adjusted t o  
10 using l i t h ium hydroxide was recirculated i n  the ex-reactor 
piping f o r  approximately four days t o  form a protective magnetite 
film. 
only heat source was fromthe purqps. Lithium hydroxide injection 
w a s  stopped and mmnium hydroxide injection began. Ammonium 
hydroxide injection w a s  continued f o r  approximately 1 4  days. 
During the ent i re  t e s t ,  including the l i thium hydroxide addition 
period, high levels  of crud were found i n  the loop. 

Tests are planned f o r  the K-1 loop 

In prepara- 

The water temperature w a s  re la t ive ly  low ((200 C )  as the 

Corrosion samples of A245 carbon s t ee l  were placed i n  the loop t o  
monitor periods of l i t h ium hydroxide pH control, the t rans i t ion  
period, and ammonium hydroxide pH control, and the en t i re  period 
of the t e s t .  All samples had a very adherent, black f i l m  covered 
w i t h  a very th in ,  loose black f i l m .  These film character is t ics  
are  typical of numerous previous t e s t s .  Corrosion penetrations 
were low on the samples exposed i n  the l i t h i a t ed  water and on the 
samples exposed in  the ammoniated water. 

UNCLASSIFIED 
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The ammonia concentration w a s  monitored continuously during t h i s  
t e s t ,  and it was observed that  equilibrium conditions were easier 
t o  maintain using the indicated ammonia concentration rather than 
pH as the control variable. 
t a i n  the pH in the 9.9-10.1 range over a re la t ive ly  wide range of 
ammonia concentrations - 6 t o  11 parts  per million ammonia. 

The cause of the magnetite (crud) i n  the water has not been 
def ini te ly  determined. 
the preliminary operation w i t h  l i th ium hydroxide, it does not 
appear a t t r ibutable  t o  the use of ammonium hydroxide. 

The crud problem abated somewhat during the l a t t e r  portion of th i s  
t e s t ,  indicating tha t  continued operation or the use of ammonium 
hydroxide, or both, had a beneficial e f fec t .  
obtained during t h i s  t e s t  did not indicate any d i f f i cu l t i e s  in the 
use of ammonium hydroxide fo r  pH control i n  t h i s  system, a similar 
t e s t  i s  scheduled for  the ent i re  loop, w i t h  fuel  elements present, 
as soon as K - 1  resumes operation. 

F'urthermore, it was possible t o  m a i n -  

However,.since it w a s  experienced during 

Since the resu l t s  

Thermocouple Elements f o r  K - 1  Operation. 
K - 1  loop from pH control by LiOH t o  NQOH, it i s  planned t o  monitor 
fuel  element crudding w i t h  thermocouple slugs. 
w i t h  Zircaloy-clad thermocouples i n  Zircaloy-clad fue l  elements 
show them t o  be so  prone t o  rJpture t h a t  use in-reactor i s  pre- 
cluded. Alternate designs are being developed t o  avoid brazing 
thermocouples into the fuel  element end caps. 
Zr-2 capsules which use mechanical seals  t o  accomplish the thermo- 
couple penetration a re  being thermocycled from 225-500 F in TF-7. 
These include: 
Seal Zr-2, (4)  English Rivet ( large),  ( 5 )  English Rivet (small). 
The Zr-2 capsules contain nickel chloride (NiC12) t o  determine i f  
a leak small enough not t o  be detectable by weight gain has oc- 
curred. 
hydrated. 

During the changeover i n  

Experience t o  date 

A t  present f i ve  

(1) Zr-2 Swagelok, (2 )  Navy Seal S/S, ( 3 )  Navy 

The NiC12 w i l l  change from yellow t o  green when it becomes 

Instrumentation f o r  NPR. Evaluation of an electrode system f o r  
sodium ion concentration measurements i n  the 0-1 par t  per millLon 
range w a s  resumed. 
t o  perform calibration tests w i t h  solutions having known sodium 
concentrations. 
ammonia t o  elevate the pH of the sodium chloride samples ( in  
deionized water) t o  10.5-11.0. 
under an argon gas "blanket" t o  prevent contamination of the samples 
by contact w i t h  the atmosphere. 
t igated during these t e s t s ,  and it w a s  concluded tha t  e i ther :  

A continuous single-pass system was  constructed 

Hydrogen ion interference w a s  eliminated by adding 

Solutions were prepared and stored 

Many process variables were inves- 
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(1) it i s  impossible t o  prepare and preserve accurate standards 
i n  the concentration range below 200 par t s  per b i l l ion  sodium, or 
(2)  the electrodes do not perform sa t i s fac tor i ly  i n  t h i s  low con- 
centration range. 

Instal la t ion of a laboratory system t o  evaluate the Hays oxygen 
analyzer i n  the presence of hydrazine was completed. This work 
i s  necessary t o  determine the analyzer character is t ics  anticipated 
during use i n  the NPR secondary coolant system. The Hays analyzer 
was operated t o  determine the performance of the deionization and 
deoxygenation system instal led f o r  treatment of the feedwater. 
The pretreatment system performs exceptionally well - effluent 
specific resistance i s  approximately 12-14 x 106 ohm-centimeters 
and dissolved oxygen concentration i s  approximately 10 par t s  per 
bi l l ion.  

A continuous chemical analyzer i s  instal led in ser ies  with the 
oxygen analyzer t o  measure changes in  the hydrazine concentration. 
A t  present work i s  in  progress t o  modify the hydrazine analytical  
procedure t o  permit analyses i n  the par t s  per million range. 
(The present procedure is  only useful i n  the par t s  per b i l l i on  
range.) Operation of t h i s  system f o r  simultaneous oxygen and 
hydrazine analyses w i l l  be in i t ia ted  as  soon as the hydrazine 
procedure i s  satisfactory.  

3. Gas Atmosphere Studies 

Water Formation Over Graphite. 
reaction, H2 + CO+C + H20, is  being measured t o  determine t o  
what extent t h i s  source w i l l  provide water t o  oxidize Zircaloy 
process tubes penetrating a hot graphite moderator stack. D r y  
mixtures of CO and H2 i n  helium are passed over two graphite bars 
i n  ser ies  and the increase in water concentration measured. In 
the i n i t i a l  runs at 800 C, the H2 and CO combined rapidly t o  form 
an equilibrium concentration of water. However, in two runs a t  
TOO C the reaction w a s  far from equilibrium. 
there i s  a strong temperature dependence f o r  the reaction i n  the 
temperature range of in te res t .  

The ra te  of the reverse water gas 

These resu l t s  indicate 

Effect of C@ as an Inhibitor of Zircaloy Hydriding. 
tiveness of Co;! as a hydriding inhibi tor  i s  being investigated by 
passing dry mixtures of 1$ Co;! and 2$ H2, in helium, over Zircaloy-2 
coupons a t  375 C and 425 C (no graphite present t o  catalyze H20 
formation). 
was sensit ized by vapor blasting absorbed excessive amounts of 
hydrogen; however, preautoclaved and freshly etched samples did not 

The effec- 

Results from a 7-day run indicate tha t  Zircaloy which 
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hydride. In the past ,  hydriding of the vapor blasted samples 
w a s  a re l iable  guide t o  the ultimate long-term performance of 
preautoclaved samples which usually show temporary protection, 
but f a i l  a f t e r  a variable induction time. This tes t  is  con- 
t inuing . 
Graphite Burnout Monitoring. 
3478 a t  D-Reactor from October 22, 1962 t o  January 3, 1963 were 
measured, 
1000 operating days (KOD) a t  approximately 80 inches in to  the 
graphite stack. 
stack center l ine ,  and very slight weight gains occurred on the  
monitors near 310 inches. 
same as f o r  the previous t e s t  from July 10 t o  October 22, 1962; 
however, the height of the front peak w a s  reduced by a fac tor  of 
three during the l a t t e r  period. 

Burnout-monitoring samples in channel 

A profi le  of the rates showed a sharp peak of 15% per 

A lower peak of 4$/KOD appeared a t  approximately 

The location of these two peaks w a s  the  

Graphite-Zirconium Compatibility i n  the NPR. In order t o  prevent 
hydriding of the zirconium process tubes in  the NPR, it is neces- 
sary t o  maintain a protective, oxidizing, atmosphere around the 
tube. The design of the reactor i s  such tha t  t h i s  protection must 
be achieved by diffusion of water vapor f romthe  gas channels i n to  
the tube-block annulus. 

Mathematical equations are being developed t o  simulate the NPR 
atmosphere problem on an analog computer. 
the approach used by G. E. Zima (HW-69870, Rev). The program de- 
veloped w i l l  include a more r e a l i s t i c  e f fec t  fo r  hydrogen inhibi- 
t ion  on the water vapor-graphite reaction and w i l l  a l so  include the 
e f fec t  of carbon monoxide on the reaction scheme. The reactions 
included i n  the analysis are  given below: 

The program w i l l  update 

C + H20 __3 CO + H2 

CO + &O & Co;! + H2 

c + co;! ->2co 

Z r  + 2H20 +ZrO;! + 2H2 

4. Process Tube Development 

Stress  Rupture of Reactor Pressure Tubes. The extensometer under 
development t o  remotely measure circunrferential s t r a i n  of tube 
specimens i n  elevated temperature stress rupture t e s t  i s  s t i l l  
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operating sat isfactor i ly .  
the electro micrometer reading t o  be 0.0005 inch different than 
the mechanical reading. 

The past 21 days of tes t ing have shown 

A remote f i red  gun system t o  shoot shaped project i les  i n to  un- 
irradiated pressurized tube specimens fo r  b r i t t l e  fracture studies 
w a s  developed, tested,  and i s  now being used i n  a t e s t  program. 

Br i t t l e  Fracture Resistance of Reactor Pressure Tubes. 
for  susceptibil i ty of tubing t o  b r i t t l e  fracture w a s  developed 
using process tubing of KER dimensions. 
tested does not f a i l  i n  a b r i t t l e  manner when a crack is intro- 
duced a t  room temperature and a t  pressures below 755 of ultimate. 
Cracks do propagate when the t e s t  i s  conducted a t  8 6  of ultimate 
pressure. 
300 C resisted the propagation of cracks a t  9 6  of ultimate 
pressure, the highest pressure tha t  can feasibly be employed i n  
this  t e s t .  

The t e s t  

The best of t h i s  tubing 

Samples of the same tubing when tes ted a t  150 C and 

Tests have jus t  begun on samples of 3 6  cold worked NPR process 
tubing. Room temperature t e s t s  have been completed and the per- 
formance of t h i s  material is  nearly identical  t o  tha t  of the 50$ 
cold worked KERtubing described above. The crack introduced by 
the t e s t  procedure does not propagate at  75% of ultimate pressure 
but does a t  85%. 
holds a t  higher temperatures, the 3 6  cold worked NPR tubing w i l l  
prove resis tant  t o  crack propagation at  150 C and 300 C under the 
highest pressures attainable i n  the t e s t .  These pressures are 
approximately seven times the maximum anticipated under reactor 
operation conditions. 

I f  the s imilar i ty  between the two materials 

5 .  Thermal Hydraulic Studies 

NPR Boiling Burnout Studies. 
of the boiling burnout data obtained with an annular t e s t  section 
where the two surfaces forming the annulus were both heated. In 
addition, t h i s  particular t e s t  section was constructed t o  represent 
the case where the supports which position the inner tube of the 
fue l  element within the outer tube were sheared off and leaving 
only the weld tabs t o  separate the two fue l  pieces. 
i n  an 8@ decrease of the annulus thickness along the bottom of 
the two fue l  pieces. 
were represented by e lec t r ica l ly  heated tubes which were instru- 
mented with thermocouples t o  detect the temperature increases 
associated w i t h  boiling burnout. 

A detailed examination was  completed 

This resulted 

During the experiments, the two fue l  pieces 
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Results of these experiments were compared with the results of 
burnout experiments using a similar, concentric, est section. 
For mass velocit ies i n  the range of 1x106 t o  4x10 Btu/hr-ft2, 
the comparison showed the burnout heat f lux  f o r  the eccentric 
test section t o  be 50 t o  55% of those f o r  the concentric t e s t  
section, fo r  the same bulk coolant enthalpy. (This i s  s l i gh t ly  
higher than the 4 0 - 5 6  indicated by the preliminary results re- 
ported ear l ie r .  ) Bulk coolant conditions f o r  these experiments 
ranged from about 125 F subcooled t o  steam qual i t ies  of 5 t o  16. 

Results of these experiments were a l so  examined f o r  application 
t o  NPR operation. 
tube of a fue l  element 8 6  eccentric i n  a maximum power central  
zone tube, flow through t h e  inner flow annulus could be reduced 
by more than one-third before burnout would occur. 
clusion i s  va l id  only f o r  the case of eccentr ic i ty  i n  a single 
fuel element. 
two or more adjacent fue l  elements, giving an eccentric section 
length greater than t h a t  of the t e s t  section, the flow and enthalpy 
dis t r ibut ions around the annulus might be different  than those in 
the test  section. 
fluxes f o r  such a case from the  experimental results obtained. 

ti 

The calculations indicate tha t ,  w i t h  the  inner 

This con- 

If the same degree of eccentr ic i ty  existed i n  

It i s  impossible t o  predict  the burnout heat 

B. wEAPONS-03PRoGW 

Research and development i n  the f i e l d  of plutonium metallurgy continued 
in support of the Hanford 234-5 Building Operations and weapons develop- 
ment programs of the University of California Lawrence Radiation 
Laboratory (Project Whitney). Details of these a c t i v i t i e s  are reported 
separately via .distribGtion lists appropriate t o  weapons development 
work. 
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C. REACTOR DEVELOPMENT - Ob PROGRAM 

1. Plutonium Recycle Program 

Fuels Development 

Inspection of PF3R Fuel Elements. The U02-pU@ fue l  element which 
has attained the highest exposure i n  the PRTR (approximately 
700 WD/Tu) was examined i n  the Puel Element Examination Facil i ty.  
The contact points on the bottom end bracket of t h i s  element 
previously caused excessive process tube wear. 
clip-on wear pads w i l l  be attached t o  the end brackets before it 
i s  reinserted into the reactor. 
(1) severely worn contact points on the bottom end bracket, 
(2) very l i t t l e  wear of the contact points on the  top end bracket, 
(3)  a corroded wire wrap weld area on the  bottom of one rod (weld 
zone completely covered with white corrosion product), (4) a 
limited amount of white corrosion product on wire wrap welds on the 
tap ends of some rods, ( 5 )  three damaged circumferential s t r i p  
bands, apparently caused by charging of the element (the resul t ing 
upward displacement of the bands uncovered discolored spots on the  
surface of the fue l  rods at the band contact points), (6) satis- 
factory fue l  rod surfaces and no discoloration, and (7) no loose 
wires or worn spots on the vis ible  wire wrap surfaces. 

Extended surface, 

The examination revealed: 

The in- and out-of-reactor operating performance of the extended 
surface, clip-on wear pads is  encouraging. 
U%-Pu% fue l  elements operated for approximately 27 days in the 
PIiTR without any measurable wear of the extended surface (*inch 
wide by $-inch long) wear  pads. 
t o  the elements In the PRTR basin. 

Three 19-rod cluster ,  

These pads were remotely attached 

A 19-rod cluster  element with clip-on pads installed wa6 subJected 
t o  PRTR coolant temperature and flow conditions f o r  74 days in the  
"-7 (out-of-reactor) t e s t  loop. 
the pads. 

No measurable wear occurred on 

pads were applied remotely t o  six additional i r radiated U@-Pu@ 
PKllR fue l  elements. 

Fuel Cladding Interaction i n  Swaged UO;, Fuel Rods. 
reaction layer  of uniform thickness (approximately 0.0005-inch 

A l imited 

thick)  was observed on the inner surface of the  Zircaloy cladding 
of an irradiated,  incrementally loaded and swage compacted UQ- 
PuQ PKCR fue l  rod. 
of Pu@ segregation the reaction layer was observed in a 160- 

During post-irradiation study of the e f fec t  
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increment rod, but not i n  an 80-increment rod, even thougn the 
constituents os" the two rods were thought t o  be ident ical .  
inner surface 05 the cladding w i t h  the reaction layer apgears 
black, whereas the  inner surl'ace of tne cladding without the 
reaction layer re ta ins  i t s  original metallic l u s t e r .  
be made t o  identify the reaction layer. 

PIiTR Fuel Element Fabrication. 
PRTR fuel  assemblies were completed. 

Impaction of U O p - P u k .  
PuQ w a s  successfully demonstrated. 
Pu@-U@ compaction was comparable t o  tha t  obtained w i t h  Uo;! 
under similar conditions. 
or 95% of the theoretical .  
Tooling has been changed t o  permit higher impact pressures, and 
probably higher densit ies.  

Conceptual design was s tar ted of f a c i l i t i e s  fo r  rapid processing 
of impacted material. 
canning of powders before impaction and decanning, crushing, and 
sizing of the material a f t e r  impaction. 
standard pipe cutt ing too l  was used t o  open the impacted can of 
material i n  a f ract ion of the time required by previous naethods. 

The 

Efforts w i l l  

Nine, swage compacted, mixed oxide, 

Impaction of Uw powder containing 2.5 w/o 
Density achieved on the first 

Density of the PUQ-UQ was  10.45 gm/cc, 
The compaction pressure was 145,000 ps i .  

These f a c i l i t i e s  w i l l  include blending and 

As part  of t h i s  study, a 

hrel  Element Re.iuvenation. The four-rod cluster  rejuvenation fue l  
element success fu l ly  completed one i r radiat ion cycle 
the Idaho Testing Station. 

Plutonium Fuels Testing and Evaluation Laboratories. 
i s  70$ complete, with a scheduled completion date of 
1963. Desim i s  s l i g h t l y  ahead of schedule, and the 

i n  the MIR at 

Detail  design 
February 15, 
completion 

date should-be met without d i f f icu l ty .  
metallograph were completed. 

Specifications f o r  the 

Cladding Studies. 
9 f ee t  long, were fabricated of f -s i te  by high voltage electron 
beam welding. 
an outer larger  diameter fue l  cladding. Comparison of the col- 
lapsing behavior of a cladding tube 2.3 inches in diameter with 
this self-standing cladding was made by autoclaving one specimen 
of each type. 
cladding i s  fa r  superior . to  plain tubular cladding f o r  withstanding 
external pressure. 

Three self-standing cladding asseniblies, each 

The fue l  cladding is supported by r ibs  attached t o  

Preliminary indications are  that the self-standing 
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A one-foot-long sample of arch-supported fue l  element cladding 
was  also fabricated by the high voltage electron beam welding 
process. This new cladding concept uses a five-sided, concave 
star configuration t o  enclose the fuel.  The maximum diameter 
is three inches. This star-shaped cladding is inserted in to  a 
tube and a weld made through the outer cladding and along the 
seam a t  each point of the star. 
vantage of greater resistance t o  both internal  and external 
pressures. 

This configuration has the ad- 

Irradiation of U@-pUC& Mixtures. 
0.040-inch wide, that  are  more highly radioactive than the 

Sharply defined bands, about 

adjacent fuel  L t e r i a l ,  were found in irradiated high density 
(U,pu)% pel le t s  from three capsules (GEH-14-91,-85, and -86). 
These sintered fuel  pe l le t s  contain 0.0259, 2.57, and 4.13 mole 
percent Puo;!, respectively. The bands, only f a in t ly  vis ible  on 
ea r l i e r  glass autoradiographs, are  c lear ly  revealed by beta- 
sensitive, high resolution film plates.  The fue l  pe l l e t  from 
GEH-14-86, which operated during the l a s t  of several i r radiat ion 
periods a t  twice the rod power of the other two specintens, 
exhibits a band ID of 0.25 inch, approximately double tha t  of 
the other two fuel  pel le ts .  This may be related t o  increased 
relat ive effectiveness of thermal diffusion transport  of f i s s ion  
products a f t e r  the gross fue l  s t ructural  changes are completed. 

The improved autoradiography technique i s  being applied t o  many 
of the remaining 21 t e s t  capsules of the ser ies .  

Irradiation Performance of MgO-PuO;? and ZrOpPuO;, Fuels. 
s t ruc tura l  features different  from those ordinarily observed i n  

Micro- 

may other i r radiated ceramic fuels  were observed 
HgGPuo;! and ZrCQ-pU@ sintered pe l le t s .  
radiographs of transverse cross-sections of the i r radiated 
specimens reveal the location of f i ss ion  products. 
f i s s ion  product migration occurs i n  the immiscible @O-Pu% type 
fue l  nraterial in sp i te  of extensive recrystal l izat ion and columnar 
grain growth, whereas the f i ss ion  products migrate t o  preferred 
locations i n  recrystall ized Zr@-Pu@. solid-solution f u e l  material. 
Micro-analyses of the samples w i l l  be conducted t o  determine the 
f i ss ion  product species which have migrated and the extent of t h e i r  
migration. Since no apparent f i ss ion  product migration occurred 
in the immiscible MgO-Puo;! fue l ,  it is  possible that  what is  ob- 
served i n  Zr@-Pu@ fue l  re f lec ts  migration of plutonium atoms 
i n  the solid-solution. 

i r radiated 
High resolution auto- 

Limited 
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Fast Reactor-Therm1 Reactor Exchange Element. Improved fuel  
u t i l i za t ion  may be achievable by al ternately i r radiat ing high 
durabili ty ura&um-plutonium fue l  elements i n  a fast reactor 
blanket, and a thermal reactor core. 
contain depleted Uo;! i n i t i a l l y ,  was designed f o r  a f u e l  element 
exchanging study u t i l i z ing  the Fermi Reactor and the PRTR. 
ponents are  being assembled for a dummy element t o  be used i n  the 
thermal hydraulics studies. 

Such a fue l  element, t o  

Com- 

Phoenix Fuel Experiment. The reac t iv i t ies  of three i r radiated Al- 
Pu specimens containing plutonium which i n i t i a l l y  had 6.25, 16.33, 
or Zi'.l7$ Pu-240 were measured in the ARMF. 

Two additional specimens, one containing no plutonium, were fab- 
ricated fo r  t e s t s  designed t o  show the e f fec t  of an aluminum- 
plutonium Phoenix fuel on the ARMF neutron energy spectrum. 
Details of t h i s  calibration test have been established and the 
experiment w i l l  now be conducted. 

Corrosion and Water Quality Studies 

Oxidation and Deuterium Absorption in I&O. 
deuteron absorption rates  for  Zircaloy-2, Wrcaloy-4, and crys ta l  
bar zirconium were measured i n  400 C, 1500 p s i  s t a t i c  deoxygenated 
D20 (994 puri ty)  f o r  a period of 140 days. The resu l t s  showed no 
significant differences i n  oxidation rate between m0 and H20 
corrosion rates;  however, @ absorption ra tes  were somewhat lower 
averaging l7$ of the corrosion product hydrogen produced f o r  Zr-4, 
31$ fo r  Zr-2, and ll$ f o r  Zr compared with H2 absorption rates of 
27s f o r  Zr-4 and 42$ fo r  23-2 i n  deoxygenated E20. 
ment has been terminated with new tests in  360 C and 280 C WO 
about t o  s t a r t .  

Oxidation rates and 

This experi- 

Corrosion Cracking of Stainless Steel  in PKFR. 
various ions on the  speed of sodium hydroxide cracking of stain- 
l e s s  s t ee l s  is  being examined. 
duction products was studied because an 18s NaDH - 34 m O 4  solu- 
t i a n  was used in  the decontamination of PRTR. 
solution causes no adverse corrosion of s ta in less  steel a t  the 
temperature a t  which it is used, the e f fec t  a t  normal operating 
temperature of small residuals trapped inequipment was of 
in te res t .  The samples were 3/8-inch f lared tubing connectors 
made of type 316 s ta in less  s t ee l  with a short flared piece of 
type 304 s ta in less  s t e e l  tubing i n  place. The connectors were 
assembled in  the contaminating solution, removed, wiped on the  
outside, tightened, dried a t  110 C fo r  two hours, exposed t o  

!I!he e f fec t  of 

The ef fec t  of B h O 4  and i ts  re- 

Although t h i s  
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275 C atmospheric pressure steam, disassembled and examined for  
cracks. Control samples were included w i t h  each batch exposed, 
one clean and one contaminated wi th  pure sodium hydroxide solu- 
t ion.  The sodium hydroxide samples cracked through the stressed 
pol-tion of the nut in  3 t o  20 hours a t  275 C. 
contaminated w i t h  1.8% NaOH - 3s KMnO4 only four showed minor 
cracks i n  the f lared tubing a f t e r  150 hours. 
taminated wi th  185 NaOH - O.l$ m n O 4  cracked in less than 27 
hours as did another f i t t i n g  contaminated wi th  18s NaOH - 3% m 0 4  
which had been reduced with H202 t o  Ma&. 
centrations of permanganate and metallurgical sections of the 
cracks are  being made. 

Of six f i t t i n g s  

One f i t t i n g  con- 

Tests with other con- 

Fretting Corrosion. 
element (without hanger) continued i n  "F-7. 
being tested is  a 19-rod wire wrapped bundle with clip-on supports 
having a wider contact area. 
section and operated a t  different frequencies and impact force t o  
evaluate the effects of these variables on the r a t e  of attack. 
Both the frequency and the impact force of the vibrator are 
regulated by the a i r  pressure. I n  the initial test previously 
reported, the t e s t  section was vibrated a t  about 80 cps (10 p s i  
air  pressure) fo r  a period of 114 days. 
significant f r e t t i n g  corrosion was detected, with a rod wire wrap 
penetrating the tube 3 t o  4 mils and the wire wrap being eroded 
t o  about 5 6  a t  one location. A subsequent 24-day test was run 
i n  which the vibrator pressure w a s  increased t o  20 ps i .  L i t t l e  
additianal attack was noted. 
pressure se t t ing  disclosed minor f r e t t i ng  on the rod wire wraps 
and a s l igh t  color change occurred on the supports. During the 
two-month exposure period the large s ize  clip-on support pads 
have produced negligible f r e t t i n g  penetration of the pressure tube. 

The f r e t t i ng  corrosion t e s t  of the PRTR fue l  
The fue l  element 

A vibrator i s  attached t o  the test 

During t h i s  period 

A 15-day t e s t  a t  the  or iginal  

A new PR!l% Zircaloy-2 pressure tube section was inserted in the 
test section a t  the last discharge. 
f r e t t ed  areas making it d i f f i cu l t  t o  t e l l  any new marks f romthe  
old ones. 

The old tube had num?rous 

Measurement of Zirconium concentration i n  €"R Primary Coolant 
Water. A program was in i t i a t ed  t o  monitor the zirconium concen- 
t r a t ion  i n  the PRTR primary coolant using more sensit ive emission 
spectroscopy procedures than were available previously. The pur- 
pose of t h i s  program i s  t o  investigate the f eas ib i l i t y  of using 
t h i s  technique t o  detect  the onset of f r e t t i n g  corrosion i n  the 
P€U'R. 
periods when the coolant is  recirculating a t  f u l l  flow to detect 

- 

Samples a re  analyzed da i ly  or  once each sh i f t  during 
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the abrupt concentration changes tha t  would probably be obtained 
i f  severe f re t t ing  corrosion occurs. 
indicate that the zirconium concentration normally encountered 
i s  i n  the 0-6 parts  per b i l l ion  range. 
indicated significant concentration changes - sometimes as much as 
a ten-fold increase - fo r  samples collected a t  8-hour intervals .  
There are s t i l l  insuff ic ient  data available a t  present t o  permit 
a r ea l i s t i c  appraisal of whether or not changes of t h i s  order of 
magnitude conclusively demonstrate tha t  accelerated corrosion is  
occurring. This program i s  being continued and the resu l t s  w i l l  
be evaluated i n  l ight  of the information obtained from routine 
examinations of the PRTR fue l  elements and pressure tubes t o  de- 
termine whether t h i s  analytical  procedure is  a sat isfactory method 
of detecting f r e t t i ng  corrosion. 
parison of concentrations i n  the effluent from selected tube6 and 
the bulk coolant t o  determine whether there i s  a noticeable con- 
centration difference i n  known f r e t t i ng  areas. 

Concurrently, work is  i n  progress t o  evaluate the f e a s i b i l i t y  of 
developing a continuous colorimetric procedure fo r  zirconium 
concentration measurements i n  t h i s  Concentration range. 

Data obtained t o  date 

Results have occasionally 

Future work w i l l  involve com- 

Fuel Rement Core Dissolution Tests in IRP. 
of decontamination t e s t s  w a s  run in the IRp using sections of 

An additional se r ies  
- 
M@;O-Pu@ fue l  element. 
high decontamination factors  obtained previously using the oxalate- 
peroxide-peracetic solution, but with ferron added as a c q l e x i n g  
agent. 

The fue l  piece w a s  run at  300 C f o r  four hours t o  dissolve the 
sample. 
run and decreased t o  3.0 r/hr a f t e r  draining the loop water. 
After adding the oxalic-peroxide-peracetic-ferron solution and 
running the solution at  20 C fo r  20 minutes, the ac t iv i ty  de- 
creased t o  1.75 r / i .  
the f i l t e r  ac t iv i ty  rose t o  2.15 r/hr. 
v i ty  upon heating was unexpected and was  decidedly different  from 
the previous run, in which the f i l t e r  ac t iv i ty  during the dis- 
solution s tep dropped from 2.8 r/hr t o  0.7 r/hr. 
was then drained, the f i l t e r  ac t iv i ty  read 1.65 r/hr. A new solu- 
t ion  of the same chemicals added and circulated t o  determine i f  
depletion of one of the or iginal  chemicals had stopped the i n i t i a l  
reaction. There was no decrease in f i l t e r  ac t iv i ty  during t h i s  
second dissolution step. 

The t e s t s  were designed t o  duplicate the 

The f i l t e r  ac t iv i ty  rose t o  4.05 r/hr a t  the end of the 

The solution w a s  then heated t o  80 C and 
The r i s e  in f i l t e r  ac t i -  

Uhen the solution 
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After the dissolutioc step, the permanganate-hydroxide solution 
was used and was followed by an arrnnonium c i t r a t e  solutioc. 
During the run w i t h  the permanganate-peroxide solution, the 
ac t iv i ty  dropped a small amount; during the annnonium c i t r a t e  
run the ac t iv i ty  dropped from 1.05 r/hr t o  0.8 r/hr in 10 
minutes, but then increased t o  1.35 r/hr a f t e r  an additional 
40 minutes. 
0.35 r/hr. The permanganate-peroxide solution followed by 
Turco 4518 had a small effect ,  lowering the ac t iv i ty  t o  0.25 r/hr. 

Back-flushing the f i l t e r  lowered the ac t iv i ty  t o  

Thermal Hydraulic Studies 

d. Calculations were continued t o  
determine the loca l  surface heat fluxes and fue l  temperatures in 
a PRTR mixed oxide fue l  element i n  which the PUO;! enrichment i s  
segregated in to  narrow bands along the axis of the fue l  rods as 
a resul t  of the incremental loading process used t o  fabricate 
the fuel.  
calculations indicated tha t  peak t o  average heat flux ra t ios  of 
2.37 could occur for  fuel  rods loaded in 80 increments (1-inch 
t o t a l  band length) i f  no mixing of the PuCQ bearing powder occurs 
w i t h  the Uo;! powder. This would result in a maximum heat flux of 
660,000 B/hr-sq f t  f o r  a fue l  element operating a t  a tube power 
of 1200 KW. 
length) the peak heat f lux r a t i o  was calculated t o  be 1.35 
(475,000 B/& sq f t  fo r  a 1200 I(W fue l  elenent). A report sum- 
marizing the resul ts  of t h i s  calculation was writ ten and issued 
as m-76~5.  

Using the most recent heat generation information, the  

For a rod loaded i n  160 increments (&-inch t o t a l  band 

Since various destructive and non-destructive t e s t s  of completed 
PKPR fue l  rods have indicated the occurrence of radial segregation 
of the &@-bearing powders i n  addition t o  the ax ia l  segregation 
considered in these calculations, preparations were made t o  con- 
s ider  this radial  segregation when information regard- i t s  
extent and heat generation distributions becomes available. 
existing computer code was modified t o  handle the three dimen- 
sional conduction configuration presented by a PR!FR fue l  rod w i t h  
combined ax ia l  and radial  segregation of the Pu@. 

An 

Reactor Components Development 

Second Generation Mechanical S h i m  Rod f o r  PRTR. 
on the second generation shim rods for PKJB w a s  resumed with 
primary e f fo r t  on the transmission parts.  A l l  gears, shafts, and 
bearings f o r  the transnission have been received. 
posit ion readout system is scheduled fo r  delivery in February. 

Detailed design 

The selsyn 



UNCLASSIFlED A- 22 m-76315 

EDEL-1 Renovation. 
tes t ing  of those par t s  of the EDEL-I piping system which have 
been changed w i l l  complete the modifications t o  the pressure 
piping system. 

The rebui l t  motor and variable speed drive f o r  the -1 have 
been checked f o r  excessive vibration. 
0.004'' measured at  the outboard motor bearing and exceeds the 
maximum allowable vibration f o r  continuous operation by about 
0.002". Apparent shipping damage could be the cause fo r  the ex- 
cessive unbalance now i n  the unit  since maximum vibration at  the 
factory was reported as O.OOl7". 
t o  reduce t h i s  vibration, and necessary measures are  under way t o  
make the unit operable as soon as possible. 

X-raying of the f i e l d  welds and hydrostatic 

m e  maximum vibration was  

The unit is being rebalanced 

Frett ing Corrosion Investigation. 
Physical Measuremnts Operation t o  design, procure, and fabricate  
the instrumentation required to measure the re la t ive  movement due 
t o  vibration between the  f a e l  element and PRTR pressure tube em- 
ploying the eddy current technique. 

Work orders have been issued t o  

Design of a prototypical PKllR jumper ins ta l la t ion  i n  the EDEL-I 
tes t  p i t  has been in i t i a t ed .  

A rough draf t  document, HW-75951 RD, "Proposed --Reactor Fret t ing 
Corrosion Study Program in EZEL-1," was issued f o r  comment. 

Rupture Loop Components. Leak t e s t s  of the Grayloc coupling 
f o r  the P"R Rupture Loop out le t  connection has s tar ted.  This 
t es t ing  is being done i n  EDELII a t  2100 psig pressure and 600 F. 
The coupling i s  t o  undergo 50 thermal cycles during which t i m e  
leakage r a t e  and bolt  s t r e s s  data w i l l  be taken. 

To f a c i l i t a t e  i n s t a l l a t i an  of the coupling and mounting of the 
strain gauges, the temperature compensating strain gauge w a s  
mounted on a f ree  bol t .  During tes t ing,  however, it was found t o  
be impossible t o  keep the compensating and s t r e s s  bo l t  a t  the 
same temperature. Because of t h i s  problem, the temperature com- 
pensating s t r a in  gauge has been mounted on the stress bol t .  

To date, two attempts have been made t o  conduct t h i s  test .  Both 
times the test  had t o  be stopped a f t e r  one or  two thermal cycles 
due t o  excessive leakage. After the second failure, dimensional 
checks of the hubs disclosed tha t  the circular  sealing face of 
each hub was out-of-round by 0.005". 
that  0.005" out-of-round i s  suff ic ient  t o  prevent proper seating 

It was  the Vendor's opinion 
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of the seal  ring. 
the hub. 
i n  which the circular sealing faces are  round w i t h i n  l e s s  than 

This dis tor t ion may have resulted from welding 
A new coupling assembly nas been fabricated f o r  tes t ing  

0.001". 

Miscellaneous "cleanup" items associated with discharge tools and 
equipment are about 954 complete. 
"Development, Testing, and Preliminary Operating Ir-structions Fuel 
Element Rupture Testing Faci l i ty  - Discharge Equipment," w a s  issued. 

Instal la t ion of the B-F ferrule  sea l  ir the i n l e t  bellows assembly 
was in i t ia ted  upon removal of the in-reactor section from tne 
EDEL-I t e s t  f a c i l i t y .  
fo r  the ferrule  seal  installatior;  were minor in cature. 

The f i n a l  report, W-75643, 

m e  modifications required to the bellows 

Properties of Irradiated FEE3 Process Tubes. The investigation is  
continuing on tube 5679, removed from channel 1643 OL May 2, 1962, 
because of a flaw observed orL the inside surface of the tube. The 
burst  properties of sections of t h i s  irradiated tube were reported 
previously and the flaw had EO effect  on the burst strengtn. 

Metallographic sections through the flaw reveal it to be a lenticu- 
l a r  nonmetallic inclusion, 0.020-inch thick by 0.1-inch wide. A 
thin layer of Zircaloy-2 separating tine inclusion from the inside 
of the tube contabs  3OG ppm ox' nydroger, wnereas the Zircaloy-2 
an the otner side of the inclusion ccntains the normal amount of 
hydride. An unusual concectration of intermetall ics,  apparently 
only in longitudinal metallographic sections through the tube, is 
being investigated further.  

Investigation w a s  s tar ted or, tube 0720 t o  determine i f  the &O-Pu@ 
fue l  elemert, which ruptured i n  t h i s  tube iL August 1962, caused 
hydriding of the 2ube i n  the r e g i a  of the rupture. A 6-inch long 
portion of t h i s  tube, adjacent t o  the rupture, was obtained m d  i s  
now in Radiametallurgy. The piece w i l l  be cut i n to  $-inch rings 
and metallography w i l l  thea be used t o  determine i f  hydriding oc- 
curred. 

Pressure Tube Monitoring. Twelve process tubes were inspected 
during tne past month. 
1443, and 1948) operated fo r  two nominal 10-day periods with the 
new large (&inch by $--iLch) fuel  centering pads. These were in- 
spected at  the end of each of the two operating periods. The 
purpose of these inspections w a s  to see i f  increasing the contact 
area, at the points where the fue l  element end supports contact the 
process tube, would reduce f r e t t i ng  corrosion as it had i n  the 

Three of the 1 2  tubes (channels 1356, 
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ex-reactor loop TF-7. 
these inspections, but the amount was  probably less than slllall 
spacers would have caused. 
t ions were considerably less than one m i l .  

Slight f r e t t i n g  corrosion was revealed by 

In all three tubes the wall penetra- 

Two of the 12 tubes inspected had been re-orificed t o  increase 
coolant flow by about 6$ t o  determlne whether or not there was a 
measurable effect  of the magnitude of frett ing corrosion. These 
inspections showed t h a t ,  t o  date, there has been no pronounced 
effect .  

Inside d i a t e r  and gas gap measurements were obtained f o r  all tubes. 
Data analyses are not yet complete; however, a preliminary check f o r  
channel 1348 shows tha t  the minimum spacing between the pressure and 
shroud tubes i s  about 0.050 inch and has not changed since the last 
measurements obtained in B r c h  1962. 

Hazards Analysis 

Plutonium Recycle Test Reactor. 
lowing a t o t a l  loss of e l ec t r i ca l  power has been completed. The 
report of this study w i l l  be published as document IN-76313. 
Design analyses of the PRTR indicated that the  liquid-phase con- 
vection circulation of coolant should be adequate f o r  cooling the 
fue l  elements. The liquid-phase convection circulation rate was 
estimated t o  be 0.75 ft3/sec compared t o  a required flaw r a t e  of 
0.63 ft3/sec. However, a l o w  flow ra t e  pressure drop test, per- 
formed on sections of the primary coolant loop and then summed, g8Ve 
an estimate of 0.5 f t 3  sec flow ra te  under liquid-phase convection 
circulation conditions. 
meter and an auxiliary d i f f e ren t i a l  pressure gauge confinned the  
earlier tests. 
liquid-phase convection circulation t o  boiling convection circu- 
l a t ion  shows that t h i s  would t e e  place automatically If l iquid- 
phase cooling were inadequate. The t rans i t ion  t o  cooling by 
boiling would incur the loss of about 35 cu f t  of heavy water in 
accommodating the steam void formed i n  the primary coolant system, . 
but the  fue l  elements would be adequately cooled provided they were 
kept covered by water. 
could be maintained by intermittent inject ion of l ight water in to  
the primary coolant system. 

A study of cooling the PKPR fol- 

Data obtained from the control panel flow- 

A mathematical analysis of t h e  t r sns i t i on  from 

The l iquid level in the pressure tubes 

Supplement 6 t o  the PRFR Final Safeguards Analysis has been written. 
This supplement presents jus t i f ica t ion  f o r  increasing the maximum 
point heat t ransfer  f lux from 400,000 Btu/(hr)(ft*) t o  600,000 Btu/ 
(hr ) ( f t2)  and the maximum tube power from 1200 t o  1800 Icw. Proposed 
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limits f o r  fue l  elemeot t.ypes tha t  may be charged i a t o  PKPR are 
a lso presented. Kinetics analyses of ' reactor accidents 
for  unifornly-er-riched mixed cxide fuf 
compared with similar analyses i n  tne original safeguards analyses 
for spike-enriched loadings. 
nitude of +,he e Z e c t s  of a reactcr accident wLth the new fue l  
loadings were found. 

Two process specifications were revised. 

Plutonium Recycle Cri t ical  Faci l i ty .  
nrent tc the Plutonium Recycie Cr i t ica l  Fac i l i ty  Final Safeguards 
h a l y s i s ,  m-69168, was issued. "kis supplement was prepared t o  
present additicnal information requested by KLOO, AEC. Kinetics 
studies of typical  reactor accidexts were made t o  characterize 
the behavlor of the differezt  core loadings proposed f o r  D20 
moderated experiments i n  she PRCF. 
a l l  of the core loadings can be crperated as safely as the zcnecl 
loadings described i n  the final safeguards analysis. 

Eighteen of the 19 process specif icat iom needed fc r  PRCF st.art.up 
t e s t s  have been approved. 

.oadings are given ar,d 

No significar,t increase i n  the mag- 

A comment draf t  of a supple- 

These studies indicated ',hat 

2. Plutonium Ceramic Fuels Research 

Determination of CarSon i n  Plutonium Carbide. 
Analfiical Laboratories, a cmibustion gravimetric method f o r  de- 

Ih cooperaticn * d t h  
- 

termination of carbon i n  plutonium carbides w a s  reduced tc r c G t i r , P  
practice i n  glove boxes. The method w a s  found t o  have be t te r  tha? 
1% precision f o r  1 t o  5 w/o carbon i n  specimens of 200 t c  1000 mgs. 

Plutonium Carbide Studies. Amlysis of X-ray powder patterns cf a 
4.8.2 a/o C a l loy indicate the pcsslSle grawing-b. cf the zeta phase 
of the Pu-C syst.em while staading at room temperature fcr  a pericd 
of 400 days. The X-ray pcwder patterns were taker, a t  approximately 
4-mcnth intervals  and were perfomed on a doubie-sealed glass 
capillary sample of the as-cast alloy. 

Puw-Carbor, Reactions a 

reduced Puo;! samples indicate tha t  the route leading fa the  f c m t i c i .  
of PUO may proceed i n  the following mamer. 

Analysis of X-ray powder patterns of c a r b z -  

UNCLASSIFIED 
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pU@-MgO Phase Studies. 
appear t o  be en t i re ly  insoluble i n  each other in the l iquid 
s ta te .  
additions of the other component and were 2300 and 2800 C, 
respectively, under one atmosphere of helium. 

Plutonium Oxides Research. 
region between O/Pu = 1 . 5  and O/Pu = 1.0 in the plutonium-oxygen 
phases system may be a two-phase f i e l d  of PuO and p-Pu203. The 
approximate melting point of PuO has been determined as  1800 C. 

Plutonium dioxide and magnesium oxide 

The melting points of no;! and MgO were unaffected by 

Preliminary resu l t s  indicate that the  

3.  Ceramic (Uranium) Fuels Research 

Irradiation of UOp Single Crystal. 
thermal conductivity of large grain U@ i s  much greater than that 
of small grain U% was provided by i r radiat ing *-inch diameter 
single crystal  and t r i - c rys t a l  Uo;! pel le t s .  Gross structure a l -  
t e ra t ion  (other than fracture)  d id  not occur during i r radiat ion 
conditions known t o  cause central  rnelting and extensive columnar 
grain growth i n  f ine  grained, polycrystalline samples. 
results support the hypothesis tha t  columnar grain growth i n  fine 
grained or powdered U@ causes rapid improvement in thermal con- 
ductivity,  often Leading t o  so l id i f ica t ion  of an i n i t i a l l y  molten 
core. 
the radial  fue l  temperature prof i le  and reduces central  fue l  
temperatures. 

Additional evidence that the 

These 

"he improvemnt i n  thermal conductivity markedly cnanges 

Fabrication of Cermets. 
cermet was compacted by high-energy-rate impaction a t  1200 C. 
impact pressure of approximately 5OO,OOO p s i  was  exerted by the 
modified Bridgman anvil technique used. 
was obtained. 

A 50 w/o uranium mosulf ide- tungsten 
An 

A uniform tungsten matrix 
The density os' the cermet was  13.68 g/cc (98.6 TD). 

-acted UW. 
2.0097 O/U r a t io ) ,  w a s  produced d i rec t ly  from sintered scrap by 
impacTion with a too l  s t e e l  punch a t  200,000 psi .  
pounds of sintered U@ scrap w a s  pulverized t o  approximately 
-60 mesh and roasted at  140 C f o r  16 hours. This oxidized only 
the smallest par t ic les  and did not a f fec t  the larger  par t ic les .  
Sixteen-pound l o t s  of the material were then placed i n  stainless 
s t e e l  containers 3.75 inches in diameter and 5.75 inches long, 
heated i n  vacuum t o  1200 C and impacted a t  200,000 ps i .  
factory density and O/U r a t i o  were achieved without subsequent 
heat treatment. The combination of a vacuum atmosphere and p a r t i a l  
oxidation of f ine  par t ic les  i n  the U% i s  apparently responsible 
f o r  the improved resul ts .  

Reactor quali ty U@ fue l  material (98.95 !El, 

One hundred 

Satis- 
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Free Metal i n  U@. 
approximately 0.14 free uranium =tal i n  Uo;! which previously 
had been analyzed by coulometric t i t r a t i o n  techniques as  
hyperstoichiometric (O/U = 2 . 0 0 9 )  material. 

A new technique w a s  used t o  determine 

The technique involves manometric measurement of the volume of 
hydrogen gas released during HC1 dissolution and oxidation of 
f ree  metal t o  an equilibrium condition between the fourth and 
f i f t h  valence s ta tes .  4 a value of 0.08-$1 f ree  metal, w h i l e  the replicate value by the 
new technique gave O.O& metal. 
presently appears t o  be only semi-quantitative but possibly 
can be improved. 

The gravimetric oxidation method yielded 

"he manometric method 

Electron Microscopy of U&. Time-lapse motion picture tech- 
niques were used t o  show tha t  the high temperature reactions 
occurring i n  a U@-W cermet during reflection electron micros- 
copy begin abruptly and proceed rapidly t o  completion within a 
few minutes. 
about 800 C fo r  nonsintered material and about 1200 C f o r  
sintered material. 
1200 C f o r  e i ther  case. 

The reaction temperature f o r  the U& surface i s  

The reaction temperature f o r  W i s  about 

Polystyrene replication has been completed successfully on 
selected areas of a non-irradiated UC& fue l  element containing 
tungsten wire markers; the technique appears t o  be feasible fo r  
irradiated materials. 

A chemical thinning apparatus similar t o  that designed by 
Dr .  Amelinckx (Belgium) has been fabricated and investigations 
begun on the preparation of tn in  specimens of Uo;! suitable for  
transmission electron microscopy. 
periments hsve indicated it may be possible t o  thin-section Uo;! 
even wi th  simple glass knives. 

I n i t i a l  ultramicrotamy ex- 

High Temperature Microscopy. 
temperature microscope were received and final assembly i s  in 
progress. 
a t  specimen temperatures t o  3000 C through the use of an e l l i p -  
soidal ref lect ing objective. 

Reflecting optics f o r  the high 

The instrument i s  expected t o  provide lp resolution 

Fission Product Migration. 
eqosed  t o  approximately 20,000 W / T  revealed a concentration 
of metallic inclusions. The band of increased concentrations 
occurred approximately midway between the outer termini of the 
U& c o l m a r  grains and the central  void. 

Autoradiographs of a fue l  core 
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Identification of the Molten Zone i n  Irradiated UQ. 
s t ructural  features characterist ic of once-molten UQ were 

Micro- 
- . ~ . .  . ~ 

posit ively identified during examination of an i r radiated 
pe l l e t  tha t  originally contained small tungsten marker wires 
at  known locations. During the i n i t i a l  reactor s tar tup,  U@ 
i n  the central  region of the capsule melted and the  marker 
wires i n  tha t  region sank t o  the bottom of the melted zone. 
The positions of the displaced tungsten par t ic les  (some of which 
appear t o  have been melted) c lear ly  equates the radial  limit of 
i n i t i a l  melting t o  the radial  l i m i t  of sub-grain structure.  

Capsule fo r  "Snout" Irradiation. Fabrication was completed on a 
capsule designed t o  investigate the b i t i a l  melting and possible 
resolidification of a U02 fue l  core under operating conditions. 
The capsule, which contains 1 v/o randomly distributed tungsten 
shot i n  UCp, w i l l  be i r radiated i n  a horizontal posit ion in the 
"Snout" f ac i l i t y .  
reactor w i l l  provide a f i n a l  dis t r ibut ion of tungsten shot from 
which the degree of Illelting and presence or lack of reso l id i f i -  
cation can be determined. 

Rotation of the capsule 180 degrees while in- 

Uranium &nosulfide. 
(SO w/o) w a s  impacted a t  1200 C t o  98% of t i e  theoret ical  density. 

An uranium monosulfide-tungsten cermet 

I r radiat ion of Tungsten-UCQ Cermets. 
by impaction were shown t o  be chemically and dimensionally stable 
during short term, high temperature i r radiat ion.  
examination of a U@-tungsten cermet capsule i r radiated for two 
hours a t  a surface temperature greater than 2100 C revealed no 
evidence of reaction between the U& and tungsten. The post- 
i r radiat ion diameter of the tungsten clad capsule was 0.250 L 
0.001 inch - the same as the pre-irradiation value. 

Tungsten-U& cermets made 

Post-irradiation 

4. Bas ic  Swelling Program 

Irradiat ion Program. 
goal exposure and another capsule was charged. Two capsules, each 
containing three hollow, s p l i t  cylinders of uranium, are being ir- 
radiated a t  th i s  time. The control temperature on one capsule is  
625 C and on the other 525 C regardless of reactor operating con- 
di t ions.  A t h i rd  capsule i s  a t  the reactor awaiting i ts  turn f o r  
charging and a fourth capsule i s  complete except f o r  ins ta l la t ion  
of the nozzle cap, connectors, and protective conduit fo r  the leads. 
The disassembly of two capsules i r radiated t o  0.15 a/o B.U. a t  
575 C i s  c o q l e t e  and f ive  of the s i x  uranium specimens have been 
recovered. 

A capsule was discharged a f t e r  reaching i t s  

One specimen is  locked onto the specimen holder and 
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w i l l  require special techniques f o r  removal. Future i r radiat ions 
are being shortened in duration t o  lower burnup of U-235 t o  mini- 
mize specimen dis tor t ion which creates post-irradiation exemirlatian 
d i f f icu l t ies .  
for  assembly is  being redesigned t o  accommodate four hollow, split 
cylinders instead of the former three hollow, s p l i t  cylinders. 

"his capsule w i l l  contain two cy lbde r s  of high puri ty  uranium - 
one cylinder of uranium w i t h  known amounts of iron and aluminum, 
and one cylinder with known amounts of iron and s i l icon.  

The thermocouple w i r e  f o r  the capsule instrumentation at  the re- 
actor has arrived and w i l l  be instal led shortly. Spec ia l t rans-  
ducers fo r  use w i t h  the temperature controllers and the new 
d ig i t a l  readout system are on order. 
tes t ing of the reworked controllers and d i g i t a l  system i n  about 
a month. 

m e  specimen holder OR the next capsule scheduled 

It is planned t o  begin 

Post-Irradiation Examination. 
irradiated to 0.27 a/o B.U. a t  control temperatures of 575 C 

L d  625 C, respectively) t ha t  were removed from t h e i r  holders 
have been c o q l e t e l y  processed. The observations made on these 
specimens are consistent w i t h  data obtained previously. Growth 
and tearing pers i s t  a t  temperatures of i r radiat ion as high as 
600 C. A t  an i r radiat ion temperature of 625 C, pores have seg- 
regated a t  the boundaries of the small grains or iginal ly  present 
in the specimen pr ior  t o  irradiation; pore-free bands on either 
side of the boundaries have formed. Heating in to  the beta phase 
results i n  transformation and in large grains whose boundaries 
do not correspond with pr ior  boundaries and do not contain g8S 

pores. 
pores have coalesced in to  cracks a t  the  boundaries o f t h e  
or iginal  grains and into large i r regular  pores at many of the 
points where three grains intersect .  
be much more rapid along grain boundaries. 

The samples from two capsules 

A t  a burnup of 0.27 a/o (specimen 14-B), the segregated 

Gas mobility must therefore 

Two additional capsules (irradiated t o  0.15 a/o B.U. at  control 
temperatures of 575 C )  were opened and the specimens recovered. 
Wch capsule contained four as-extruded and two beta t reated 
tubular specimens w i t h  a 0.03O-inch w a l l .  
t reated samples w a s  broken during removal from the holder and 
another specimen i s  s t i l l  stuck on the holder. A l l  specimens 
exhibited i r radiat ion growth; the beta treated samples were 
worse i n  a l l  instances than the as-extruded specimens. The 
samgles tha t  fissioned a t  the higher specific fissioning r a t e  
exhibited somewhat l e s s  damage than did other samples having the 

We of the  beta 
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same burnup. 
regard to metallurgical history and irradiation conditions may 
have contributed to the apparent fission rate-damage observa- 
tion. 
radiation growth with increased fission rate per Be. 
samples are being processed for metallography and density. 

Thorium. 
of each of three polished and cathodically vacuum etched thorium 
specimens (grip ends of broken tensile specimens) indicates no 
effect of irradiation or post-irradiation annealing on either 
the porosity or etching characteristics of the matrix thorium as 
compared with the unirradiated control specimen. 
annealing at a temperature of 750 C resulted in a small but 
definite increase in the amount of second phase constituent 
(tentatively identified as Tn7Fe3 ) that outlines prior boundaries. 
No difference was observed between tne as-irradiated sample and 
the non-irradiated control sample. 
similar with regard to the angular oxide inclusions present and 
the light gray precipitate thought to be thorium carbide. 

Minor differences between the specimens with 

Additional study i s  required to correlate reduced ir- 
The 

The examination of replicas stripped fromthe surface 

Post-irradiation 

All three samples were quite 

The hardness of these samples has been measured and is summarized 
as follows: 

Hardness, Rockwell "f " 
Sample No. Condition (Avg. of 10 Readlngs/Sample) 

CT- 9 Unirradiated Control 62 f 8 

Fx Irradiated to 0.085 a/o 
B.U. at-200 C 92 f 6 

Jx Irradiated to 0.095 a/o 
B.U. at -200 C and then 
vacuum annealed at 750 C 
for 100 hours 75 f 2 

It is obvious that irradiation has caused hardening and that 
annealing has resulted in appreciable recovery. This correlates 
with the tensile data that had been reported in HW-66693. 
values on these specimens will be available shortly. 

Density 

Two additional specimens of thorium irradiated to 0.18 and 
0.92 a/o B.U., respectively, at less than 300 C, are being pro- 
cessed for metallography, hardness, and density. 
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5 .  Irradiation Damage t o  Reactor Metals 

Alloy Selection. 
specimens for  the Irradiation Effects on Reactor Structural  
Materials program i s  continuing. 
are being reviewed for  quantit ies of Inconel 600, Inconel X-750, 
AM-355, 304 SS, and 348 SS. I n  addition, negotiations f o r  p la te  
and rod of Zircaloy-2 have been in i t ia ted .  
A2l2B and A3O2B pressure vessel s t ee l  have been rolled and heat 
treated a t  the Homestead M i l l  of United States S tee l  Corporation. 
The A212B alloy has successfully met all requirements of the 
specifications t o  date. 
strength properties higher than specified which would indicate 
infer ior  duc t i l i t y  properties. 
a t  1250 F t o  improve upon these properties. 

Procurement of materials t o  be used as test 

B i d s  have been received and 

Ten tons each of 

The A3O2B al loy w a s  found t o  exhibit 

This material wil l  be redrawn 

!I%ree slabs of Hastelioy X-280, f ive  inches in thickness, were 
rolled a t  the Haynes S t e l l i t e  Company rol l ing m i l l  t o  plates  
2% inches, 1 inch, and 3 inch th ick .  
these plates  was recorded a t  the m i l l  and will be par t  of the 
documentation history of t h i s  alloy. 
a t  1800-2150 F t o  f i n a l  s ize .  

Tne fabrication his tory of 

Tnese plates  were hot rolled 

(=harpy impact specimens of Hastelloy x-280 and type AIS1 406 
alloy were completed t h i s  month together w i t h  t ens i l e  specimens 
of R-27, R-41, R-235, Incanel 718, Incanel 625, and TD nickel. 
These specimens w i l l  be irradiated at  1700 F t o  an exposure of 
1.2 x 1020 nvt. 

H i g h  temperature refractory metals may be required as hardware 
pieces f o r  the helium gas loop f a c i l i t y  t o  be located i n  the ATR. 
To protect the = t a l  from oxidizing environments a protective 
coating w i l l  be required. One possible a l loy acceptable f o r  t h i s  
application from a strength and fabrication standpoint i s  a 
columbium, 2.5 zirconium, 10 tungsten alloy, Cb752. 
specimen of t h i s  alloy, coated with a s i l i c ide  coating, was ex- 
posed t o  C% a t  a temperature of 2300 F. 
failed after 24 hours of exposure. 
specimn i s  continuing t o  determine the method of fa i lure .  

A sheet 

Data showed t h i s  coating 
Further examination of the 
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In-Reactor Measurement of Mechanical Properties. 
has been charged in to  the  reactor t o  begin a ser ies  of tests fo r  
measuring the s t ress  dependency of Wrcaloy-2 creep under ir- 
radiation. m e  t e s t  conditions are: 350 C t e s t  temperature, 
20,000 psi s t ress ,  on a 2C$ cold worked Zircaloy-2 specimen. 
capsule has an improved se t  of heating elements. 
previous capsule i n  which the heating elements failed. 
in the newly charged capsule are operating within established 
limits. Stress was applied t o  the specimen as  the reactor power 
leveled of f .  
dit ions t o  c i t e  the rates;  however, tne curve appears t o  be fo l -  
lowing the same general pattern established with the ser ies  of in- 
reactor creep t e s t s  at 3O,OOO p s i  s t ress .  

A creep capsule 

This 
It replaces a 

A l l  systems 

There has not been s u f f i c i e n t  t i m e  at  the t e s t  con- 

The capsule i n  which the heating elements fa i led  has been equipped 
with new pressure instrumentation so tha t  an in-reactor t ens i l e  
t e s t  can be run on the specimen. 
operating sa t i s fac tor i ly  with the exception of the heaters. 
loss  of the heaters presents no par t icular  problem fo r  the t ens i l e  
test as the temperature of the specimen can be controlled en t i re ly  
with gamma heating which w i l l  remain constant during the tlme re- 
quired f o r  the t ens i l e  t e s t .  The in-reactor t ens i l e  t e s t  i s  
scheduled fo r  completion next month. 

All systems i n  the capsule are 
The 

A ser ies  of t e s t s  on heating element wires are in progress t o  es- 
tab l i sh  a c r i t e r i a  of selection fo r  long term in-reactor use. 
in-reactor heater l ifetime t e s t  capsule i s  awaiting reactor charging. 
I r radiat ion of the heater wire tens i le  t e s t  specimens has been 
completed and the capsule shipped t o  Radiometallurgy Laboratory 
fo r  opening and removal of the t e s t  specimens. The modifications 
t o  the Instron jaws permit the heating of the irradiated specimens 
by e l ec t r i ca l  current through the section of the heater w i r e  under 
t e s t .  

The 

A new sealing gland was developed t h i s  month t o  allow higher 
pressures i n  the capsule w i t h  continuous operation of the micro- 
positioner drive shaft .  
instrumentation s e t  up t o  run the tens i le  t e s t  in the in-reactor 
capsule. Previously, a standard conical rubber seal  was used t o  
seal the rotat ing drive shaf t  f romthe pressure applied t o  the 
capsule. The sea l  was intended f o r  high pressures, 1000 psi ;  how- 
ever, the continual operation of the micropositioner drive f o r  only 
a f e w  minutes created leaks around the rubber gland a t  pressures 
exceeding 800 psi .  The new sea l  uses a highly polished and exactly 
dimensioned O-ring assembly which has withstood cantinuous aperation 
fo r  a period of time exceeding 100 hours at  a pressure of 1000 psi .  

Tnis sealing gland w a s  required in the 

UNCLASSIFIED 

1 2 3 5 5 1 8  



I 

UNCLASSIFIED 

A t  the end 
detector. 
new O-ring 
capsule. 

A- 33 m-76315 

of th i s  time no leak was detected with a helium leak 
The sealing gland w a s  disassembled, inspected, and a 
instal led fo r  the use of the gland OG the tens i le  t e s t  

Environmntal Effects in Reactor Metals. 
program i s  t o  investigate the Combined effects  of i r radiat ion an4 
reactor environment on the mechanical properties of structural. 
materials. Special attention u i l l  be given t o  the determination 
of mechanical property changes produced in metals by i r radiat ion 
a t  elevated temperatures 

During the month, a t o t a l  of 41 control t ens i l e  specimens of A I S I  
304, 348, 410, and AM-350 were tes ted a t  room temperature. These 
control specimens were exposed fo r  varying lengths of time in  the 
ex-reactor hot water loop. 
f ive irradiated Zircaloy-2 specimens a t  room temperature. 
fromthese t e s t s  are being processed on the IBH 7090 coqu te r .  

Results of previous tens i le  t e s t s  performed on A I S 1  Types 304, 348, 
410, and AM-350 stainless  s t e e l  specimens in the irradiated,  E- 
irradiated but exposed in ex-reactor loop, and as-fabricated con- 

.ditions nave been obtained. 
changes in tens i le  properties result ing from oeutron i r rad ia t ion  
were noted i n  AISI 304 and 348; namely, a large increase i n  yield 
strength, a lesser  increase in ultimate tens i le  strength, and a 
decrease i n  t o t a l  elongation. 
specimens of Type 348 s ta inless  s t e e l  i n  a 2546 cold-worked condition 
tend t o  approach a saturation i n  strength at  re la t ive ly  low neutron 
exposures. 
both the annealed and cold-worked type 304 show a continuing in- 
crease i n  strength up t o  1.1 x 1020 cvt, the highest exposure ob- 
tained t o  date. 
elongatim due t o  neutron i r radiat ion was much less than tha t  due 
t o  pr ior  cold work. 
effects seem t o  be preserved i n  the i r radiated s t a t e  f o r  type 348 
s ta inless  indicate tha t  p r ior  cold-working and thermal e n v i r w n t  
may have a greater e f fec t  on properties of these materials than 
damage result ing from irradiation. 

m e  purpose of th i s  

Tensile t e s t s  were a l so  performed on 
Data 

These resu l t s  indicate tha t  the usual 

Preliminary data indicate tha t  

The remainder of the data on the annealed type 348 and 

It was a l s o  noted tha t  the decrease in uniform 

This plus the observation that direct ional  

Examination of control data (specimens which were exposed in ex- 
reactor hot uater loop) show tha t  both types 304 and 348 s ta in less  
s t ee l s  exhibit  a similar increase i n  strength w i t h  increasing 
amounts of cold work. However, type 348 s ta inless  has a consider- 
ably lower value of uniform elongation than type 304 stainless  i n  
both the annealed and cold-worked conditions. Cold-worked specimens 

UNCLASSIFIED 



UNCLASSIFIED A- 34 

e 

of both materials exposed ir the ex-reactor loop exhibit an in- 
crease i n  yield strength and t o  a lesser  extent an increase in 
ultimate tens i le  strength. The most significant increase, from 
104,000 t o  116,000 ps i ,  was noted i n  the yield strength of type 
304 stainless  s t ee l .  
loop also caused a slight reduction i n  uniform elongation. 
is  more pronounced i n  type 304 s ta inless  steel, which exhibits 
reductions from 78.7 t o  69.8& i n  the annealed s t a t e  and from 16.3 
t o  3.5$ i n  the cold worked s t a t e .  
noted above may resul t  from tne inherent i n s t ab i l i t y  of the aus- 
t en i te  i n  these s tee ls .  
reversion of austenit.e t o  martensite which may be brought about 
by long term annealirig, result ing i n  an increase ir, strength and 
decrease in d u c t i l i t y .  
i n  the cold-worked s t a t e  due t o  the stored energy and shear s t ra ins  
induced 

Long term exposure a t  280 C in the  ex-reactor 
This 

Such changes i n  properties 

One possible explanation f o r  t h i s  is  the 

Such a reversion would be more pronounced 

A bending t e s t  j i g  f o r  large capacity loading has been designed 
and is being fabricated. 
fracturing characterist ics of notched beams tes ted i n  bending. 

Over 100 f l a t  t ens i le  specimens have been fabricated from AIS1 406 
stainless  s t ee l  made by Carpenter Steel  Company, 
this material will be inserted ir, both the ETR and ex-reactor hot 
water loops. 

This j i g  i s  t o  be used in  studying the 

Specimens of 

Damage Wchanisms. 
is t o  establish the nature of the Interaction between defects 

The objective of t h i s  portion of the  program 

present pr ior  t o  i r radiat ion and those produced during Irradiat ion 
with emphasis on the role played by i n t e r s t i t i a l  impurities. 
investigation is  presently concerned with high puri ty  i ron and i ts  
low carbon and nitrogen alloys. 

The 

Three round subsize tens i le  specimens were machined from the  one- 
eighth-inch swaged stock t o  evaluate the specimen design ard the 
material. 
l imited amount of material available, the cost of the material, 
and the necessity t o  cold work the material t o  reduce the grain 
s ize .  It has been shown by other investigation tha t  a grain s i ze  
such tha t  there are  a t  least 20 grains across the reduced section 
of the t ens i l e  specimens i s  necessary t o  essent ia l ly  eliminate the 
grain s i ze  as a variable. The gage length f o r  these specimens was 
loOOO inch w i t h  a diameter of 0.100 f 0.003 inch. The tests were 
pulled w i t h  an Instron tes t ing  machine a t  a s t r a i n  r a t e  of 0,005 
inch/-, crosshead motion, using a Class B1 extensometer f o r  the  
i n i t i a l  portion of the curves. 

The use of a subsize specimen i s  dictated by the 

Sample 1 had a machine f in i sh  while 
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sample 2 was etched with 50-56 HNO3-H2O t o  remove two mils of 
surface metal and sample 3 was a re jec t  which had a reduced 
section not ax ia l ly  symetrlc and was etched t o  remove s i x  mils 
of surface metal. 

A l l  three samples were recrystal l ized a t  650 C for  one hour i n  
vacuum following the previously specified surface treatment. 
Tensile t e s t s  snowed that sample 1 had a pronounced yield point 
w i t h  an upper yield strength of 29.1 x 103 p s i  and a lower yield 
strength of 21.8 x 103 ps i ,  wnile samples 2 and 3 did not show 

i e ld  point and had proportional l imi t5  of 14.6 and 16.1 x 

the limited data published on material of comparable pur i ty  of 
16.0 and 15.0 x 103 psi .  The uniform elongation, a sensi t ive 
indicator of purity,  was 26% f o r  sample 1, and 31 and 32$ f o r  
samples 2 and 3. 

“ 5  19 psi, respectively. Tnese values are  i n  good agreement w i t h  

The most s t r ik ing  feature of these results was  the difference 
i n  yielding behavior between the samples which had been etched 
pr ior  t o  recrystal l izat ion and the  one which had not. 
the heating of the sample during machining is great  enough t o  
cause a surface reaction with carbon, nitrogen o r  oxygen, and i f  
not removed by etching, these interstitials diffuse in to  the  
sample during the subsequent recrystal l izat ion treatment and form 
a Cot t re l l  atmosphere which gives r i s e  t o  the heterogeneous 
yielding observed. 
confirm this hypothesis. 

Apparently 

Analytical data are  not yet available t o  

Evaluation of density measurements has continued using a three- 
gram sample of single c rys ta l  molybdenum. 
have yielded an average value of 10.220 f 0.010 g/cc which com- 
pares very well w i t h  a density determination by l a t t i c e  constant 
measurements of 10.220 f 0.005 g/cc. 
refinements i n  experimental technique w i l l  improve the reproduci- 
b i l i t y  of the pycnometric mthod t o  f 0.005 g/cc. 

Fine determinations 

It i s  hoped t h a t  fur ther  

A model f o r  radiation damage has been proposed on the basis of 
the investigation t o  determine the mechanical properties of struc- 
tural material during i r radiat ion.  
model, a study of i r radiated copper a t  low temgeratures has been 
s ta r ted .  Froni t h i s ,  the basic nature of i r rad ia t ion  hardening, 
which a f fec ts  creep as well as other mechanical properties,  w i l l  
be determined. The specif ic  parameters being investigated are:  
the force distance relationships between gl ide dislocations and 
obstacles which ac t  as bar r ie rs  t o  glide,  the  spacing of these 
obstacles, and the back s t r e s s  acting on gl ide dislocations due 

In order t o  substantiate this 
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t o  cold work. 
of irradiated copper specimens i n  t he  range cf 77 K t o  293 KO 
I n i t i a l  data, coxparbig unirradiated polycrystall ine copper 
specimens w i t h  those i r radiated t o  5 x ld-7 nvt, indicates a 
considerable difference i n  the  Zorce distance relationships 
between the glide dislocations and obstacles. 
analysis indicates the i r rad ia t ion  damage model first proposed 
by Seeger and l a t e r  refined by Basinski ("Thermally Activated 
Glide i n  FCC Metals, " Phi l .  Mag., 1959 , v 4, p 393) is  closest  
t c  our observationsa 

Techniques nave 'oeen developed t o  measure creep 

Preliminary 

Qxidation of Heat Resistant Alleys. 
of Haynes 25, a cobalt base al loy,  have been studied at 1000 C. 
The ef fec t  of surface t r e a t m n t  and oxygen p a r t i a l  pressure has 
been determined qual i ta t ively.  Specimens of the a l loy  were in 
the  form of coupons *-inch x 2 inches x 0.030-inch. High pur i ty  
research-grade oxygen and laboratory-atmosphere a i r  were used as 
oxidants. A continuously recording Ainswcrth semi-micro balance 
w a s  used t o  follow the oxidation gravimetrically. 

The oxidatiofi character is t ics  

Coupons oxidized i n  atmospheric pressure a i r  showed weight gains 
of about 1.5 times the weight gains observed i n  oxygen a t  25 mm 
p a r t i a l  pressure. 
gained weight a t  about the same r a t e  as one oxidized at  25 m of Q. 

However, a specimen oxidized a t  3 mm of 02 

For a given atmosphere, surface preparation (abraded, e lectro-  
l y t i c a l l y  polished, as received) has a minor but unpredictable 
e f fec t  on oxidation ra te .  

TD nickel ( thoria  dispersion strengthened nickel a l loy )  oxidizes 
a t  a r a t e  several times t h a t  of Haynes 25. 
at 1000 C, 25 m a  @ pressure,  a specimen of Haynes 25 has gained 
one-fifth the weight of a TD nickel specimen oxidized under 
similar conditions of atmosphere and surface preparation. 

After 1000 minutes 

I r rad ia t ion  Damage t o  Inconel. Metallographic examination of the  
Incanel tube from the DR-1 gas loop i s  about 9 6  complete. 
Samples taken from a location, toward the shield,  three f e e t  from 
the transverse break, showed sporadic oxidation with a maximum 
penetration of two mils at both the inner and outer surfaces. The 
tube temperature a t  t h i s  pcjint ranged from 750 F t o  200 F depending 
on the spec i f ic  t e s t  being run. Samples taken seven f e e t  f romthe  
break had a l i g h t  oxide coating, w i t h  a maximum depth of one m i l .  
A t  11 f e e t  from the  break, there  w a s  a s l i gh t  oxidation a t  the 
outer surface.  and EO indication of any a t tack  at  the inner surface. 
Tube temperature at  7 and LL f e e t  w a s  abcut 700 F. The oxidation 
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of the tube away from the transverse break i s  generally greater 
on the outer surface, with more indication of sulfur  contamina- 
t ion  on t h i s  surface. 
deep on both surfaces, but intergranular a t tack i s  several thies 
the oxide penetration. 

The oxidation at  the break was 5 mils 

Gas Loop Development. 
s ta inless  s tee ls  and possibly TD nickel in unusual combinations 
are being devised for  construction of the model ATR high tem- 
perature gas loop. 
involving the following candidate mtals: 
Hastelloy C, Haynes Alloy 25 and s ta inless  s t ee l s  347 and 316. 
The s ta inless  pipe was purchased as an off-the-shelf item. 
ever, because of long commercial delivery times and because of 
the t i gh t  loop construction schedule, t e s t  samples of 14-inch 
superalloy pipe were fabricated a t  Hanford. 
and Hastelloy C plate  were preheated t o  2050 F, hot rol led t o  
about 0.150-inch thickness, subsequently annealed for one hour a t  
2150 and 2225 F, respectively, and a i r  quenched. After surface 
cleaning, the Hastelloy X and C slow w i t h  some Haynes Alloy 25 
pla te  were sheared, machined, press formed, cleaned and iner t -  
gas, tungsten-arc welded into seamed pipe. 

Methods of joining pipe of superalloys, 

piping has been obtained fo r  welding studies 
Hastelloy X, 

How- 

Available Hastelloy X 

Using t h i s  pipe, butt  welds nave been made of the superalloys t o  
themselves, t o  each other and t o  tne s ta in less  s tee ls .  
possible metal combinations were inert-gas, tungsten-arc welded 
i n  both the horizontal and ver t ical  positions. 
beveled 37* degrees t o  a feather edge fo r  welding and a root 
opening of 1/16 - 3/32 inch was used. 
inch i n  diameter) used was: 
the same metal were joined; Hastelloy W where superalloys and 
superalloys or stainless  s t ee l s  were joined; and s ta in less  s t ee l  
316 where s ta inless  s t e e l  316 and 347 were joined. 
quali ty is  satisfactory,  the welding procedures w i l l  be qualified 
fo r  pressme piping i n  accordance w i t h  the requirements of 
Section IX ol” the ASME Code. 

A l l  

The pipe ends were 

The f i l l e r  wire (1/16 or 3/32 
base metal composition where pipes of 

If the weld 

The welds appear t o  be physically sound. 
fusion has been detected by v i s u a l  examination, radiographing, or 
fluorescent penetrant tes t ing.  
isolated inclusions have been found i n  most of the 36 welds. 
Positive ident i f icat ion is  being established by destructive 
tes t ing.  The inclusions are not considered t o  s ignif icant ly  
compromise weld quality and it is  expected tha t  they can be 
largely avoided i n  the future by be t te r  weld jo in t  preparation and 
by more closely controlled welding conditions. 

No crscklng or incomplete 

What are  apparently a few small 
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Test Section Liner. Sil icon carbide is being considered as the  
inner l i n e r  material of the t e s t  section i n  the model ATR loop. 
It has a high s t ruc tura l  capacity a t  elevated temperatures and 
it has a high resistance t o  damage from thermal shock. Some 
commercially available materials have been obtained and sub- 
jected t o  i n i t i a l  thermal cycling screening t e s t s .  
long sections of a hollow cylinder of S ic  bonded w i t h  Si3N4 
(four-inch OD, three-inch I D )  and one of self-bonded Sic  (three- 
inch OD, two and one-half inch I D )  have been thermal cycled 
between room temperature and 2000 F, and room temperature and 
2350 F. 
an a i r  quench fo r  another s e t  f o r  each of the two cycles involved. 
After 20 cycles, the s i l i con  carbide showed no deterioration. 
Also, a small cube of s i l icon  carbide foam was  cycled 20 times 
between room temperature and 2350 F. 
do apparent damage t o  the S ic  foam. 
low tha t  it w a s  damaged by normal handling. 

Three-inch 

Cooling was  i n  s t i l l  air fo r  one s e t  of samples and by 

The thermal cycling did not 
However, i t s  strength was so 

TD Nickel. 
temperature gas applications, there have been some unexpected 
resu l t s .  Vendor characterization of the metal includes the 
following: the thor ia  dispersion pa r t i c l e s  a r e  about 0.1 micron 
in diameter, the  recrys ta l l iza t ion  temperature i s  well above 
2000 F, and except possibly f o r  high temperatures (> 2550 F),  
annealing should produce a f ine  grain s ize  (< 3 micron diameter). 
The TD Nickel under study a t  Hanford does not have t h i s  character. 
It had thoria  pa r t i c l e s  up t o  two microns i n  diameter and ex- 
hibi ted recrys ta l l iza t ion  and growth of grains t o  100 microns i n  
dimension when annealed between 1400 and 2000 F. 
persion apparently i s  needed ts achieve the high recrys ta l l iza t ion  
temperature range and a small recrystal l ized grain s ize .  Further, 
the la rger  thor ia  pa r t i c l e  s ize  wi th  i t s  greater  i n t e rpa r t i c l e  
spacing has probably compromised the high temperature properties 
of t h i s  par t icu lar  metal. 
the  i n i t i a l  order with TD Nickel representative of normal produc- 
t ion.  

In evaluating TD Nickel ( N i - 2  w/o Tho;!) f o r  high 

The f ine  dis- 

The vendcr has indicated he w i l l  replace 

Neutron Dosimetry and Radiation Effects Studies. Cross-sections, 
cri, which are  useful f o r  computing the flux, q, of neutrons lying 
between energy E, and 107 ev can be obtained from the following 
eqJat i on : 

- 

- - 4 oi(E)v(E) dE Qi - 
/qlo7 ;(E) dE 
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Values of fo r  sulfur, nickel and iron ( l i s t ed  in decreasing 
order of r e l i ab i l i t y )  were calculated using best available data 
for  the energy dependent absorption cross sections, cri(E), and 
values of y(E) computed fo r  a simulated C-Reactor l a t t i c e  from 
one dimensional multi-group, multi-region transport theory 
(Table I). 
of integrated C-Reactor fluxes of neutrons having energies greater 
than 0.18 MeV or 1.0 Mev (the thresholds commonly used i n  radia- 
t ion damage stxdies) for different positions i n  the l a t t i c e  ce l l .  
The large variation i n  neutron f lux over the c e l l  dimension, as 
shown i n  Table I, implies even larger  changes w i t h  reactor type 
and design, and i l l u s t r a t e s  the necessity fo r  determining cross- 
section values f o r  different i r radiat ion f a c i l i t i e s  i f  radiation 
damage data are t o  be compared meaningfully. 

The values, t o  good approximation, permit calculation 

TABLEI  

0-i VALUES CALCULATED FOR C-REACTOR LATTIa 
- 
BY TRANSPORT-THEORY ANALYSIS (GE-HAPO-S-XI) 

Ratio, 

Cylindrical c e l l  E1 = 1 91 24 97 

1: = 12.0 cm E ~ = O .  18 34 9 37 

Center of process- El = 1 106 28 72 
tube w a l l  2.19 
r = 2.14 cm E1’0.18 48 13 33 

Center of fue l  % = 1  103 28 47 

boundary 2.65 

1-97 
r = 0.0 cm E1=0.18 52 14.2 24 

A two-dimensional transport-theory analysis i s  i n  progress fo r  
the N-Reactor l a t t i c e .  
i n to  potential  f l u  gradients along the tube channels t ha t  would 
give r i s e  t o  differences i n  graphite contraction rates .  

The resu l t s  should provide an insight 
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6. Gas-Cooled Reactor Studies 

B4C Graphite Irradiations.  
B4C graphite i s  currently under i r radiat ion i n  the Snout I1 
f a c i l i t y  of KW. 
higher than anticipated fo r  exposure conditions. 

Hot-Capsule Temperature Calculations. 
have been performed in the MI% and ETR i n  "hot capsules". The hot 
capsule i s  a small device which u t i l i z e s  gamma heating t o  achieve 
desired irradiation temperatures, but the temperature is not mi- 
tored. The internal  construction of the capsule consists of four 
quarter-round samples, 4 inches long, which fom a 0.750-inch 
diameter cylinder. A t  each end a 0.375-inch long graphite co l la r  
holds the samples in place and increases the diameter t o  0.875- 
inch. 
within an aluminum capsule by two vitreous-alumina insulating 
rods which engage i n  shallow holes macnined ax ia l ly  in the ends 
of the cylinder. 

Capsule jf6 containing f ive  samples of 

Operation i s  sat isfactory but the temperature is 

Many i r radiat ions of graphite 

The irregular graphite cylinder thus formed i s  centered 

Helium f i l l s  the annular space. 

Expected temperatures of "hot capsules" as a function of ganrma 
heating were hand-calculated in the past using re lat ively Simple 
approximative methods. Recently the 7090 computer has been used 
t o  obtain much more sophisticated estimates of temperatures. For 
specimens exposed in the EFR a t  gamma heating ra tes  of about 
8 watts/@; the average sample temperature has been reported in the 
range 500 t o  TOO C on the basis of previous calculations. 
newly calculated temperatures f i t  in to  t h i s  range, although they 
are on the high side.  m i c a 1  temperatures calculated f o r  heating 
ra tes  of 4, 8, 16 and 20 watts/g were respectively 407, 668, 1040, 
and n80 C. The radial  temperature drop fo r  an average sample 
temperature of 650 C i s  5 C and the longitudinal drop is 60 C. 

In-Reactor Creep of Graphite. The second tensile-creep capsule 
GEH-13-91 has been removed from the ETR a f t e r  three cycles. 
th i rd  capsule, GEH-13-92, has been fabricated and is  a t  the El!R 
for  ins ta l la t ion  t h i s  montn. 
cycles of operation depending on the exposure per cycle. 

The 

The 

It i s  scheduled f o r  three t o  six 

Sic Coatings f o r  Graphite. 
been loaded and i s  scheduled f o r  the hot t e s t  hole a t  K-Reactor. 
This boat, the l a s t  of the ser ies ,  contains tubes, rods, spheres, 
and rectangular parallelepipeds of 901-S and AX-25 graphite 
coated w i t h  Sic.  
1200 C i n  flowing a i r  about 900 times t o  t e s t  coating in tegr i ty  

The th i rd  boat of coated pieces has 

The samples have been cycled between 250 and 
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p r i o r  t o  i r radiat ion.  
cycled again t o  determine whether reactor exposure had any ef fec t  
an coating integri ty .  

After i r rad ia t ion  they w i l l  be thermally 

Graphite Radiation Damage Studies 

Annealing of Irradiated Graphite. 
determining the coefficient of thermal expansion (CTE) a t  temperatures 
up t o  1000 C i s  under construction. Using four 0,0001-inch d i a l  
gauges, it w i l l  handle four specimens simultaneously i n  routine 
thermal expansion measurements. Also under construction is  another 
argon-atmosphere, quar tz  CTE appara us, capable of measuring length 
changes during annealing t o  2 x lo-' in. The f e a s i b i l i t y  of ex- 
tending dilatometric measurements on i r radiated graphites t o  tem- 
peratures of 1000 t o  2500 C i s  also being investigated. 

An argon-atmosphere apparatus f o r  

Radiation Damage i n  Graphite. 
d i rec t  information on the e l a s t i c  properties of a material under 

Sonic-modulus determinations yield 

microscopic deformations. 
using formulas re la t ing modulus t o  t h e m 1  conductivity and 
thermal expansion. 

Additional information can be derived 

The apparent c rys t a l l i t e  s ize  i n  graphite is  commonly calculated 
fromthe broadening of x-ray d i f f rac t ion  l i nes .  
broadening i s  caused by only that  portion of the m t e r i a l  perfect  
enough t o  produce diffract ion.  
phonon mean f ree  path, which is  analogous t o  a c r y s t a l l i t e  s ize ,  
using the following relationship: 

However, the line 

It i s  a l so  possible t o  calculate a 

X = 113 Cp A v 

where K is the thermal conductivity, Cp i s  a volumetric spec i f ic  
heat, A is the phonon man f ree  path, and v i s  the phonon velocity. 
The phonon velocity i s  assumed t o  be equal t o  the velocity of 
sound, vs, which i s  proportional t o  the square root of the e l a s t i c  
modulus, E. 

. 

Using these relat ions,  the following r a t io  i s  obtained f o r  ir- 
radiated graphite re la t ive  t o  unirradiated graphite. 

Such r a t io s  were calculated from K and E f o r  graphite msde from a 
lampblack base and heat treated t o  3000 C. 
2600 Mwd/AtK a t  650 C (equivalent t o  6 x 1020 nvt, E > 0.18 blev), 

After i r rad ia t ion  to 
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the r a t i o  h/ho for  two samples was 0.29 f 0.01. 
by a factor  of three i n  the mean f ree  path i s  equivalent t o  a 
ten-fold increase i n  scattering centers. 

Although the mean f ree  path f o r  phonon scattering w a s  reduced 
by t h i s  i r radiat ion,  the apparent c rys t a l l i t e  s ize  measured 
from x-ray l ine  broadening increased from 170 t o  350 A.  
plausible explanation i s  tha t  the apparent increase in La after 
i r radiat ion i s  not due t o  c rys t a l l i t e  growth but i s  due t o  re l ie f  
of microscopic s t resses  believed t o  ex is t  i n  lampblack-based 
materials. 

An additional quantity obtained thermodynamically is Gruniesen's 
constant, v, which i s  given by 

This decrease 

A 

where V is the molar volume, cy i s  the coefficient of thermal ex- 
pansion, K i s  the compressi.Dility, and cv is  the molar specif ic  
heat. 
frequencies on the volume. As the crystals  are compressed, they 
become harder, the restoring forces between atoms become larger ,  
and the vibrational frequencies increase. 

y is a meas-ae of the dependence of the l a t t i c e  vibrational 

Since radiation-induced changes i n  volume and specific heat are  
small, t o  good approximation the relat ive change in y i s  given by 

For the case of i r radiated lampblack samples y/yo = 2/3, which 
implies that the l a t t i c e  frequencies in th is  material a re  l e s s  
sensit ive t o  volume changes a f t e r  i r radiat ion.  

8. Aluminum Corrosion and Alloy Development 

A new in-reactor t e s t  of unfueled aluminum clad fue l  elemsnts was 
prepared and charged in to  H-1 Loop. It w i l l  run f o r  three months 
under the same conditions as the discharged test (i.e.,  550 F, 
pH 4.5 H 3 q ,  flow velocity 25 f t /sec) .  

Design i s  progressing on the modification of C-1 Loop f o r  corrosion 
tes t ing  of aluminum-clad fue l  elements. 
f o r  the valves, piping, and control equipment required. 

Orders have been placed 
The loop 
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i s  ready t o  remove from105-C and s t a r t  modification work in 
the H-Area shops. 

Effect of Corroding Iron on the Oxidation Rate of Aluminum. 
Draley and Ruther (Conference on the Corrosion of Reactor 
m t e r i a l s ,  Salzburg, June 1962) proposed a corrosion mechanism 
f o r  aluminum based on deposition of colloids fromthe corrosion 
environment. It w a s  assumed tha t  the colloid inhibits corrosion 
by plugging pores and cracks i n  the aluminum oxide film. While 
the major source of the precipitating colloid was assumed t o  be 
aluminum oxide corrosion product, corrosion of loop msterials was  
also considered as a source. Possible e f fec ts  of iron oxide on 
the dynamic corrosion of aluminum were investigated by insertion 
of carbon s t ee l  coupons in the center of the normal loading of 
aluminum coupons. 

Corrosion rates  were compared for  aluminum coupons upstream and 
downstream from the corroding carbon s tee l .  
f a c i l i t y  was operated w i t h  demineralized water at  330 C, 9.4 gph 
refreshmnt and 25 fps l i nea r  flow rate .  
penetrations on x-8001 alloy coupons were about equal f o r  coupons 
upstream and downstream from the carbon s tee l .  
t ions f o r  two upstream and two downstream coupons were 0.90 and 
0.96 mil, respectively. 
in the absence of carbon s tee l ,  the penetration a t  10 days was 
0.85 m i l .  The exposure has been continued t o  30 days; however, 
the data at 10 days indicate no significant effect  of corroding 
i ron on the aluminum corrosion rate under the conditions of this 
t e s t .  

The dynamic corrosion 

After a 10-day exposure, 

Average penetra- 

In a previous run a t  the same conditions 

9. Metallic Fuel Element Development 

b t a l l i c  Thorium Fuel glement Fabrication. Tvo Th-2.5 w/o U- 
1 w/o Zr ( fu l ly  enriched uranium) al loy ingots, 5.50-inch 
diameter, were vacuum welded in Si-& cans of 0.195-inch w a l l  
thickness and upset a t  615 C i n  a 6.090-in~h diameter container. 
The upset material, approximately 5.650-inch dianueter, w a s  
machined and bored t o  form b i l l e t s  f o r  coextrusion. The billets 
were assembled by electron beam vacuum welding both the Zircaloy 
and Si-Cu end plates.  The f i n a l  b i l l e t s ,  109 and 133 pounds of 
alloy, were coextruded on the 27'00-ton, 333 B l d g . ,  extrusion 
press. Extrusion conditions were: 45hour b i l l e t  preheat at  
760 C (1400 P), b i l l e t  lubrication - Aqua-Dag, container tern- 
perature - 425 C (800 F), 1.790-Fnch die, l.05O-inch mandrel, 
ram speed - 14 inches per minute, extrusion r a t i o  - l7:l. The 
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material was extruded h t o  s t e e l  catch tubes t o  prevent con- 
tamination i n  event of break-through and rolled i n  the  catch 
tube cn the run-out table .  

The peak forces required f o r  extrusion were 1670 and 1535 tons. 
The result ing extrusion constants were: 

Extrusion Constant - "K" - TSI 
Run - Star t  - Bi l l e t  No. Extrusion No. 

129 
130 

L- 6 
L-7 

21.0 
19.2 

18.5 
17 95 

The over-all extrusion lengths were 18'-43" and 22'. 
tubes were sectioned t o  provide s q l e s  at  f ront ,  middle and 
rear fo r  clad thickness measurement, examination of clad-core 
bonding, and alloy structure.  
not completed, but visual inspection indicates extremely smooth 
clad-core interface f o r  both extrusions with no problems ex- 
pected from clad variation. The copper was chemically stripped 
from a section of each extrusion f o r  examination of the Zircaloy 
surfaces. 
and exhibit  no problem with CU-Zr comgound formation. 
over the Zircaloy clad and as-extruded hardness are given below. 

These 

Clad thickness lllleasurements are 

The surfaces cleaned uniformly, were re la t ive ly  smooth 
Dimensions 

B i l l e t  
No. 

129 

130 

Locat ion 

Front 
Middle 
Rear 

Front 
Middle 
Rear 

(ID ID 
(inches)* (inches)* 

1.753 1.054 
1.759 1.058 
1.760 1.060 

Hardness 
RF 

75 
70 
71 

69 
71  
70 

*Average of four readings at  45'. Variation H 0.001. 

The extrusion constants and as extruded hardness values a re  in 
good agreement w i t h  those determined f o r  th i s  a l loy in the p i l o t  
heats using natural  uranium. 
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10. USAEC-AEZL Cooperative Program on Development of Heavy Water 
Moderated Power Reactors 

19-Rod Boiling Burnout Report. 
data for  19-r& bundles was completed in rough d ra f t  form. 
abstract of the report is  as follows: 

"Boiling burnout heat f lux data were obtained with e lec t r ica l ly  
heated 19-rod bundle t e s t  sections i n  a 3.25-inch ID cylindrical  
tube with axial. f l a w  at  1200 psig. Five t e s t  sections were used 
which included heated lengths of 18.5, 19.5, and 76 inches and 
spacings between rods of 0.015, 0.050, 0.074 inch as maintained 
by sp i ra l  wire wraps on 12  of the 19 rods. 
5OO,OOO t o  5,000,000 lb/hr-sq f t  were investigated with sub- 
cooled coolant i n l e t  conditions and out le t  conditions q t o  
36 w/o steam. 

"The data show an effect  of both rod spacing and mass velocity 
on burnout heat f lux fo r  a 19-rod bmdle. 
a 0.074-inch rod spacing would have a burnout heat flux com- 
parable t o  the more regular geometries (such a6 annuli, c i rcular  
tubes, or  rectangular channels) f o r  out le t  conditions near 
saturation. 
O.05O-inch rod spacing, the mass velocity must be a t  l ea s t  
2,000,000 t o  3,OOO,OOO lb/hr-sq f t  in order t o  avoid very severe 
reductions i n  burnout heat f lux compared t o  the 0.074-inch 
spaced rod bundle." 

Boiling Burnout with 19-Rod Test Sections Without Wire Wraps. 
Nineteen boiling burnout points were obtained with an e l ec t r i -  
cal ly  heated model of a 19-rod fue l  bundle without the usual 
w i r e  wraps t o  maintain a 0.05O-inch spacing between rods. 
out heat f l u  ranged from 300,000 t o  1,600,000 Btu/hr-sq f t  f o r  
mass velocit ies of 500,000 t o  5,000,000 lb/hr-sq f't and exit con- 
di t ions varied from 13.5s bulk quali ty t o  160 F degrees bulk sub- 
cooling. 
section i n  the horizontal position. 

The report of boiling burnout 
An 

Bss veloci t ies  from 

A lg-rod bundle with 

However, f o r  rod bundles with O.Ol5-inch or  evec. 

Burn- 

A l l  data w e r e  obtained a t  1200 psig with the t e s t  

The bundle consisted of 19 Inconel X tubes, 0.587-inch OD by 
0.0125-inch w a l l  and with a heated length 19.5 inches long. 
The 0.05O-inch thick "warts" used f o r  spacing w e r e  ceramic 
supports located a t  two cross-sections on the heated portion of 
the bundle, 6.25 inches from the ends of the heated section. 
The bundle w a s  housed i n  a 3.25-inch I D  pressure tube. Each of 
the tubes had a themcouple  instal led at  i ts  downstream end t o  
measure an average inside w a l l  temperature. Five thennocouples 
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were a lso  instal led be+,weers the rods a t  the downstream end t o  
provide some measure of the differences in loca l  coolant 
temperature. 

Eight experimer;ts were done i n i t i a l l y ,  a l l  a t  moderate or low 
coolant flow rates.  The eighth experiment resulted i n  physical 
b m o u t  w i t h  gross e l ec t r i ca l  arcing and burning of the rods. 
A l l  of the center seven rods were replaced as well as two outer 
rods which had developed leaks. 
made with the repaired t e s t  section. 
resulted i n  physical burr.aut. 
disassembled, but ir;dications are tha t  most or a l l  of the inner 
rods are badly dama@;ed. 

Ten additional experiments were 
The tenth experiment again 

The t e s t  section has not been 

Analysis of the data has not been s tar ted.  
l ininary perusal of the data indicates t ha t  the burnout heat 
fluxes obtained are  very neariy the same as those obtained with 
a t e s t  sectiori ident ical  t o  th i s  cne except tha t  wire wraps were  
used t o  maintain the rod spacing. 

However, a pre- 

Dome Seal Tsrpe Nozzle Closures. 
nozzle, and t e s t  apparatus i s  complete. 
cessfully tes ted a t  a hydrostatic pressure cf 2650 psig, 156 of 
the adjusted working pressure. The working pressure of 1500 psig 
was adjusted upward by a r a t i o  of allawable design s t r e s s  at 70 F 
divided by the design s t r e s s  a t  570 F. 
leakage e 

Fabzication of seal ,  t e s t  
The seal has been suc- 

There was no t race  of 

The seal  was  leak tes ted a t  steady s t a t e  conditions of $70 F 
and 1 5 0 0  psig f o r  116 hours. 
leakage, 
cooled cocdensate l i n e  leading t o  a collection f la sk .  
plet ion of t h i s  t e s t ,  the seal was disassembled. 
wear was observed on sea l  ring, dome, or nozzle. 

There was no indication of 
The space above the dome was sealed and had a water 

A t  cam- 
No damage or  

To establ ish the iriitial seal in t h i s  type closure, the dome i s  
preloaded t o  expand the sea l  ring in to  contact with the nozzle. 
This preload i s  obtained by a nut a a stud which is an integral  
par t  of the dome, Ir these t e s t s  the ioitial torque on th i s  nut 
when the sea l  i s  assembled i s  100 lb - f t .  A t  the  conclusion of 
the 116-hour t e s t  run w i t h  the sea l  cold and depressurized the 
torque required t o  loosen the nut w a s  zero. 
loosening i s  not understood a t  t h i s  time. Examination of com- 
ponent par t s  did not reveal ar;y unusual deformation o r  wear. 
The poss ib i l i ty  ex is t s  t ha t  the tightening load was inadvertently 
relieved d u i n g  hydrostatic testing as  the sea l  was not 

lfne cause of 
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disassembled or retorqued between tne hydrotest and the 
steady s t a t e  leak t e s t .  
gated more thoroughly in the remaking tests. 

This phenomenon will be investi-  

11. Advanced Reactor Concept Studies 

Fast Supercritical Pressure Power Reactor. 
carried out t o  investigate the effect  of group capture cross 

Calculatians were 

sections i n  U-238 which span the resonance r e g i a  011 reactor 
physics characterist ics of the Fast Supercrit ical  Pressure 
Power Reactor. 
drogen in  t h i s  f a s t  system, it was suspected tha t  there may be 
substantial absorption i n  U-238 resoliacces due t o  spectral  
degradatiorL. On the other hand, neutrons which escape capture 
in t h i s  region interact  wi th  the lower lying Pu-239 fissioL 
resonances result ing i n  increased multiplication. 
are  thus importaxit i n  arrivillg a t  a more accurate value fm the 
coolant react ivi ty  coefficient.  

Becaase of the relat ively large amount cf hy- 

These e f fec ts  

The 18-grcup cross section s e t  being used t o  design the Fast 
Supercrit ical  Pressure Power Reactor core u t i l i z e s  unshielded 
U-238 capture cross sections. To evaluate the importance of 
self-shield-, the resonance cross sections in 5 groups span- 
ning the energy range 6-1000 ev were a rb i t r a r i l y  reduced by a 
factor of two. 
6$ Lk/k a d  reducing the coolant void coefficiect  t o  about 75% 
of i t s  former value. 
i s  too s ignif icant  t o  neglect. Self-shielding factors are now 
being calculated f o r  the appropriate resonances. The net effects  
of using properly self-shielded cross sections will be a decrease 
i n  the predicted enrichmect requirements and i L  the void CC- 
e f f ic ien t .  

This had the effect  of increasing K&f by about, 

It is  therefore apparent t ha t  t h i s  e f fec t  

Work i s  8 6  complete on obtahiing a limited 18-gr~up cross 
section se t  fo r  use w i t h  Sx computer code (transport theory) 
t o  provide an independexit check of design calculations f o r  the 
Fast Supercrit ical  Pressure Power Reactor core. 
section se t  i s  limited i n  t ha t  it only contains cross sections 
for  the material i n  the Fast Supercrit ical  Pressure Power Reactor 
core. Also, the U-238 crass sections are  not corrected f o r  se l f -  
shielding 

!The crass 

The ef fec t  of redesigning first pass coolant channels t o  reduce 
coolant inventory was calculated. The eririchmlit l eve l  was re- 
duced approximately lo$ as a resul t  of decreasing coolant Inven- 
tory ,  Further parametric studies will be perfcrme3. t o  establish 
fue l  design. 
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The st,udy sf Fast Szzercr i t icai  Pressure Pmer Reactor fue l  
element t fqe ra tu rez  ar.3 heat i ~ s s e s  is contir-uing usixig the 
S m  code a d  a new hear csIxlLtcti3xi mr,3elo This new mde l  
has the ccjdant tubes il; a tria-ular l a t t i c e  and permits 
stlidy of cases with t,ubeE LEX+, t o  the fue l  elemexit ou+er 
cladding. 
insulaticn funickrress2 ar-3 cladding thiclaess .  
been. s p l i t  ixito 440 small nodes for greater f l e x i b i l i t y  and 
accuracy LC c a l c d a t i x s ,  
changing rcde s ize  wirhou: exceEsiw inpst change. The new 
model iE preser;tly be-hg debugged ir, the STarp code. More 
receIjt da ts  on physical properties of the Zro;! insulatian 
agree with previous mluee used ixi Scpercr i t ical  Pressure Power 
Reactor design cal-ulaTlzns. 

1s Fsss;ble t3 study varykg fue l  element shapes, 
The madel has 

A t e r u q u e  was developed fo r  

Segmented Csre f c r  Wsai Sccled Fast Reactors. 
ploratory calcu2a:iacs were ZoPpleteJ using the YOM 16 group 
cross secticn set t c  iLvestigate the f e a s i b i l i t y  of the seg- 
mented core desigr, corAcept :rA a l i q u i d  metal ccaled f a s t  breeder 
reactor. 
values compared with FCR result5 indicate tha t  the  YOM 16 group 
se t  may need revision i n  the 1c-d energy region f o r  f a s t  systems 
w i t h  degraded specta, 
segment although not yet c c q l e t e i y  evaluated appears promising. 

Additional ex- 

Substant ;ai disagreemr2 in calculated reac t iv i ty  

The use of berylhum as t8he moderatirig 

Use of mutonium i n  Space ar-3 Rccket Reactcrs. 
document describmg the original Piutonium Fuel Spacecraft Re- 
actor concept i s  ccntinuing. Completion of the rough d ra f t  is 
scheduled for ear ly February. 

Prelimkary results b d i c a t e  that the applicatioc cf the 
"moderatcr-segniented f a s t  cere" ccncept t o  the Plu+or;im Fuel 
Spacecraft Reartsr, wLth the additior. of boron as a bumable 
rjcisoL adjaceEt t.c the  mderated area, may s ignif icant ly  de- 
crease mechanlca; ccaitrjl requLremects f o r  the Plutmium Fuel 
Spacecraft R=actDr. 
of up t o  20$ Ak with t h i s  scheme; mar-ipulation of the moderating 
elements could p r c ~ d e  arzcther 10$ 2ko 
crease ir, reactor diameter is m l y  abcut 15$ above tha t  f o r  the 
straight plutocium-fueled ccre By fur+,her modifications t o  the  
moderating zone, even greater iaherent c m t r o l  spans may be 
feasible  

Total ccnrfrol requlremects for the Plutoxiium Fuel Spacecraft 
Reactor have previmsly beer- estimated at  about 35$ Ak t o  

Preparation of a 

Results indicate an hheren t  csntrol  span 

The correspondkg in- 

achieve the desired 2C,000-hcur cclre l i f e .  Adaptaticn cf the 
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moderator-segmented core concept 
as the Plutonium Fuel Spacecraft 
siderable promise of providing a 
without undue sacr i f ice  of controllabil i ty.  

Studies are continuing of the effects  of varying moderating- 
zone composition and geometry, and the use of burnable poisons, 
f e r t i l e  materials, or combinations. 

m-76315 

t o  compact fast reactors such 
Reactor appears t o  of fe r  con- 
major increase i n  endurance 

Won-Base Reactor. 
50 We, "Phoenix fuel" reactor fo r  powering a lunar base are  
being carried out by Physics and Instruments Laboratory personnel. 
The moon-base reactor i s  currently envisioned as an epithermal 
reactor u t i l i z ing  a combined moderator-fuel loading; with a 
niobium alloy as in-core s t ructural  material. 
indirect  cycle reactor is  being considered in i t i a l ly ;  it i s  ex- 
pected tha t  other coolants w i l l  be considered a t  a l a t e r  date. 

Preliminary physics calculations on a 10 t o  

A lithium-cooled, 

D. DMSION OF RESEARCH - 05 PRCGRAPI 

1. Radiation Effects on Metals 

This program i s  aimed a t  establishing the effect  of neutron ir- 
radiation on the properties and structure of specific metals 
containing known impurities, and t o  determine how the damage 
s t a t e  i s  al tered by thermally activated recovery processes. 
Studies on single crystal  and polycrystalline specimens of 
molybdenum which have been irradiated t o  l$8 and ld.9 nvt 
(E > 1 MeV) are  progressing. Carbon in three concentration 
levels is  the  intentional impurity. 

Single Crystal Molybdenum. Length changes in irradiated single- 
crystal  molybdenum samples have been determined using gage-block 
comparator techniques sensit ive t o  10 IY croinches. Samples had 
sustained exposures t o  two levels,  l& 
and contained ca bon i n  three concentration ranges. 
radiation t o  Id- nvt the sample lengths changed very s l ight ly ,  
f romless  than 10 t o  20 microinches for a l.5-inch sample, o r  
about O.OOl$. 
120 microinches, a change of the order of 0.015. 
carbon content had no effect  on the length changes. 
w i l l  be used f o r  comparison with l a t t i c e  parameter changes, mea- 
surements of which are currently in progress. 

and 1019 nvt (E > 1 Mv), 
After ir- 6 

After 1019 nvt, the length change was 100 t o  
The leve l  of 

These values 

De 1Cfg nvt (D 1 &v) are  being examined. Large subgrains are 
rmation modes i n  molybdenum single crystals  i r radiated t o  
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formed i n  the deformed irradiated c r y s Z a l s ,  and the Laue spots 
become dispersed ir;to patterns of smaller spots. 
is greater the higher the carbozi coxitent. DefoXXELtioo results 
in elongated Laue spots, or streaks, which are in some instances 
wavy and may intersect  an adjacent streak. This behavior is  
being studied t o  determine i f  i r radiat ion reduces the number of 
available s l i p  planes, limits the amount of deformation on a 
given plane, o r  encoursges the formation, of twins. 

Tensile deformation data fo r  molybdenum single crystals  are 
currently being analyzed i n  an e f fo r t  t o  obtain resolved shear 
s t ress  versus glide s t r a in  curves. Several problem areas exis t :  
(1) the uncertainty in selection of the s l i p  system upon which 
the stresses and strains are resolved, because of the d i f f i cu l ty  
i n  establishing the i n i t i a l l y  operative s l i p  system; (2) accurate 
determination of t rue  tens i le  s t r a i n  a t  s t ra ins  exceeding the 
range of normal extensometry techniques; ( 3 )  accurate determina- 
t ion of l a t t i c e  rotations a t  s t ra ins  pr ior  t o  the onset of 
necking; and (4)  the existence of a complex s t r e s s  condition 
a f t e r  necking occurs, as evidenced by the e l l i p t i c a l  and quasi- 
e l l i p t i c a l  specimen cross-sections observed in the necked regions. 
Regardless of . the system of resolution and assuming tha t  f o r  any 
s l i p  system the glide s t r a i n  may be calculated from knowledge of 
the original orientatian of the crystal  axis and the t rue  t ens i l e  
s t ra in ,  the flow curves f o r  a given c r y s t a l  w i l l  have the s a m  
general character is t ics ,  An optical  extensometry technique i s  
now under investigation. This technique involves photoengraving 
a calibrated gr id  on the specimen and following the deformation 
by time-lapse photography. A grid has been prepared with l i nes  
0-l-inch wide, spazed on one inch centers. The grid was photo- 
graphed at a reduction of one-tenth and w i l l  be fur ther  reduced 
one-fifth by projection orrto +,he gage length of the  single 
c rys ta l  t ens i le  specimer, the surface of which is coated w i t h  a 
photographic emulsicn. Development of the emulsion by standard 
methods w i l l  yield a gr id  network on the surface of the specimen, 
w i t h  gr id  l i nes  0.002-inch wide and separated by 0.020-inch. 

This effect  

The problem of determining l a t t i c e  rotations p r io r  t o  necking 
s t i l l  remains, With the x-ray tech-ique presently in  use, only 
the ax ia l  orientation at  the maximum load is obtained. Calcu- 
l a t ions  made t o  date have beer, based on the assumption tha t  
l a t t i c e  rotations are a l inear  function of t ens i l e  s t ra in .  

Attempts are being made t o  determize the nature of the t r i a x i a l  
s t r e s s  conditions prevailing i n  the  necked regions of the t ens i l e  
specimens so tha t  a t rue  resolved shear s t r e s s  may be calculated. 
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These combined s t resses  are being determined by study of the 
geometry of the necked cross-section a t  various values of the 
necking s t ra in .  

Resolved shear stress-glide s t r a in  curves have been determined 
fo r  three high-carbon crystals of similar orientation and three 
l eve ls  of neutron exposure (0, l0l8 nvt, and $9 nvt). 
Stresses and s t ra ins  were resolved onto three s l i p  systems: 
(101) [ill], (112) [ill], and ( U 3 )  [ I l l ] .  The c r i t i c a l  resolved 
shear s t resses  fo r  s l i p  on these three systems were determined t o  
be as follows: 

Axial Cr i t ica l  Resolved Shear 
Specimen Orientation Exp osure, nvt Stress,  ~g/mmz 

(101 ) (112) (213 1 
72 cci  [2 5 443 Unirradiated . .  14.2 14.6 14.1 

62 cci  1018 18.8 19.0 19.8 

72 Cc2 C7 LL 453 1019 23.8 28.3 26.8 

The unirradiated crystal  exhibited a very limited easy glide 
region, a limited region of l inear  hardening with a very high 
ra te  of s t r a in  hardening ( 0  = 250 - 360 &/nun2, depending on 

region. A t  lol8 and lois nvt, extensive regions of easy glide 
were observed, being greater f o r  the higher exposure. 
radiated crystals a lso  showed an extensive l i nea r  hardening 
stage with 011 values of 45-59 Kg/& and 20-35 K g / d  a t  lG8 
and 1019 nvt,  respectively. 
effect  of neutron i r radiat ion i s  t o  f a c i l i t a t e  the operation of 
conjugate s l i p  systems ( i .e . ,  on planes of one type) while 
res t r ic t ing  the ease w i t h  which dislocations may s h i f t  from one 
type of s l i p  system t o  another. 

s l i p  plane in question) an F an extensive parabolic hardening 

Both ir- 

These results indicate tha t  the 

The reduction of tens i le  data on single crystals  t o  usable form 
is  a tedious and time-consuming process. For t h i s  reason, a 
FORTRAN program is being prepared f o r  the 7090 computer before 
analyses are begun. 

Polycrystalline hlybdenum. Tensile tes t ing  f polycr$talline 
molybdenum specimens with. exposures of 0, d8, and 1 nvt is  
nearly complete. 
molybdenum containing less than 20 ppm carbon and less than 
100 ppm t o t a l  impurities. 

The specimens were machined from high-purity 

!The specimens were separated in to  
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three groups a2d annealed f o r  16 hours a t  temperatures of 
1050, 1300, and lj00 C, the objective bein& production of a 
completely recrystall ized s tmctnre  w i t h  three different  
average grain s i zes .  
material annealed at  1050, 1300, and 1500 C were 0.020, 0.025, 
and 0.029 mm, respectively. The three materials shuwed great 
differences i n  tens i le  properties. 
1050 C exhibited a pronounced yield point i n  the unirradiated 
condition, while the other two d id  not. 
a t  1500 C fractured before the ultimate t ens i l e  s t r e s s  was 
rea hed, but w i t h  an elongation of 26. 
ldL8 nvt, the 1050 C material again showed a yield point but 
a l s o  deformed inhomogeneously by Luders band propagation a f t e r  
yielding. 
necking immediately a f t e r  yielding. 
radiated 1300 C specimens was similar. 
specimens, nowever, failed i n  a b r i t t l e  manner before reaching 
a yield point. 
behavior of the three materials cannot be at t r ibuted t o  grain 
s ize .  
any change i n  microstructure, the specimens annealed at  1300 
and 1500 C showed s l igh t  surface contamination. 
effect  of oxygen i n  molybdenum i s  well established and i s  f e l t  
t o  be the contributing fac tor  in t h i s  case. The occurrence of 
a yield point i n  the unirradiated molybdenum annealed a t  1050 C 
i s  explained by the f a c t  that the material was  only p a r t i a l l y  
recrystall ized . 

The average grain diameters f o r  the 

The material annealed at 

The specimens annealed 

After an exposure of 

The same material w i t h  an exposure of l d - 9  nvt began 
The behavior of the ir- 

The i r radiated 1500 C 

It is believed t h a t  the gross differences i n  

Although no evidence was observed metallographically of 

The deleterious 

Foils of molybdenum, 0.003-inch thick, show spot defects due t o  
irradiation; a f t e r  post-irradiation annealing the spot defects 
disappear and larger  loops appear. The ident i ty  of the spot 
defects, clustered vacancies o r  interstitials, and the ident i ty  
of the larger  loop defects, possibly originating from growth of 
the spot defects or due t o  carbide-defect interactions,  are  not 
Imown. Various techniques have been considered f o r  moving d is -  
locations through the irradiated =&inch diameter by O.OO3-inch 
th ick  molybdenum t o  establish how dislocations interact  w i t h  the 
clustered defects. 
show promise. The f o i l s  were glued t o  recessed circular  regions 
on the f l a t  side of s t e e l  t ens i le  specimens which were strained 
ax ia l ly  i n  the range one t o  two percent. 
pre-strained and strained microstructure revealed by transmission 
electron microscopy it was concluded tha t  dislocatian movements, 
multiplication, and interaction w i t h  carbide precipi ta te  par t ic les  
had been achieved. The experiments are now being repeated with 
i r radiated f o i l s .  

Preliminary experiments on unirradiated f o i l s  

From a comparison of the 
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As disclosed i n  previous reports, molybdenum I o i l  stock, 
being u t i l i zed  m the radiation damage and recovery studies, 
i s  a l s o  bezng studied by quenching eqeriments.  
of t h i s  work Johnson-mtthey high puri ty  molybdenum f o i l  
s t r i p s ,  0.003-inch thick, were heated t o  successively higher 
temperatures, 2100, 2200, ahd 2300, and -23.50 C, and then 
quenched rapidly by a flow of helium. 
electron microscopy, no defects were observed. If aging at 
several temperatures produces no clustering, then it w i l l  be 
concluded tha t  defects introduced by quenching are not dis- 
cernible by electron microscopy techniques. Similar experi- 
ments on unirradiated molybdenum containing carbon are  i n  
progress t o  a id  i n  the formulation of damage mxhanisms i n  
molybdenum. 

In one phase 

After thinning and 

Polycrystalline $inch diameter rod stock of molybdenum, from 
which stored energy release, length change, hardness, and t ens i l e  
specimens were prepared and irradiated,  has been upset i n  four 
repeat operations a t  a temperature of 500 C t o  a diameter of 
0.790 inch. Attempts a t  upsetting a t  lower temperatures resulted 
i n  twisted non-uniform shapes, and fa i lure  of the die. If m e t a l -  
lography indicates tha t  the m e t a l  i s  f ree  of fabrication defects, 
then additional specimens w i l l  be similarly upset t o  provide 
stock which can be swaged t o  a smaller diameter. These specimens 
w i l l  be used t o  measure cold work energy release as a function of 
temperature i n  the d i f fe ren t ia l  calorimeter. 

E. CUSTOMW WOFX 

1. Radiometallurgy Examinations 

Examination of the second hole fa i lure  from U 6 6 ~  was completed. 
Cause of the  f a i lu re  was determined as groove p i t t i ng  in the 
spire .  Groove p i t t i ng  w a s  a lso found on the outer can w a l l .  
The p i t t i ng  i n  t h i s  element was l e s s  severe than tha t  i n  the 
first enriched element examined. (RM C-409) 

The la the i n  "F" Cell was used t o  remve excess boat resin from 
metallographic mounts of fue l  elements submitted f o r  etched 
number studies. 
and ve r sa t i l i t y  of t h i s  new equipment. 

This instance fur ther  illustrates the capabili ty 
(RM C-411) 

The transverse cracks on two process tubes (127l.D and 1386~) were 
examined and identified as fatigue failures. (RM C-412 and C-413) 
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Six pieces of XER aluminum process tube were sectioned in to  
17 t ens i le  blanks. (RM A457) 

Modulus of rupture t e s t s  were completed on nine ceramic 
material specimens from Boat #6. (RM A-459) 

2. Equipment Projects 

Cri t ical  Radiation Detection System. 
c r i t i c a l  radiation detection system i s  95% complete. 

Instal la t ion of the 

Pulse Annealing Furnace. 
furnace i n  '9'' Cell was completed. 

Instal la t ion of the pulse annealing 

Chip Collection Equipment. 
from holes milled i n  Pu-A1 alloy fue l  samples was  ins ta l led  In 
"F" Cell. 

Equipment f o r  the collection of chips 

These chips w i l l  be dissolved f o r  burnup analysis. 

W i p u l a t o r s .  
use i n  '3" Cell and "H" Cell, were received. 

Two light-duty extended-reach manipulators, f o r  

Cathodic Etchers. 
was designed and fabricated from PVC p las t i so l .  

A new sealing gasket fo r  the etcher b e l l  jar 

"C" Cell Outage. 
time i n  over three years, f o r  maintenance work on the cathodic 
etcher and the remote metallograph. 
included the ins ta l la t ion  of two b e l l  jars, two cathode plates ,  
and new in l e t  and out le t  water tubing Kith quick coupling shutoff 
valves. 
spection, adjustment, and lubrication. 
manifold was instal led f o r  the grinder-polishers. 
worthy that careful planning and coordination between the ylain- 
tenance, Examination, and Equipment groups resulted in only four 
days outage time. 

"C" Cell was shut down on 12/31/62, the f i r s t  

Work on the cathodic etcher 

The metallograph was  removed and disassembled f o r  in- 

It i s  note- 
In  addition, a new water 

Decontamination Cell Support Structure. 
support structure over the decontamination c e l l  w a s  completed. 
This structure w i l l  rel ieve the crane work load-. 

Ins ta l la t ion  of the 5-ton 

Project CGH-857, Physical and Mechanical Properties Testing Cell. 

a. Construction - Final equipment ins ta l la t ion  i s  awaiting 
receipt of equipment. 
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b. General - The ins ta l la t ion  of one Model 8 Extended Reach 
CRL Manipulator was completed. 
with the B&L Optical Gage w a s  sa t isfactory.  

Modifications were completed as  required t o  increase the 
speed of t rave l  of the three hydraulic l i f t s .  

Checkout of the manipulator 

Instron Tensile Grips. 
air-operated gr ip  w a s  completed. 
operational tens i le  tes t ing .  
gr ip  was begun. 

Neutron Radiography. 
f e a s i b i l i t y  of using neutron radiography f o r  inspection and 
examination purposes i n  the Radiometallurgy Laboratory. An 
outstanding advantage of t h i s  process, over x-ray radiography, 
is  the elimination of interference on x-ray f i lm caused by 
radioactive decay radiation. However, need f o r  t h i s  equipment 
a t  present does not seem t o  ju s t i fy  an expenditure of $25,000. 

Fabrication and checkout of the new 
The gr ip  i s  now in use for  

Fabrication of the mating lower 

A study w a s  completed t o  determine the 

3 .  N-Reactor Design Testing 

NPR Charging Machine 

During the report period a number of modificatians were made t o  
the N-Reactor charging machine. These included: 

(1) Six drive ro l l e r s  of a new design were fabricated and in- 
No d i f f i cu l ty  has been encountered with them t o  s ta l led .  

date. 

(2)  The e l ec t r i ca l  cables, which a re  cannected t o  the rear  photo 
ce l l - l i gh t  combination, which indicates when a magazine is 
too  f a r  t o  the rear ,  were damaged during welding of the rear 
pressure r o l l e r  bracket. These were repaired. 

(3) A second vane operated l imi t  switch was i n s t a l l ed  in se r i e s  
with the one t h a t  limits the upper t r a v e l  of the  ve r t i ca l  
l i f t  mechanism. 

(4) A l l  mechanical jo in ts  i n  the d i f f e ren t i a l  selsyn system were 
aligned and pinned. 

( 5 )  A relay which did not function adequately was replaced by a 
more adequate one. 
replacement has been completed. 

The rewiring necessary t o  make t h i s  

i 2 3 5 b 0  I 
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(6)  Twenty-six f u e l  loading magazines were approximately 
0.050 inch large on the  end t h a t  f i t s  i n t o  the nozzle 
adapter. A device w a s  assembled t h a t  would grind t h e  
ends of these magazines t o  the  correct  s i z e .  F i f teen  
of the magazines have been ground t o  the proper dimen- 
sions. 

A rough draf t  report  on Design T e s t  No. 18, Magazine Support 
Functional Testing, has been completed. 

All s t r u c t u r a l  modifications t o  the mockup, which were required 
by Design Test 22, Part  A, have been completed. 
f i l t e r  has been received. 
w i l l  not be avai lable  u n t i l  the  first of February. The nozzle- 
process tube combination f o r  use i n  t h i s  t es t  has been received 
but requires some addi t ional  inspection p r i o r  t o  use. 

The water 
Fuel f o r  use i n  t h i s  test  probably 

NPR Fuel Handling Tongs 

The p r i n t s  and a work order covering fabr ica t ion  and t e s t i n g  of 
the  NPR f u e l  handling multiple tongs were received. 
p a r t s  a r e  on order and shop estimates are present ly  being made 
f o r  fabr ica t ion .  

Required 

NPR Fuel Magazine Loader 

Effor t  has been directed 
i n s t a l l a t i o n  and t e s t i n g  
scheduled t o  a r r i v e  near 

toward provision of laboratory space for 
of the NPR magazine loader which is  
the end of t h i s  month. 

4. Special  Plutonium Fabrication 

Fission Product Transient Samples f o r  P h i l l i p s  Petroleum Company. 
Twenty-two, Al-clad, coextruded, tubular  f i s s i o n  product t r a n s i e n t  
samples were completed and snipped. 
a l l o y  cores, f i v e  contained Al-U-235 cores, and four contained 
Al-PLI a l l o y  cores. 
shipped t o  62 and completes the job. 

Tnirteen contained Al-U-233 

This brings the  t o t a l  number of elements 

High Exposure Plutonium-Aluminum Fuel f o r  Physics T e s t s .  
250 of the  3-foot long PU-A1 rods were completed and delivered 
f o r  physics tes ts  i n  the PCTR and PRCF. A t o t a l  of 450 of the 
1000 rods required now have been delivered. 

Another 

High Exposure Pu02-UCQ Fuel f o r  F l u  Monitor Tests. 
batch of 600 i n  i n  process. 

The first 
These are p e l l e t s  needed f o r  PRTR 

UNCLASSIFIED 



UNCLASSIFIED A- 57 

f l u x  monitor t e s t  f u e l  elements. 
19-rod c lus te r  assemblies w i l l  contain the p e l l e t s .  

Three rods i n  each of six 

Low Exposure mop-UOp Fuel f o r  Physics Tests.  Sintering of Pu@- 
Uo;! p e l l e t s  f o r  PCTR test  rods was postponed t o  permit completion 
of the  p e l l e t s  f o r  the  f lux monitcr elements described above. 

High Exposure Pu+-U@ Fuel f o r  Physics Tests. 
of pU@-Uo;Z required fo r  PCTR t e s t  rods w a s  completed. 
mately two pounds of the material  was processed by high energy 
impaction as an i n i t i a l  s t e p  i n  a program t o  determine t h e  
f e a s i b i l i t y  and economics of making t h e  f u e l  material  i n  this 
manner ra ther  than by pe l le t iz ing .  

Ini t ia l  blending 
Approxi- 

High Exposure Plutonium-Aluminum Fuel f o r  Corrosion Tests. 
Pu-Al, single  rod elements required a r e  cut from coextruded rods 
containing ~ 1 - 8  w/o Pu-2 w/o N i  clad i n  aluminum. End caps are 
welded on a f t e r  counterboring and decontaminating the cladding. 
(Init ial  closure attempts were unsuccessful because of Pu con- 
tamination i n  the weld.) Ef for t s  a r e  continuing t o  provide a 
weld area f r e e  of plutonium. 

The 40 

EBWR Plu',onium f ie1 Elements. 
schedule. 
was  received, and burning t o  PUQ w a s  initiated. 
placed f o r  Zircaloy rod t o  make end caps. 
in April .  
t o  the ul t rasonic  t e s t  requirement. 
and new bids a re  due January 29. Bids were requested f o r  fusing 
the 5000 lbs  of depleted uranium needed, and the order should be 
placed by February 15. 

Material procurement continued on 
The unclassified plutonium required f o r  t h e  job (60 Kg) 

An order w a s  
Delivery i s  expected 

All bids received f o r  the  Zircaloy tubing had exceptions 
The exceptions were resolved 

A project  proposal f o r  the f a c i l i t y  t o  v ibra t iona l ly  compact t h e  
EBWR f u e l  rods was  prepared and i s  c i rcu la t ing  f o r  approval. 
Meanwhile, design of the  f a c i l i t i e s  continued with completion 
expected in February. Other a c t i v i t i e s  i n i t i a t e d  included a 
c r i t i c a l i t y  review of the  fabr ica t ion  process and a determination 
of the  optimum blend of powder s i z e s  required f o r  high densi ty  
compaction. 

Some revis ion of t h e  f u e l  rod and assembly design was  required. 
Modifications were made t o  permit remote removal and replacement 
of individual rods i n  the  c lus te r .  The need f o r  g r e a t e r  f i s s i o n  
gas re lease and retent ion capabi l i ty  i s  under invest igat ion,  and 
s tudies  of the f u e l  assembly heat t r a n s f e r  c h a r a c t e r i s t i c s  were 
initia'ied. I 3d U 6 - j  

Manager, Reactor and Fuels Laboratory 
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N-Reactor Experiments 

A preliminary determination has been made of the  control strength of a 
spline i n  an NPR cross coolant channel (H20 f i l l e d ) .  
the spline has a control strength about. one-fifth as strong as the boron 
horizontal control rod. 

calculations of M2 ana 
The P-3 p~ogram was used t o  determine the l a t t i c e  flux distributions.  
calculations were normalized t o  the measured values f o r  no p i l e  flooding. 

The results show that 
. 

have been made as a function of p i l e  flooding. 
The 

Data f r m t h e  NPR condensed and mockup PCTR experiments a re  being reviewed 
before the f ina l  draft of a document giving the N-reactor l a t t i c e  parameters 
i s  prepared. 

Optimization of Retubed Lattices 

All  measurements planned f o r  CIIN (regular 'ICt') and w e t  CVIN ( Overbore) 
me1  have been completed. 
being prepared. 

Measurements for both f'uels without coolant are 

Angular Distribution of Thermal Neutrons 

An &icle  en t i t l ed  "Measurement of the Angular Distribution of Thermal 
Neutrons at the Surfaces of Cadmium Rods"  has been c q l e t e d  f o r  submission 
t o  Nuclear Science and Engineering. 

Calculations of the  space-energy-angle dis t r ibut ion of the  neutron flux i n  
the  PCTR with a copper bar on the  axis are  i n  progress with HAP0 Program 
S-XI.  
SUMMIT kernel. 
This result indicates t he  poss ib i l i ty  of a basic weakness i n  the  SUMMIT 
kernel i n  calculating t ransfer  cross sections f o r  graphite. 

The thermal miltigroup t ransfer  matrix w a s  calculated using t he  
Early runs indicate that the  spectrum i s  a l i t t l e  too fast. 
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Computational Programming Services 

The necessary arrangements fo r  placing ICEM7, the comprehensive wponential 
data processing code, i n  production status have been c q l e t e d  with Data 
Processing Control. Forms have been designed, printed, and distributed. 
T s s t  data are now being run tbraugh the procedure. 

Theory E b q  eriment Correlation f o r  Program GROUSS 

Ihnoenergetic flux depression factors (Zaelfimderator 1 vs %el h v e  
been derived for  a FCTR experiment being analyzed, namely, a natural uranium 
tube i n  tube-fueled cell  and a natural uranium slug-fueled cell.  Bath 
cells are being run with air or water as the coolant. These flux depression 
factors were obtained for three different values of Csfuel 

P-3 solutions were uti l ized up t o  the point where the analytic solutions 
fail (C 
air c o o W h - 3  cell  cases, an effective diffusion coefficient(1) wBs 
assumed for the voids. 
cases. 

= 0, 
& = 4 C%el, and Zs = 8 Z%el). 

becomes too  large, resulting i n  negative fluxes) For the 

S-4 analysis w a s  uti l ized f o r  the higher hel 

Instrument at i o n ,  

Performance data for the N€?R nuclear instrumentation were received from 
GE-APED and evaluated. 
the results. 

Tentative agreements were reached on portions of 
plans are t o  ship the instruments i n  the i r  present form. 

Design and procurement work progressed on the NPR h e 1  Rupture Bcperimental 
Testing Loop being installed at PRTR. 
channel aaalyzer and associated equipment. Bids were reviewed for  the flow 
measurement and control equipment. Detector shield assemblies were rede- 
signed t o  simplify fabrication and maintenance, and specifications were 
written for  the t e s t  oscilloscope, an oscilloscope camera, and f o r  an X-Y 
recorder. 

The order w a s  placed f o r  the multi- 

Corrections and revisions were made on the rough draft of Design T e s t  1133 
f o r  the prototype gamma energy spectrometer and differential  &am module 
fo r  the gamma energy monitor portion of the JVPR Fuel Rupture Monitoring 

(1) Garelis, E., "Treatment o f - & i i u l ~ ~  Voids in Diffusion Theory," - h c .  
Sei. & Eng. 12, 547 (1962). 
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System. Graphs are being drawn. 
m. 

Further t e s t s  w i l l  be conducted at GE- 

Design c r i t e r i a  were established fo r  a new shield plug fo r  experimental 
evaluation of reactor instruments. 
t iona l  Physics and Equipment Development of IPD. 

The work w a s  i n  cooperation with @era- 

Relative radiation leakage rates were calculated as a function of clearance 
f o r  the annular region between control rods and bushings. 
method was suggested for  obtaining re l ie f  without compromising shield 
effectiveness. 
neering, IPD. 

An al ternate  

The work was done at the  request of Applied Reactor Engi- 

Systems Studies 

A t  the  request of Reactor Engineering, IPD, an estFmate was made oY the  
heat generation r a t e  i n  the shields of existing reactors during extended 
outages. 
cooling requirements 

The estimates were required t o  permit establishment of emergency 

Automatic reactor control studies continued with kUUiL0g computer investiga- 
t ions of two dimensional models. 
of a two dimensional fomulation of the  one group diffusion equation. 
Equations f o r  a two-by-two and three-by-three sirmnlation, and an analog 
s w a t i o n  of the two-by-two system were also developed. 

Included in  the study was  8 development 

A one-dimensional simulation of D-reactor has shown that the  automatic 
controller can be driven d i rec t ly  with the  voltage output from an analog 
sirmnlation of a reactor. This w i l l  allow a test of the controller i n  a 
closed loop c i rcu i t  p r ior  t o  actual use on the reactor. mans are made 
t o  collect  D-reactor data i n  order t o  demonstrate equivalent s t ructure  
concepts and t o  develop analog s W a t i o n  of that plant. This w i l l  offer  
a convenient method of demonstrating a u t m t i c  control concepts which me 
t o  be used i n  l a t e r  reactor tests, 
develcped f o r  a large reactor which is  suitable f o r  use as a one, two, o r  
three-dimensional representation. Measurements on analog simulations 
indicate that the  equibalent structure represents a sbrpl i f ied way t o  
measure reactor parameters and t o  specify control relationships. The 
investigations revealed that control paremeters can be readily measured 
on an operating reactor. The use of reactor equivalent structures is 
expected t o  eventually lead t o  improved and more safe reactor control 
character is t ics  

An equivalent structure concept w a s  

N reactor system studies and simulations are continuing on schedule. 
en t i r e  N-reactor plant w i l l  be simulated a portion at a time on the  EASE 

The 
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analog cconputer. 
ization studies, and for parametric optimization studies. 
l t ies  are being operated on a t w o - s h i f t  basis in  an attempt t o  meet the 
ra2idly increasing work load. 

Each sinarlation then w i l l  be used in design and standard- 
C@er facil- 

NPR pressurizer injection system simulation circuit  was c a w l e t d ,  
checked out, end made operational on the analog ccanputer. 
automatic controllers and their  associated circuitry are nbl being con- 
nected in to  the computer simulation. 
control system which controls the pressure differential  between the primary 
pump section and the injection pump discharge header has marginal stabi l i ty  
as a result of a long-time delay in an associated pneumatic tube. 
of improving this stabil i ty are being studied. 

The gas used t o  cool the graphite of the lqpR is  canposed of Be, C@, CO, 
%O, and S+. Reactions of these gases w i t h  each other and w i t h  graphite 
at  reactor operating temperatures cause graphite burnout. 
t h e ,  the gases dif’f’use through the graphite and react with the zirconium 
process tubes. It i s  desirable t o  maintain the process tubes in an acidiz- 
ing atmosphere t o  preserve the zirconium oxide coating on the process tube 
and prevent hydriding. Reactor and hels Laboratory, HL, has submitted the 
problem of determining gas canpositions required t o  maintain optbum graph- 
i t e  burnout rates and process tube atmosphere. 
studies and the initial analog circuit diagram have been caupleted. 

Four external 

fieliminary tests indicate that the 

Methods 

A t  the sane 

To date the prelimimu-y 

SEPARATIONS 

Experiments w i t h  n u t  onium Solutions 

Crit icali ty experiments continued w i t h  concentrated plutonium ni t ra te  
solutions in an U.5-inch diamter stainless steel sphere. 
volume of the sphere is 12.95 liters; the vessel w a l l  thickness i s  0.049- 
inch. Rifteen experiments were done bringing the t o t a l  nuniber of experi- 
ments t o  date t o  179. 

The mearmred 

Criticali ty in the water reflected sphere was studied as a function of 
nit rate  concentration. 
-50 t o  -450 g RL/& with n i t r i c  acid molarity varying fram -1 t o  about 
2. 
concentration of 450 g Fu/B with an acid molarity of -2; for this solu- 
tion the extrapolated criticeJ. volume from the inverse multiplication 
curves w a s  -13.8 l i t e r s .  Crit icali ty w a s  achieved on subsequent dilution 
of the solution t o  reduce the n i t r i c  acid molarity. 
at which c r i t i ca l i ty  was achieved w a s  about 300 g Ar/lL, but the chemical 

Plutonium concentrations were i n  the range of 

The vessel w a s  subcritical when f i l l e d  w i t h  plutonium solution at a 

The p\r Concentration 



maJ.yses of the solutions have not been. received. 

The concentrated sollztions used i n  these experiments were obtained by 
boiling off excess n i t r i c  acid and water from di lu te  solutions i n  previous 
experiments. In the process of reconcentration, a portion of the plutonium 
w a s  converted from the valence s t a t e  of Bur, Pu(N4)4 ,  t o  the  valence s t a t e  
of six as A r % ( N 9 ) 2  (perhaps 60$ of the  l a t t e r ) .  The Puleverts back t o  
the valence s t a t e  of four i n  time, but the chemical analysis of t he  mixture 
(with two valence s t a t e s )  i s  more d i f f i c u l t .  The limiting factor  i n  the  
determination of the c r i t i c a l  mass values i s  currently the accuracy of the 
chemical analyses of the solutions. 

A ser ies  of s ta inless  s t ee l  nesting shel ls  i n  thicknesses up t o  &inch 
were used t o  stuciy t h e  effect  of the s ta inless  s t ee l  she l l  on the  c r i t i c a l -  
i t y  of the u n i t .  
t ions,  the s ta inless  s t ee l  becomes more effective i n  reducing the  worth of 
the ref lector  as the concentration is increased ( the  correction t o  the  
c r i t i c a l  mass i n  terms of g Fu/mil of stainless steel thickness is  larger). 
These results also appear t o  be consistent with limited data frm ORNL 
for  the effect  of s ta inless  s t e e l  on water reflected, highly enriched 
U%F2 solution cylinders 

Consistent with previous resu l t s  with more d i lu t e  solu- 

Experiments with Plutonium Oxide-Plastic Mixtures 

Work continues i n  preparation for  c r i t i c a l i t y  experiments with the  remotely 
operated s p l i t  t ab le  machine. The wiring i s  ncm about 954 carIrplete and t he  
necessary control panel modifications have been made. 
centrifugal clutch fo r  autcnnatically separating the  table halves Fn the 
event of loss of e l ec t r i ca l  power were ins ta l led  on the  device; in i t ia l  
tests indicate the motor w i l l  open the faces at the  design speed of 22-in/ 
m i n o  

The air motor and 

Two of the  control or safety rod drive units were designed fo r  rapid rem0va.l 
of fuel. 
of t h e i r  t rave l ,  This problem has now been solved by m e w  of a properly 
designed air cushion with pressure r e l i e f  whichkings the units uniformly 
t o  a stap at the  end of t h e i r  t r ave l  i n  short distance and without bounce 
( i n i t i d  acceleration on removal up t o  w 6  g). 

Same d i f f icu l ty  was encountered i n  stopping the  units at the  end 

Storage cabinets, which also serve as on-site shipping containers, f o r  
the  special  Pu+-polystyrene Arels were completed. 
w i l l  be positioned i n  a nuclearly safe array along the  w a l l  of the  c r i t i -  
cal  assembly room. 
of these fliels were appruved. 
ment t o  the  Cr i t ica l  Mass Laboratory i s  planned during February. 

Loaded storage boxes 

Nuclear safety specifications covering the  handling 
Transfer of the fuel from Metallurgy Develop- 
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Tneoretical Analysis of Plutonium Solution Crit icali ty i n  Water Reflected 
14-inch and U.5-inch Spheres 

h connection with the correlation of c r i t i ca l  mass experiments with 
zkeory, f'urther effort was made t o  cmpute c r i t i ca l i ty  for  some of the 
Yolutions as measured i n  the Laboratory. These calculations were carried 
cut; ori the HFH Multigroup Diffusion code using eleven fast groups and one 
thermal paup. 

Z ~ S  calculated results are within 4 3 $  of the measured c r i t i ca l  volumes 
with the exception of one case where a diff'erence of ~ 1 0 %  i n  c r i t i ca l  
volume is  observed. 
ined t o  ascertain if any error exists i n  the calculation which waild explain 
the difference. 

This particular calculation is  presently being exam- 

Criticali ty Calculations for  PuC+Polystyrene W u r e s  

In support of the proposed experimental program for  the PuQ-polystyrene 
ccanpacts ( HW-66266-SUP l), rmrltigroup diffusion theory calculations have 
been made to determine the min- c r i t i ca l  mass (spherical geometry) as 
a f'unction of plutonium concentration in polystyrene compacts. The cal- 
culations were carried out for  both unreflected and fully water reflected 
spheres. 

Buckling of Partially Filled Spheres 

Since no satisfactory "zeroing function" which reproduced the 9 = 0 
boundary condition at the top surface of the partially f i l led sphere could 
readily be found, another approach w a s  t r ied.  
eliminate the l a t t i ce  point which f e l l  outside the pwsical  system i n  the 
9-point flux f i t  by solving the equation evdmted at the baundsry. 
ration of this modified 8-point function (2  of these points being zero) 
was found impossible without numerical appraxbation for a l l  except one 
point. This point could be cmputed analytically and checked against a 
numerical integration procedure. 
son's rule integration would reproduce the analytic value f o r  this point 
t o  k .OS$. 

It was f d  possible t o  

Integ- 

It was found that 100 st r ips  with Simp- 

One other modification w a s  instituted during the month t o  eliminate the 
s i n g u l a r  point at the origin of the spherical coorainate system, the 
f b c t i o n  pr r2 was f i t  when this point w a s  used, and 9 dropped i n  the 
volume derivative (12 sin e Errors on this assumption are of the 
order of the f i t  of $ sin 8, i.e., 2 .O5$. 

de). 
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Th9 code i s  ready fcr bse t c  c c q u t e  the Suckling of nearly full spheres, 
&E these have the l ea s t  complicated l a t t i c e  spacings. Later, near-hemis- 
phe r i cd  cases w i l l  be run, perhaps with an appraximation fo r  the flux 
at the origin, a ~se f ' u l  nm3er as far as computing derivatives is concerned. 

Dissolving Pc, &heres 

Transport theory analysis of t h i s  ser ies  of cases ( so l id  h. dissolving i n  
Az%-$O reflect.ed with % O )  was completed, 
1, 3 ,  and 4 kg so l ia  Rz spheres with solution concentrations from 10-400 
ga/1 p ~ i  were derived. 

Cr i t ica l i ty  corrditiom f o r  

Subcritical Interact ions 

Rw-75887, ent i t led,  "Eigenvalue Matrix Solution t o  the  N-Component Neutron 
Interaction Problem, " w a s  distribGted on plant 

A new code, IMTERSET (Interaction Setup), was writ ten and debugged. 
code reads the coordinates, height, and symmetry location of equal diameter 
cylindrical  vessels, olitput i s  the interaction matrix on punched. cards, 
based on a simple appraximation for  large spacing between u n i t s .  
work i s  necessary t o  decide when t h i s  approximation is good and when the  
double integral  formulation of SOLAN (Solid Angle) is  necessary. 
wise, it appears some work is  necessary t o  decide the numerical s t a b i l i t y  
(number of mesh points ) of SOLAN for  very close cylinders 

This 

Additional 

Like- 

INTERSEI is being applied t o  the  Cr i t ica l  Mass design problem of 92 (e r ror  
last month) interacting cylinders. 
EIGEN ( a  matrix eigenvdue interaction routine) i s  foreseen. 
system woad read coordinates and nuclear properties of each cylinder i n  
the  array and give by a.nd component power as output. 

A system including INTERSE!F, HFN, and 
Such a 

h e  side cf the 92 component array, which i s  si tuated on one s ide of the  
room, was solved and found t o  have a of about .7. Approximations 
had t o  be used as the  matrix was set  up by hand. INTERSET n m  has fewer 
appraximatioris, and i s  expected t o  give re l iab le  resu l t s  for the 92 cm-  
ponent system. 

Scattering Kernels for Polystyrene 

Ecamination of the  Raman and infrared absorption spectra of polystyrene 
indicateE the poss ib i l i ty  of adapting the  water kernel code KERNEL t o  the  
generation of scat ter ing kernels f o r  polystyrene. Such a procedure has 
been successflrlly used at W L  f o r  polyethylene. Polystyrene scat ter ing 
kernels w i l l  be u s e m  in analyzing experiments with the s p l i t  half machine. 
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Inst  nunentat ion 

Irsts are being conducted t o  determine safety channel t r i p  time of t he  
;.eriod measuring instrumentation at the Cr i t ica l  Mass Laboratory. A posi- 
::tie exponential generator was constructed using operational amplifiers. 
"E generator was made into a current source and fed in to  the  detector end 
02' the input cable. V a r i o u s  fixed periods were fed in to  the  period meters 
and the  time-to-trip determined. 
hevice i s  being constructed t o  "scram" the spl i t -half  machine i n  the event 
of excessive drive motor speed in the  near closed position. 
and t e s t s  are scheduled fo r  the near future. 

The tests are  not as yet canplete. A 

Ins ta l la t ion  

Wire ducts are being instal led i n  both reactor hoods t o  provide more con- 
venient routing of instrument signal cables. 
room i n  the hoods and al low uperator actions without interference from the 
cables 

"his should provide more 

Zonsulting Services on Nuclear Safety - Cri t ica l i ty  Hazards 

Nuclear Safety in HLO 

A new mold design was reviewed f o r  the  Metallurgy Operation. 
f o r  casting 6 Kg of plutonium m e t a l  i n to  two bars--0.833-in by 1.5-in by 
7.75-in. 
conjunction with the new mold. 

The mold is 

A geometrically safe 2-in ID pouring crucible w i l l  be used in 

Specification C-14 was issued f o r  Cr i t ica l  Mass physics covering plutonium 
p la s t i c  compacts at an H/Fu of 15. 

A t  the  request of Process 4uipment and Development, t he  w c l e a r  safety of 
the Sa l t  Cycle Process was reviewed. The prototype eqpipment fo r  this 
process is currently i n  the design stage. 
from Uo;! by electrolysis  i n  a molten salt bath and w i l l  be used t o  re- 
process PRTR maxtyl fue l  elements. 
given fo r  each par t  of the process. 

The process separates Puo;? 

Preliminary nuclear ss fe ty  limits were 

Comments were submitted t o  Ceramics Research and Development concerning 
the nuclear safety of several new Pu+-U+ fuel enrichments that w i l l  be 
fabricated in to  fue l  elements soon. The fue ls  reviewed were: 

0.48 w/o PUQ-UO;! (normal uranium) 
0.9 w/o A~%-u% (depleted uranium) 
1.3 w/o ArCQ-U% (depleted uranium - 30 w/o Pu240) 
2-3 w/o B&-U@ (depleted uranium - 8 w/o Fu240) 
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Comezts were d s c  srebniitted concerning a proposed modification t o  the  
p;sltonium storage vault i n  308 B&ldinga 
iire tc be partitioned into fm 12-in cubicles. 
th i s  change provided the unit plutonium mass is  2.8 Kg or  less, 

Several of the 24-in cubicles 
Specification J-3 permits 

Nuclear Safety i n  CPD 

A proposed increase i n  the 7.35 w/o h - A l  h e 1  element storage array at 
Z plant was reviewed for CPD, 
birdcages contaidng about 225 fuel elements 

The array was increased from ten  t o  twenty 

Nuclear Safety i n  IF'D 

Comments were submitted t o  Fac i l i t i es  Ekgineering concerning the  nuclear 
safety basis use3 a t  Hanford f o r  storing 0.95 w/o $35 enriched, I&E f'wl 
elements. It was pointed out t ha t  nuclear safety specifications fo r  a l l  
fuel  element s t o r e e  arrays at W o r d  are  based on optimum neutron modera- 
t ion ,  The source cf moderator could be water fram a broken water line or 
the water med t o  combat a f ire.  Further, the wooden baxes and pa l l e t s  
used for  fue l  element stcrage already affora some moderation. 

I " R 0 N  CROSS SECTION PROGRAM 

Scattering Law Measurements for  Light Water at Elevated Temperatures 

The realignment cf the t r iple-axis  spectrameter preliminary t o  beginning 
ine las t ic  s lm - neut r on- scattering measurements from light water at elevated 
temperatures has been essent ia l ly  ccmpleted. 
progress t o  determine the  experimental conditions under which the  scatter- 
measurements w i l l  be made a 

Measurements are  now in 

Arrangements are being made t o  obtain the  Fortran programs, LEAP and 
ADDELT, on magnetic tape fram AEREJ Harwell. These progrems,which c w t e  
the scattering l a w  S(cr,B) from the generalized frequency dis t r ibut ion p(P), 
w i l l  be usef'ul in the analysis of ine las t ic  neutron scat ter ing measurements. 

Crystal Reflectivity 

The Fortran progrart, DOUBRACGj t o  calculate the "double Bragg scattering" 
from a beryllium crystal  monochromator has been put in to  operation. C a l -  
culations of the Bragg angles fo r  double Bragg reflections of half-order 
n a t r o n s  from the pO.27 - planes a re  i n  good agreement with the  available 
experimental tiata. 
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Rot at ing- C r y s t a l  Spe c t  ramet er 

The hysteresis synchronous motors t o  drive rotat ing crystals  and choppers 
;"or time-of-flight measurements of slow-neutron scat ter ing have been re- 
zelved. 
~,r.3. 7hase s t ab i l i t y  characterist ics of the motors. 

Measurements are i n  progress t o  determine the  rotor  load and speed 

Fast-Neutron Cross Sections 

The fast-neutron t o t a l  cross section data  obtained in December were pro- 
cessed v ia  the data reduction program BIG NED. The analyt ical  subprogrems 
indicated significant shifts i n  operating parameters of the time-of-flight 
instrumentation i n  the course of the measurements. These shifts were 
di rec t ly  associated with the fa i lure  of the Van de Graaff building air- 
conditioning system. 
e.nd salvage as much of the data as possible. 

W;rk i s  in progress t o  attempt t o  measure the fast-neutron t o t a l  cross 
section of a sample of Pm147 during the next series of measurements. 

EX'forts are under way t o  correct f o r  these e f fec ts  

I n s t m e n t a t  ion 

The logic design fo r  the 6144 channel time-of-flight analyzer has been camp- 
leted and w i r i n g  has been started. 
punch have been completed- 

Transistorized c i r cu i t s  were designed and built t o  be used with a 58 AVP 
photomultiplier tube and a NE-213 liquid s c i n t i l l a t o r  fast neutron detector. 
These c i rcu i t s  provide four law impedance outputs from the photomultiplier 
tube: (a )  law level,  linear output; ( b )  a fast saturated pulse output f o r  
timing; (C ) an output from a st- Owens-type N s e  shape discriminator; 
and (d) a logic  leve l  pulse derived f ran  the  pulse shape discriminator t o  
signify that a fast neutron was detected. A l l  c i r cu i t s  have been built  
and adjusted in preparation of f i a  check-out pr ior  t o  f'uJ.l. operation. 

The magnet drivers f o r  the paper tape 

REACTOR DEVELOPMRTI! - 04 PROGRAM 

PLUTONIUM RECYCLE 

Lattice Parameters f o r  Law FScposure PuAl 

Calculations of koo f o r  the AzAl-graphite l a t t i c e s  measured i n  the  PCTR 
have been continued. The cadmium ra t io s  and reaction rates have been cal- 
culated and compared t o  the experimental results as a measure of the 
accuracy of the HE'N and G-2 program outputs. The copper cadmium ra t io s  
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TO€ meamremente i n  The PCTR on 19-rcd c l m t e r s  of EX FUQ on a X+'' FitCh 
a r e  three q ~ a r t e r e  corril;letrc The f i n a l  value of the qLantity cf copper 
require3 t r ,  pcisor t h e  zerLtral r r l l  30 a m l t i p l i c a t i o n  of unity has been 
measu-Ed fcr  t h e  case i n  which the flu i n  the central c e l l  is matched w i t 3  
t h e  f l u  i n  the surrxnding ce l l s .  Measurements were previously made fo r  
several umatchea cases. The fine structure of the flux in the  central  
c e l l  was measured using copper fclls f c r  ce l l  traverses and W U ,  U-235 Al, 
Cs, AG m 5  Lrc f o i h  t: obtain the re la t ive  actiTration ra tes  i n  each r ing 
of rods ,  at  the :e11 bounaary an5 i n  tne thermal colr;mrro The re la t ive  
-aimiun: ra t ios  fcr ArAl, U-235 Al, CL, and AQ are a l s o  being meamred i n  
eanh ring of rods, and on the c e l l  bx.rda.ry. 

A r ~ p o r t  t i t l e d  "A Measarement i n  the PCTR cf the Relative Plutonium. Con- 
tent  of L A !  Fuel Ebements" w a s  writ ten for i ncks ion  i n  the Physics 
Research Qdarterly Report, R d s  f o r  the l a t t i c e  studies were selected on 
+,he basis of these measuremerits and of the chemical analysis. 
Lsed f o r  the  central  cel l  have a s t m d a r d  deviation of k 1.54 i n  plutoEiUm 
- x t e n t ,  while those i n  the buffers haire a standard deviation of k 2.5$. 

The rods 

Erawings of new graphite p1~1.g~ for  fiux traverses have been completed. 
These >lugs are inclined at su.ch an angle that the end. of the  plug inter-  
s e z t s  t h e  cell suface  at  tho r&di?zs of the eqslivalent cylindrical  cell. 
Trciverses d o n g  t h i s  E L L ~  will very clcsely correspond tc the  flu distr i -  
?)mior? calculates by the ccmputer codes. 

The in f in i t e  medi-an specltra have been calci ia ted for hmogeneuus AZ-CHz 
anci P f l I O  syztems with apprcacbmtely the same cmcentration of Rt as the 
h~xerogeneous systems which could be studied i n  the  PCTR with m i s t i n g  
fuel. 
ccncerning the value c.f dcing experimnts with Pu fuel i n  a polyethylene 
r rde ra tm i n  l i e k  of 6. l igh t  water mcderatoro 

%e pxpose of dol= the calculations was  tc provide information 

Tne calcdated. spectra fcr the  twc systems show generally ggod agreaen t  
for  both poisoned a d  mpoisoned cases, Since the scat ter ing kernels t s e i  
fer  the t w c  mderators a r e  roughly equally val id  and are based cpon the 
same model, it appears that  experimental data obtained i n  the  PCTR f o r  
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hCh2 systems would be guite useful in studies on large q 0  systems. 

Atqroacb t o  Critical Brperiments i n  &O for PUAl Fuel 

5qerbnents similar t o  the ones performed on the 1.8 w/o RtAl fuel rods are  
,Imned for  2.0 w/o ArAl with 16s Ar-240 content. 
cf the 1,000 fie1 rods expected have been received. 

Four hundred and fifty 

The Critical Fac i l i ty  of the PRP 

A2proval has been obtained from the AEC for aDing experiments in the 
PRCF w i t h  zoned loadings and with irradiated elements in which the fission 
products have decayed for  approximately 30 days, A d r a f t  of a supplement 
t o  the f inal  safeguards analysis has been reviewed and ccxunents forwarded 
t o  the authors. 

The tentative schedule for  the operation of the PRCF has been updated and 
acre  detail  added fo r  the first year of operation. The off ic ia l  Schedule 
w i l l  be issued when the PRCF startup experiments are begun and w i l l  be 
revised quarterly e 

a) PRCF Startup 

Approval has been obtained locally for doing the f i r s t  ten experiments 
of the startup progrem. (Hw-7l214-Supplement). The void, @O and ?$ 
experiments during startup r ewi re  thimbles for  the fuel assemblies. 
The construction of these thimbles were contracted t o  offsite vendors. 
It w a s  l a s t  reported that they were 90$ complete aad shipment is 
scheduled f o r  the first week in February. 

The vertical  and horizontal traversing mechanisms have been installed 
and are working very well. Reproducibility of the positions of the 
chambers i s  better than & 1/16 of an inch. 
chambers have been installed t o  monitor the neutron flux during the 
loading t o  cr i t ical .  
of startup. 
and w i l l  be used after the 1/2 inch BF3 tubes saturate. 
data for inverse multiplication curves were obtained for  moderator 
levels of 60, 70, and 85 inches with no f i e 1  in the reactor. 
ments a t  lo5 inches are under way. 

Six B q  proportional 

Four chambers are t o  be used during a l l  stages 

The initial 
The two extra chambers axe 1/4 inch diameter BF3 chambers 

Measure- 

The neutron counting rate as a function of horizontal position has been 
measured at a height of approximately 59 inches above the bottan of 
the tank with the moderator level at lo5 inches. The coUnting ra te  
varies from 4200 t o  120 counts p'er minute in going frm 30 inches on 
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one side of center of the traverse l i n e  t o  30 inches on the  other side.  
This asymmetry i s  at t r ibuted t o  the strong y-ray source of the  irrad- 
ia ted fue l  elements stored nearest the side having the  high counting 
rate. The (7,n) reaction with the deuterium i s  apparently producing 
an asymmetric and strong thermal neutron suurce i n  the moderator. 

The IBM 7090 program SWAP has been used t o  calculate the  characteris- 
t i c s  of the F'RCF at eighteen stages of the load-to-crit ical .  
resu l t s  of these calculations are sensit ive t o  the  manner i n  which the 
control rods a r e  simulated. 
zone loading, 25 Uo;? fuel  c lusters  inside of 30 ArAl fue l  clusters,  is  
0.99, 
based on the startup of the PRTR. 

The 

The calculated k&y f o r  a cmplete  two- 

This i s  i n  fair agreement with ea r l i e r  calculations which were 

Irradiated Fuel Measurements 

The first measurements w i l l  use PUAl fuel c lusters  irradiated in the  
PRTR up t o  84 MWI) exposure. 
a 50% Pu burnup. 
reac t iv i ty  of the PRCF as a function of exposure of the clusters .  
IBM code MELEAGEE3 was used t o  compute changes i n  the  total fuel f i ss ion  
and absorptiorl cross sections. 
used i n  perturbation calculations t o  estimate the  reac t iv i t ies .  The 
three-group diffusion code SWAP was used t o  compute the  perturbation 
coefficients.  
exposure is  -11 mk. 
reac t iv i ty  changes due t o  exposure f o r  UD;! clusters .  

This exposure corresponds t o  appraximately 
Estimates have been made of the expected changes i n  

The 

These fract ional  changes were i n  turn  

The expected reac t iv i ty  change corresponding t o  84 MWD 
A similar approach i s  being used t o  estimate 

Phoenix Fuel - ARMF-M17R Experiments with Elutonium Fuel 

The de ta i l s  of an experiment t o  measure the  effect  of a PUAl sanrple on t he  
spectrum i n  the ARMF has been worked aut with the ARMF personnel. 
resu l t s  of t h i s  experiment w i l l  be used in  the analysis of the  experiment 
t o  study the  reac t iv i ty  l i fe t ime of three PuAl samples which contain con- 
centrations of F'u-240 of 6.25, 16.33, and 27.17 weight percent. 

The 

The reac t iv i ty  of the  samples has been measured i n  the  ARMF as a f'unction 
of i r rad ia t ion  i n  the 
cycles of i r rad ia t ion  and the ARMF measurements have been made after each 
cycle This ccnqpletes the irradiations and the  reac t iv i ty  measurements. 

Each of the  samples has completed seven MlTR 

The ARMF data have been received from a l l  but the last two i r rad ia t ion  
cycles. Counting data  from Co-AI. wires which were used t o  monitor the  
exposure i n  the MI?? have a l s o  been received frcm all i r radiat ions except 
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those fran the l a s t  two samples which were irradiated. 
lrernents which remain i n  addition t o  the spectrum measurements are recali- 
~ r & t i o n  of the ARMF fo r  various boron and plutonium concentrations. 

Other ARMF meas- 

5w;tron Rethenaalization in  Graphite and Water 

5 e  manuscript "Meutron Rethermalization in  Graphite and Water" has been 
revised and resubmitted t o  Nuclear Science and Eugineering f o r  publica- 
t ion*  

Changes i n  Resonance Absorption in  Pu-240 with TpsIperature 

The comparison of experimental ana calculated values o f t h e  difference in 
the changes i n  the multiplication factor with fuel tapera ture  for  lg-rod 
clusters of low and high exposure PuAl has naw been completed. The rate  
of change of the multiplication factor i s  different in the two cases be- 
cause the concentration of Ar-240 i s  not the same in the two clusters. 

The experimental and calculated values agree t o  within about f i f teen per- 
cent f o r  the clusters studied. 
a forthcaming Pbysics Research Quarterly Report. 

This work is reported i n  more detai l  in 

Neutron Thermometers 

Counting data from f o i l s  which contain 10 */an2 of I .aq+ and which were 
covered with various thickness of cadmium have been analyzed. 
w i l l  be included i n  an ar t ic le  for submission t o  the journal of Nuclear 
Science and mineering.  The a r t ic le  is written except f o r  the section 
which w i l l  present these results. 

The results 

Theoretical Scattering Kernels for  Water 

Program EJJGUS (Egelstaff with Gaussian) i s  i n  the final stages of debug- 
ging. This program w i l l  calculate scattering kernels based on Melkin's 
model, but with first order corrections for  finite energy level widths. 

Numerical Integration of Ideal Gas Kernels 

A report on the studies of methods of numerically 
Sfunction for an ideal gas has been prepared for  
Quarterly Report, October-December, 1962. 

PRTR Fuel Cycle Analysis 

A coupled two-group, multiregion diffusion theory 

integrating the Egelstaff 
the physics Research 

version of MELEACW has 
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been applied t o  PRTR star tup experiments. 
with gold f o i l  flux traverses has l ed  t o  a reappraisal of the  method, 
cross sections, e tc .  
of self-shielding coefficients and the  appropriate fluxes t o  be used 
therewith i s  being rewritten. 

W G E 3  B (which prepares the  cross section l i b ra ry )  is  being rewritten 
s o  that it w i l l  use the individual resonance integrals  f o r  t he  various 
isotopes t o  f a c i l i t a t e  the calculation of the  self-shielding factors as 
a f'unction of the time varying isotopic composition. 

Failure t o  get good agreement 

A portion of the  code dealing with the  def ini t ion 

mTR Burnup EKp eriment 

Fuel element 5092 (L, Pu-Al) has been disassembled and samples cut frm 
three selected rods. 
F'u-A1 being subjected t o  destructive analysis. 
elements w i l l  be tes ted i n  the PRCF prior  t o  destructive analysis. 

"his is the last element of the  first ser ies  of & 
The remaining three 

PRTR Operatinp; Data Analysis 

A program, SOURCE, has been writ ten which calculates the slowing darn 
source at various thermal energies fram a knarn sla~ing darn spectnun. 
The slowing dawn spectrum is obtained by the  GAM-I code applied t o  an 
& At-& fuel  element, suitably hamogenized. 
thermalization calculation are  obtained from the  RBU data  tape v i a  the  
BARNS code. These data w i l l  be used i n  calculations using the  thermal 
neutron spectnun code Thermos. 

Cross sections f o r  the  

Advanced Reactor Concepts 

Analysis of Two Fast Cr i t ica l  Experiments 

The fast, clean, c r i t i c a l  experiments GODIVA (oralloy),  and JEZEBEL 
(Rr-239 ) were u t i l i zed  i n  a study whereby various cross section data 
and methods of analysis cuuld be compared. 

S-N calculations (S-4 and S- 
Los A;Lamos cross section setaJ),  the  GAM-I nuclear data tape, and the 
RBU updated version of the  GAM-I tape. 

were made on bath systems ut i l iz ing the 

(2) Hansen, G. E. and W. H. Roach, "Six and Sixteen Gruup Cross Sections 
f o r  Fast and Intermediate Cri t ic&.  Assemblies,ff LAMS-293, December 
1961. 
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3iffusi a theory calculations were made u t i l i z ing  the YOM set ( 3 ) ,  the  

: i th  and without smallness corrections applied. 
-.--rnspoyt analysis were based on the same cross section data a d i rec t  
- m p r i s o n  of calculational method can be inferred. 

It l  informal. document cavering t h i s  work i s  t o  be issued. 

U?-G-2  9.) . nuclear data tape, and the  RBU version of the  GAM-I tape, all 
Since both a diffusion and 

:'hi.: onium Util ization Studies 

In preparation for a more rigorous reactor physics study of PUN, a@, UN, 
mu Uo;! as fuels in a compact fast system, a s e t  of l3-grmp cross sections 
has been prepared for use in transport calculations on the  S - X  code. 
2M-I code was used t o  obtain cross sections f o r  the  10 groups d a m  t o  1 ev. 
Fcr the three bottom groups, hand averaging of data w a s  used. 

The 

Pxenix h e l s  for Compact, Water Moderated Reactors 

Beginning of l i f e  calculations for  the plutonium-fueled Zr-H20 a s s d l y  
(Mark I)  now include 5 ,  10, 15, and 20$ Fu-240 in i t i a l  fuel charges. 
i n i t i a l  react ivi ty  behavior Over this en t i re  range of F'u-240 contents is  
qdite similar. 

The 

As a check on the  treatment of the  Fu-240 resonance capture, f lux depression 
factors  f o r  input in to  the  group self-shielding code GROUSS are being pre- 
pared. In the  in i t ia l  burnout calculations--now in progress--the simple 
mcdel self-shielding scheme, ra ther  than the more complicated GROUSS model, 
i s  being used. 

A formailism fo r  doing 4-group control rod calculations has been developed 
from a similar KAPL 3-group scheme. 
sections must be obtained before control rod calculations can be carried 
at. 

Appropriate control material cross 

( 3 )  

( 4 )  

Y i f ' t a h ,  S . ,  D. Okrent, and P. A. Moldauer, "Fast Reactor Cross Sec- 
t ions,"  New York - Pergamon Press (1960). 
Haffner, J. W., "Use of Program E 2  f o r  Shielding Calculations," 
x I ) C  59-7-170. July 20, 1959. 
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Code Development 

Modifications have been made t o  the bounda;ry reflection calculation and the 
Russian Roulette i n  the Monte Carlo. The boundazy reflection change pro- 
vided a 509 time reduction and decreased the memory requirements by about 
15 words. 
have guaranteed significantly shorter running time. Finally, modificatians 
were made causing the neutron reaction-balance tallies printed on-line dur- 
ing the Monte Carlo execution t o  include only equilibrated neutrons. 
should provide a clearer description of Monte Carlo progress, and lend more 
significance t o  some of the expectation values now computed. 

Additional changes. i n  the Monte Car lo  beam-processing logic 

This 

"he f inal  RBU documentation i s  under way with the rough draft of the second 
of three planned system documents, I1 RBU - System Structure and Program 
Description, now 15$ complete. 

Three cases have been successf'ully run using CAIX, a constant flux burnup, 
a constant parer burnup, and a constant flux recycle case a l l  with time 
limit and no init ialization. 
large changes i n  concentration appear t o  have been rectified. 

The problems of long runmng times and sudden 

Subroutine - SIGMA which used an erroneous power value for equilibrium xenon 
calculations w a s  corrected. 

Subroutine - SFlllZ which does the init ialization w a s  coded and is  currently in 
debug 

Table for Resonance Integral Calculation 

The extension by numerical interpolation of the J(k, f )  tables f o r  calcula- 
t ion of Doppler broadened resonance integrsls was-colmpleted by the proced- 
ure described last month. 
20.0 and f = 1.1( .1) l.5( 2 5 )  2.0(1.0) 5.0 were computed and distributed 
t o  prospective users 

Augmented tables of J ( k , f )  f o r  k = 5.0 ( . 5 )  

Instrumentation and Systems Studies 

A simulation of the PRTR w a s  programmed on the EASE analog cauputer for  the 
purpose of conducting further nuclear excursion studies as part of a PRTR 
hazards analysis. For t h i s  study the driving f'unction represented an 



D ECLW SSl A ED 
B-18 

accident iavolving the incorrect addition of moderator water starting at 
saurce level. 
cus t mer 

"he required information was obtained and forwarded t o  the 

%zard analysis of a postulated nuclear excursi& of the F2utonium Recycle 
k t t i c a l  Facility involving l ight water moderation w a s  performed on the 
W E  analog c w t e r .  
chmacteristics for comparison with calculated data. The study a l so  indi- 
cated ways in  which more detailed studies might be conducted. 
study was successfully performed and the data were provided Nuclear Safety 
Studies Operation for  -her analysis. 

The purpose of the study was t o  obtain response 

The computer 

Spectrum and cross-spectrum measurements were made at the PRTR f o r  further 
evaluation of noise analysis methods of determining reactor parsmeters. 
Difficulty is  being experienced in obtaining reproducible data, the cause 
of which i s  presently receiving f'urther study. 

Calculations were made of the radiation intensity expected at the surface 
of 350 gallon spherical shipping casks containing particular radionuclides. 
Estimated requirements and costs were established fo r  the high level in- 
ce l l  monitors, law level in-cell monitors, general radiation area instru- 
ments, gross gamma f i l t e r  counters, and airborne contamination monitors. 

. D  

A general review was made with new PRTR personnel regarding the PRn Fuel 
Element Rupture Monitor t o  acquaint them with the system. b addition, a 
study was started f o r  the possible employment of gas chromatography 
instrumentation system for PRTR fuel failure monitoring. 

All specific design and layout work was completed regarding three scin- 
t i l l a t i o n  solid-state liqgid effluent monitors for gamma-emitting radio- 
nuclides at PRTR. 
fabrication of the three instruments. 
t o  perform correctly a t  PRTR. 

A cost estimate was nearly canrpleted f o r  on-site 
The prototype instrument continued 

A six channel eddy current instrument capable of monitoring PRTR fuel 
element vibrations i s  being developed. 
posed of six separate channels of electronics with remute readout on a 
s t r ip  chart recorder, and a direct visual presentation on a cathode ray 
oscilloscope. An eddy current sensing coil  will be built i n t o  each of 
the twelve outer Fuel rods of a specially designed, nheteen rod, PRn 
fbel element assembly. This system w i l l  provide data frcm three different 
elevations along the length of the fuel assembly. 
prototype channel has begun, and the development of a breadboarded channel 
i s  nearly complete. 

The completed system w i l l  be can- 

Fabrication of a 
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HIGH TEMPERATURE REACTOR PHYSICS PROGRAM 

A new cost estimate of $2,350,000 was received for the High Temperature 
Lattice Test Reactor, BTLTR. 
by the AJE, the design analysis i s  proceeding without drastic reduction 
i n  scope. 
advance procurement has been prepared and is being revised f o r  submission 
i n  February. 

A number of items have been changed or revised. The size of the graphite 
stack has been increased from a 9-foot cube t o  a lO-foot cube and reduc- 
tions have been made in  the size of the reactor roan  and other items. 
Safety rods w i l l  be pushed from below t o  provide graphite followers and 
reduce building height. 
reduce shielding requirements. 
would dominate the dose rate outside the shield. 
requirement is  determined by the fast  neutrons from the core. 
generator w i l l  be i n  the basement with i ts  beam tube going up through the 
concrete floor, and the neutron detecting instruments w i l l  be on top of 
the reactor. Containment and monitoring of radioactivity w i l l  be determ- 
ined by the possibility of plutonium leakage f r m t e s t  fuels. Fission 
product production w i l l  not be serious for the l o w  design power level. 
me  reactor roan w i l l  not have t o  be gas-tight. Absolute f i l t e r s  w i l l  
be provided in the circulating nitrogen l ine  and part of the building 
exhaust. The exhaust stack w i l l  be 401-501 high. 

Since th i s  i s  within the $2,500,000 requested 

A draft of a project proposal for funds for detailed design and 

The cadmium skin w i l l  be replaced by boral t o  
If cadmium were used, the capture gaxnas 

With boral the shielding 
The neutron 

NEUTRON FLUX MONITORS 

Plutonium and uranium samples planned for  reactor irradiation experiments 
are not yet ccmpleted. However, a new set of cobalt samples is  being pre- 
pared fo r  determination of sample weights needed for  the evaluation of the 
spectral parameter (r) .  
plates prior t o  cobalt application. 
sobalt addition t o  obtain sample accuracy. A general background report, 
which summarizes the theoretical bases for the experiment, w a s  prepared 
and issuedD Tests t o  evaluate the parameters r, T, and 9 have been sched- 
uled f o r  February. 

Twenty weighhgs were made of the aluninum backing 
Similar weighings w i l l  follow the 

Consideration of alternate methods of obtaining in-reactor neutron flux 
measurements has led t o  a novel concept employing the Boron-11 isotope 
arranged i n  a simple configuration which permits measurement of the electron 
current produced by beta decay of Boron-12, the latter isotope being pro- 
duced from a Ell (n,7) reaction. 
circumvent burnout problems of other arrangements, and has the f’urther 
advantage of a 1000 degree C operating temperature. 

Significantly, the new method appears t o  

An invention disclosure 

1 2 3 5 b 2 2  
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c:cvering these concepts i n  detail  has beec submitted. 

...'.-. T~~ e t ic  Testing 

>?E fabrication of the prototype miltiparameter eddy current testing device 
.z$ been completed and the device is ready for evaluation tes t s .  In the 
study of the diffusion of eddy currents, it has been sham that currents 
i n  relatively simple multinesh inductively coupled circuit  models exhibit 
:he same general behavior as eddy currents observed in solid and liquid 
n e t a l .  Basic circuit development work has been init iated t o  give further 
aproved performance i n  both single frequency and multiparameter eddy CUT- 
- eat t e s t  equipment. 

The prototype multiparameter eddy current tes te r  is colapletely wired and 

zo be rewired t o  reduce stray capacitance and coupling. 
has reduced the tendency of the amplifier t o  oscil late w h i c h  became 
app%rent when the reactive bandpass f i l t e r s  were connected t o  the amplifier 
inputs. 
mounted in  one equipment rack. 
generation section and the frequency separation section (except for  the 
3 Mc channel which required some modification) are operating properly. 

fo r  evaluating tes t s .  Most of the two stage plug-in amplifiers had 
This rewiring 

The interconnecting cables have been ccaapleted and all units are 
Preliminary t e s t s  indicate the signal 

Work continues on the eddy current diff'usion tes ts .  
work has been undertaken t o  determine the proper magnetic f i e ld  produced 
by the driving coils. 
evaluate the validity of some proposed simplified models which can be used 
t o  simulate the coducting medium that contains the eddy currents. 

Additional theoretical 

In addition, an analog cclmputer is being used t o  

The transient solutions of mesh currents in a five mesh inductively COUpled 
circuit  have been shuwn t o  be similar t o  solutions obtained empirically 
for  eddy currents in a solid metal. The general natuns of these solutions 
are similap, and the apparent "time delay" effecbnaticed i n  flow of eddy 
currents i n  the so l id  or liquid metal case are also observed in the multi-  
mesh inductively coupled circuit .  
delay" are being explored by a study of energy asld t i m e  relationships in 
inductively coupled circuits having 2, 3,  4 and 5 meshes. 

The nature and cause of this " t i m e  

Basic circuit  development work is  under way t o  devise improved circuits 
f o r  use in both single  frequency and multiparameter eddy current tes t s .  
Objectives of this work are t o  simplify same recently developed circuits, 
retaining the i r  intrinsic advantage6 and t o  improve stabil i ty.  

1 2 3 5 b 2 3  
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Heat Transfer Testing 

"he end closures of three %fuel elements were heat transfer tested. 
These tes t s  were made in  an attempt t o  gain an understanding of variations 
in  ultrasonic reflections obtained from the end closures. Apparent varia- 
t ions i n  the heat transfer praperties were detected. 
being made i n  an attempt t o  minimize any possible errors in the heat trans- 
fer  results due t o  surface irregularities. 

Further t e s t s  are 

Zirconium Qydr ide Detection 

Prototype eddy current equipment suitable for  laboratory and f ie ld  t e s t s  
on bydrided Zircaloy-2 samples i s  being develqped.. Eady current indica- 
t ions  are observed on laboratory t e s t  samples containing as low as 100 ppm 
hydrogen. ' A degree of ambiguity exists, however, in that similar indica- 
tions are obtained on selected samples which contain no bydrogen. Premun- 
ably, the anomalous indications are frau sample variations such as surface 
pitting, metal cold working, grain structure variations, etc. 

Special emphasis i s  being devoted t o  determining the cause of the undesired 
signal. responses such that they m y  be circumvented by suitable electronic 
techniques. 

With this obJective, steps have been taken t o  obtain extensive t e s t  semples 
so  more detailed and representative studies can be made. 

Fundamental Ultrasonic Studies 

The effects of diffraction, attenuation, and baundary waves m e  being 
studied t o  more accurately explain basic ultrasonic prapagation models. 
I n  order t o  approach the problem systematically, the most s-le attenua- 
t ion and boundary wave behaviors associated with plane waves incident on 
a liquid-liquid baundary were studied analytically. 
studies the physical description of plane boundary waves i n  the presence 
of attenuating and non-attenuating liquids was made more evident. 
general wave propagation as influenced by the attenuation in the l i@d 
w a s  d s o  examined. 
t ion must be modified as a result of the attenuation. The modified ex- 
pression was found t o  be frequency dependent and a lso  a function of the 
angle of incidence- Similar wave behavior i s  expected for  liquid-solid 
boundaries. 
fac i l i t a te  interpretations of the more ccanplicated liquid-solid cases 

By m e a n s  of these 

The 

It was found that the ordinary Snell's law of refrac- 

The simple liquid-liquid boundary studies are expected t o  

Ordinary refraction occurs when plane sound waves, continuous i n  time and 
space, are incident on a liquid-liquid boundary and when neither the 
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-xident nor the refraction liquid i s  attenuating. 

4 cr i t ica l  incident angle i s  possible. 
-:;creased, in i t ia l ly  ordinary plane wave refraction results and the 

:-,:rsction liquid has the higher wave velocity, the angle of refraction 
LS g e a t e r  than the angle of incidence. 
- - r i t i c a l  angle of incidence at  which the refraction angle is  ninety 
,epees. 
incident angle approaches or  exceeds the c r i t i ca l  azg2.e. However, the 
solution t o  the wave equation coupled with the boundary conditions show 
T r i a t  an inhomogeneous boundary wave exists together with the reflected 
wzve. 
?xi has plane wave fronts. 
I s  no longer constant, but decreases exponentially with depth i n t o  the 
refraction liquid, this being the reason f o r  the inhmogeneous classifi-  
=Zion. There is  a l s o  an attendant phase shift i n  the reflected wave as 

If  the refraction 
' r m ; i f i  has a higher canpression wave velocity than the incident liquid, 

As the angle of incidence i s  

xssure amplitude along the refracted wave front is  constant. Since the 

This means that there becomes 

It is  well known that to t a l  internal reflection occurs when the 

This inhomogeneous c q r e s s i o n  wave propagates along the boundary 
Huwever, the amplitude along the wave front 

result of the inhamogeneous wave. 

The effect of attenuation, which adds much cmplexity t o  the analysis, 
i s  now being studied. 

USAEC-AECL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath Tubinq 

Early objectives of the program t o  develop improved methods of ultrasonic- 
ally inspecting fuel element sheath tubing were: (a )  define optimum te s t  
parameters such that maxixum beneficial use could be obtained of existing 
inspection equipment, and (b)  extend basic understanding of' the behavior 
of waves propagating in tubular geametries with a view tuward putting the 
experimental t e s t  on a firm technical basis. 
documenting results which generally meet these objectives. 
report, "Recommended Practice for  Immersed Ultrasonic Testing of Wrcalay 
F'uel Element Sheath Tubing U s i n g  Lemb Waves,'' is in finsl preparation. 
This report establishes tentative test specifications outlining OptiwUn 
instrument parameters--such as t e s t  frequency, pulse repetition rate, 
transducer type, bean entry angle, etc. 
t ion and operational procedures f o r  the inspection of tubing in the range 
of .O3O inch w a l l  thickness. 
Wave Models f o r  Nondestructive Testing," as w e l l  as an ear l ier  report, 
"Ultrasonic Testing of Zircaloy Sheath Tubing f o r  Fuel Elements," are 
devoted t o  the second objective. 
increased understanding of the f'undmental nature of ultrasonic wave pro- 
pagation in  thin walled, curved test specimens. Important new ccmcepts 

FYesent emphasis is  on 
Terminal 

It also defines proper calibra- 

A recently issued document, "Ultrasonic Lamb 

The theoretical effort has provided an 



have evolved from this  effort which are of general interest t o  the ultra- 
sonic testing f ie ld"  

"Ultrasonic Amplitude Response as a Function of Notch Depth and Other 
ETfects ir, Zircaloy Sheath Tubing" and "Masking as a Method for Controll- 
ing Beam Configurations of Ultrasonic Transducers" are other documents 
nearing capletion. 

Continuing efforts are aimed a t  extending the work done t o  date t o  tubing 
witk WU thickness of 0,045 inches a d  less.  
studies w i l l  give emphasis t o  the effects of the thinner sections on 
ultrasonic wave behavior, 
ment of specialized instrumentation for  application t o  the inspection 
of thin walled tubular components 

m i r i c a l  and analytical 

Increased emphasis w i l l  be given the develap- 

BIOLOGY ANG MEDICINE - 06 PROGRAM 

Atmosphe ri c Phys i c s 

Progress was made in  the analysis of the large quantity of atmospheric 
dispersion data collected at Hanford, Cape Canaveral, and Vandenberg Air 
Force Base. 
the three si tes,  after acccunting for seasonal and diuranl effects and 
g r o u ~ i n g  the experiments according t o  similarity in  meteorological con- 
di t ions,  shared significant similarity. This WBS particularly evident 
in the Cape Canaveral and Vandenberg data where the sea-land w i n d  regimes 
were similar. 
directions associated with wintertime large scale pressure gradients 
These periods represented typical frontal-type weather conditions as con- 
trasted t o  the sea-breeze circulation that dominated the summertime wind 
pattern 

Camparisons between the average dispersion conditions at 

The narrowest plumes observed were during persistent W i n d  

During the daytime winter experiments, a weak sea-breeze superimposed on 
the gradient flow resulted in greater w i n d  direction variability, caus- 
ing greater horizontal dispersion. 
regime, small scale local conditions produced nonpersistent w i n d s ,  which 
resulted in  greater dispersione 
characteristics on either coast were similar f o r  areas of level terrain. 
Hmever, over rough V a n d m  terrain, the plume width for nighttime 
releases was larger at the greater distances as the flow around terrain. 
features became more pronounced with increased atmospheric s tabi l i ty .  

During the suxtunertime sea-breeze 

Both daytime and nighttime dispersion 

The summer nighttime releases at Hanford r e s a t e d  in caparable average 
plume w i d t h s  t c  those observed on the coasts duringthe same season. 
large distanceE, the W o r d  results approach the extreme rough terrain 

A t  

i 2 3 W b  



E%- 24 

~ h z t i m e  values at Vandenberg, indicating a possible s imi la r i ty  i n  
. :-iqy--terrain effect .  

: : ~ ~ e t i  dispersion during unstable atmospheric conditions. 

.: TycJtcrtype model of the real-time air  sampler f o r  use with fluorescent 
:-2er studies was operated successfully at  a distance of one mile frm a 

Previous trials had suggested that the  sens i t iv i ty  of t h i s  
>-.:ler would be adequate at this distance, but t h i s  tes t  marked the  f irst  

"his success extends the  

The daytime experiments at W o r d  r e f l ec t  the 

 and source. 

zztual f i e ld  use of the device at this distance. 
range Over which the sampler promises t o  be useful i n  investigations of 
ztmspheric dispersion processes. 

I-.?., - - ,>he t ry  

i n  a continuation of the study of the difference i n  potassium results bet- 
ween the  Shadow Shield and the  regular whole body c a t e r  an extensive 
--Librat ion a.nd intercomparison of the  two counters was  carried out. 
resu l t s  indicate tha t  the  calibration of the  Shadow Shield had been off 
1: a 5&, or s l igh t ly  more. 
I x i d e n t a l  t o  th i s  study the  fract ional  excretion rates of potassium and 
cesium from the  body were measured; that of cesium was slightly greater 
than that of potassium. 

The 

We were looking for  a s l igh t ly  greater discrepancy. 

Radiation Protection Operation was assisted fur ther  i n  the preparation of 
t h e i r  mobile shadow shield.  
cf new plutonium wound counters using the  l o w  noise photomultiplier tubes 
reported last month. The wound counter i n  use f o r  the  past  several years 
employs a tube that was an exceptional one of i ts  type. 
as good or be t te r  performance. 

They were a l so  assis ted in the  preparation 

The new tubes give 

A study is  under way t o  develop a method of phosphorus-32 counting that 
can be employed i n  the  RPO mobile f ac i l i t y .  
niques are  not applicable because t h e  energy degradation on scat ter ing i s  
not enough t o  remove background radiation frm the  energy range of in te res t .  

The study of the background of X-ray s c i n t i l l a t i o n  counters continued. 
The background r a t e  appears t o  be independent of crystal. thickness below 
1 mmo 
or radiation absorbed i n  the glass on which the  c rys ta l  is mounted. 
of t h i s  background i s  due t o  Cerenkov radiat ion in  the  glass. 

The Van de G r a a f f  was s t i l l  limited t o  voltages below 1.7 Mev but other- 
wise operated sa t i s f ac to r i ly  during the  month. 

Simple shadow shielding tech- 

Most of the  background inside a good shield is due t o  radioact ivi ty  
Same 
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Tne use of ni t rogm ic mr gas target  was investigated, because N(d,n> 
gives monoenergetic neutrons above 5 Mev, a region not generally accessible 
t o  u s  now. 
voltages may resul t  in useful yields.  

FLucther adjustment of the pulse shape discrimination c i r cu i t  made it 
possible t o  re jec t  984 of the pulses from cobalt-60 while s t i l l  detecting 
proton pulses down t o  0,6 Mev. 
remeasmed with targets  f ree  of carbon contaminatiot.,. 

!J!he yield was too l o w  t o  be useful, but higher Van de G r a a f f  

Several spectra collected ea r l i e r  were 

The shop i s  engaged i n  making a new se t  of tissue-equivalent chambers f o r  
neutron studies 

The gamma-ray calorimeter was prepared t o  make a measurement of the specif ic  
pmer of the raaiation emitted by promethium-147 

The investigation of the heat amplifier was resumed, 
confirmed. 
operation i s  i n  progress. 

Earlier results were 
Determination of the optimum parameters fo r  room temperature 

Instrumentation 

Inproved methods of charging the center rod of pencil-type ionization 
chambers have been favorably m a h a t e d  experimentally. The technique 
provides constant s ta r t ing  potent ia l  and thus assues proper alam signal- 
ling. Additional prototypes are being fabricated fo r  fur ther  testing. 

Further experiments were carried out f o r  the analysis of s m e a r  samples and 
air  f i l t e r s  for  entrapped uranium and thorium. 
cf the  twc are  such that proper determination is' important. 
analysis t e s t s p  using surface bar r ie r  sol id  s t a t e  diode detectors and a 
multichannel analyzer, demonstrated the  f eas ib i l i t y  of the  method f o r  a 
ser ies  of smear samples obtained from the 306 Building. 

The re la t ive  heal th  hazards 
Alpha energy 

The drawings fo r  both the  Mark I1 and Mark. I11 sc in t i l l a t i on  monitors were 
cmpleted ani4 approved. 
and l inear  four-decade response from l e s s  than 1 mr/k t o  10 r/hr. 
b k k  I11 instrument, which has now cmpleted four months of continuous 
operation without malfunction or need of adjustment, provides a logarithmic 
six decade response from 1 mr/hr t o  1000 r/hre 

The Mark I1 instrument pruvides bath logarithmic 
The 

A modified luminescent pa r t i c l e  detector, f o r  use i n  f i e l d  studies of 
pa r t i c l e  movement i n  the  atmosphere, w a s  used in  a ser ies  of f ie ld  tests 
w i t h  excellent resu l t s  at a distance of one mile from t he  Atmospheric 
Physics tower. Calculations show that the  continuous monitor should be 
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:_'fec%ive t o  two miles distance. 

:L u. coi?;'viw of fluorescing pigment material. 
.-:zxa.ent w i l l  be fabricated on-site for f ie ld  experimental use. 

A method was devised for direct in-field 
CL .' - I - a ~ l b  of the phototube detector using a Promethium-147 activator source 

Three final nodels of the 

*_ -?-Ggpaent of the experimental portable mast system i s  progressing with 
.-sin emphasis on detailed electronic circuit development. 

- s i n g  the past month. 
date work accomplished t o  date. 

CLeck-cut and wiring continued on the 400 channel analyzer during the 
?2st month. 
-2Sress and data registers are completed and appear t o  be working properly. 

X A S m G T O N  DESIGNATED PROGRAM 

Circuit designs 
..-C. _ r  completed and favorably evaluated for various electronic functions 

mineer ing  drawings are being prepared t o  consoli- 

Most of the control portion of the logic and all of the 

i s o x p i c  Analysis Program 

The mass spectrameter f o r  th i s  program provided isotopic analyses of 
j?rogram samples received during the month i n  accordance with current goals. 

Development work w a s  resumed on a scintillation-type ion detector. 
detector the ions which are momentum analyzed in the mass spectrometer 
are post-accelerated t o  about 60 kev onto an aluminum target. 
ary electrons produced at the target are accelerated i n  the same electric 
f i e ld  in to  a plastic s c i n t i l l a t o r  and counted with a phutamultiplier. 
characteristics of the response of this system t o  single electrons inci- 
dent on the scint i l la tor  are under study on the ion t e s t  bench. 

In t h i s  

The second- 

The 

TEST REACTOR OPERATIONS 

Operation of the F'CTR continued routinely during the month. 
no unscheduled shutdowns. 

There were 

The experiment t o  determine & data for  Fu-AI. (20$ 240), 19 one-half inch 
fuel element clusters i n  l&inch graphite l a t t i ce  continued thraughaut 
the month. 
were made. 

Null reactivity measurements and f o i l  activation traverses 

A key switch w a s  installed i n  the leveling ring power circuit  as an ai- 
t i o n a l  safety measure t o  prevent unauthorized moving of the leveling rings. 

Operation of the 'ITR w a s  on an intermittent basis during the month. 
was one unscheduled s h u t d m  caused by electronic failure.  

There 
The '333 w a s  
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&e available t o  the University of WashingLon Graduate Center six nights 
during the month. 

CUSTOMER WORK 

Weather Forecasting and Meteorological Service 

Consultation service was rendered on meteorological and climatological 
aspects of 1) a i d e s  of nitrogen release i n  300 Area t o m ,  2 )  l a w  
d t i t d e  sampling of fallout t o  CR&D, 3 )  environmental consequences of 
reactor accidents, 4 )  shipment of large quantit ies of f i s s ion  products, 
and 5 )  temperature and humidity res t r ic t ions  fo r  punch card data storage 
t o  AEC. ~ n n a  climatological sumuaries were prepared f o r  1962 and new 
compilations prepared of dai ly  normal temperatures f o r  the period 1931- 
1960 and extremes fo r  the period 1912-1962. 

Meteorological Services, viz., weather forecasts, observations, and 
climatological services, were provided t o  plant operations and management 
personnel on a routine basis. 

Weather h a r y  

m e  of Forecast 

8- Hour Product ion 
24-Hour General 
Special 

Number Made 

93 
62 

198 

$ Reliabi l i ty  

84.5 
85.2 
09.4 

Temperatures during January averaged below normal. 
able precipi ta t ion fo r  the  first 29 days. 
30th and heavy snaw on the  3lst raised the  monthly t o t a l  t o  0.95 inch, 
which w a s  only 0.13 inch short of norma,l. 

There was no m e a s u r -  
However, light snow on the 

Lmtrumentation and Systems Studies 

The automatic conveyor-type protective clothing contamination monitor 
operated another month without ma;Lfunction. 
ir&,ruction mama3 w a s  issued. 

A detailed maintenance and 

The field-model coincidence-count alpha par t iculate  air monitor, which 
has a detection sens i t iv i ty  of 1 5  MFC-ERS f o r  A2-239, continued t o  perfom 
correctly i n  application at  the  308 Building. 

To improve the  detection of plutonium i n  chemical process line solutions, 
a special  sol id  s t a t e  c i rcu i t  was developed f o r  use w i t h  glass s c i n t i l l a t o r  

1 2 3 5 b 3 0  
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-;k:s detectors, In addition, a special  l ight- level  detector w i t h  a so l i6  
- 
-mx-kxn axalate pmder i n  a chemical process hood. 

.:Zrcuit was developed t o  provide an alarm signal fo r  buildup of 
A study was a lso  

~ e d  aut regarding methods of measuring plutonium content of sealed 

- ---,rides a suitable measurement source, and accurate determinations of 

-" I 
~ 

eor,:ainers. It w a s  concluded tha t  the  384 kev photon from fi-239 

-.rtent should be possible if the contained mixture is  homogeneous. 
. : ~ ~ c a l  reports were issued regarding all three projects.  

1. design cost estimate was prepared f o r  an instnunentation system f o r  
xse i n  measuring uranium metal enrichment (U 235). 
Yuel Fabrication Development, EL. 

r general design and cost estimate was made regarding a s e r i a l  number 
instrument t o  prepare paper tape leaders o r  instructions f o r  Redox labora- 
*>cry nultichannel analyzer data. The instrument is t o  pruvide instruct ive 

The work w a s  f o r  

- tcnaation for the  IBM-7090. 

4- hazmds analysis of a maximum conceivable incident at the  Hanford Test 
Zeactor w a s  programmed f o r  study on the  EASE analog ccPnputer. 
assumed inadvertent reactor charging of a s t r inger  of enriched uranium 
fuel .  
period three times longer than mathematically predicted values based on 
extrapolated experimental data. 
deferred u n t i l  computer time becmes available. 

A paper tape punch readout was ccanpleted which wor's i n  conjunction with 
s. t ens i l e  machine t o  automatically record s t ress -s t ra in  data. 
ment trapsforms recorder shaft posit ion in to  d i g i t a l  form, which is then 
punched on paper tape. 

Preliminary system design and cost estimates were developed fo r  a proposed 
Redax caunting room ins ta l la t ion .  The system is  required t o  generate a 
punched paper tape containing about 200 characters of information needed 
t o  instruct  the IBM 7090 i n  t he  analysis of pulse height analyser data. 

The problem 

Although simulation t e s t s  were favorable, resu l t s  predicted a reactor 

Further work on this program is being 

The equip- 

optics 

Evaluation of camponents fo r  a high temperature microscope being assembled 
fo r  Ceramic Fuels Operation has shown that a loca l ly  fabricated objective 
mirror has greater resolving power and is  otherwise superior t o  a coamner- 
c i a l  unit. 
i n to  the  system which was or iginal ly  developed by Los Alamos Scient i f ic  
Laboratory 

Specimen manipulation modifications are being incorporated 



A bore camera for  inter& inspection of fue l  elements by Testing Methods 
Ehgineering, NRD, was completed with the  ins ta l la t ion  of a Polaroid 
camera and shutter.  
i s  not as satisfactory as the Royal Pan film previously used. 

A coclpvrter program has been completed which was developed t o  a id  the  
calibration of traverse mechanisms with which reactor process tube dis- 
tortiDns are measured. 
mechanisms data can be made t o  fit known tube displacements with a stand- 
s;rd deviation error  of l e s s  than 0.040 inches Over 34 f e e t  of tube length. 

Preliminary evaluation indicates the polaroid fi lm 

Computer results indicate that the  traverse 

Laser experiments u t i l i z ing  a ruby crystal  and a xenon f l a s h t u b e  have 
been performed i n  support of Ceramic Fuels Development Operation. 
tests were successful i n  that flashing of the xenon tube caused the  crystal  
t o  e m i t  brilliant, red l igh t  beams. 
however, and fa i led t o  produce the  desired heating effects .  
sults are  anticipated as xenontube parer input i s  increased. 

Initial. 

The beam was not s t r i c t l y  coherent, 
Improved re- 

A Bausch a.nd Lomb Model L camera was modified t o  permit use of f i v e  inch 
wide r o l l  f i l m  i n  photographing fue l  element cross sections at moderate 
magnifications. 
composite pictures warranted the  use of automatic f i lm change equipment. 
The modifications incorporate an e lec t r ica l ly  driven f i lm change mechanism 
i n  the  standard Model L macro camera system. 

The large number of pictures required t o  make large 

€%ysical Measurements 

Work on the  evaluation of micro-displacement readout systems t o  be used 
by Reactor Metals Research fo r  in-reactor creep measurements has been 
confined t o  data analysis during the  month of January. 

Analysis of the  data obtained during the  calibration t e s t ing  of a Physical 
Science Corporation Model TI-A-03 transducer used with a Model 801-D 
excitation and readout system w a s  ccanpleted, and the  results submitted t o  
the  custamer i n  an evaluation report, PMO Memo 63-2. The “Zero Shift” 
data f o r  this system have been processed through the  7090 computer and 
are  presently being correlated f o r  submission as a supplement t o  the  basic 
evaluation reporb 

Results indicate that this system i s  capable of 100 micro-inch, or be t te r ,  
reproducibility at  temperatures t o  4OO0C, pravided proper data  cmtpensa- 
t i on  methods are  employed. 



B-30 

I .:gectioz of the first shipment of K reactor process tubes i s  continuing 
* L? accelerated rate .  A t o t a l  of 7,031 separate t e s t s  of 2,737 tubes 

Iri .+;;resenting 71,526 feet  of material)  have been performed t o  date.  
7 - 3 2 ;  a wide var ie ty  of t es t ing  services were prwided twenty-six 

.J:" customers an3 a number of AM: contractors. 
i ~ 5 i  erent occasions on general t e s t ing  theory and applications. 

Advice was given on seventy 

+-- the C W S E  of t es t ing  the Zircaloy process tubes f o r  K-reactor retubing 
program, cracks were found by the fluorescent penetrant test .  The cracks 
c e  apyarently a resu l t  of t he  Vanstone flange fabrication. Sample speci- 
&ens of K-reactor tubing were flanged and subjected t o  initial tensile 
;=sting t o  determine the effect  of the cracking on the mechanical strength. 
ies l l l ts  are  pending completion of the  t e s t s .  

I 4 0 3  KV X-ray unit i s  being procured t o  extend the  Pbysical Test.- Opera- 
-snis a b i l i t y  t o  provide increased service t o  present and potent ia l  Cus- 

tamers 

Development of an eddy current t e s t  t o  locate radial cracks i n  reactor 
larker  f i t t i n g s  continued. 
in the  threaded area t o  detection of the cracks in the  thread relief area. 
Imprare? resu l t s  have been achieved by using impraved d i f f e ren t i a l  co i l s  
a t  frequencies above 400 KC. 
0.125 inch long by .010 inch deep thread r e l i e f  defects are believed 
possible with minor improvements t o  existing developents.  

Ehphasis has shif ted from detection of cracks 

Instrument sens i t iv i ty  capable of resolving 

An musual service involving the  application of microscopic analysis tech- 
niques f o r  the  measurement of par t icu la te  contaminstion of hydraulic f l u i d  
'WBE performed. 
control rod and elevator mechanisms are f ree  of harmflrl contaminants. 

The t e s t  provides assurance that f lu ids  employed in reactor 

ANALOG COMPUTER FACILITY OPERATION 

The andog cmputer problems considered during the month include: 

1, I)-reactor automatic control. 
2. NPR pressurizer inject ion system. 
3 .  Nm( graphite coolant gas canposition. 
4 .  PRTR nuclear excursion study. 
5 .  PRTR c r i t i c a l  f a c i l i t y .  

The specifications for  a new analog computer were cmpleted. 
f icat ions describe a 156 amplifier ccxputer with i t e r a t i v e  capabi l i t i es  and 

These speci- 
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also writ ten.  

Ninety percent of the GEDA and ninety-five percent of the EASE equiment 
was i n  good operating condition during the  month. Camputer u t i l i za t ion  
was as follows: 

GEDA - 
35 
25 

0 
14 0 - 
200 

EASE - 
17 5 H o u r s  Up 
25 H o u r s  Scheduled Downtime 

Hours Unscheduled Downtime 
Hours Idle 

0 
0 - 

200 Hours Total 

INS!TRUME2lT EVALUATION 
~~ 

Evaluation t e s t s  were completed on a commercial sol id-s ta te  operational 
amplifier and an evaluation report w a s  writ ten.  The amplifier did not 
meet the performance claims of the  manufacturer, and it f i n a l l y  f a i l ed  
completely during the tes t ing.  

Evaluation tes t ing  w a s  completed on one production prototype, of seven 
being f abricat ea off - si t  e, combined alpha-bet a-gamma s c i n t i l l a t i o n  solid- 
state hand and shoe counter. A large number of fabrication errors  were 
found; however, sane of these were caused by errors on the  blueprints. 
A number of c i rcu i t  and detector modifications were devised and incorp- 
orated t o  improve the  performance of t he  instrument. A l l  e r rors  w i l l  be 
corrected and a l l  c i rcu i t  improvements will be incorporated i n  the  remain- 
ing six instruments still at the of f -s i te  fabricating plant .  

Blueprint and purchase specification information w a s  provided t o  Rad ia -  
t i o n  Protection, HL, for  the  off-s i te  purchase of a number of sol id-s ta te  
c i r cu i t  loudspeaker units for  use i n  place of headphones with portable 
radiation survey instruments. 

Acting Manager 
PHYSICS AND ' Z N S T R ~ S  LABORATrnY 

RS Paul:mcs 
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CilEKICAL UBORATORY 

RESEARCH AND ENGINEERING 

FISSIONABLE MATERIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Groumi-Water Teqera5ure Studies 

The temperature of tke grocLd water beneath a l l  reactor  area8 at 
Hanford has i rsreased s i g r i f i c a n t l y  since the  start of operations. 
This has resulted xmirly fro= the r e l a t ive ly  la rge  volume of 
t h e r m l l y  W G ; ~ ,  reas tc r  effluen% c o d i n g  water percolating downward 
in to  the g roE2  water from the reteati03 basins and l o c a l  disposal 
sites loceted withiI: each area. During ig62 a study was made t o  
determiue the d i s t r i b u t i o r  of thermally w a r m  water beneath each of 
t h e  reactor  &rem. E a r l y  t h i s  xonth the las t  series of tempera- 
ture measuemx.ts w a s  -de LE the wells located i n  the region of 
the 100 Areas, -3. the f i e l d  work phase of this study w a s  brought 
to a close.  Tenrperature prof i les  in .  a l l  wells located i n  t h i s  
region, wkieh were measued nine times during 1962, are  now being 
evaluaseAi. IL aadi t ion t o  delineating the extent of movement of 
t he  tkemxiiiy w a r n  ground weter beneath each reactor  area, it is 
expected tha t  these daTa w i l l  provide information from which an 
e s t i m t e  of the r e t e  ar;d direct ion of ground-water movement 
beneath the areas chzz be =&e. Ic te rpre ta t ion  of th i s  information 
should also reveal seasor;al trends which occur i n  the ground-water 
teEpera.ture pat terns  

N Reactor Crib 

A recent ly  developed corcpu+,.tr prcgram has provided a better estimate 
of water flow t o  be expcte2 f r o m  the N Crib. 
informatior estiniates cf f i s s i o c  product re lease from the f a c i l i t y  
t G  the Columbia River were revised. 

I n  l igh t  of t h i s  

The only f i s s i o n  products expected to reach the river i n  s ign i f i can t  
concentraticns a re  I-lji m.d Sr-90. 
50 g of uranium is calculated t o  release 0.159 cur ies  of soluble 
1-131 and 1.8 x 10-3 cur ies  of soluble Sr-90. 
t i m e  fo r  1-131 i s  li days following a given diversion. 
1-131 re lease of 2 x 10-2 pc/sec a d  2 w/sec  i s  expected f o r  
losses  of 50 =a 5OCC g of u--ai=ium, respectively,  within hours after 
breakthraugh. Bebreer, diversioris, a t  the assumed frequency of one 
per  mcnth, the release of 1-13; w i l l  decrease by a f ac to r  of 40. 

A usual rupture w i t h  a loss of 

The expected arrival 
A maximum 
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Strontium-90 breakthrough is  e*cted t o  occur about 3.5 years 
following the i n i t i a l  diversion. 
active decay, the ra te  of Sr-90 release to the river w i l l  not 
decrease s ignif icant ly  between subsequent diversions. 
mum release of Sr-90, 3.5 years a f t e r  the i itial diversion and 
based on a 50 g loss of uranium, i s  4 x 
assumption of continuous use of the XV Crib  a t  the estimated fre- 4 quency and severity of failures, Sr-90 release rates of 5 x 10' , 
1.5 x 10-3, 2 x 10-3, 3 x 10-3, and 4 x 10-3 pc/sec are anticipated 
1, 5, 10, 20 and 40 years, respectively, after the i n i t i a l  break- 
through. 

Because of i t s  slow rate of radio- 

The maxi- 

w/sec.  Based on the 

Cation Exchange Capacity of 100-Area Subsoils 

The cation exchange capacity of 100-Area subsoils was determined 
f o r  all areas except 1 0 0 - K  f o r  which no samples were available. 
The adsorption of ammonium ion from neutral  1 M &muonium acetate 
was used as a basis for the exchange capaci t ies  measured. 

In general, the specific cation exchange capacity of the sediments 
( m e q / l O O  g )  increased wi th  the distance inland from the Columbia 
River. Some i r regular i t ies  were evident at 100-F Area, and differ-  
ences were s l i gh t  a t  1 0 0 - H  A r e a .  
exchange capacity (meq/ft3 x depth to ground water) w a s  even more 
pronounced w i t h  the distance inland from the r iver  because of the 
increasing depth t o  ground water. 

The increase i n  effect ive cation 

Based on the cation exchange capacity of the loca l  subsoils, the 
100 Areas f a l l  into two d i s t inc t  groups, i.e.,  those with a high 
and those w i t h  a re la t ive ly  low cation exchange capacity. Soi l s  
underlying the western-most 100 A r e a s ,  Areas B and D, have a 
specific cation exchange capacity of about 4 m e q / l O O  g w h i l e  those 
areas to the east, A r e a s  H and F, have cation exchange capacit ies 
of about 2 m e q / l O O  g. 
1 0 0 - K  and 1 0 0 - N  Areas are  expected t o  be similar t o  that beneath 
100-B and D Areas. 

The exchange capacit ies of soils beneath 

In the selection of s i t e s  fo r  future  c r i b  construction in the 100 
Areas, the distance inland from the r ive r  i s  an important conslder- 
ation. Inland sites of fer  the advantages of longer effect ive s o i l  
columns and additional time fo r  decay of poorly adsorbed radio- 
contaminants before release to the r iver .  

i 2 3 5 b 3'6' 
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Fission Product Release 

A special  hazards study on irradiated "B Metal" shipments w a s  
i n i t i a t e d  on the request of IPD. 
and equipment designed and fabricated f o r  studying releases at 
high temperatures. This work w i l l  r e su l t  i n  some delay of the 
study on f i s s ion  product release from production-scale fuels .  

Experiments are being planned 

Effluent Water Radioisotope Studies 

The corrosion inhibi t ion of aluminum fue l  element jackets which 
were numbered w i t h  marking inks pr ior  t o  reactor i r r ad ia t ion  
prompted laboratory s tudies  of these inks and the adsorption 
properties of ink-coated aluminum surfaces. 
analysis of the inks indicated no inorganic consti tuents,  thus 
no d i f f i c u l t i e s  from neutron act ivat ion products could result 
from the inks if tested in the f lux  zone of a reactor.  A two- t 

day reactor t e s t  w a s  made by exposing four ink-coated super-pure 
aluminum t e s t  pieces together with two uncoated pieces i n  the 
cent ra l  flux zone of D Reactor. Since these pieces were i n  a 
process tube containing only dummy elements, the water temperature 
W a s  low, the adsorbed radioisotopes were very low, and no s ig-  
n i f ican t  difference w a s  observed between the treated and untreated 
surfaces. Laboratory studies do indicate a decrease i n  adsorption 
of arsenate ion, so these inks and the i r  individual components 
W i l l  be evaluated fur ther  i n  reactor tests. 

Neutron act ivat ion 

Some aluminum coupons w e r e  anodized using chromic, sulfur ic ,  o r  
oxalic acids as e lec t ro ly te .  These coupons were tested f o r  
adsorption of arsenate together w i t h  anodized and sealed coupons, 
autoclaved coupons, and silicate-treated coupons. Anodizing, 
w i t h  o r  without sealing, was found t o  increase adsorption. The 
autoclaved coupon adsorbed the least. The aaodized coupons d id  
resist corrosion w e l l  and w i l l  be tested f o r  long-term effect on 
adsorption of radioisotope parent materials. 

Downstream perforated spacers were obtained from the two reactor  
tubes using deionized water and from the two p i l o t  plant  tubes 
using standard process water. The f i lm  from measured areas of 

each of these spacers w a s  removed, dried, weighed and analyzed. 
The films were about 80 percent aluminum oxide and 18 percent i ron 
oxide i n  all cases. The f i l m  from the deionized w a t e r  tube spacers 
was l e s s  than one-half the mount from the p i l o t  plant  tube spacers 
although the corrosion rate is  greater  i n  deionized water. The 
i ron noted on the  deionized water tube spacers apparently derives 
from the steel w a t e r  l i n e s  between the deionizer and the  reactor .  

\ 2 3 5 5 3 3  
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The deionized water tube f i l m  is  the intense orange-red iron oxide 
color and readily redisperses i n  water t o  form a col loidal  solution 
w i t h  par t ic les  having a posit ive 20 mv zeta potential  and a s ize  
range from 200 - 1200 millimicrons. 

SEPARATIONS PROCESSES 

Disposal t o  Ground 

During recent months the gross beta-emitter concentration in the 
ground water beneath the Purex A - 1 0  process condensate c r i b  increased 
markedly from 1 .5  x 10-5 t o  2 x 10-3 pc B/cc. The beta ac t iv i ty  i s  
essent ia l ly  all rad1 ruthenium; the Sr-90 concentration in a recent 
sample w a s  < 7 x 10-8 pc/cc. This increase i s  d i rec t ly  a t t r ibutable  
t o  a comparable increase in the radionuclide content of the process 
condensate ar is ing from a change i n  the Purex Plant (on a t e s t  bas i s )  
from double-stage t o  single-stage d i s t i l l a t i o n  in the acid  recovery 
process. 

Vertical  wells i n  the Purex 241-A tank farm were monitored f o r  the 
first t i m e  w i t h  the sc in t i l l a t i on  probe t o  detect  possible waste tank 
leaks; previous monitoring w a s  done w i t h  the less sensi t ive GM probe. 
The resu l t s  indicate possible l i n e  o r  tank leaks on the north side 
of the 101 tar& and on the south side of the 106 tank. Further’ 
evidence of leaks can best be obtained by reprobing the wells a t  
re la t ive ly  short-time intervals t o  detect  any progressive increases 
i n  counting ra tes .  Well d r i l l i ng  samples from zones showing high 
count ra tes  were counted w i t h  the laboratory 3-inch well c rys ta l ;  
none of the samples showed s ignif icent  amounts of radioactive 
material. Thus, i f  leaks occurred; (1) they occurred after the 
wells were dr i l led;  (2)  the contamination has not reached the wells 
but may be up t o  f ive  f e e t  from the w e l l s ;  o r  ( 3 )  contaminated soil 
encountered i n  the w e l l  d r i l l i n g  w a s  not sampled in get t ing the 
s o i l  grab samples at five-foot d r i l l i ng  intervals.  

Iodine Removal Processes 

Iodine-131 deposition on silver-plated tube w a l l s  w a s  shown t o  
follow the diffusion equations of Broming and Ackerl9 quite w e l l  
a t  low Reynolds Numbers (up t o  about Re = 300). 
conditions deposition i s  greater than predicted by diffusional 
equations, yet not as great as predicted by mass t ransfer  t o  a 
wetted w a l l  tower equation derived by Sherwood and Pigf?orda. 

For more turbulent 

The 

1. Browning and Ackerly, ORNL-339, p 44. 6/30/62. 
2. Sherwood and Pigford, “Absorption and Extraction,” M c G r a w - H i l l ,  

P 77. (1952) 
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deposition may be lower because turbulence may not have been f u l l y  
developed in the experiments performed local ly .  I n  m y  turbulent 
flow, the silver-plated w a l l  may not, i n  fact ,  a c t  as a perfect 
sink, thereby also contributing t o  lower deposition than predicted. 
More data a t  even higher Reynold's Numbers should be obtained; 
however, no extensive work i s  planned a t  t h i s  time. 

Release of 1-131 from the w a l l s  of a s ta inless  s t ee l  tube t o  a dry 
air stream w a s  found t o  range from an i n i t i a l  rate of 0.8 percent 
per hour t o  about 0.1 percent per hour after 42 hours. These 
results contrast w i t h  a previous observation tha t  1-131 would dif-  
fuse at a f a i r l y  high ra te  from the w a l l  t o  stagnant air i n  a 
tube. 
future. 

No further work i s  planned in  th i s  area f o r  the immediate 

The low 1-131 retention efficiency of charcoal taken from a halogen 
t r a p  i n  a Hanford Laboratories building exhaust w a s  further investi-  
gated. The charcoal which had been i n  service for  two and one-half 
years w a s  found t o  be ineff ic ient  due largely to surface deterior- 
ation or  blocking of adsorption s i t e s .  Retention efficiency of 94 
percent w a s  restored through mild abrasion by shaking, then washing 
w i t h  water. This efficiency i s  s t i l l  s ignif icant ly  lower, however, 
than that of the replacement charcoal, which w a s  found t o  be 99.99 
percent  e f f ic ien t .  

Solid State  Electromigration 

A specimen of 99.9+ percent aluminum traced with Fe-59 and fabr i -  
cated into a s t r i p  3/7 inch x 0.030 inch x 5-3/4 inch was electro- 
lyzed w i t h  a current of 140 amperes at 0.4 vol t  f o r  194 hours. 
This current produced a temperature i n  the center of the specimen 
of 530 f 20 C. 
negative r e su l t  is  interest ing i f  one compares the behavior of Pe-59 
i n  cerium where about10 percent of the Fe-59 migrated In four 
hours a t  l e s s  than 1/3 the  current density employed here. 
cases the Al and Ce specimens were electrolyzed a t  temperatures which 
were approximately equal fractions of the melting points of the 
pure metals. 

No migration of Fe-59 t racer  w a s  observed. This 

I n  both 

The reason f o r  the differ ing behavior of Fe i n  these two matrixes 
appears t o  be a function of the manner i n  which the Fe i s  present 
i n  the  matrix metal. In aluminum, Fe is  soluble in the so l id  
s t a t e  up to  a l i m i t  of almost one atom percent and occurs as a 
subst i tut ional  impurity. In cerium, on the other hand, the so l id  
so lubi l i ty  of Fe i s  extremely low and it i s  mainly present as an 
intergranular impurity. Intergranular diffusion, In  general, i s  

1 2 3 5 b 3 c i  
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mre rapid than l a t t r c e  d i f fus ioc  by f ac to r s  of lo3  o r  much greater .  
Further, frox the equatlot  f o r  the cootribution t o  conductivity, 0, 
of the migrating ions, 

0 = Ne2/kTnD 

it is  appareLt t h a t  the magriitude of the diffusion coeff ic ient ,  i.e., 
the nature of the diffusion process, can have a determining e f f ec t  
on the  effectiveness of s o l i d  state electromigration. 

Analytical  data fo r  Fe md Cu by wet chemical analysis  are now com- 
p le te  for the lb0-hour run on cerium st 600 C (70 amps at 0.85 V). 
D a t a  f o r  Fe a t  a euccentratiac of 250 ppm confirm the Fe-59 t r a c e r  
results. 
migrate 

Copper a t  a coucentrfition of 170 p p  does not appear t o  

This  r e s u l t  eonfirms spectrographic evidence from the 70-hour run 
tha t  copper does riot migrate. 
containing an i n i t i a l  120 ppm Cu) t ha t  "migration of Cu is readi ly  
observed at 50 t o  100 hours", a fu r the r  check i s  being made. 
specimen of Ce has been marked by imbedding a small f l eck  of Cu i n  
i t s  surface n e u  the center  of the specimen. Using tantalum pro- 
t e c t e d  'trass clamps, t h i s  specimen w a s  electrolyzed f o r  146 hours 
at 600 C (60 amps - 0.7 v o l t s ) .  The copper rapidly diffused i n t o  
the cerium specimen leaving a hole t o  mark i t s  o r ig ina l  posit ion.  
It, is  hoped :hat chemical analysis  w i l l  show whether the diffusing 
copper w a s  affected by the e i e c t r i z d  ccrreot .  

In view of Henrie 's  report  (on cerium 

A 

Demonstratiot cf the Use of U ( N )  ir: the Purex 1Bx Column 

The 1BX Column demonstration runs i n  a ministure pulse column have 
been discoLtinued because of a lack  of s e n s i t i v i t y  t o  flowsheet 
c a g e s .  
cons tac t  (between 8 asd ll percent) over a wide range of operating 
conditions which included column diameter, stream flow rates, and 
reducing agent [ i ron ( I I )  and uranium(N)J. It i s  t en ta t ive ly  con- 
cluded that the f ac to r  coz t ro l l ing  plutonium loss i n  these runs w a s  
the rate of p lu ton im t r ans fe r  f ron  the organic phase. 
time of the organic phase in these small co ;ms  i s  qui te  shor t  
(15 - 20 secocda) and i s  almost independent of operating conditions. 
Current stuCies are seekicg t o  establish the rate of oxidation of 
PU(II1) t o  Pu(N) i n  the lBS column at various n i t r i c  ac id  and 
hydrazine concentrations in the aqueous phase. 

Plutocium losses  t o  the organic 1BU stream were near ly  

Residence 

The Recuplex air-driven pulse system generatcr has been i n s t a l l e d  
on a calm current ly  being used f o r  waste extract ion s tudies .  The 
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air  pressure (0  - 15 psig) above the l i qu id  i n  the pulse l e g  of 
the U-tube column i s  adjusted over a frequency range of from 0 t o  
70 cycles per minute by two e m  operated poppet valves. A variable 
speed DC motor drives the cam shaft. 
holds the pressure i n  the accumulator a t  a near constant adjustable 
value. 

A pressure control  valve 

Shakedown runs of the pulser equipment were completed. 
w i l l  be evaluated f o r  use i n  waste extract ion processes as w e l l  
as f o r  use i n  the New Reclamation Fac i l i t y .  

The pulser  

WASTE TREAWNT AND FISSION PRODUCT EXTRACTION 

Cesium Precipi ta t ion Studies 

Several laboratory experiments were performed t o  determine whether 
phosphotungstic acid (PTA) employed i n  prec ip i ta t ing  cesium from 
Purex FTW could be re-used ( a f t e r  caust ic  dissolut ion of the 
prec ip i ta te ) .  
s t a n t i a l l y  reduce the rather high chemical costs  of the process. 
A t  least under the conditions of the experiments, no prec ip i ta te  
w a s  obtained w i t h  recycled PTA, suggesting (as claimed by the  
B r i t i s h )  t h a t  PTA i s  i r revers ib ly  decomposed i n  a lkal ine solution. 

Slich re-use of all or  a pa r t  of the PIX would sub- 

Solvent Extraction of Cesium 

Laboratory Studies - Laboratory s tudies  have continued on both the 
CSREX process and on the simpler BAMBP-only process ( the l a t t e r  fo r  
cesium recovery from tank supernate). CSFXX studies  have concerned 
both the equ i l ib r i a  and k ine t ics  of cesium and sodium str ipping.  
It was found that 1 M formic acid is  a sa t i s fac tory  scrub f o r  the 
se lec t ive  remnvd of-sodium. 
quite temperature dependent and s l i g h t l y  slow, with hold-up times 
of up t o  about 10 minutes required t o  achieve equilibrium. 
temperature e f f e c t  may prove useful i n  achieving optixuum separa- 
t i o n  of cesium snd strontium from cerium and in improving decon- 
tamination of cesium-strontium from calcium. In addition, the  
CSREX phenomenon (synergis t ic  effect of P2EHPA on BAMBP t o  y ie ld  
cesium extract ion a t  low pH) w a s  shown t o  occur w i t h  several  other  
mono- and ai-alkyl  phosphates, but  not w i t h  t r i - subs t i t u t ed  phos- 
phates. 

Cesium s t r ipp ing  was  found t o  be 

The 

Work on the BAMBP-Soltrol system w a s  aimed at  generating data 
needed t o  support Cold Semiworks s tudies  and included determination 
of the e f f e c t  of excess caustic,  BAMBP concentration, and temperature 
on cesium equi l ibr ia .  Boric acid w a s  shown t o  be an excel lent  
scrub f o r  sodium removal. 
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Additional tracer-level miniature mixer-settler runs were d e  to 
t e s t  CSREX Process Flowsheet 2 conditions. 
extraction column, feed solutions were simulated 1965 composition 
FTV made 0.19 - M i n  c i t r a t e  and adjusted to  pH 4.5. 
0.3 M DZEHPA - 0.5 M W P  - Soltrol .  
Sr,  & and Ce losses  were 0.46, 0.09 and 7.4 percent, respectively. 
Organic product solutions were used in  mixer-settler par t i t ion  
column runs. Cesium and strontiumlosses t o  the organic under 
parti t ion column conditions were 2 and 0.13 percent, respectively. 

Engineering Studies - The f i rs t  p i l o t  plant t e s t s  of the CSREX pro- 
cess w a s  made during the month with favorable results. 
process employs a mixture of 0.5 M BAMBP and 0.3 M D-A i n  Sol t rol-  
170 to  co-extract cesium, strontium and rare  eartEs. 
strontium are stripped from the solvent with d i lu t e  n i t r i c  acid 
(0.05 M )  followed by rare  earth stripping wi th  0.5 - 2 M n i t r i c  acid. 
The process i s  quite similar t o  the D2EHPA process and would use 
the same equipment. 

In runs simulating the 

Extractant was 
A t  steady stste conditions, 

This 

The cesium and 

These first CSREX runs were performed i n  the same nine-foot-tall  
column used for  the cesium-BAMBP process and demonstrated over 99 
percent extraction of strontium and cesium from the c i t r a t e -  
complexed feed used in the D2EHPA process. O n l y  50 t o  65 percent 
of the cerium w a s  extracted at  25 C .  
ture  t o  ca. 40 C increased the cerium recovery t o  as high as 97 
percent n o p  interface) but increased the cesium loss t o  21 per- 
cent. 
temperature on cesium dis t r ibut ion ra t ios .  

However, raising the tempera- 

This  result w a s  expected from the known ef fec t  of increased 

Parti t ioning (IB) column results showed that strontium and cesium 
losses of one percent o r  less were readily obtainable using 0.05 - M 
HNO3 at an aqueous-to-organic flow r a t i o  of 1.0. 
be about the minimum amount of acid tha t  would achieve these results, 
evidently becsuse of an excessive amount of sodium i n  the organic 
feed. 
t o  two-fold reduction i n  both the acid concentration and the aqueous 
flow rate .  The cerium decontamination factor  appeared to be greater 
than 100 (no cerium detected i n  the 1BP stream). 

This proved t o  

Adequate sodium scrubbing i n  the 1A column should permit up 

Tentative 1 C  column resu l t s  indicate that  cerium losses of three per- 
cent or  l e s s  a re  obtainable w i t h  a 0.5 M HNO 

r u e  earths quantitatively.  

s t r ipping solution. 
A higher acid concentration would probaFly b 2 required t o  s t r i p  other 

The column capacit ies,  using the same 23 percent f ree  area nozzle 
plate cartridge throughout, were comparable t o  those obtained i n  
the D2EHPA process (volume veloci t ies  up t o  600 gal / (hr)(f t2) ,  sum 
o f  flows, were readily achieved). 

i s . ;  4 
1 2 3 5 b 4 2  
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Denitration of Purex i W W  

A laboratory t e s t  w a s  completed during the month t c  evaluate a 
proposed scheme f o r  sugar treatment of' 1 W W  i n  the -ex Plant, 
e.g., simultaneous controlled addition of both sugar and 1WW t o  a 
heated reactioo tank over a period of about 50 hours. 
uncertaint ies  were whether res idual  carbon content would be 
excessive and whether eff ic iency of n i t r a t e  destruction (moles of 
n i t r a t e  destroyed per mole of sugar consumed) would be adequate. 
The residual  carbon found w a s  on ly  2 t o  3 perceot md the e f f i c -  
iency averaged about 20. Even b e t t e r  plant  performance would be 
expected since (1) accurate control of the small flow rates 
involved i n  a laboratory-scale dewnst ra t ion  w a s  d i f f i c u l t ,  and 
(2 )  the radiation associated w i t h  ac tua l  1 W W  would destroy 
residual  carbon an6 some n i t r i c  acid, thus increasing the e f f i c -  
iency. 

Major 

I n  engineering studies,  res idual  carbon analyses were completed 
fo r  the flowsheet demonstration run reported last month. 
res idual  carbon content equivalent t o  1.9,  1.1 and 0.4 percent 
of the  t o t a l  carbon fed as sugar w a s  found i n  the sugar-treated 
w a s t e  a f t e r  a digestion period of 12, 1 5  and 18 hours, respectively.  

A 

Solvent Extraction of Np and Pu from Purex Waste 

Tri- lauryl  amine (TU) extract ion of neptunium and plutonium from 
Purex 1 W W  was studied i n  batch contacts w i t h  simulated lW of 
estimated currerit composition. In the  present flowsheet, the 1WW 
i s  made 0.2 M i n  hydrazine and allowed t o  stand 30 minutes a t  room 
temperature; N p ( V )  i s  reduced t o  Np(IV) but Pu(IV) i s  not reduced 
t o  pU(II1). 
0.3 M TU-Soltrol ,  93-96 percent of the neptunium and 98-99 percert 
of tge plutonium are extracted.  
one-half o r  an equal volume of 0.1 M oxalic acid s t r i p s  85 t o  95 
percent of the neptunium and plutonzum. Tracer s tudies  i r d i c a t e  
good decontamication ( d e c o n t d n a t i o n  fac tors  > 100) f o r  all 
probable contaminants except ruthenium. Ruthenium decontamination 
fac tors  were about f i v e  i n  the extract ion and seven in the s t r i p  
contact . 

- 
When t h i s  1 W W  i s  contacted w i t h  an equal volume of 

Contact of the orgmic  phase with 

Cesium Recovery from Alkaline Wastes by IOE Exchange 

Duolite C-3 and Bio-Rex 40 phenolic res ins  were investigated as 
possible exchangers f o r  cesiun: removal from high-level a lka l ine  
supernate wastes. It w a s  found t h a t  the Bio-Rex 40, a der ivat ive 
of C-3, i s  not appreciably d i f f e ren t  i n  cesium loading character-  
i s t i c s  from C-3 and therefore  w a s  not studied further.  
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A solution of 0.1 N (NE )2C0 + 0.1 
removal from Duolize C - 3  res?, following the loading s tep.  Eight 
column volumes of t h i s  solut icn i n  addition to  a four-column volume 
water wash were suff ic ient  t o  remove 99 percent of the sodium i n  
the bed. 
low and about the same as f o r  other  exchangers. 

NH4OH we6 used f o r  sodium 

Cesium losses  during t h i s  sodium removal s t e p  were very 

Elution of cesium from C-3 w a s  accomplished w i t h  2 ,M (NH4) CO . 
It w a s  found t h a t  flow rate during e lu t ion  is  much more crft i3al  
f o r  C - 3  than f o r  other  exchangers studied. Pa r t i c l e  s i z e  is  l i k e -  
wise important. For 95 percent cesium elut ion,  6.8 column volumes 
of 2 M (NH4),$0 are  required f o r  20 t o  50 mesh exchanger and two 
c o l 6  volumes &r hour flow ra t e .  This i s  reduced t o  5.6 column 
volumes for  50 t o  100 mesh a t  two column volumes per hour, and to 
4.2 column volumes for 50 t o  100 mesh at  0.5 column volume per 
hour. 
the large mesh s i ze  and high f low r a t e .  

Changes i n  eluant concentration make l i t t l e  difference at  

A 1-inch diameter, 18-inch long s t a in l e s s  steel  column w a s  equip- 
ped with solenoid valves and timer and i s  operating automatically 
on an alkal ine supernate flowsheet. The first exchanger used w a s  
Linde AW-500 and 1 3  cycles of loading, washing and e lu t ion  were 
completed. The flowsheet used resu l ted  i n  a Na/Cs  r a t i o  reduction 
from 5000 i n  the waste t o  10 i n  the e lua te .  Cesium loss  t o  e f f luen t  
and washes w a s  2 percent, but t h i s  could be reduced with a shorter  
loading period. A f t e r  13  cycles, the AW-500 w a s  removed from the  
column, dried, weighed and counted. The w e i g h t  loss w a s  less than 
5 percent even though some iron, presumably from the binder, W a s  
observed i n  each of the evaporated e lua tes .  
exchanger w a s  ? -10 percent. 
the th i r t een th  cycle w a s  10 t o  1 5  percent. 
cesium on the exchanger w a s  2 percent of a normal cesium loading. 
Physical appearance of the pa r t i c l e s  w a s  not appreciably d i f f e ren t  
a f t e r  the 13  cycles than before. 

Volume loss of the 
Cesium capacity loss as measured on 

Residual uneluted 

Dissolution of Rare-Earth Oxalate PreciDitates 

The Purex-B-Plant processing scheme f o r  strontium and rare ea r ths  
involves a rare ear th  oxalate prec ip i ta t ion  s t e p  followed by slurry 
t r ans fe r  of p rec ip i t a t e  from the centrifuge.  
cedure would be preferable and would minimize cross-contamination 
of equipment and (when cask load-out i s  involved) exposure of per- 
sonnel. The dissolut ion of rare ea r th  oxalates w i t h  n i t r i c  acid 
and manganese-catalyzed n i t r i c  acid is  accordingly being inves t i -  
gated. 
0.0005 - 0.005 M Mn i n  one hour a t  80 C; however, it i s  not crew 
whether the manianese t r u l y  played a c a t a l y t i c  ro le .  

A disso lu t ion  pro- 

Very nearly complete dissolut ion w a s  obtained with 4 M HNO3, 
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Promethium Purif icat ion 

Purif icat ion w a s  completed during the month of a quantity of 
promethium-147 which w a s  recovered approximately a year ago and 
set  aside a t  t h a t  time t o  allow decay of hn-148. 
w a s  carr ied out by EDTA ion-exchange chromatography i n  ion-exchange 
columns in s t a l l ed  for  t h a t  purpose i n  C-Cell of the High Level 
Radiochemistry Fac i l i t y .  The feed (which contained about equal . 

amounts of neodymium, promethium, samarium and t race  europium) w a s  
d i luted t o  50 l i t e rs ,  adjusted t o  pH 3.8, and loaded onto a 2-inch 
x 6-foot and a 1-inch x 6-foot Dowex 5OW, X-8 column. 
i n  these two columns was i n  the amnonium cycle. 
were then eluted in  se r i e s  through two similar 1-inch x 6-foot 
columns (but i n  the yttrium cycle) with pH 8.75, 0.015 M EDTA. 
columns were operated a t  about 60 C. 
duct w a s  accomplished on a l/2-inch x 6-foot column from which the 
promethium w a s  e luted i n  13 f rac t ions  of 900 m l  each. 
radiolysis  (which slowly destroyed EDTA), the f rac t ions  began t o  
prec ip i ta te  short ly  after col lect ion.  
recovered from each f r ac t ion  by oxalate prec ip i ta t ion  followed by 
conversion tothe oxide by ign i t ion  at 750 C. 

The pur i f ica t ion  

The r e s in  
The two columns 

The 
Final  i so la t ion  OF the pro- 

Due t o  

The promethium is being 

Although ana ly t ica l  data on yield and pur i ty  i s  not yet available,  
preliminary indications are t h a t  the quantity obtained equals or 
exceeds the 10,000 curies  desired and that  puri ty  of  the  hear t  cut  
i s  very high, with t o t a l  impurit ies less (perhaps much less) than 
the  estimated 2 percent which represents t he  detection limit by 
spectrophotometry. 

In supporting laboratory work, completed too late f o r  use i n  the 
hot-cel l  run, it was shown that aluminum i s  f u l l y  as sa t i s f ac to ry  
as yttrium as a res t ra in ing  ion f o r  the promethium pur i f ica t ion  
process. For plant-scale application aluminun would be preferred 
because of i t s  lower cos t .  

The a v a i l a b i l i t y  of a macro quantity of highly pure promethium 
provides the  opportunity t o  measure a number of i t s  per t inent  
chemical and physical qua l i t i e s  - which e i t h e r  have not been pre- 
viously determined o r  not determined with high precision on pur i f ied  
material. These include: emission speCtI'UIG, solut ion absorption 
spectra,  X-ray spectra,  and m a  
which a value of 16.0 2 1 x 10% c.g.s. units w a s  obtained, almost 
exact ly  what a r'simple" interpolat ion would have predicted. ) 

e t i c  suscep t ib i l i t y  of pm203 ( for  
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Fission Product -5 Waste Packaging 

Dehydration s tudies  on Linde AW-400 Mcleculss Sieves (14 t o  30 mesh} 
were d i s c c n t i n e d  bezause of the formation of a very hard cake of 
z e o l i t e  material i L  the off-gas l i n e .  
thoroughly washed t o  remve f ines  before the run was begun, therefore 
the cake i s  thought t o  have fomed fron; f ines  produced by thermal 
f ractur ing during the ccit"se of the run. 
no aifference betxeeo the s&ke and "ss-received" material. It is  
apparel;t t h a t  considerable irrproTremzt i n  the zeo l i t e  binder w i l l  
be required before t h i s  material  carz be employed in present concepts. 
Further s tudies  are planned w i t h  type 4A Moieeular Sieve (14 t o  30 
mesh) which i s  reputed tc 3e xriore stable than AW-400 at  high tempera- 
tures  

The bed material had been 

X-ray d i f f rac t ion  showed 

Strcntium E d  cesium loading on Linde 4A and AW-400, respectively,  
w a s  determined i r? .  the ia tora tory  using tracer solut ion fran p i l o t  
plant  scale f i s s i o r  product recovery experfments. 
were used t o  stuay possible d i f f i c u l t i e s  from organic o r  o ther  
substances not p re smt  iri simulated laboratory solut ions.  

The solut ions 

Breakthrcugh datsa indicate more than 3 n;eq of strontium per gram of 
exchanger were loa&ed fron; a 1BP D2EHPA solvent extract ion process 
60lUtiOn. 
c r ig ina l  volume t o  conaentrate t he  strentiun! and remove v o l a t i l e  
orgmic  material .  The solut ion became s l i g h t l y  turbid when neutrs l -  
ized t o  pIi 6. 
bed of 4A WBS cbserved. 

P r io r  t o  loading the 1BP w a s  evaporated t o  half i ts  

No depoeition cf organic o r  other  substance on the  

Forty-six l i ters  of a m m i u m  carbonate cesium eluate were obtained 
fron; a F i l o t  szale exwrixrient with Duolite C-3 r e s in  ard simulated 
Purex 193-A tank w a s t e .  
l i t e r s ,  centrifuged and puped  tfirougti a column of Linde AW-400. 
Columr: data inaicafe  a cesi-mi loading of 1.4 meq of cesium per 
gram cf exclmnger witkorrt aetectable  c e s i u  breakthrough. 
feed stock prevented fur ther  loadingt 3u t  based on the  sodium t o  
cesium mle r&tic ic. t he  feed, a loading of 1.6 meq could be 
expected e 

me eolEtion kr6s evaporated t o  about 3 

Lack of 

Vola t i l i za t ion  aod Eluticjr. of Cesium ana Strontium from Loaded Exchangers 

The followicg tab le  sumar izes  the results of the v o l a t i l i z a t i o n  and 
e lu t ion  of cesium and s t r c n t i m  from exchangers which were heated t o  
1000 C a f t e r  1oaiiir.g. 
i n  a f e w  instances where 2 M NH NO were used as the eluant,  The 
data are  shorn i n  parertheses.  

3; Elution w c s  nornally performd w i t h  1 M HNO 

4 3  



Exchanger 
Used 

Clinopt . 
1 3  

1 3  

1% 

4A 

4A 

AW-400 

AW-500 

Decalso 

Decdso 

Decalso 

Zeolon 

Isotope 
Loaded 

CS-137 

CS-137 

sr-85 

sr-85 

sr-85 

sr-85 

CS-137 

C s -137 

CS-137 

CS-137 

sr-85 

CS-137 

Work now i n  progress 

Percent 
Vaporized 

0.045 

0.064 

0.013 

0.021 

0.008 

0.014 

0.052 

0.028 

0.019 

0.031 

0.036 

0.084 
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Elution with 1 M HNO3 ( 2  - M NHqNo3) - 
$ Eluted a t  
20 Col. V O l .  

34 (33) 

86 

62 

62 

Total $ 
Eluted 

- 

98 

86 

92 

96. 

94 (34) 

- 
18 

31 

10  

- 

To tal 
Col. V O l .  

- 

80 

75 

95 

90 

85 ( 8 5 )  

- 
- 

75 

75 

100 

- 

shows t h a t  e lu t ion  is  more complete when the  
loaded zeo l i t e  has been heated only t o  700 C. 

EQUIPMENT AND MATE3IALS 

Low Flow Metering Pumps 

Two metering pumps have been devised f o r  use i n  p lan t  process streams, 
with i n i t i a l  appl icat ion i n  234-5 Building. 
"dipper" pr inciple  for removing precise quant i t ies  of f l u i d  from 
a reservoir .  Control of speed, tube s ize ,  and reservoir  depth 
provides a flow rangeabi l i ty  of more than 60 t o  1. 
designed f o r  precision and reproducibi l i ty  of del ivery i n  the flow 
range around two l i t e r s  per hour w i t h  an accuracy of one percent 
o r  b e t t e r .  

The pumps employ a 

The pumps me 

1 2 3 5 b 4 1  
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Non-Metallic Materials 

Three formulations of ethylene-propylene rubber (Em) were exposed 
t o  several  common separations p l m t  solvents a t  room temperatures 
and t o  boi l ing 10  percent n i t r i c  acid. The rubbers showed better 
res is tance t o  solvents, especially hexone, than other avai lable  
elastomers having comparable res is tance t o  radiation-induced changes. 
They show promise fo r  application 8 s  gaskets and O-ring seals i n  
separations plants,  especial ly  Redox. 
request. 

Recipes a re  available on 

CorrosioIi of Titanium by HN03 - HSO4 Solutions 

Samples cf A-55 t i t a i u m  have been exposed t o  boiling 1, 2 and 4 M 
H$O4 solutions cootaining from 0 t c  6 M HNO3 t o  determine the  con- 
centration of n i t r i c  acid necessary for-satisfactory inh ib i t ion  of 
s t t ack  by su l fur ic  acid,  
appears adequate a3 any of the sulfur ic  acid concentrations stcdied; 
0.03 t o  0.06 - M appears adequate at  4 M - H@O4. 

Corrosion of 304-L by Chlorine ScrubSer Solution 

Samples of 304-L stainless steel  were exposed a t  room temperature 
t o  the l i qu id  and vapor phase of a synthetic chlorine gas scrubber 
solution (1.1 M NaOH - 1.75 M N a C l  - 1 5 M NaOC1) .  
were a l so  expozed i n  the l i q h d  phase. 
were about 0.1 mil/m. However, several samples showed severe p i t t i n g  
a t tack  i n  the range of 30 t o  150 mils/mo. Methods of destroying 
hypochlorite i n  the scrubber solution by reducing it t o  chloride were 
studied. Ammonia, urea and hydrogen peroxide were a l l  e f fec t ive  
reductants.  Urea w a s  recommended because of easier appl icat ion.  

A n i t r i c  acid concentration of 0.25 M 

Crevice snmples 
& n e r d  corrosion sates 

S t r e s s  Corrosioc Cracking of Mild Steel  

Following the  October inspection of la rge  (3- f t .  x 3-ft. x 3/8-in.) 
welded tes t  specinens, weld m e t a l  w a s  removed from a sect ion of 
t h e  seam weld on four of the weldments and the area rewelded ( r e -  
paired)  using the same weld rod type as used i n  making the  o r ig ina l  

we ld .  Three of the  la rge  weldments, including two with repaired 
areas, were exposed t o  50 percent NaN03 - 1 M NM02 solution. 
After  82 days' exposure, the two repaired weidments were severely 
cracked. Cracking appeared t o  or ig ina te  at the  repa i r  areas. No 
cracks were found i n  the  we lben t  which w a s  not repaired.  
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Five of the large weldments, including two repaired specimens, 
were exposed t o  synthetic Purex alkal ine waste (6 M NO3-) .  
w i t h  repaired areas were severely cracked after 82-bys' exposure. 
Two of the three  without repaired areas were not cracked while 
the t h i r d  developed a crack. The base metal i n  sll of the repaired 
weldments and all but one of the non-repaired weldments corresponds 
to ASTM 283, Grade C (0.12 t o  0.16 percent C ) .  
one non-repaired weldment corresponds t o  ASTM A-201-57T (0.20 per- 
cent C ) .  
t o  synthetic alkaline Purex waste. 

Welding rods of types 6010, 6012, 6016 and Inconel 182 were used 
i n  fabr icat ing the  weldments. 
weld rod type has been shown. 

The two 

Base metal i n  the 

This  specimen has not cracked after 140 days' exposure 

No correlat ion of cracking with 

PROCESS CONTROL 

Control System Component Testing 

A recently available s ignal  converter was evaluated t o  determine 
i t s  s u i t a b i l i t y  f o r  process control applications.  The converter 
can accept 0 t o  100 mi l l ivo l t  signals as well as the  conventional 
1 t o  5 ,  1 t o  20, and 10 t o  50 milliamp signals and converts t o  
outputs of 0 t o  10 mii l ivo l t s ,  0 t o  100 mil l ivo l t s ,  0 t o  1 Volt, 
and 0 t o  10 vol t s  as w e l l  as the conventional current leve ls .  
S t a b i l i t y  over a two-week period w i t h  normal l i n e  voltage var ia t ions 
and temperature changes appears t o  be within a one percent of span. 
The uni t  does not appear t o  be affected by supply voltage var ia t ion  
between 100 and 130 vo l t s  AC. However, resolution of the spen and 
zero adjustment potentiometers i s  not good and results i n  some 
d i f f i c u l t y  during cal ibrat ion;  also r ipp le  i n  the output may be 
excessive f o r  some applications.  The input impedance when used 
w i t h  a 0 t o  100 millivolts input i s  on the order of 20 K ohms. 
The device can be recommended f o r  use i n  the forward loop of a 
control  system such as adapting a cont ro l le r  w i t h  a 1 to 5 milliamp 
output t o  a valve requiring 10 t o  50 milliamps. 
r ipp le  should be fur ther  evaluated before use i n  feedback loops. 

Accuracy and 

Plutonium Monitor i n  Purex Canyon 

Design of the pre-amplifier locat ion and instrument cabling f o r  a 
recycle  plutonium tank (E-6) neutron monitor has been completed. 
The charge-sensitive pre-amp w i l l  be jumper-mounted external  t o  
the  E-6 tank containing the  BF3 detector .  
e l e c t r i c a l  connector jumper i s  underway. 

Fabrication of the 
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Calorimeter Studies 

Preliminary laboratory investigations were made t o  develop rapid 
methods of measuring heat generation r a t e s  i n  f i s s i o n  product 
streams. Using thermistors t o  measure temperature rise i n  an 
insulated system, a heat generation r a t e  of 0.1 w a t t  per liter cau 
be determined. 
precision of the measurement and t o  obtain d i r e c t  read-out of the  
heat generation per un i t  volume. 

Additional s tudies  a re  underway t o  determine the  

F i l t e r  Blowback Cycle Programmer 

A so l id  state t i m e  delay re lay  (TDR) w a s  developed f o r  use i n  
accurately programming the t i m e  that  reverse air  f l o w  is applied 
t o  the 234-5 Building glove box air f i l t e rs .  Precise adjustment 
of the blowback time i s  necessary t o  prevent loss of,  o r  gross 
changes to ,  the normal glove box vacuum. The time delay re lay  c i r -  
c u i t  developed f o r  t h i s  application has a t i m e  cycle manually 
variable from 0.2 t o  5.5 seconds, repeatable t o  about one percent. 
The t i m e  delay c i r c u i t  has poten t ia l  appl icat ion t o  numerous other  
p lan t  and laboratory control problems. 
be made shorter  o r  longer wi th  an upper l i m i t  of about two minutes 
and 8 lower l i m i t  of a f e w  milli-seconds. 

The time cycle may e a s i l y  

C-Column Studies 

The second block of 16 nu.16 i n  the  C-column w a s  
ing a shutdown fo r  make-up of new organic feed and f o r  preventive 
maintenance of the column control  instrumentation. 
punch w a s  incorporated in to  the absorptiometer t o  expedite the 
data reduction s tep.  
meter data is now proceeding smoothly after some i n i t i a l  d i f f i c u l t i e s  
i n  es tab l i sh ing  data handling procedures. 

i n i t i a t ed ,  follow- 

A paper tape 

Overnight processing of all column and absorptio- 

An invest igat ion w a s  made t o  determine the cause of the unexpected 
curvature i n  the Am-241 gamma absorptiometer ca l ibra t ion  curves. 
It w a s  postulated t h a t  the presence of high energy peaks (higher 
than the 60 Kev peak) due t o  an unknown containment might cause 
the  curvature. Analysis of the spectrum with a s c i n t i l l a t i n g  
c r y s t a l  demonstrated the absence of such higher energy peaks. On 
this basis it was concluded that  the curvature i s  due t o  scattering 
around the sample c e l l s ,  plus background. A mathematical explan- 
a t ion  of the phenomenon w a s  developed which f i t s  the ca l ibra t ion  
data. 
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REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLF: PROGRAM 

S a l t  Cycle Process 

Fuel Element Decladding - A remotely operable vibratory decladder 
f o r  removing U02 from fue l  rods has been tested (not  remotely) 
successfully on 1/2-inch diameter Zircaloy-clad PRIIR fue l ,  rod 
segments. The decladder consis ts  of a nominal 5000 blow-per- 
minute air  hammer, a ve r t i ca l  s ta t ionary anvi l  which supports the 
f u e l  rod f u l l  length, and a counter-weighted manually-movable air 
hammer carriage fastened t o  the anvi l .  
and anvi l  are  shaped t o  give s i x  points of contact ,on the f u e l  
rod circumference. The 8-foot fue l  rods are bisected w i t h  a tubing 
cu t t e r  and placed against  the anvi l  w i t h  the open end down i n to  a 
tapered lower support containing a discharge in to  the U02 receiver.  
The upper support i s  then clamped over the  f u e l  rod end cap by 
means of an air  cylinder.  As the  vibrat ing hammer moves along the 
tube the fue l  f ractures ,  loosens and drops in to  the receiver.  The 
U02 w a s  removed from vibratory compacted elements by merely 
vibrat ing the bottom of the 'tube. 

The faces  of the hammer 

A cold swaged element required two passes up and down the tube 
to remove the fuel ,  while a hot swaged element required approxi- 
mately f i v e  passes. In d.1 cases the e n t i r e  operation took less 
than 10 minutes f o r  each rod seeplent. The uranium losses  t o  the 
cladding, determined by analysis of hot n i t r i c  acid cladding leach 
solutions were 0.012, 0.059 and 0.013 percent f o r  the vibratory 
compacted, cold swaged, and hot swaged rods, respectively.  

Precipi ta t ion Studies w i t h  Cerium Stand-In f o r  Plutonium - Equip- 
ment f o r  t h e  recovery of plutonium as PuO, from molten LiC1-KC1 
salt solution by treatment w i t h  02-C12 gas w a s  t es ted  on an 
engineering scale  using cerium as a stand-in f o r  plutonium. 
Contrary t o  previous experience w i t h  thorium stand-in, Ce02 was 
found t o  form as a dense, f i l terable,  c rys t a l l i ne  prec ip i ta te  
f r o m  a 2.5 LiC1-KC1 mixture. 
and 0.63 w/o Ce w a s  gas- l i f ted  w i t h  60 percent C12 - 40 percent O2 
gas mixture through three cascading quar tz - f r i t  f i l ters .  O f  the  
cerium precipi ta ted,  g rea te r  than 80 percent was recovered i n  an 
e a r l y  t e s t .  
p rec ip i ta t ion  eff ic iency on an engineering scale .  

A salt  solution containing 10 w/o U 

Additional s tudies  w i l l  be required t o  increase 

P i l o t  Plant Elec t ro lmes  - The results of f i v e  dissolut ion-  

I 

1 

e lec t ro lyses  i n  a 20 - l i t e r  molten salt bath indicate  that the 
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operating charac te r i s t ics  and the qual i ty  of the U02 produced i n  
the  ~ c 1 - 2 . 5  L i c l  system are not s ign i f icant ly  d i f fe ren t  from those 
i n  the equimolal K C 1 - L i C 1  system. 
point of  the former system with added uranium did require an increase 
i n  e lec t ro lys i s  temperature from 535 t o  570 C. 

Graphite Electrodes - One of t he  troublesome engineering problems 
of the S a l t  Cycle Process has been overcome by application of new 
materials. 
electrodes and intolerably high (100 t o  2000 ppm) overa l l  carbon 
contents resul ted from the use of nuclear grade graphite cathodes 
(sp gr  1.68). The carbon content i n  the par t  of the deposit  not 
immediately adjacent t o  the  electrode i s  about 20 ppm f o r  U02 pro- 
duced a t  530-570 C and about 200 ppm f o r  U02 produced a t  700 C, where 
appreciable corrosion of the graphite anodes occurs. 
carbon contents are  apparently due to  mechanical interlocking of 
t h e  graphite with the U02 and f rac tur ing  i n  the weaker graphite.  

Recently, by using 1.5-inch diameter by 3-foot graphite cathodes 
coated with 1-mil-thick pyrolytic graphite, the U02 was removed by 
s p l i t t i n g  the deposit  lengthwise w i t h  a 53 degree wedge blade 
mounted on a hydraulic press.  
deposits the U02 did not adhere t o  the pyrolytic graphite and the  
electrode w a s  undamaged. 
t a ins  aa overa l l  25 ppm carbon with only 50 ppm i n  an l /8-inch th ick  
s l i c e  immediately adjacent t o  the graphite.  
nuclear grade graphite the deposit adhered so strongly t h a t  the 
electrodes s p l i t  longi tudinal ly  with no separation of U02 from 
graphite.)  The product was then prepared as feed f o r  a crusher by 
dicing t o  l /2-inch cubes by means of the  same wedge used above. 
The diced UO contained only 0.8 percent -100 mesh f ines  and the  
e n t i r e  operagion could probably be conducted remotely without dust  
containment equipment. 

However, the higher melting 

Formerly, mechanical d i f f i c u l t i e s  i n  removing U02 from 

The high 

For both dry and water-soaked 

The U02 product from t h i s  operation con- 

(In similar tests with 

Product Puri ty  - The previously reported (HW-75925 C )  value of 500 
ppm chloride obtained by 24-hour water washing of -6 +10 mesh U02 
produced i n  LiC1-KC1 salt baths has been revised t o  35 pprn chloride 
by improved ana ly t ica l  techniques. 
t h e  Norton Company by the same technique gave 20 ppm chloride.  

Analysis of arc-fused UO2 from 

Flowsheet Development - Continued s tudies  of the  electro-codeposition 
of Pu02-U02 have resul ted i n  the attainment of plutonium enrichment 
f ac to r s  as high as 13.5. Th i s  enrichment w a s  achieved by e lec t ro-  
lyzing equimolar L i C 1 - K C 1  containing 20 w/o U and 0 24 w/o Pu a t  
625 C with a s t a r t i n g  current  densi ty  of 0.2 amp/cm 6 while sparging 
with 80 percent 02-20 percent C 1 2 .  Five percent of  t he  uranium and 



68 percent of the  plutonium were deposited, giving a product con- 
t a in ing  1 4  w/o Pu02. The promethium decontamination f a c t o r  on a 
plutonium basis w a s  s i x ,  which i s  about the  same as was obtained 
i n  codepositions giving plutonium enrichment f a c t o r s  near unity.  

Recovery of PuO 
s e l e c t i v e  dissofution of fhe  U02 i n  melts sparged with an O2-Cl2 
mixture. On digestion of high enrichment Pu02-U0 deposits (about 

decontamination f a c t o r s  of about 50 were obtained i n  L i C 1 - K C 1  
sparged w i t h  80 percent O2 - 20 percent Cl2 and i n  2.5 LiC1-KC1 
sparged w i t h  30 percent O2 - 70 percent C 1 2 .  
plus t h a t  achieved across the codeposition s t e p  i tself  results i n  
ove ra l l  decontamination f a c t o r s  of about 300 f o r  promethium and 
So0 f o r  uranium. 
the form of an amorphous s o l i d ,  i n  con t r a s t  t o  the  dense c r y s t a l s  
obtained by p rec ip i t a t ing  Pu02 from 2.5 L i C 1 - K C 1  melts by oxygen- 
chlorine sparging. 

from PuO -U02 codeposits w a s  accomplished by 

10 w/o Pu02) i n  f r e s h  melts a t  575 C,  uranium (an ii promethium) 

This  decontamination 

The Pu02 recovered i n  these  experiments was i n  

Electrochemistry of Uranium i n  Molten Chloride S a l t  Solutions - 
EMF measurements f o r  the  c e l l  reac t ion  

u02 f C 1 2  = uo2c1, 

have been made as a function of K C 1  concentration i n  the  LiC1-KC1 
m e l t  system a t  various temperetures w i t h  a uranyl(V1) concentration 
of 0.1 molal. 
l i n e a r  function of the K C 1  concentration in the  range s tudied  (20 
t o  60 mole percent K C 1 ) .  
observed i n  the LiC1-NaC1 melt system at  the same uranyl(V1) con- 
cent ra t ion ,  where an "S"-shaped curve w a s  obtained by p l o t t i n g  EMF 
a t  a given temperature vs .  N a C l  concentration (HW-75127 C ) .  
Further work i s  required before extensive conclusions can be drawn 
regarding t h i s  i n t e r e s t i n g  difference i n  m e l t  behavior. 

A t  a given temperature the EMF w a s  found t o  be a 

This i s  i n  con t r a s t  t o  the  behavior 

RADIOACTNE RESIDUE FIXATION 

Zeo l i t e  Proper t ies  

Rational thermodynamic equilibrium constants were determined f o r  
the  binary systems potassium-cesium and potassium-sodium as a 
means of ascer ta in ing  the  v a l i d i t y  of the previously-reported 
sodium-cesium equilibrium constants f o r  the z e o l i t e s  c l i n o p t i l o l i t e ,  
Linde AW-500, AW-400, AW-300, 1 3  and 4AXW, and Norton Zeolon. 
Thermodynamic r e l a t ionsh ips  requi re  t h a t  the  standard free energy f o r  
the  reac t ion ,  ICzeolite + C s +  t Cszeolite + K', minus the  standard 
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f r e e  energy f o r  the reaction &eol i te  + Na' ;r NaZeolite + K+, equals 
the standard f ree  energy f o r  the reaction, Nazeolite + C s +  2 CSzeolite 
+ N a + .  
reactions expressed t o  the nearest  100 cal/mole, the computation 
f o r  c l i n o p t i l o l i t e  is ,  ( -800)  - (+1500) = (-2300). The a c t a  value 
obtained from the experimental data f o r  the standard free energy 
f o r  the sodium-cesium reaction was -2340 cal/mole. Good agreement 
between experimental and computed standard free energy values also 
w a s  obtained f o r  the  other  zeo l i t e s  wi th  the exception of Linde AW-300. 
I r regular  isotherms were obtained f o r  the sodium-cesium and potassium- 
cesium systems, and a regular isotherm w a s  obtained fo r  the potassium- 
sodium system. It i s  probable that  a " s t e r i c  hindrance" i s  the cause 
of the anomalous behavior of the AW-300 i n  cesium-containing systems. 
Numerous "stacking fau l t s"  within the AW-300 c rys t a l  reduce the 
smallest opening through which cat ionic  diffusion must occur t o  
about 4 1. 
i s  about 4.6 A, and of cesium plus sodium, about 5.3 A.  The l a t t e r  
value shows the space d i f f i c u l t y  encountered when a sodium and 
cesium cation t r y  t o  pass each other i n  the 4 h; openings. Zeolon, 
which has the same c rys t a l  s t ruc ture  as AW-300 except f o r  the absence 
of stacking faults, shows regular isotherms fo r  systems containing 
cesium. The smallest  dimension through which cat ionic  diffusion 
m u s t  take place i n  Zeolon i s  1 0  A .  
equilibrium was not a t ta ined  during the AW-300 experiments with 
sodium-cesium and potassium-cesium systems, and that thermodynamic 
data derived from these pseudo-equilibrium experiments are inval id .  

As an example, w i th  the standard f r e e  energies of the above 

The resu l t ing  ionic  dianeter  of potassium plus sodium 

It i s  concluded, therefore,  t ha t  

Condensate Treatment 

Small scale  experiments on condensate treatment i n  the Micro P i l o t  
Plant  were suspended. Ef for t  is being directed toward an engineering 
scale  demonstration of the decontamination of Purex Tank Farm con- 
densate. The steam s t r ippe r  and ion-exchange columns t h a t  are 
being assembled w i l l  have a nominal capacity of about one gallon per 
minute, a reasonable f rac t ion  of a condensate stream from a power 
reactor  f u e l s  reprocessing p lan t  t h a t  w i l l  require decontamination. 

E lec t ros t a t i c  Bubble Scrubber 

An equation was derived f o r  calculat ing the co l lec t ion  time of a 
charged p a r t i c l e  trapped i n  a grounded bubble t o  a id  i n  understanding 
the  importance of the var iables  involved. For par t i c l e s  less than 
abo t one CL radius the col lect ion t i m e  is  proportional. t o  

a3 Y 
f o r  l a rge r  pa r t i c l e s  the co l lec t ion  t i m e  i s  proportional t o  7 

I 



f o r  comparable charging 

a =  
r =  

T =  
Km = 

The r e l a t i v e  importance 
evident. 
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conditions, where 

bubble radius 
p a r t i c l e  radius 
Cunningham f a c t o r  
temperature 

of bubble s i z e  and p a r t i c l e  rsdius  i e  thus 

Eighteen-Inch Radiant-Heat Spray Calciner 

During the month, 11 runs were made with feed solut ions simulating 
Purex high-level wastes. 
geometries were i n s t a l l e d  and tes ted .  
in diameter by 4-feet long and 13-3/4 inches i n  diameter by 7-feet 
long, respectively.  Major findings included: 

Two channel recycle tubes of d i f f e r e n t  
The tubes were 11-1/4 inches 

1. 

2 .  

3 .  

4. 

A t  en 800 C furnace temperature, the capacity of the clean 
reactor  w i t h  the l a r g e r  channel recycle tube w a s  25 percent 
higher than tha t  measured with no tube.  

The l a r g e r  channel recycle tube w a s  e f fec t ive  i n  grea t ly  
reducing the buildup of calcine on the  reactor  w a l l .  
14  hours of running the reactor  capacity was reduced by only 
about 10 percent as compared t o  some 30 percent after four 
hours of running without a channel recycle tube. 

After 

The smaller channel recycle tube w a s  not e f f e c t i v e  i n  pre- 
venting calcine buildup on the reactor  w a l l .  Deposits were 
similar t o  those found i n  the ca lc iner  with no tube. 

The densi ty  of the  calcine produced appears affected by the 
ca lc iner  feed r a t e .  Runs at  high rates produce lower densi ty  
calcines .  A comparison of the  da ta  obtained on the  18-inch 
ca lc iner  and on the 8-inch ca lc iner  appears t o  ind ica te  t h a t  
a maximum density product i s  produced a t  rates of about one- 
t h i r d  t o  two-thirds the  maximum capacity of  the unit. 

Induction Heater Control System 

Methods of cont ro l l ing  induction heaters  are under development f o r  
use i n  fused salt o r  waste calcinat ion systems. Effect ive on-off 
control  of an auxi l ia ry  10  KW work s t a t i o n  has been demonstrated 
on a 10 KC, 34 KW, 220 v motor-generator set using two s i l i c o n  con- 
t r o l l e d  r e c t i f i e r s  (SCR's) operating as s o l i d  state contactors.  
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The gating c i rcu i t ry ,  consisting of a s ingle  r e s i s t o r  and a diode 
f o r  each SCR, obtains i t s  power from the generator l i n e  terminals, 
eliminating the need f o r  a DC power supply, a phase s h i f t  c i r c u i t ,  
and a pulse generating c i r c u i t .  

By varying the resis tance i n  se r i e s  wi th  each SCR gate a small 
amount of proportional control was obtained over the posit ive- 
going portion of each half  cycle of the 10 KC s ine wave but  effec-  
t i v e  control  w a s  obtained only a t  reduced voltages of 90 V o r  less. 
For voltages above 90 V and a t  mid-position gate c i r c u i t  potentio- 
meter set t ings,  a resonant interchange of energy seems t o  occur 
between the two work s ta t ions  causing the auxi l ia ry  work s t a t ion  
current t o  suddenly increase t o  a high value and then decrease by 
about 30 percent a t  the f u l l  "on" se t t i ng .  
apparent resonant energy interchange i s  unknown but attempts w i l l  
be m a d e  t o  determine i t s  cause i n  f'uture t e s t s .  

The cause of t h i s  

Continuous Melt Furnace 

A conceptual design of a continuous melt furnace w a s  developed. 
Effort was a l s o  made t o  designate materials and methods of con- 
s t ruct ion.  As envisioned, the unit would continuously receive 
dr ied powder from the calciner  and semi-continuously discharge 
melt t o  the f i n a l  storage containers. 

Rotary-Kiln Calciner Study 

A t  the request of the Atomic Energy Commission, an evaluation of 
the Brookhaven rotary-kiln calciner  is  i n  progress. A conceptual 
design of the reactor  has been outlined along w i t h  a chemical f l o w -  
sheet asd engineering flow diagram. The pr incipal  points  of com- 
parison between the rotary-ki ln  and the radiant-heat spray continuous 
calciners  are: 

1. The a b i l i t y  of the calciner  t o  handle the needs of the reproces- 
s ing  complex as w e l l  as t o  cope wi th  the perturbations i n  w a s t e  
composition. 

2. Anticipated operating problems, off-standard operation and 
recovery, ease of s t a r tup  and shutdown. 

3 .  Equipment r e l i a b i l i t y ,  on-line efficiency, ease of maintenance, 
corrosion problems, and general l i f e  expectancy of equipment. 

4. Decontamination, disposal or re-work of output streams other  
than waste sol ids ,  i . e . ,  off-gases and condensates. 
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5 .  Solid product removal, handling, packaging, container decon- 
tamination and storage. 

6. Development s ta tus  of the calcinat ion concept, engineering 
development (cold)  still required, major areas of unknown 
technology, e tc .  
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BIOLOGY AND MEDICINE - 06 PROGRAM 

!EWESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geology 

Computer programming of the RE-PERM study w a s  begun during the month 
t o  obtain needed information f o r  the ground-water analog. This 
study w i l l  convert s o i l  permeabili t ies t o  equivalent e l e c t r i c a l  
res is tances ,  define the boundaries of the individual flow systems, 
and assign a seqEential scanner number t o  each point i n  the  system. 

Depth t o  ground water was found t o  play a s igni f icant  ro l e  on the 
flow of f lu id  from a trench in to  unsaturated media. 
Hanford-developed "Steady-State Flow" program and da ta  from a 
typ ica l  Hanford s o i l ,  a decrease i n  seepage r a t e  of about 2.5 w a s  
calculated when the water table  w a s  lowered from 10 feet t o  40 
feet  beneath a water-f i l led trench. Also, when the seepage l o s s  
was re la ted  t o  the r a t i o s  of permeabili t ies between the trench l i n i n g  
material and the base so i l ,  it was apparent t h a t  a la rge  reduction 
i n  the permeability of the l i n ing  material  i s  necessary t o  result 
i n  a moderate decrease i n  seepage l o s s .  

Using the  

Several s ign i f icent  changes were noted when constructing the  new 
ground-water contour map. 
d r i l l i n g  and magnetometer in te rpre ta t ions  indicate t h a t  a portion 
of the eastward extension of the Yakima Ridge l i e s  above t h e  water 
tab le ,  and t h a t  the basalt rises above the water t ab le  from the 
south s ide of Dry Creek Valley t o  the Yakima Ridge extension south 
of 200 West Area. This in te rpre ta t ion  means that  the  ground water 
from Dry.Creek Valley flows northward toward the 200 West Area 
ground-water mound instead of southeastward toward the Yakima 
River. Ground-water contour data  obtained from new w e l l s  i n  the 
v i c i n i t y  of the 100 Areas indicate  very permeable sediments 
between 100-B and 1 0 0 - K  Areas and between 100-D Areas. This new 
in te rpre ta t ion  i s  consis tent  w i t h  the ground-water temperature 
da ta  i n  explaining waste water movements i n  t h i s  region. 

New basa l t  data  obtained from well 

Detection of low concentrations of f i s s i o n  product tritium and 
thermal heat  i n  the bottom of w e l l  699-20-El2, together with piezo- 
metric head measurements, indicates  t h a t  ground-water contaminants 
are flowing i n  a confined aquifer  along the top of the  basa l t  
series t o  a point 1 2  miles east-southeast  of the 200 E a s t  Area. 
This confirms a s i tua t ion  recognized i n  1959 which resul ted i n  the  
d r i l l i n g  of t h a t  and other  wells.  The poss ib i l i t y  of contaminants 
flowing beneath the Columbia River i s  being investigated.  The 
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contaminated ground water a t  Well 699-20-El2 l i e s  about 200 feet 
below Columbia River l eve l .  
ground water w i l l  probably flow south o r  south-southeast t o  
ult imately rise and flow in to  the Columbia River north of Wallula 
Gap. 

Sc in t i l l a t i on  logging of several  uncontaminated wells revealed t h a t  
the s c i n t i l l a t i o n  probe has use i n  distinguishing between geologic 
units. Fine sediments ( s i l t  and clay s i ze  material) have markedly 
higher radioactive material content than coarse sands and gravel; 
basalt exhibi ts  the lowest rad ioac t iv i ty  of all the  materials 
tes ted.  
of the organic content of the material rather than of the mineral 
content. Further investigations a re  being made t o  determine the 
u t i l i t y  of the probe f o r  defining more exactly the s t ra t igraphic  
interfaces  of project subsoils.  

Strat igraphic  data indicate  tha t  

There are indications that  the radioact ivi ty  is a function 

RADIOLOGICAL AND HEALTB PIIYSICS 

Environmental Studies 

The new 100 cfm air sampling pump on the 329 Building roof w a s  
cal ibrated with a precision Roots Meter t o  permit flow measurement 
from a water manometer downstream from the  pump. 
f i l t e r  e f f ic ienc ies  f o r  removal of f a l l o u t  radionuclides on 
various f i l t e r  papers are  i n  progress. 
measured by placing the f i l t e r  t o  be t e s t ed  upstream from an AM-3 
f i l t e r  which i s  e s sen t i a l ly  100 percent e f f i c i e n t .  

Studies of the 

The f i l t e r  e f f ic iency  is 

The accompanying tab le  gives the  f i l t e r  e f f i c i enc ie s  of IFC f i l t e r  
paper as a function of air  velocity:  

A i r  Velocity Radionuclide Held ($) 
( l i n e a r  ft/min) BaLa-140 Ru-103 ZrNb-95 Pb-212 Ce-144 - 1-131 

- - 55 770 60 65 85 

91 
1500 73 70 90 
2000 97 95 98 77 
44 00 97 97 99 83 96 81 

- 77 - 
- 

A t  high veloc i t ies  the IPC f i l t e r  paper i s  about as e f f i c i e n t  as 
the AM-3. 
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Radiation Chemistry 

Investigation of the radical-scavenging a b i l i t y  of h i s t idy lh is t id ine  
provided new evidence on several  f ac to r s  which determine the cause 
of radical  reactions i n  irradiated, aqueous solutions.  Although 
h is t idy lh is t id ine  contains twice the number of atoms arranged i n  
an almost ident ica l  manner it does not have twice the rad ica l  
scavenging a b i l i t y .  
f o r  h i s t id ine .  Hist idylhis t idine does have a l a rge r  f rac t ion  of 
posi t ively charged si tes than h i s t id ine  and pos i t ive ly  charged 
sites have been shown t o  inh ib i t  rad ica l  reactions.  
index decreased wi th  increased temperature s imi la r ly  t o  the three 
amino acids investigated previously and the var ia t ion  corresponded 
t o  a difference i n  act ivat ion energy of 1 ki loca lor ie  per mole 
fo r  all four compounds. This  s imi l a r i t y  lends w e i g h t  t o  the sup- 
posit ion tha t  oxidation of the amino acid due t o  radiat ion occurs 
by hydrogen abstraction through realignment of the hydrogen bonds 
i n  the water s t ruc ture  around the  acid.  

I ts  protect ive index i s  0.41 compared t o  0.33 

The protect ive 

A simple weighted least squares program w a s  wr i t ten  and verified t o  
analyze spectrophotometer absorbance data f o r  the calculat ion of 
protection indices i n  radiat ion protection studies.  The program 
w a s  wr i t ten  su f f i c i en t ly  broad so  t h a t  other  least squares curve 
f i t t i n g  computations can be made. 

RADIOISOTOPES AS PARTICLES AND VOLATILES 

Pa r t i c l e  Deposition i n  Conduits 

Many deposition measurements were completed for 3-inch diameter 
v e r t i c a l  tubing, 58 feet  long, f o r  air flow rates giving Reynold. '~ 
Numbers from 1600 t o  14,000. 
percent f o r  the  ZnS particles used, whereas deposition predicted 
from cor re la t ion  of data on smaller diameter tubes w a s  less than 
one percent. Even though the precision i n  these measurements w a s  
not as good as f o r  experiments with smaller diameter tubes, the  
estimated e r r o r  i n  the measurement is  not great  enough t o  account 
f o r  the difference between obsel-ved and predicted deposition. 

Measured deposition ranged up t o  15 

ISOTOPES DlEVELOPMENT - 08 PROGRAM 

Packaging Plant  Study 

Study flowsheets were prepared (based where possible on ex is t ing  
technology) f o r  the large-scale pur i f ica t ion  snd packaging of 
f i s s ion  products i n  a proposed new Hmford plant .  Feed material 
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was assumed t o  be the output of B-Plant, using a modified flowsheet 
t o  permit recovery of promethium along with cerium i n  the CSREX pro- 
cess.  
and purif ied by solvent extract ion (or  a l t e r n a t e l y  by ion-exchange). 
Cesium i s  purified by solvent extract ion with e i t h e r  BAMBP o r  d ip i -  
crylamine. The f i n a l  strontium product i s  the t i t a n a t e ,  and the f i n a l  
cesium product i s  a glass (either borate o r  cadmium) made from cesium 
oxalate. 
the respective oxides 

Stront iun i s  separated from cesium by carbonate precipi ta t ion,  

Both cerium and promethium are recovered and packaged as 

Separation of cerium from the other ra re  ear ths  appears t0 be the most 
d i f f i c u l t  and least sa t i s fac tory  par t  of the process. 
flowsheets using solvent extract ion (Oak Ridge batch D2EHPA process) 
and pyrochemical processing were proposed f o r  evaluation. 
laboratory work on the pyrochemical process showed promise; however, 
more work w i l l  be required before a choice can be made. 
chemical process, the rare earth n i t r a t e  solut ion i s  added t o  a 
magnesium n i t r a t e  solut ion and evaporated. 
salt occurs without passing through a s o l i d  s t a t e ,  and cerium i s  
oxidized t o  CeO2 and prec ip i ta tes  when a s u f f i c i e n t l y  high tempera- 
ture is  reached, leaving the t r i v a l e n t  r a r e  ear ths  In the  melt. 
Poten t ia l  advantages are equipment compactness and r e l a t i v e  process 
i n s e n s i t i v i t y  t o  the high heat generation and high radiat ion flux 
associated with f i s s i o n  product cerium. 

Alternate 

Exploratory 

In the pyro- 

Transit ion t o  a molten 

Direct formation of encapsulated SrTiO from strontium carbonate by 
the Dynapak process w a s  fur ther  scoutea duricg the month, using heavy 
walled cans t o  avoid i n t e r n a l  f rac tur ing  due t o  springback. I n  the 
most successful. test, a mixture of S ~ C O  (equivalent t o  12,000 cur ies  
or  about 100 thermal watts) and Ti02 (?O percent mole excess) was 
loaded i n t o  a Dynapak can ( 1 / 8 - i n c ~  w a l l ) ,  a l i d  welded in place, an 
off-gas l i n e  connected, and the assembly heated under vacuum f o r  three 
hours a t  1210 C and 45 minutes at 1300 C, fcllowed by compaction with 
a t o o l  s t e e l  punch at  a pressure of approximately 200,000 p s i .  
p l e t e  conversion t o  SrTiO w a s  obtained and the product densi ty  w a s  
4.46 gms/cc, the best  t o  date. 
cladding, w a s  only 2-1/2 inches in d i m e t e r  and 1-1/2 inches th ick .  
Higher dens i t ies  c o d d  doubtless be obtained with carbide dies ,  which 
would permit pressures of over 400,000 p s i .  

Com- 

The completed package, including 

Manager 
Chemical Laboratory 

WH Reas:cf 

1 2 3 5 b b l  
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A .  ORGA??IZATION AND PES3NFJTL 

J. J. Davis, ';anagar, 4adicecology, res igned  on Januarg h ,  1963, t c  accept  
a pos i t i on  elsewhere. 

The F lan t  i h t r i t i o n  and 1.1icrcbiology Operation w a s  d i sso lved ,  wi th  i t s  
personnel  t r a n s f e r r e d  t o  Radioecology, with Dr. Frank p. Hungate as t h e  
new Kanager 

Remodeling of fib-? Building is  completed. 
wsre converted i n t o  one l a r g e  physiolcgy l a b o r a t o r y  and one animal colony 
record o f f i ce .  
a l l  of t he  runs now house 3 a d u l t  dogs - a hazardous p r a c t i c e  due t o  tendency 
toward f i g h t i n g .  

Rats are being s a c r i f i c e d  f o r  pa tho log ic  examination, immediately upon arrival, 
t o  eva lua te  claims f o r  t h e i r  pathogen-free condi t ion.  
' u ~ i n , ~  examined f o r  use i n  t h e  small animal cages. 
and a i r  flow i n  t h e  new small animal. q u a r t e r s  are being examined t o  determine 
t h e i r  adequacy. It i s  a l r eady  apparant  t h a t  limits m u s t  be  set  on t h a  number 
of animals housed i n  each rcom. 
requirements of t he  small animal colony will be about one-half day per we5k. 

Four o f f i c e s  and t h e  lunch room 

Most Crcwding i n  t h e  dog colony ccnt inues  t o  be a problem. 

Bedding materials a r e  
A i r  condi t ioning,  humidity, 

It i s  a l s o  apparent  t h a t  t h e  v e t e r i n a r y  

Water from melt ing snows combined wi th  i ce  p res su res  t o  wash out  both dams 
a t  Rat t lesnake Springs.  
t h e  f lood.  

Some recording equipment was l o s t  h u t  most surv ived  

E?. TECHISTCAL A C T M T I S  

FISSICINABLE MATqIALS - 02 PROGRAM 

V f e c t  of Reactor  E f f l u e n t  on Aquatic 9rganisms 

S i c l o g i c a l  monitoring of r e a c t o r  e f f l u e n t  with young chinook salmon was  
i n i t i a t e d  on January 16, 1963, a t  103-KE. A t o t a l  of 5000 f i s h  w i l l  be 
u t i l i z e d  t o  s tudy,  i n  a d d i t i o n  t o  t h e  usua l  monitoring, t h e  effect of a 
promising co r ros ion  i n h i b i t o r ,  Quachrom Glucosate, on growth and su rv iva l .  
The experiment will b2 terminated i n  l a t e  spr ing .  

Tox ic i ty  tests of r e a c t o r  t u b e  c l eanse r s ,  SULFAM-3 and BISrJLF-16, cont inue.  
Preliminary estimates of  LD-50 and LD-10 f o r  young c i c h l i d s  and chinook salmon 
are given below: 

SlJLFAM- 3 BISULF-16 
Test F i sh  LD-50 LD-10 LD-50 LD-10 

Cich l id  205 ppm 180 Ppm 280 ppm 230 PPm 
Salmon 150 ppm 1k6  ppm 180 ppm 175 PPm 

A s  expected, young salmon a r e  more s e n s i t i v e  than  c i c h l i d s ,  and BISULF-16 
is s l i g h t l y  less t o x i c  than  SULFAM-3. UNCLASSIFIED 
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Columnaris 

I 

Fish  from 100 K aqua t i c  b i c logy  t roughs cont inue 
columnaris from up t o  36% of t h e  g i l l s  sampled. 

t o  y i e l d  v i a b l e  

Using m i n i m a l  amounts of t ryp tone  with a d d i t i o n  of i n d i v i d u a l  amino 
ac ids ,  i t  was poss ib l e  t o  ca t egor i ze  t h e s e  amino a c i d s  as s t imula tory ,  
i n d i f f e r e n t ,  o r  i n h i b i t o r y .  A medium composed o f  t h e  11 s t imula to ry  
amino acids and glucose,  w5ich was a l s o  s t imula tory ,  was s t i l l  
incapable  cf susr,ain;.ng grotrth i n  t h e  absence of t r a c e s  of t rvp tone .  

? ~ x r ~ ; y  ?-ycmT - 05 ~smmfl~:,~ 

l . k  terfowl 

' J in te r ing  wziterfowl popula t ions  wi th in  thn Hanford Reservat ion incr-sed 
s t e a d i l y  during t h e  month t o  a m a x i m u m  of 330,000 ducks and geese near  
t h e  month's end. 
t h i s  ssason and vas 50 per cent  above peak popula t ions  last. year, 

This  was the  g r e a t e s t  number of waterfowl observed 

Zinc 

Yearling t r o u t  f e d  46 p c  Zn6s and k i l l e d  31 days l a t e r  showed a r e l t i t i v e i y  
high concent ra t ion  i n  t h e  g i l l  f i l amsnts .  
180, 32, 26, 211, 13, and 13  nc/g f o r  $1 fi laments ,  bone, eyes, l iver ,  
blood, and plasma, r e spec t ive ly .  Body burden was 1 2  p c ,  o r  26 p % r  c e n t  
of dose,  
i n  t h e  u r i n e  during t h s  first week. 

- 
Concentrat ions i n  t i s s u e s  w e r e  

Vi th  three-year-old t r o u t ,  "rom 2 t o  7 per cen t  o f  dose appears  

Stront ium 

Gross autoradiographs cf bones from mature female miniature swine, f e d  
Sr90 d a i l y  from young adulthood, showed increased  l a b e l i n g  w i t h  longe r  
pe r iods  of Sr9O feeding. 
of  t h e  bones were r a t h e r  uniformly l abe led  w i t h  Sr90 except  f o r  t h e  long  
bones (such as humerus, femur, e tc . )  i n  which t h e  c o r t i c a l  bone of t h e  
mid-shaft  w a s  poor ly  l abe led .  This l a c k  o f  l a b e l i n g ,  i n d i c a t i v e  of very 
slow turnover  of t h e  bone mineral ,  was s t i l l  apparent  i n  t h e  long  bones 
o f  an animal s a c r i f i c e d  two years after i n i t i a t i o n  of  Sr9O feeding.  
These au toradiographic  r e s u l t s  ag ree  c l o s e l y  wi th  those  based on 
r ad ioana lys i s .  

A number of Sr9' sources  t o  be used as autoradiography s t anda rds  were 
prepamd by pouring Sr9O-spiked mixtures  o f  p l a s t e r  of P a r i s  on glass 
p l a t e s .  Glass p l a t e s  were used t o  a s s u r e  a smooth su r face .  
are of s u f f i c i e n t  s ize  t o  allow measurement of  r a d i a t i o n  dose rate with 
a n  e x t r a p o l a t i o n  chanber. K-asured va lues  are approximately t h e  same 
as t h o s e  c a l c u l a t e d  from Sr9' ccncent ra t ions .  Use of t h e s e  sources  
should provide more a c c u r a t e  au toradicgraphic  dosimstry than  h i t h e r t o  
poss ib le .  

Nine months after i n i t i a t i o n  of feeding ,  most 

The sources 
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Iodine  

W-76315 

Control values f o r  t hy ro id  I1jl uptake were determined i n  twenty sheep: 
These animals w i l l  be  u t i l i z e d  i n  a s tudy  t o  determine t h e  short- term 
comparative e f f ec t s  of external X- i r rad ia t ion ,  and i r r a d i t i o n  by 1131, on 
t h e  thyroid.  
t o  t h e  thyro id  (KV-250, MA-30, TSD-SO cm, p o r t  size-7.5 cm2, exp. time-10.5 
sec., air dose-95 r/min, H V L 4 . 5  mm Cu) t o  determine t h e  immediate effects 
of a re la t ively high dose on t h e  esophagus and t r achea  which l i e  wi th in  t h e  
exposure f i e l d .  
days pos t-exposure . 
The t h r e e  female minia ture  goa ts  were radiographed and it was determined- 
t h a t  a l l  t h r e e  are i n  advanced pregnancy. 
feeding  was i n i t i a t e d  and thy rc id  uptake determinat ion ere made. A t  
p a r t u r i t i o n ,  milk, blood and fe ta l  concent ra t ions  of I 

The concent ra t ion  i n  milk from cows being fed s p c  II3l has  g radua l ly  
increased  t o  a level  of 6, 9, and 18% of t h e  d a i l y  dose. The volume of  ,ni lk  
sec re t ed  by t h e  cow with t h e  g r e a t e s t  1’3’ s e c r e t i o n  i s  about  1.7 times t h a t  
of e i t h e r  of  t h e  o the r  cows, and shows a milk concent ra t ion  of 0.027 pc/ l i ter ,  
compared w i t h  about O.O2pc/ l i te r  i n  t h e  o the r  two cows. 
of 1131 i n  t h e  thy ro id  glands of t h e  cows reached a peak during t h e  week 
following t h e  b i r t h  of  t h e  ca lves ,  then leveled of f  and began a gradual  r ise  
during January.  
dcse of 1131. 

A s i n g l e  animal was exposed t o  1000 r (msasured a i r  dose) 

No untoward e f f e c t s  were observed during t h e  first t h r e e  

Therefore,  d a i l y  low-level 1131 

5 4  K i l l  be determined. 

The concent ra t ion  

Thyroid concent ra t ions  range from 1.5 t o  3 t imes t h e  d a i l y  

Great v a r i a t i o n s  were seen i n  concent ra t ions  o f  i od ine  i n  t i s s u e s  a n d , e x c r e t i o n s  
of t h e  t h r e e  calves s a c r i f i c e d  imnediately after b i r t h .  
g e n e r a l l y  showing g r e a t e r  than  blood concent ra t ions  of I13I were thyroid,  
stomach, and i n t e s t i n a l  conten ts  and p a r o t i d  salivary gland. Lung t i s s u e  
showed an unusual ly  high 1131 concent ra t ion  i n  one animal. 

Tissues  and exc re t ions  

Cesium 

Daily feeding  of Cs137 t o  t e n  male sheep was i n i t i a t e d  i n  order t o  provide 
more reliable estimates of t h e  long-term uptake and r e t e n t i o n  of orally 
adminis tered Cs137 i n  a ruminant. Both young and o l d  sheep are being used 
t o  determine t h e  in f luence  of age on Cd37  metabolism. 

Neptunium 

Male ra ts  were found t o  be more r e s i s t a n t  t o  a c u t e  Np237 t o x i c i t y  than  
females. A dose of 1 2  mg of Np237/kg of body weight k i l l e d  females wi th in  
about 48 hours. 
Liver l i p i d  conten t  which inc reases  markedly i n  females a t  t h i s  dose level 
i s  unaffected i n  males. 
Np237 i s  depos i ted  i n  t h e  l i ve r  of  both males and females, t h e  sub -ce l lu l a r  
d i s t r i b u t i o n  of t h e  neptunium is  markedly differcmt,  t h e  major f r a c t i o n  being 
found i n  t h e  nuc lea r  f r a c t i o n  of t h e  females and i n  t h e  mi tochondr ia l  f r a c t i o n  
of t h e  males. 

tlales r ece iv ing  t h e  same dose are s t i l l  a l i v e  after 5 weeks. 

Although approximately t h e  same f r a c t i o n  of adminis tered 
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Plutonium 

1 2 3 5 i s b S  

Frel iminary r e s u l t s  are a v a i l a b l e  from t c x i c i t y  s t u d i e s  on plutonium 
removal agents .  
causes mincr d i s t r e s s  cn t h e  1st day and t r a n s i e n t  kidne:. and l i ve r  
damage. 
death of a l l  a n i n a l s  w i th in  5 hours.  
no evidence of t o d c i t y .  
mild h is topbthologic  changes i n  kidney and spleen.  
level DCPA es ter  caused l o s s  cf weight,  d i a r rhea ,  and pa thologic  
changes i n  ’Kidney, l i v e r ,  spleen,  and i n t e s t i n e .  

!&t t h e  level  of 6 d4/kg, i n t r a p e r i t o n e a l l y ,  DTPA 

A t  t h o  same dose level  TTHA and DTPA m-thy1 ester r e s u l t e d  i n  
A t  t h e  1.5 IM/kg level DTPA showed 

TTHA was similarly w e l l  t o l e r a t e d ,  but  w i t h  
A t  t h e  1.5 mM/kg 

Zlood S tud ie s  

Chromium-51 tagged er;ythroc,ytes were used t o  m5asure t h e  blood c e l l  
volume i n  t h r e e  t o  f o u r  year old female minia ture  swine. 
f o r  f ive  animals was 2.1% of t h 3  body weight. 
plasma volume were c a l c u l a t e d  from t h e  blood c e l l  volume and t h e  measured 
hematocri t ;  they  were about h.3$ and 2.2$, r e s p s c t i v e l y ,  of t h e  body 
weight. 
measureTents made on swine of t%is  age and probably a r e  r e l a t e d  t o  t h e  
i m g e  amounts of adipose t i s s u e  i n  t h e s e  animals.  

The mean va lue  
To ta l  blood volume and 

These relatively low va lues  are c o n s i s t e n t  with our previous 

I n h a l a t i o n  S tud ie s  

Dogs exposed fou r  months ago t o  Ce1&402 a e r o s o l s  are i n  re la t ively good 
h p a l t h  , b u t  t hose  r ece iv ing  t h e  h ighes t  levels of exposure (depos i t i on  
of 0.7 t o  2.4 mc) are beginning t o  show c e r t a i n  changes. 
whi te  c e l l  counts  are 50 p e r  c e n t  of t h e  con t ro l s .  
i n  t h e  lymphocytes, b u t  n e u t r o p h i l  levels  have a l s o  dropped. 
i n  c o n t r a s t  t o  plutonium-exposed dogs i n  which t h e r e  i s  almost  always P 
drop i n  lymphocytes wi thout  chanzes i n  o the r  c i r c u l a t i n g  olements of  t h e  
blood. I n  t h e  high level Celu dogs t h e  levels of serum potassium a l s o  
dropped below c o n t r o l  levels, t h e  blood C02 levels show a s l i g h t  increase, 
and a s l i g h t  increased  r e s p i  t o r y  r a t e  was observed. The t o t a l  r a d i a t i o n  
dose t o  t h e  lungs of t h e  Ce 1EOz-exposed dogs showing t h s s e  effects ranges  
from 20,000 t o  50,000 rads .  

T o t a l  blood 

This  is 
The major decrease  i s  

A masonite dog 
from CelWl-prl Le r e t a i n e d  i n  thc! lung. Vi th  &&4-P&~ d i spe r s sd  i n  a 
sponge i n  t h e  r’lungII cav i ty ,  t h e  gamma dose r a t e  thrcugh one inch  o f  
masonite ad jacen t  t o  t h e  lung i s  about 1.4 mr/hr/mc; thrcugh 3 i nches  of 
maso;iite, 0.5’5 mr/hr/mc; and through 10 inches  of masonite,  0.0h mr/hr mc. 
These d a t a  i n d i c a t e  that  to ta l -body gamma exposure from 1 t o  2 mc Celd-P&u 
i n  t h e  lung  of a dog would be t o o  low t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  
t o x i c o l o g i c  response from a ~elu02 i n h a l a t i o n  exposure 

hantom was cons t ruc ted  t o  estimate t h e  total-body dose 

A series of r a t  experiments were p e r f c n e d  t o  test t h e  effect of 1127 vapor . 
as a d i l u e n t  of 1131, on thy ro id  uptake of 1131. 
a t  a leve l  of about  0.1 pg/cc t o  a i r  conta in ing  3 x 10-5 pc I13’/cc r e s u l t e e  
i n  a maximum t hy ro id  l e v e l  o f  about  1 p e r  cent  of t h e  t o t a l  1131 deposi ted.  
The r a t i o  of 1127 t o  I1jl i n  t h e  air on a weight b a s i s  was about  3 x lo8. 

The a d d i t i o n  of  1121, 

UN CLASS I FIE D 
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Inha la t ion  of carrier-free 113’ r e s u l t e d  i n  thy ro id  levels o f  abou t  9$ 
of t h e  t o t a l  1131 deposited.  

Three years a f t e r  i n h a l a t i o n  O f  less ',ban loPC pu2390 , 5 cf 17 dogs have 
r e s p i r a t w y  r a t e s  of 80 - 120/min, conpared with 29-30 P min f o r  t h e  cont ro ls .  
Twelve of the  dogs show s i g n i f i c a n t  lynphopenia. 
two dogs d ied  as a r e s u l t  of t h e  plutonium exposure, and t h r e e  were 
s a c r i f i c e d .  

During t h e  p a s t  year 

The t i s s u e  d i s t r i b u t i o n  o f  h 2 3 9  i s  shown below: 

E st  r i b u t  i on  of Plutonium 
($ of  body burden) 

182 1843~ 79+ 104+ 158 + 

Lung 74 76 34 68 33 
Brcnchial  lymph nodes 21 5 57 25 53 
.” Iuscle 1 1lr 9.7 1 2 
Liver  3 5 6 2 10 
El one 0.8 0.2 0.7 1 1 
A l l  o ther  tissue 1 0-7 2 2 2 

T i m e  of dea th  (days 855 933 896 831 897 

F i n a l  body burdens (pc) 2.7 2.5 0.9 0.8 O.l& 

a f te r  exposure) 

0.5 0.1 0.1 0.1 0.1 P a r t i c l e  s i z e  o f  ae roso l ,  
p (CMD) 

* One of t h e  bronchia l  lymph nodes w a s  a c c i d e n t a l l y  analyzed wi th  muscle. 

+ Sacr i f i ced .  

Histopathology was seen  i n  lungs  and bronchia l  lymph nodes, except  i n  dog 
number 15F  i n  which t h e  lymph nodes shcwed l i t t l e  damage. During the  last  
month p r i o r  t o  death t h e  d a i l y  rate of exc re t ion  of plutonium i n  t h e s e  dogs 
was somewhat less than 0.01% of t h e  body burden i n  u r i n e  and somewhat 
g r e a t e r  than  0.01% i n  feces. 

P a r t i c l e  s i z e  measurements were completed on a set o f  photomicrographs o f  
dus t  p a r t i c l e s  d i s t r i b u t e d  by Los Alamos f o r  comparison and eventua l  s tandard-  
i z a t i o n  of p a r t i c l e  s i z e  a n a l y s i s  i n  those  l a b o r a t o r i e s  concerned with 
i n h a l a t i o n  s t u d i e s .  

G a s t r o i n t e s t i n a l  Radiat ion I n j u r y  

I n  vivo c o l l e c t i o n  of b i l e  over  prolonged pe r iods  i n  implanted g l a s s  o r  
polyethylene c o l l e c t i o n  vessels 
u s e f u l  method f o r  s tudying  t h e  r o l e  of b i l e  i n  r a d i a t i o n  in ju ry .  Animals 
a r e  being prepared wi th  b i l i a r v  and duodenal f i s t u l a e  f o r  s t u d i e s  of b i l e  
sa l t  abso rp t ion  from t h e  i r r a d i a t e d  i n t e s t i n e .  

has been demonstrated t o  be a p r a c t i c a l  and 
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Re-evaluation of pa thologic  da t a  from rats exposed f o r  60 days t o  
eo i n  t h e i r  d r inking  water i n d i c a t e s  t h a t  exposures r e s u l t i n g  i n  a 
25 per  cent  inc idence  of co rnea l  opac i ty  and u l c e r a t i o n  show no 
evidence of c a t a r a c t  formation. 
by t h e  l a c k  of pene t r a t ion  of t h e  9 0  h e t a  t o  t h e  l ens ,  and should be 
of some c l i n i c a l  i n t e r e s t  i n  v i e w  of t h e  use  o f  $* i n  therapy  f o r  
human eye l e s ions .  

This observa t ion  i s  p o s s i b l y  explained 

Radiat ion P ro tec t ive  Agents 

Experiments were performed t o  s tudy  t h e  p o s s i b l y  s p e r g i s t i c  effect 
of g lu t a th ione  and o t h e r  p r o t e c t i v e  agents .  Glu ta th ione  i tself  was 
unusual ly  e 'fective.  
survived a 950 r tctal-body X-ray dose. O th i r  agen t s  such as cys t e ine  
and t h e  manganous4YI'PA che la t e ,  a lone  o r  i n  combination wi th  g lu t a th ione ,  
were s u r p r i s i n g l y  i n e f f e c t i v e .  
prev5ousl-y obtained d a t a  and f u r t h e r  s tudy  is  obviously required.  

Seventy pe r  cen t  of t h e  t r e a t e d  animals 

These r e s u l t s  are no t  i n  accord wi th  

Considerable da ta  have been accumulated on va r ious  p o s s i b l e  methods of 
a l t e r i n g  t h e  Secondary disease which accompanies bone marrow t r a n s p l a n t a t i o n .  
Gertaln general ccnclusions are becoming apparent ,  al thou@ r e s u l t s  
differ markedly wi th  t h e  s t r a i n  of hos t  and donor animal employed. 
Under c e r t a i n  condi t ions ,  a t  least, t h e  pre-treatment o f  a d u l t  donors 
wi th  hos t  lymphoid t i s s u e  results i n  a g r e a t e r  number of secondary 
d i s e a s e  m o r t a l i t i e s .  
d i sease .  
in r e j e c t i o n  of donor marrow cells. 

Increased  cel l  dose a l s o  enhances secondary 
Pre-treatment of a d u l t  h o s t  with donor lymphoid t i s s u e  r e s u l t s  

I n d i c a t i o n s  were p rev ious ly  obtained t h a t  bone marrow from Spragut-' 
Dawley rats, neona ta l ly  t r e a t e d  with mouse cel ls ,  was more effective 
i n  p r o t e c t i n g  i r r a d i a t e d  mice than  w a s  bone marrow from rats n o t  so 
t r e a t e d .  
of a d u l t  Spxague-Dawley donor r a t s  with mouse lymphoid t i s s u e  i s  
e q u a l l y  e f f e c t i v e  i n  enhancing t h e  p r o t e c t i v e  effect of  t h e  r a t  bone 
marrow when implanted i n  i r r a d i a t e d  mice. 

Current experiments seem t o  i n d i c a t e  t h a t  pre- t reatment  

P lan t  S tud ie s  

The observa t ion  t h a t  phosphate accumulation w a s  n o t  i n h i b i t e d  by 
chloramphenicol was  confirmed and extended by us ing  low and high salt 
levels, low and h igh  relative humidity, and double l a b e l i n g  w i t h  
Rb86 and P3*. 
i s  a common d i f f e r e n c e  between c a t i o n s  and an ions  o r  may be a d i f f ,  v e n c e  
s p e c i f i c  f o r  c e r t a i n  demen t s .  

Carrier iod ide  was observed t o  i n c r e a s e  uptake of KIIJ1 from n u t r i e n t  
s o l u t i o n s ,  bu t  t o x i c i t y  a t  1 yg iodide/ml prevented exami t i o n  o f  a n  

noted up t o  t h e  p o i n t  of t o x i c i t y .  

Other an ions  w i l l  be  t e s t e d  t o  determine whether this 

ex tens ive  range of s p e c i f i c  activit ies.  Inc reases  i n  I 13p" uptake w e r e  

UNCLASSImED 
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Columbia R i v e r  Limnology 

h e  year's c o l l e c t i o n  of da t a  a t  t h e  t h r e e  sampling l o c a t i o n s  was cotlpleted. 
Analysis  of plankton f rm t h e  Vantage s t a t i o n  was completed and counting of 
svnples co l l ec t ed  below 100-F was s t a r t e d .  
q u a l i t a t i v e  conposi t ion between the  two s t a t i o n s ;  however, As te r ione l l a ,  t h e  
dominant diatom, apgears  t o  be present  i n  s l i g h t l y  h igher  numbers a t  103-F. 

r e s u l t s  show a similar 

Rat t lesnake Springs Limnology 

Eight spec ie s  of cladocerans have been i d e n t i f i e d  from t h e  impoundment by 
DY. R. W. Kiser. I'Sounted s l i d e s  prepared by him have been compared with 
q u a l i t a t i v e  samples i n  p repa ra t ion  f o r  zooplankton s t u d i e s .  
Ostracod i d e n t i f i e d  from 
0d.y from Yucatan and Trinidad.  
animal, i s  preparing a manuscript  r epor t ing  t h i s  range extension.  

One spec ie s  of 
2a t t l e snake  Springs had p rev ious ly  been repor ted  

Dr. Edward Fsrguson, who i d e n t i f i e d  t h e  

P lan t  Ecology 

Chemical assays of greasewood and sagebrush leaves showed greasewood leaves .: c o n b i n  more calcium, potassium, and magnesium than sagebrush leaves anS 
about 21x) times more sodium. 
more sodium than  s o i l s  support ing sagebrush. 

I 

The s o i l s  support ing greasewood a l so  contained 

Moisture l o s s e s  frcm s o i l  f i l l e d  cans i n  t h e  f i e l d  during t h e  r ecen t  w in te r  
drought (Dec. 19  t o  Jan. 2&) shared sagebrush s o i l  more s u s c e p t i b l e  t o  
win te r  moisture loss than  greasewood s o i l .  
whi le  sagebrush s o i l  l o s t  86 g. 

Sreasewood s o i l  l c s t  58 g of water 

F a l l o u t  

Radioiodine concent ra t ions  i n  North American deer  and e l k  thy ro ids  decreased 
during t h e  month. Samples of  Nontana e l k  contained concen t r a t ions  of 
(avg. 1.6 nc/g) comparable t o  those  of Maryland dee r  (av . 1.1 nc/g). 
dee r  t hy ro ids  were a t  t h e  lower l i m i t  f o r  1131 counting $0.05 nc/g). 

1131 
C a l i f o r n i a  

Radiat ion Effects on I n s e c t s  

?lour b e e t l e s ,  Tribolium c a s t a n e m ,  were given 940 rads  of  3 t o  4.8 Mev 
neutrons.  After i r r a d i a t i o n ,  t h e  month o ld  v i r g i n  b e e t l e s  were e s t a b l i s h e d  
a s  s i n g l e  p a i r s  and d a i l y  product ion of F l  a d u l t s  was recorded f o r  two weeks. 
I r r a l i a t e d  groups produced s i g n i f i c a n t l y  less progeny than  t h P  c o n t r o l  group. 
I r r a d i a t i o n  of males produced a g r e a t e r  effect  on reproduct ive  capacity than  
d id  i r r a d i a t i o n  of females. 
sexes were i r r a d i a t e d .  

L e a s t  product ive w e r e  c u l t u r e s  i n  which both 

R+ 
BTQLOGI' LP-RORJ WRY 
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TECHNICAL INTERCHANGE DATA 
B1C)LOGY IABORATORY 

HW-7631s 

January 1963 

I. Speeches Presented 

a. Papers Presented a t  Socie ty  Meetings and Symposi\nns 

B e r h a r d t ,  L. L. Dynamics of ungulates - i n t e r p r e t a t i o n  and needs. 
Western Association of Fish and Game Commissioners - Elk Committee 
Workshop, Meeker, Colorado. January 30, 1963. 

Hanson, W. C. P ro jec t  Chariot. Hsalth Physics Society, Richland, 
Washington. January 25, 1963. 

b. Serrinars (Off-Site and Local)  

Hungate, F. P. Implication of r ad ia t ion  on gen?t ic  systems. Pasco 
Educational Group, Pasco, Washington. January 16, 1963. 

l.Ii?lum, D. D. Some approaches t o  b io log ica l  research. Science Fair 
'rlorkshop, Columbia High School, Richland, Washinr$,on. January 26, 1963. 

c. Seminars (Biology) 

Watson, D. G. Sr9' i n  p l a n t s  and animals of arctic A l a s k a .  January 15, 1963. 

Wilson, D. 0. The cobal t  requirement of symbiotically grown alfalfa. 
January 15, 1963. 

Foster, R. F. Radioactive wastes a t  Hanford and i t s  impact i n  t h e  
environs. January 22, 1963. 

Uhler, R. L. E f fec t  of drugs on active t r anspor t  i n  p lan ts .  January 29, 1963. 

Casey, H. W. Some aspec ts  of t h e  environmental monitoring program af 
t he  Christmas I s land  nuclear test series. January 29, 1963. 

11. A r t i c l e s  Published 

a. HW Documents 

None 

bo Open Literature 

Hanson, W. C. 1962. Seasonal p a t t e r n s  of s t a b l e  and rad ioac t ive  iodine i n  . 
thyroids of na t ive  jack r abb i t s .  Transactions of t h e  Twenty-Seventh North 
American W i l d l i f e  and Natural Resources Conference, March 12,  13, and 
1.4, 1962: 225-232. 

Rickard, X. FI. 1962. Ccmparison of annual harves t  y i e l d s  i n  an a r c t i c  and 
a semi-desert community. Ecolcgy 43: 770-771. 

UNCLASSIFIED 
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11. Art ic les  Published (continued) 

b. Open Li terature  (continued) 

Erdman, H. E. 1962. Effects of i r r ad ia t ion  on t h  Mediterranean Meal 
Moth, Ephestia kuehniella Zeller, cultured on E9Sr-spiked food. 
International J. Radiation Biology 5:  33-38. 

McClellan, R. 0,, L. K. Bustad, ‘AJ. J. Clarke, N. L. Dockum, J. R. HcKenney, 

Pergamon 
and H,  A .  Kornberg . 1962. Bone-seeking radionuclides i n  miniature 
swine, p. 341-348. 
P r e s s .  

- I n  Some Aspects of In te rna l  I r radiat ion.  

Bair, W. J., A .  D. Wiggins, and ”. A .  Temple. 1962. The e f f e c t  of 
inhaled Pu23902 on the l i f e  span of mice. 

and excretion of inhaled h23902. Health Physics 8: 639-650. 

Health Physics 8: 559-665. 

Bair, W. J., J .  ?. Herring, and L, A. George. 1962. Retention, t ranslocat ion,  

Park, J. F., D. H. Willard, S. Marks, J. E. West, G. S. Vogt, and 
W. J. Bair, 
i n  dogs. Health Physics 8: 651-658. 

1962. Acute and chronic tox ic i ty  of inhaled plutor-irln 

Ballou, J. E., L. A.  George, 11, and R. C. Thompson. 1962. The combine? 
toxic  effects of plutonium plus X-ray i n  rats. Health physics 8: 
581-587. 

Bustad, L. K., W. J. Clarke, L. A. George 11, V. G. Horstman, R. 0. McClellan, 
R. L. Persing, L. J. Seigneur, and J. L. Terry. 
observations on metabolism and tox ic i ty  of plutonium i n  miniature 
swine. H s l t h  Physics 8: 615-620. 

1962. Preliminary 

Clarke, W. J. 1962. Comparative histopathology of Pu239, F&226, and 
Sr90 i n  pig bone. Health Physics 8: 621-627. 

Cable, J. W., V. G. Horstman, W. J. Clarke, and L. K. Bustad. 1962. 
Effects of intradermal in jec t ions  of plutonium i n  swine. 
physics 6: 629-634. 

Health 

Erdman, H. E. 1962. Effects of ingested Pu239 on fecundity, fer t i l i ty ,  
and l i f e  span of Habrobracon (Hymenoptera: Braconidae) . Health 
Physics 8: 635-838. 

Ballou, J. E., W. J. Bair, A. C. Case and R. C. Thompson. 1962, Studies 
with neptunium i n  the  r a t .  Health Physics 8: 685-688. 

McClellan, R. O., H. W. Casey, and L. K. Bustad. 1962. Transfer of some 
transuranic elements t o  milk.  Health Physics 8: 689-694. 

Ballou, J. E. 1962. P r e l i m i n a r y  evaluation of several  chelating agents 
f o r  plutonium removal. Health Physics 8: 731-737. 
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111. Visits and Vi s i to r s  

a. Visits t o  Hanford 

1-15-63 D. Luepje, AEC, Cincinnati, Ohio. Toured Biology faci l i t ies .  

1-15-63 I,. Bingham, A X ,  Idaho Fa l l s ,  Idaho. Toured Biology f a c i l i t i e s .  

1-15-63 J. Silhanek, USPHS, San Francisco. Discussed t h e  impact of 
in t roduct ion  of i n d u s t r i a l  wastes i n t o  aquat ic  environment 
and techniques of bicassay w i t h  f i s h ,  w i t h  93 Nakatani. 

1 .-17-63 H. Rosenbaum and R. D. Phemister, Armed Forces I n s t i t u t e  of 
Pathology, Was?ington, D. C. 
on the a v a i l a b i l i t y  of pathological material from radia t ion-  
damaged animal t i s s u e s  t o  be included i n  the  new Registry 
of Radiation Pathology t o  be es tab l i shed  a t  t he  Armed Forces 
I n s t i t u t e  of Pathology. 

Consulted with Dr. W. J. Clarke 

1-21 t o  DT. h r s  Ekman, Rayal Veterinary Ccllege, Stockholm, Sweden, 
23-63 now a Kellogg Fellow a t  University of Washington. Discussed 

research on cesium and iodine i n  l a rge  animals with 
L. K. Bustad, R. 0. McClellan and o ther  members of t h e  
Biology staff during t o u r  of facil i t ies.  

1-23-63 W. E. Dodge and M. A. Radwan, U.S. Fish and Wild l i fe  Service,  and 
U .So Fores t ry  Service, Olympia, Washington. Discuss with 
L. K. Bustad and R. 0. McClellan t h e  use of labe led  compounds 
i n  t h e  study of animal r e p e l l e n t s  f o r  use  i n  f o r e s t s .  
Techniques of study i n  labora tory  and l a r g e  animals were 
discussed. 

1-29-63 N. Korniloff, C. M. Barnes, and Geo. Williams, U.S.A.F., Washington, 
D. C, Discuss research conducted on m i b r a t o r y b i r d s  and 
t h e i r  poss ib le  inf luence  on spread of viruses with W. C. b n s o n  
and  F. P. Hungate. Col. Barnes also conferred with 
L. K. Bustad on c o l l e c t i o n  techniques for s t u d i e s  i n  
geographic pathology. 

1-30-63 Drs. 3. Weiss and Palotay, Washington State University, Pullman, 
Dr. FIeiss is a v i s i t i n g  professor  from Munich, Washington. 

Germany. They consulted with Dr. W. J. Clarke on comparative 
pathology of l a r g e  animal and small animal lungs. 

E. ihntgomery and R. McCullough, General E lec t r i c ,  Syracuse, N.Y. 
Discussed a de tec t ion  system s a t i s f a c t o r y  f o r  identif,ying 
b io log ica l  warfare agents with Dr. Hungate and o t h e r  members 
of Biology staff. 

1-30-63 

1-31-63 S. Cohen, Washington S t a t e  University, Pullman, Washington. 
Discuss problems regarding e l ec t ron  microscope app l i ca t ion  
t o  b io log ica l  materials with Dr. Hungate and R. F. Palmer. 

UNCLASS IFTeD 
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111 . Visits and V i s i t o r s  (Continued) 

HW- 76 31 5 

b. Visits Off-Si te  

1-6-63 R. T. O'Brien v i s i t e d  Washingtcn S t a t e  Universi ty ,  Pullman, 
t o  consu l t  wi th  D r .  Higginbotham concerning arrangements 
f o r  teaching  a class. 

1-11-63 L. K. Bustad discussed Pu release experiences and techniques used 
i n  X- i r rad ia t ion  of  t hy ro id  wi th  Drs. Palumbo, Barker, and 
F ig l ey  a t  t h e  Univers i ty  of Washington, S e a t t l e ,  Wash. 

1-I& t o  J. K. Lund conferred on sample p repa ra t ion  f o r  e l e c t r o n  microscope 
17-63 examination with staff of Dr. R. L. Bacon, University of Oregon 

Medical School, Port land,  Oregon. 

1-27 t o  L ,  L. Eberhardt discussed r e sea rch  a t  Department of S t a t i s t i c s ,  

on panel f o r  d i scuss ing  l a r g e  animal popula t ions  a t  S t a t e  o f  
Colorado Department of Game and Fish,  Meeker, Colorado. 

2-1-63 Colorado S t a t e  Universi ty ,  F o r t  Col l ins ,  Colorado, and served 

1-28-63 W. C. Hanson discussed b i r d  migra t ion  and i t s  in f luence  upon t h e  
spread of v i r u s e s  With Dr. Donaldson, UnivFrsi ty  of Washington 
Laboratory of Radiat ion Biology, S e a t t l e ,  Washington. 

1-28-63 L. K. Rustad discussed sample c o l l e c t i o n  techniques i n  meeting 
wi th  Dr. Donaldson, Univers i ty  of Washington Laboratory o f  
Radiat ion Biology, S e a t t l e ,  Washington. 

Achievements 

No degrees were earned, nor  d id  any p ro fes s iona l  l i c e n s i n g  o r  
c e r t i f i c a t i o n  occur. 

Honors and Recoeni t ions 

None 

P ro fes s iona l  Grow o r  Organizat ion Assignments 

UNCLASSIFIED 

None 
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APFLIED MA'MEMATICS OPERATION 

MONTHLY FEPOBI' - X@WAKY, 1963 

ORGP,NIZATION AND PERSONNEL 

M r .  Peter Riggle, who is on the Technical Graduate Program, started a rota- 
tion in Applied Ivlathematics, January 2, 1963. 

OPERATIONS RFSEARCH ACTNITIES 

Tne final revision of the report on "learning" patterns in HAPO production 
eqerience was completed except for the inclusion of certain 1962 data. 
These data will be added shortly. me revised report will be issued during 
February. , 

Arrangements were made during January to secure accounting data for the 
proposed flow-of-f'unds study of HAPO. The project will be under way in 
February. 

STATISTICAL AND MATHXMATICAL ACTIVITIES FOR OTHER HAP0 COMPONENTS 

Irradiation Processing Department 

Test Reactor reactivity data for enriched cores having different dimen- 
sions were used to revise the limits for the acceptance plan in use. 
this plan, three cores are measured as a composite, with individual measure- 
ments being made only if the composite reading is outside specified limits. 

A document, written jointly with I P D  personnel, was issued updating post- 
irradiation results from the Quality Certification Program. 
"fitting" the data in assessing the significance of apparent trends and 
cycles over time, comparisons were made between reactors. 
were not included in the analyses. 

The analysis of data from PT-423, a production test camparing oil quench 
with water quench fuels, was completed. 
was utilized, permitting the comparisons to be made using differences 
between adjacent fuel elements as the statistics of interest. 

The existing mathematical model expressing diameter change as a function 
of reactor variables was altered slightly to permit a reasonable extrapola- 
tion to zero residence time. 

In 

In additionto 

Eiumper columns 

A simple alternate charge design 

This model is used to estimate changes in 

i 2 3 5 b 1 3  
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temperature imbalance occurring within a process tube as a function of time 
since the metal was charged. 

A fair nunber of columns irradiated under the Quality Certification Program 
are bumper columns. 
compare their behavior with nonbumpers. 

Analyses are being made of data from these columns to 

Assistance was given in evaluating deflection VS. load data to dcte-mine if 
up-sized rails perform the same as rails not requiring up-sizing. 

Additional data are being analyzed frm the experimentation performed to 
iocate an optim set cf process conditions for the hot-die-sizing process. 

In order to maintain effective control over measurement biases which may 
occur in the C-Basin Examination Facility, a control program is being set up. 
In addition to maintaining control through routine remeasurement of irradiated 
prosuction fueLs: EL set of standards is being fabricated haviG a wide ran2;e 
of dianeters, lengths,  and warp. Ziese standards will also 'oe useful in 
establishing and controlling biases between pre- and post-irradiation facilities. 
Consulting assistance is being given in connection with this program. 

The warp which might be expected to occur i n  a 10-inch fie1 element was estimated 
assuming a pessimistic situation, viz., that the bending would continue i n  the 
same direction. 
sequences of using 10-inch ael elements. 

This was in connection with preliminary evaluation of the con- 

As a follow-up to the study performed on ledge corrosion data in December, a 
similar study is being made of groove corrosion occuring on the fuel elements. 

Consulting assistance was provided in connection with proposed in-reactor test- 
ing of anodized process tubes. 
corrosion attack of practical importance were computed. 

Sample sizes required to detect differences i n  

The document presenting the probabilistic functions which describe unscheduled 
reactor outages was issued. 
ing outages in the Reactor Simulation Study. Also in connection with this 
study, all machine language source files have been maintained, and are  now 
ccanplete through 1962. 
duration and frequency is now in the debug phase. 

These functions were derived for use in generat- 

m e  analytical program to delineate outage activity 

Extensive analyses were made of dosimeter badge and pencil data for September 
through December. Estimates were made of the biases between badge and pencil 
readings, and of the precisions of both measurements. 
made of areas and of crafts. 

Alsq comparisons were 
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N-Reactor Department 

A program to estimate crack distribution and frequency for NPR primary 
piping from ten-sample data was modified to accept three-sample data. 
Negative values computed in the main program invalidated results. 
gram (nonlinear least squares) failed to converge for several cases. 
assumptions in the model were made and parameter estimates from three- 
sample data were found by solution of a cubic. 
being applied to the ten-sample data. 

During the past month, work was begun on the N-Reactor reliability study 
which is to be made thraugh use of four-state reliability algebra. 
to date has been in the area of scoping the analysis, investigation of the 
physical and logical relationships between the reactor subsystems, and 
logical representation of the criteria used to determine the reactor's 
mode of operation. 

A'NEUY Pro- 
New 

An iterative method is n m  

Progress 

Cheuical Processing Department 

A document was issued giving cmprehensive rail accident statistics. 
cause, damage, and speed relationships were discussed in this document. 
will be of use in reaching decisions regarding procedures to follow in shipping 
radioactive materials. 

Various 
'Ihese 

A report was issued regarding the effects of gauging measurement errors on 
the producer's and consumer's losses resulting from the final inspection and 
certification of parts. 

A brief examination was made of impurity data from reject buttons to determine 
the effects of possible nonhomogeneity of button impurities in correctly 
estimating the impurity content. 

The relationship between type of ingot feed and the radiographic reject rate 
of castings was investigated. 

Work resumed on the refinement and programming of a mathematical model of 
spare parts and general inventory control. 

Construction Engineering and Utilities Operation 

Minor injury frequency data for 1962 were analyzed to determine if the con- 
sistently lower-than-HAP0 frequencies reported are explained by differences 
in the nature of the work within the Department. 
estimated for each Section based on observed rates for similar components 
outside the Operation, and the results were combined to give an over-all 
expected rate to which the observed rate could be compared. 

Expected rates were 

1 2 3 5 6 1 5  
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Relations Operation 

The study of security infractions at HAP0 was completed and an oral 
of results was made. Tne study was expanded to include a review of 
involving lost or forgotten badges during 1962. Study results were 
informal written report which included suggestions for modification 

e:*!) 

presentation 
W O  incidents 
put into an 
of current 

data collection efforts. 

STATISTICAL AND -1CAL ACTIVITIES WI'I!HII'? HL 

2300 Program 

NPR Reactor 
A mathematical model of the NPR stack gas chemical reactions has been c omp1e;ed 
as part of the general study of the zirconium-graphlte compatibility prob em 
The model consists of a simultaneous set of first order nonlinear differential 
equations whose solutions yield the stack gas caposition as a function of posi- 
tior. in the reactor. An attempt is being made to study these solutions as a 
flrnction of the controlLable parameters on analogue cmputing equipment. 
digital program is also being written so that the findings of the analogue studies 
c z  be Imest igeted in gxater detail. 

A 

Pulse Column Facility 

Further analysis was done of data from five equilibrium runs on the pulse column 
usiw the BlEID power spectrum estimation program. Interpretation of the results 
of the analysis-is now in progress. 

A new model was fitted to two sets of gamma absorptiometer calibration data. 
Each set of data consisted of calibrations on four sample cells each run four 
times at nine uranium concentrations. 
law to include a second exponential term representing a scattering of gamma 

The new model is a modification of Beer's 

photons at higher uraniun concentrations. 

Other 
A solution to the problem of determining the heat transfer from a buried pipe 
was obtained and furnished the requesting custmer. 

A formula used to relate NO3 to PU and HNO3 was studied by cqrison With 
sample data to determine if it is unbiased, and to determine the precision of 
the sample points. 

3000 Program 

The results of a series of experimental runs of shear-spinning certain metallic 
shapes 
original blanks. The mathematics for this mode of design has been formalized 
and programmed for the digital computer. 
of the blank contours and the requisite tool center coordinates for either 
machining blanks directly or forming appropriate molds in which blanks may be 
cast. 

has led the customer to choose a preferable method of designing the 

Tnis program computes the details 
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4000 Program 

Nondestructive Testing 

The FDPM program which produces tables of the Iamb wave frequency equation 
for arbitrary elastic material constants is virtually ccmplete. 
tables permit a more accurate interpretation of experimental data obtained 
by ultrasonic nondestructive testing devices which employ Iamb waves. 
detailed study is now under way to investigate the reflective, refractive, 
and absorptive behavior of sound waves at a liquid-solid interface. 

IllZlese 

A 

Ceramic Fuels Research 

A series of particle size-proportionate mix designs were concocted so that 
alternative methods might be available for prcducing high density vibra- 
tionally compacted fuel elements. !%e possession of -  a spectrum of almost 
equally desirable designs should allow a more efficient utilization of crushed 
materials with a consequent minimization of reworking. 
ments are in process to determine the relative concentrations of different 
size fractions which produce maximum density. 

S5atistical experi- 

3000 Program 

Actinide Element Research 

The program to index hexagonal crystals was made operational during January. 
A section was added to the program which computes the standard deviations of 
the lattice constant estimates. 
successfully indexed. 
index crystals where the first few lines were dependent. 
changes in logic complete,%he prqpxn advanced to its second phase. This 
entails the development of criteria to evaluate the validity of solutions 
and to determine an allmable error in these solutions. A set of test data 
is now being developed which contains a known amount of random fluctuation 
in the 20 diffraction readings. 

Approximately ten sample cases have been 
These were desig=led to test the program's ability to 

With all major 

While major attention was focused on the hexagonal-tetragonal case, some 
work was done OD the orthorhanbic problem. 
f'ully which verified the program's ability to cape with dependent lines. 

Several test decks ran success- 

Computation and Statistical Analysis 

The revision of the Gatlinburg paper, "Quantitative Analysis of Sets of 
Multicomponent Time Dependent Spectra From Decay of Radionuclides" was 
submitted to Technical Publications as formal Hanford report HW-75806. The 
GEM program for performing the quantitative analysis has been placed in the 
EDP FOR!IVAN Library far use by HAP0 personnel interested in the resolution 

-e- height spectra data. 

1 2 3 S b - 7 7  3 : .  
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Several additional tables were completed for inclusion in the formal report 
“Fixed Time Count Rate Estimation with Background Corrections”. 

Radiochemical Analysis 

Debugging of the IRA I1 data analysis system is approximately 75 percent 
complete. 
IRA 325 which maintains a file of raw data on samples currently being 
analyzed; IRA 335,which estimates a time zero decay rate; and IRA 525, which 
maintains the file of reduced data. !The conversion of the IRA I master file 
to the IRA I1 master file appears to be working according to specification. 
Personnel responsible for data acquisition and analysis for the new system 
spent time familiarizing themselves w i t h  the logic of the new system. 

A l l  but the following three passes are working satisfactorily: 

General 

Personnel Monitoring 

Currextly, Pu d/m in urine samples aze found separately for each individual. 
A study is being made to see if compositing of samples can be used to good 
advantage. A distribution of sample values for a l l  of 1961 $lata has been 
obtained, and is being used in a program developed to determine the prob- 
abilities of failing to detect high readings under various situations. 
Carlo techniques are being used. 

Monte 

A program to print out a 
badges is now being written. 

table of calculated density versus dose for film 

Other 

Analysis of data from an exper’inent to determine the precisian and accuracy 
of the azure-C method of estimating trace Boron content as a contaminant in 
aluminum rods was completed. 

CA Bennett:dgl 
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REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM REEYCLE PROGRAM 

UCOST-WICK Study 

F-1 

, 
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Computations have been made t o  determine the e f f ec t s  of different  uranim 
price schedules upon t o t a l  reactor fue l  costs.  
operation of the diffusion cascade -- as opposed t o  operation with an aptinnurn 
tails composition -- was simulated. 
twelve different uranium price schedules and eighteen economic environments 
for  each fueling mode. 

A range of i n i t i a l  enrichments i n  each of two reactor types were calculated 
for both batch and graded i r radiat ion.  
from the Combined Cycles Study and are (1) a water moderated, stainless s t e e l  
clad, uranium enriched type; and (2) a water moderated, Zircaloy clad, uranium 
enriched type. 
t ha t  of a Boiling Water Reactor. 

In particular,  t o l l  Separation 

Fuel costs were obtained by sssuming 

The reactor types were selected 

The moderator index chosen for  each corresponds roughly t o  

Table I contains some preliminary results t o  show the  e f fec t  of optimized 
versus t o l l  separation operation of the diffusion cascade. 
e c o n d c  environment, a high fabrication cost, a,rtd graded aperation o f t h e  
reactors was assumed. 
ident i f ied by t h e i r  respective cladding materials. 

A standard 

The two reactor types included i n  the  study are 

The data of Table I show that as the cost of enriched uranium is  increased -0 

e i the r  by increasing the cost of feed t o  the cascade or  by operating the 
cascade i n  a nonaptimum manner 0- the  fuel  cost is increased, w h i l e  the 
optimum i n i t i a l  enrichment decreases. 
in the stainless s t e e l  clad type which has higher Are1 costs, w h i l e  the  
l a t te r  e f fec t  i s  larger  i n  the Zircaloy clad type which has lower optimum 
enrichments. However, these variations are  l e s s  than the  differences between 
reactor types. 
a cascade optimized for  $23.50 per kilogram of natural uranium feed is  
operated on a t o l l  basis with lower cost natural  uranium feeds. 
a prac t ica l  s i tua t ion  i n  the near future and is  par t  of the UCOSl! study. 
The data shown on Table I were selected t o  emphasize the  importance of 
operating the cascade at optimum tails. 

The former ef fec t  i s  more pronounced 

These data do not include examples of the  s i tua t ion  wherein 

This may be 

The UCOST-Q,UICK study w i l l  be extended t o  include a reactor type tha t  is 
representative of a Pressurized Water Reactor; namely, a water moderated, 
Hastelloy clad, uranium enriched reactor.  I n  addition, different  t o l l  
separations s i tuat ions will be investigated fo r  selected enrichments i n  
each reactor type. 
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TABU I 

TEE EJ?El3CT OF DIFFERENT URANIUM PRICE SCHEDmS ON THE 
TOTAL FUEL cosr OF WATER MODERATED, URANIUM ENRICHED REACTORS 

FEFJ = $60 per pound of fuel  
Depreciating in te res t  r a t e  = 1.2.58 
Nondcpreciating in te res t  ra te  = 4.75s 
Cost of separative duty = $3O/kg of uranium 

Re ac t  or Type 
St a inles  s C l a d  Zircaloy C l a d  Cost of Natural 

U r a n i u m  as t!~, Min TFC Percent Min TEY: Percent 
Enrichment m/kwhe Enrichnent $/Q3 u 

Cascade using optimized ta i ls  composition 

1.425 3.22 1.130 2.38 23 -50 
19 9 09 1.329 3.26 1.058 
14.68 1.226 3.36 0.981 2.63 

2.48 

Cascade using fixed tails  composition of O.5$ 

23 *50 1.776 2.91 1.361 1.99 
19 09 1.593 3.02 1.238 2.13 
14.68 1.407 3.18 1.108 2.34 

Please note tha t  the base se t  of uranium price schedule parameters for  the 
UCOST-QUICK study, as reported i n  the  Programming Monthly Report for  
December 1962, contains an error.  The costs of feed as U 68 corresponding 
t o  the given costs of m6 should be $8.00, $6.30, and $4.20 per pound U 08 
instead of the $8.00, $6.00, and $4.00 reported, which were rounded off? 
The cost of conversion from u308 t o  m6 should have been $1.23 per pound 
uranium. 

A Price Schedule for U-233-U-238 Mixtures 

I n  cer ta in  circumstances, it may be a t t rac t ive  t o  enrich depleted uranium 
with the  U-233 bred i n  a thorium blanket. In  order t o  calculate the  burn 
up cost of such & f i e 1  loading, the cost of separating the  U-233 from the  
u-238 i n  the  irradiated fuel  must be determined. 
prices based on a specified pr ice  and enrichment and on a specified 
separative duty cost must be constructed. 
that the cascade w i l l  be operated w i t h  optimum tails composition, t ha t  the  
U-234, U-235, and u-236 i n  the fue l  can be ignolled, and that  the u n i t  cost 
of separative duty is  proportional t o  the relat ive d i f f i cu l ty  of separating 
U-233 frm u-238 compared with U-235 from u-238. 

That is, a schedule of 

For simplicity, it w i l l  be assumed 
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- One of the basic factors i n  the AEC Uranium Price Schedule i s  that the energy 
required t o  effect  a separation of isotupes i n  a diff'usion cascade is  direct ly  
proportional t o  the t o t a l  flow ra te  within the cascade. 
quantity of a.n ideal  cascade with single waste, feed, and product streams is: 

A formula for  this 

where 

J = t o t a l  flow rate i n  an i d e a l  cascade, kg uraaium/unit t i m e  
A =  separative duty, kg urar;ium/unit time 
4 = heads separation factor.  

The separative duty is a function of the waste, feed, and product flow rates 
and t h e i r  compositions and does not depend upon the isotopes being separated. 
Therefore, the r a t i o  of the energies required for two different  systems 
(denoted as 1 and 2) i s  for heads separation factors very near 1: 

[: : :I (2) 
(P1 + l ) (P2  - 1) ln 4 
7P1  - 1)( f12 + 1) In Bl R P  

One of the key properties of an ideal cascade i s  that 
stage separations factor, equals the square root of the r a t i o  of the molecular 
weights of the isotopes being separated. Zhus, for  U-235-U-238 systems, 
k? = 1.00214 while for  U-233-U-238 systems, a = 1.00358. Using these number6 

i n  Equation (2) gives R = 0.357. 
f'rm U-238 requires roughly one-third of the energy required t o  separate 
U-235 from U-238 or, based on the present AEC Separative Duty Cost of $3O/kg U, 
$10.71/kg U . 

=e where 6 , the 

This means tha t  the separation of U-233 

A uranium price schedule is usually established by specifying a feed composition 
and unit cost ( e . g . ,  natural uranium at $23.50/kg), a unit  cost of separative 
duty (e.g., $3O/kg), and by specifying that the tails stream will be valueless 
and w i l l  have the  optimum composition t o  minimize the product cost. 
ident ical  schedule can be derived by considering a product composition t o  be 
the  feed composition provided t h a t  the "feed" price is the  same as would have 
been obtained i n  the former case. 
schedule for  a U-233-U-238 system, given a value for the U-233 bred in a 
thorium blanket. 
values t o  the  U-233 mixed with u-238 t o  a two percent enrichment. 
i s  the cost of  a 50 percent f i s s i l e  burn trp i n  each schedule. 

An 

T h i s  principle can be used t o  derive a 

Table 11 contains schedules calculated by assigning different  
Also shown 
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Percent 

TABLE I1 

MAMPU PRICE SCHEDULES FOR U-233-U-238 MIXPURES 

U n i t  Cost of Separative Duty = $10.71 per kg Uranium 

ram Unit. Value of U-233 at 2$ E b r i c h n t ,  $/g 

$7 85 $10 .oo $2 063 $15 .OO 

Enrichment 
$ U-233 in u-238 

0.2 
0*5  
1.0 
2 .o 

99-0 

Optimum T a i l s  Composition, Percent 

0.108$ 0.0888 0.0725 0 .ow 

Prices Fer Gram of U-233 Contained 

1-26 2.42 4.07 5 071 
4.50 6-32 8.62 10 75 
6.48 8 3 2  11.04 13 9 33 
7 -85 10 .oo .63 15 .oo 
10.00 12.26 15 .OO 17 -45 

Cost of Burning From 2s t o  l$/gm, 

9.13 u .46 14.18 16.52 

$/gm U-233 Destroyed 

Several items are worthy of note from Table 11. First, tha t  similarly t o  the  
U-235-U-238 system, if U-233 is mixed with u-238 t o  produce two percent 
enrichment and then burned t o  one percent, the burn up costs are greater than 
the  cost of U-233 i n  two percent enriched fuel.  
i n  U-233 value that must be canpensated by some other factor  If such f i e 1  
cycles are t o  be advantageous. 
of plutoniuhn f’ram u-238 is a significant asset. 
t ha t  extremely low tai ls  compositions are involved as compared t o  a ~-235-~-238 
separations because of the  low unit cost of aeparatlve duty fo r  U-233. 
low value may not be achievable i n  practice because of inventory and clean up 
problems Involved with converting the cascade operation from U-235-U-238 to 
U-233-U-238 and back again. 

This emphasizes the reduction 

This points up that the chemical separabili ty 
The second item t o  note i s  

This 



It is planned t o  ircorporate a pr ice  schedule of t u s  tyye in to  the QUICK 
program i n  order t o  deterrmne ?Le mirLrmrm t a t s 1  fue l  cost for this fueling 
mode. The schedule w ; l i  b e  co,-,strwted ~ucki :.hat the U-233 contained i n  the 
initial enrichment of the reartor w 2 . l  have 8x1 assigned p i c e ,  the u n i t  cost 
of separative duty will  be 35.7 percent cf the specified value, md the tails 
composition will be opt4&zed. ! X i s  w i l l  require rewriting the SKEC sub- 
routine of the Q'JXK code for tUs special  case because a different  pr ice  
schedule must be used for e a v t  L r d t l a l  ecric-ent ' 

calculatioz i n  w X c h  the schedde parernetem would be varied must. be made. 
%herwise, an iterstive 

Plutonium Valiies and 7-23? is.lm :% ::ost>e i n  Specific Cycle Analysis 

When ana3yz;rig plut0rLu.m vdues,  iz is Logical t o  compare them t o  the costs 
of burntng u-235 i n  eqr;',vsierit circumstances Axi opportunity t o  do so i n  8 
variety of E i t u a t l o m  Ps offered by the data i n  Table 
represent a sizable :mpwtatioLr of FLutotium value for a reasonable spread 
of reactor types ayd economic cases. 

These data 

The computed pPutqor+lum vaiues are compared by f o m r g  two rat ios:  ('1) the  
ccmtputed Flutor-ium fae l  vdiie t o  the pr ice  of 90 percent enriched uranium, 
and (2) the computed F l u t o n l m  f'uel valueE to the uranium burn up cost for 
each base s tep.  By placing the comparable cases ir, descending order with 
respect t o  e i ther  ratfo, the correspondence of the r a t io s  C&T~ be observed. 
By observfng Table 115, one notes thht there may well be an underlying 
relationshipbetween computed vaiues arid the pr ice  of  90 percent enriched 
uranium, 
relationship between c q u t e d  F1ut.orAum valaes and the corresponding uranium 
burn up costs. 
calculations are based are  deseriLed IL ES4-722P7 and the complete data are 
l i s t e d  i n  HGi-76195. 

v'n the other haad, there appears to be i l t t l e  promise of a basic 

The defillitiocs a%Ci other par t iculars  q o n  wbich these 

Combined Cycle Fuel Costs 

Fuel cost calcu2stfoa for t.wo simLPlsted reactors us- the  cro8s progeny of 
u-238 and Th-232 bred fuel b v e  been extended t o  be t t e r  show differences i n  
per fomaxe .  
equivalent physics conditions .specif% power = 10 YW, E for  3.238 systems 
1.03, and standard Westc0t.t cross sectioc) and witan no l i m i t  on fuel  exposure. 
Same of the more mportmt parameters pertaix2ng 13 each fueling have been 
varied as shorn i n  Tabie I t '  Tne fLeL costs Ir; Table IT are  computed w i t h  
U-233 priced at  $ik/gram and Pu-239 an& %-241 a t  $10.24/gram. 
equal fue l  costs fri the  majority of cases9 It would be necessary t o  r a i se  the 
pr ice  of plutonium re la t ive  t o  11-233. An exception t o  this 1s U-235 enriched 
u-238 whose f'uel costs would go down further i f  the plutonium price were 
increased. Therefore, more equitable adjustment may be t o  lower U-233 prices  
re la t ive  to plutonium. After more of the physics eases are calculated an 

Last mmth batch aad g r d e d  operatio= was considered under 

To have 

over-all analysis will be made to determine plutonium 
re la t ive  t o  the pr ice  of the uranium frm- the cascade 
equal fuel costs fcr each reactor situatiol;. 

and U-233 prices  
that w i l l  lead t o  
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* MEIIEAGER, the code used t o  provide the fue l  burr up data  does not 
accomt for de tk i l s  of the reactor desigz and uses several  integral. 
reactor parameters t o  simulate the different  reactors.  
i n  EIW-72217, the simulations are as follows: 

As elaborated 

APWS - Simulated Pressurized Water Reactor a6 described i n  TID-8502. 

BWS - Simulated Boiling Weter Reactor with Zirconium Tubes - 
cot of specific design. 

HWS - Simulated Deuterium Oxide Moderated Reactor with Wrconium 
Tdbes - not of a specif ic  desigii.  

GCS - Simulated Gas-Cooled Graphite Reactor - a low temperature 
moderator type patterned a f t e r  "Bradwell". 

OMS - Simulated Grgar,ic Moderated Reactor as described i n  TID-8501. 

There are  several  special  var ia t ions t o  some of these simulations as 
follows: 

OMS-2 - T h i s  simulation i s  the same as the OMS, except that the 
moderating power was increased t o  the value used i n  the 
BWS . 

Om-3 - This simulation i s  the same as the  0%-2, except that the  
specif ic  power was i x r e a s e d  by a factor  of 3.  

BWS-2 - This simulatior i s  the same as the BWS, except that the  
pa ras i t i c  absorption index was increased t o  t h a t  of the 
mws 0 

BWS-3 - THs simulation is the  same as the EWS, except that the  
moderator index was increased t o  t h a t  of the AeWS. 

UNCLASSIFIED 
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Case 
Number 

1 

TABZE: V 

FUEL w?irSURES WXTH Z O N D  REm0R.S 

(For various allowed average excess reactivities. ) 

Allowed Average 
Excess Reactitcitty 

i33 mk 

Fuel Ekposure 
r n / T  

Number of 
Zones Used 

3 

2 28 mk 20,500 9 

3" 18 mk 21,070 10 

* Reactivity increase controlled rather  than react ivi ty  decrease as i n  
2 and 1. Fuel costs w i l l  be calculated a f t e r  f l n a l  debugging of the 
physics routine i s  completed. 

Comuter Code Develmment 

1. 

2.  

PROTmTS Code 

It i s  planned t o  incorporate a flux weighted reac t iv i ty  for graded 
operatiop in to  the PRCTELJS code. The average reac t iv i ty  presently 
calculated by the MEIU3AGE.R code r e f l ec t s  the fac t  that  the reaction 
ra te  is constant with respect t o  time which overemphasizes the 
contribution of the high fuel .  This simplification leads t o  a 
s m a l l  er ror  f o r  the reactors studied t o  date which have low conver- 
sion ra t ios .  A more correct formulatiox w i l l  balance the  neutron 
productior, and absorption by applying a f lux weighting t o  the 
reac t iv i ty  averaging. 
is that only the  time averwed f lux  is available t o  PRQTEUS and 
various different ia t ion schemes are being considered. 

A prac t ica l  problem involved i n  the progremming 

MELEAGE2?-&THAEA Code 

A revised MEZZAGEFi-AXHAEA code kas been writ ten and debuggirrg i s  
i n  process. This code includes correction for xenon and samarium 
neutror- absorption, which eliminates the need of doing this on a 
ko3 basis. 
react ivi ty;  absorptiolis i n  each isotope of the  fuel; absorptions i n  
f e r t i l e ,  f'issile, f iss ion product, and s t ruc tura l  isotope groups; 
and the heat produced by each fie1 isotope. Instantaneous values 
o f t h e  above averages plus conversion r a t i o s  for each f i s s i l e  
isotope are  also given. 

The output includes f lux time weighted averages of 

UNCLASSIFIED 



The fast fission factuor, 6 
possible f i e1  cost reduztiol. 
system, where P&-233 decay to U-233 is of prime importance. 
change i n  the alpha for YU-239 can be realized b3- proper shielding techniques. 
This involves self-shieiding i n  the resonance region where alpha is higher. 
The effective Pu-239 alpha i s  normally about Oo5k; whereas, the shielded value 
may be as low 8s 0.42. 

was increased for  the u-238 system t o  demonstrate 
!%e specific power was increased i n  the Th-232 

A significant 

Because some of the cases above lead t o  breeder operation, it was necessary 
t o  e l m a t e  the fuel  going t o  xnlimited exposure. 
was set  at 30,OOO MWD/Z for  both batcn and graded operation. 
costs quoted are at, exposure of 3O,OOO or  l e s s .  

Hence, an arbitrary limit 
Thus, a l l  fuel  

As i n  the December 1962 report, it mast be noted that these fue ls  are  used 
i n  reactor types none of which may be optimized t o  b u n  any par t icu lar  fuel 
cotlsidered. 
type i n  the r emto r  considered under the economic conditions considered, but 
not showing which f'ueUiag system is generally superior. 

%e resu l t s  should be interpreted as showing trends for  each fuel  

Many of the possible variations have no7; been calculated at  this time, but 
as ccmputer time i s  available more of them w i l l  be completed. 

Zoned SDectrum 

Tne react ivi ty  of any f'uel element i s  a fbnction of the neutron spectrum. 
As the spectrum is charrged, the  relat ive fission t o  absorption ra tes  are  
a l tered.  By making frequent spectrum adjustments, the excess react ivi ty  
can be minimized so that excess neutrons are absorbed i n  the fuel  instead 
of a control system. 
the graded o r  continuous discharge schemes, but 
control and power f la t tening basis. 

Such systems achieve essent ia l ly  the same r e su l t s  as 
be superior from a 

Reactors can be designed so that various regions o r  zones w i l l  have different  
neutron spec%rums. A reactor of this type has been simulated by the  MELEAGER 
burn up code and same calculations have been made ehowing the  effect  of 
minimizing the excess react ivi ty  by using a zoned reactor and shif t ing the 
fie1 from zone t o  zone with different  allowed reac t iv i t ies .  

The reactor type used i n  these calculations w a s  a near breeder and the 
fue l  reac t iv i ty  would normally r i s e  for  a while as burn up proceeded. 
effect  tended t o  ampl i fy  the excess reac t iv i ty  problem. 
spectrum was adjusted t o  l i m i t  this increase also. 
calculations are shown i n  Table V for  various allowed average excess 
ac t iv i t i e s .  

T h i s  
So, i n  case 3 the 

The resu l t  of these 

UNCLASSIFIED 
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Miscellaneous 

Twelve copies of a aetailed uraaium price schedule were distributed on the 
plant.  
stored on aagnetic tape. 
binding. 
and t o  calculate the prices and feed requirements of 688 enricbments was 
approximately 20 seconds. 

These data, which were obtained from the UC3S; computer code, are 
Additional copies can be obtained for  the cost of 

The computer time required t o  solve fo r  the optimum tails  composition 

Evaluations and Studies 

At the request of the Washington AE2 Office of DRD, a study of the f eas ib i l i t y  
of producing heat source radioisotopes ir, e iv i i ian  power reactors was begun. 
The study w i i l  emphasize curium-244 wi th  some ef for t  applied t o  uranium-232 
(and thorium-228). Such production wodd be incidental t o  the primary 
purposes of power reactors but. may be viewed as a source of beneficial  
econmie effects .  

The study would not cover short-lived heat sources such as Cm-242 or  Po-210, 
but may cover valuable long-lived intermediates such a s  Am-241 and Am-243. 
Fission products are  not t o  be considered withiz the scope of' this study. 

A study o f  the significar-ce of the thorim-230 content of commercially avail-  
able thorium as a factor i n  the forma$ion of uranium-232 contamination i n  
uranium-233 was in i t i a t ed .  
mineral monazite as well as from the waste streams from certain uranium ore 
milling processes, the thorium-230 content, though small, is expected t o  
show wide variations deperdisg oc the  source. 
depend on the  uranium t o  thorium ra t io  i n  the source mineral since the Th-230 
originates only via  the radioactive decay of uranium. 

Since thorium i s  normally derived from the 

The Th-230 concentration w i l l  

Although n,2n reactions on thorium-232 a d  urani-a-233 have been commonly 
considered respocsftle for  the appearace of U-232 i n  fissionable U-233 
produced by neutron irradiatiori  of Th-232, essent ia l ly  no at tent ion appears 
t o  have been given t o  U-232 production v3a successive neutron captures on 
Th-230 and the resul t ing Pa-23. In  view of anticipated Th-230 concentratiom 
i n  Th-232 ranglag from a few tenths to possibly one hmdred pasts  per million, 
significant differences i n  result ing U-232 concentration are a l so  expected. 

UNCLASSIFIED 
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By analysis of samples of cammercial thorium obtained from deposits identifled 
as South African and Australian monazite as well as materlal obtained a s  a 
by-product from Canadian uranium ore milling operations, the Th-230 content 
of these samples i s  being obtained. 
conducted t o  provide material i n  which U-232 contents of the result ing U-233 
may be determined. 
concentration and the development of U-232 i n  fissionable U-233 produced by 
the large-scale i r radiat ion of thorium w i l l  be more firmly established. 

’ 

I r radiat ion of samples w i l l  then be 

By such analyses, the relationship between Th-230 

W e g e r ,  
Programming 

WK Woods: jm 
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RADIATION PROTECTION OPERATIOX 
REPORT FOR !El73 MONTH OF JANUARY 1963 

h. GFGANIZATION AND PERSONNEL 

Carlos E. Newton joined the Radiation Protection Operation as Manager, 
J . Walter Vanderbeek t ransferred from Composite Dose Studies and Records. 

Zii-.rironmental Studies and Evaluation t o  the N Reactor Department. David 
L. Si lver  w a s  reactivated from mi l i ta ry  leave in to  In te rna l  Dosimetry. 
.*,~-:m C .  Wznn Transferred from In t e rna l  Dosimetry t o  Reactgr en2  fuel^ 
%ikcra.r,ory. Transfers within the Section included James R. Bovingdon, 
Jose r~h  R .  Berry and Irving L. Winter 
ir,E 50 Envircrxnentel Studies and Evaluation. 
ParLer and James 4 .  Deardorff t ransferred from Environmental Studies and 
E;-.Ll=tion t o  Rackation Monitoring. 
, W : r l  D e v e l o p a t  and Calibrations t o  Radiation Monitoring; and Herman J .  
Paas, Jr. t ransferred from Radiation Monitoring t o  Radiological Development 

,.. " ? . 

t ransferr ing from Radiation Monitor- 
Daniel McConnon, W i l l i a m  E .  

Leo G.  Faust t ransfer re6  5 r o m  Radio- 

and 

B. 

Czlibrati ons . 

A C T M T I E S  

k c u p t i o n a l  Exposure Experience 

A CPD process operator assigned t o  the  234-5 B u i l d i n g  sustained a con- 
t d n a t e d  puncture wound i n  the  hand i n  June 1962. 
t h e  contaminated area a t  the time of the  in jury  w a s  successf'ul i n  removing 
about 1 pc Pu. Subsequently, .01 pc Pu w a s  excreted as a result of treat- 
ment w i t h  DTPA. The medical treatment with IyrpA dehyed the  evaluation of 
the employee's body burden. 
burden i s  0. 8 pc Pu or  about 453 of the maximum permissible body burden. 

the maximum permissible body burden. 

Surgical excision of 

The current evaluation now shows t h a t  the body 

The or igina J? wound s i t e  before excision was estimated t o  have 25-30 times 

During the month four  CPD employees at the  234-5 B u i l d i n g  and one HL 
employee a t  the  308 Building received plutonium contaminated skin injuries. 
T i s sue  excision was performed by an i ndus t r i a l  physician t o  reduce the con- 
tamination i n  the wounds f o r  three of the CPD employees and DTPA was admini- 
s tered i n  two of  these cases. The maximum plutonium contamination detected 
i n  the injur ies  was 1.1 pc, based on wound counter measurements. The maxi- 
mum quantity remaining i n  the injuries w a s  8 x 10-4 pc. 
employees were previous plutonium deposit ion cmes  w i t h  body burdens es t i -  
mated t o  be less than t en  percent of the MPBB. 

Three of the CPD 

The t o t a l  number of plutonium deposition cases that have occurred a t  
Hanford i s  316 of which 230 are current ly  employed. 
s i t i o n  cases that occurred i n  CY-1962 was 32, a l l  resu l t ing  from reported 
contamination incidents .  

The number of new depo- 

UNCLASSIFIED 
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Four new plutonium deposition cases were confirmed by bioassay analys'es 
during the  month of January. The new deposition cases resu l ted  from three 
previously reported contamination incidents involving CPD employees at  the 
234-5 Euilding i n  November and December, and one contamination incident  
that occurred this month a t  the same f a c i l i t y .  
including the  one t h a t  occurred i n  January, inhalat ion w a s  a t t r i bu ted  as 
the  mode of intake and the plutonium body burden was estimated t o  be one 
percent o r  less of the permissible body burden (MPBB = 0.04 pc). 
case occurred as the  r e s u l t  of a plutonium contaminated injury received by 
a CPD process operator i n  November. 
of the accident reduced the plutonium contamination i n  the puncture wound 
from 10-2 pc t o  10-3 pc, as measured by the wound counter. 

I n  three of the cases, 

The fourth 

Medical excision of t i s sue  a t  the time 

Abnormally high radioact ivi ty  i n  the  PRTR primary coolant followed by 

The three elements were placed i n  the 
stagnation water t e s t s  i n  the  process tubes, l ed  t o  the remvnl  d three 
fuel elements suspected of rupture. 
storage basin and will be inspected a t  a l a t e r  date.  Unusual rad ioac t iv i ty  
i n  the steam from the PRTR condenser prompted 8 sampling program t o  iden t i fy  
the  contaminants and t h e i r  or igin as concentrations of 1 x 10-7 pc/cm3 were 
encountered with a ha l f - l i f e  of 10-14 minutes. Fuel element movement during 
process tube inspectian involved beams above the tubes t o  30 rads/hour and 
average dose rates i n  the work a rea  of 15 mr/hour. Smearable contamination 
t o  100 mrads/hour and surface dose rates t o  2 rads/hour were experienced 
during primary pump maintenance. The addition of new, low tritium content, 
heavy water t o  the  heavy water systems has reduced the  tritium exposure 
potent ia l .  The approxirrrste tritium concentrations i n  the primary, moderator, 
and r e f l ec to r  systems are 50 pc/cc, 400 pc/cc and 400 pc/cc, respectively.  

During the pur i f ica t ion  of previously separated promethium solut ion i n  
C c e l l  of the  325-A Building, a rad ia t ion  measurement of 100 rads/hour was 
detected at  the surface of the columns with corresponding momentary person- 
n e l  dose rates of 500 mrads/hour through the open c e l l  door. The purified 
promethium w a s  subsequently precipi ta ted,  encapsulated and removed from the 
c e l l .  
from the  promethium i n  the capsule. 

A rad ia t ion  measurement of 40 rads/hour was obtained a t  one inch 

Environmental Experience 

About 17 mc of mixed f i s s i o n  products were emitted from the  327 Building 
Another 10 

Further 

stack during the 24-hour period ending a t  8:oo a.m. January 8. 
mc were emitted during the  24-hour period ending a t  8:OO a.m. January $8. 
No environmental contamination was detected on follow-up surveys. 
inves t iga t ion  of operational p e r f o m n c e  did not reveal the cause o f  the  
emissions. 

Two rout ine aerial surveys were made during the month. One f l i g h t  

Act ivi ty  levels 
followed standard pa t te rn  2-E t o  Ellensburg, Moses Lake, R i t zv i l l e  and return.  
The other  f l i g h t  followed the  Columbia River t o  Astoria.  



betwem Richland and Arlington were s ign i f icant ly  higher than observed i n  
previous survey f l i gh t s .  The water l eve l  w a s  noticeably low below McNary 
CZE exposing m r e  of the is lands i n  t h a t  po r t ion  of the r ive r .  Radiation 
levels  over these is lands were a l s o  noticeably higher than those observed 
CTL p r ~ i c j ~  f l i g h t s .  
locaticlns indicating s igni f icant ly  higher radiat ion leve ls  were iden t i ca l  
wizh those observed on previous surveys. 

A portion of the  e s t u r y  area w a s  resurveyed and 

&erage par t icu la te  f a l lou t  concentrations a t  various locat ions i n  the 
r 'acific Northwest range? from 2.0 t o  1 0  bpc gross beta/m3 of air .  

Tne Radiochemical Analysis Operation iden t i f i ed  an unaccounted-for- 
fraction of beta a c t i v i t y  present i n  caust ic  scrubber samples from the  
sepzrs:ioas are= stacks as $4. 
reactl'zr. r:ith nitrogen impurit ies i n  the uranium f u e l  during i r rad ia t ion .  
- A \ &  Frelixiiirizr:r deta indicate  t h a t  re leases  on the  order of one curie  of 
- * x . y  OCC%T ori sane days. 
t: characterize the emissions more precisely.  

A plausible source could be an (n-p) 

_- 

Additional analyses a re  scheduled i n  order 

Studies and Imurovements 

w a s  a30ut ten percent of the December 1960 

A l l  act ion required by the 
l e v e l  of capabi l i ty  fo r  coping 
i n  HW-72200-D, is completed. 

Hanford Laboratories t o  achieve the  desired 
with a serious radiat ion event, as described 

A new X-ray machine f o r  routine use i n  ident i fying personnel neutron 
dosimeters and t o  provide back-up equipment f o r  ident i fying personnel beta- 
gamma dosimeters was ins t a l l ed  i n  the 3705 Building. 

Bids f o r  the  fabricat ion of t he  S c i n t i l l a t i o n  Portable Poppies were 
received from four  manufacturers. They ranged from a l o w  b i d  of about 
$270 each t o  a high bid of $446 each. 
30 S c i n t i l l a t i o n  Portable Poppies w a s  awarded t o  the low bidder, K. F. 
Products, Inc. ,  o f  Denver, Colorado. A l l  supporting items including a 
prototype instrument f o r  copy were shipped t o  the fabr ica tor  on January 15. 

The contract f o r  the  fabricat ion of 

The plutonium-beryllium neutron source (a r igh t  c i r cu la r  cylinder with 
a diameter of 1.32  inches and a height of 2.69 inches) previously returned 
t o  Mound Laboratories fo r  inspection and r epa i r  w a s  received from the U.S. 
National Bureau of Stan r d s  following ca l ibra t ion .  The c e r t i f i e d  neutron 

b a i l  i s  being designed t o  f a c i l i t a t e  handling of the source. 
flux value w a s  9.53 x 10 2 n/sec. A small aluminum can container with a 
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An r-meter check (r-meter cal ibrated by the U.S. National Bureau of ' 

Standards) of the portable instrument ca l ibra t ion  posi t ions f o r  both cali- 
bration wells was completed. 
+, 3% of the stated dose r a t e  a t  a l l  ca l ibra t ion  posit ions.  

. 
The ca l ibra t ion  wells were accurate t o  within 

Two ca l ibra t ion  checks were performed during the last quarter  t o  relate 
the  response of personnel dosimeter pencils,  personnel b e t a - g a m  film 
badge dosimeters and portable dose rate monitoring instruments when exposed 
t o  a comon gamma radiat ion source on a common ca l ibra t ion  jig. For this 
experiment, all of the dosimeters were exposed both on the gamma f i l m  c a l i -  
brat ion j i g  and on the instrument ca l ibra t ion  wells. For radiat ion expo- 
sures above 20 m r ,  a l l  o f  these dosimeters indicated within 
applied dose with the majority of them f a l l i n g  within 2 5 $  of the applied 
dose. 

10% of the 

On January 24, 16 Hanford C r i t i c a l i t y  Dosimeters, 16 personnel beta- 
gamma film badge dosimeters and 16 personnel neutron f i l m  badge dosimeters 
were exposed a t  the Sandia Pulsed Reactor f a c i l i t y  a t  Albuquerque, New Mexico. 
Neutron doses up t o  about 5000 rads and gama doses up t o  about 250 r were 
delivered during two reactor  bursts .  
durlng this experiment i s  not near ly  completed; however, t h e  following pre- 
l iminary results were noted: 

The evaluation of the  data a t ta ined  

1) A l l  personnel beta-gamma f i l m  badge dosimeters gave GM readings 
above 10,000 c/m following their exposure. ?"ne lowest estimated 
neutron dose received w a s  about 60 rads which resulted i n  a GM 
reading of 1.7 x lo4 c/m. This would indicate  t h a t  "quick-sort" 
procedures using the induced rad ioac t iv i ty  i n  the  beta-gamma 
personnel dosimeter could be performed down t o  exposure doses of 
a few rads of f i s s ion  spectrum neutrons. 

2) The t o t a l  rad-neutron dose measured with the Hanford C r i t i c a l i t y  
Dosimeter was within the f, 154 accuracy indicated by previous 
Hanford ca l ibra t ion  experiments. 

3)  The g a m  doses observed were about 5% of  the neutron dose f o r  
these bare metal c r i t i c a l i t y  exposures. 

Two groups of the new diodes from Battelle Memorial Insti tute were exposed 
t o  two radiat ion bursts a t  the Sandia hrlsed Reactor f a c i l i t y .  
burst to t a l ed  1.9 x 1016 f i ss ions ,  the  second 2.4 x 1015 f i s s ions .  
calculated neutron doses ranged from 271 rads t o  2544 rads f o r  the high- 
l e v e l  burst and from 34 rads t o  3 5  rads f o r  the  low-level burst. The 
diodes were read four  days after the burst t e s t s .  
measurement of the  s e n s i t i v i t y  of one diode made with the posi t ive ion  
accelerator ,  the measured dose was determined. The results obtained f o r  
the  high-level burst are shown i n  Table I. 

The first 
The 

Based on a preliminary 
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T4m I 

DIODE DOSE MEAS- 
READING CURRENT - 25 ma 

Dose Expected Diode Dose Measured 
Ratio - (rads ) (rads ) 

2 544 
2 544 
1257 
1257 
525 
525 
271 
271 

1865 
1926 
1360 

611 
611 

1317 

2-79 
265 

1.36 
1.32 
0.92 

0.86 
0.86 
0.97 
1.02 

0-95 

Only the  less sensi t ive 0.04" base thickness diodes were used i n  the high- 
l e v e l  burst  test .  
response of the diodes. 
e s sen t i a l ly  constant except f o r  the  highest dose. 
mately l i nea r  up t o  a ce r t a in  point.  
measuremnts of the sens i t i v i ty  of the individual diodes will be made 
before accurate r e su l t s  are quoted. 
indicates  possible problems with dose r a t e  and annealing e f f ec t s .  
results of the low-level burst  a r e  not ye t  analyzed. 
0.070" base thickness diodes were used f o r  the low-level burs t .  

T h i s  permitted a b e t t e r  determination of the  dose 
The r a t i o  of the expected-to-measured dose is 

The response i s  approxi- 
These results a re  preliminary. More 

The f a c t  that measured doses a r e  low 
The 

The more sens i t ive  

C. RELATIONS 

No suggestions were submitted by personnel of t he  Radiation Protection 
Operation during the month. 
adopted. 

Topics included job hazard breakdowns and the  heal th  and safe ty  manual. 

of Metallurgy Development and Chemical Eff luents  Technology. 
on p lan t  emergency procedures and c i v i l  defense from f a l l o u t  were pre- 
sented a t  plant information meetings. 
Biology Seminar on January 22 e n t i t l e d  'Qadioactive Wastes a t  Hmford and 
I t s  Impact i n  the Environs". 

One suggestion was re-opened and one w a s  
Two suggestions a re  pending evaluation. 

Safety meetings were held throughout the Section during the month. 

Radiation protection or ientat ion lec tures  were presented t o  personnel 
Nine talks 

R.  F. Foster presented a Hanford 
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D. SIGNIFICm REPORTS 

m-7635 

HW-74307-12 - 

HW-76428 - - 

"Radiological Status  of the  Banford Environs f o r  December 1962 
by R.  F. Foster. 

"Monthly Report for January 1963 - Radiation Monitoring Opera- 
t ion"  by A. J. Stevens. 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permissible Wmits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 
Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - loo-300 mrads 

- 300-500 mrads 
- Over 500 mrads 

Lost Results 
Average Dose Per Film Packet - mrad (ow) 

- mr (4 
Hanford Neutron Film Badge Dosimeters 

Slow Neutron 
Film Processed 
Results - 50-100 mrem 

- loo-300 m r e m  
- Over 300 mrem 

Lost Results 

Fast  Neutron 
Film Read 
Results - 50-100 mrem - loo-300 mrem 

- Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha 
- Beta-Gamma 

Skin Contamination 

Plutonium 
Fiss ion Products 
U r a n i u m  
T r i t i u m  
Thorium 

HW -7631 5 

0 0 
0 0 
0 0 

6,335 
0 

6,335 
0 

15 15 
4 4 

24 24 
3.65 3.65 

3 1 . u  3.11 

1,494 
1 
0 
0 
6 

362 
14 

173 
2 
0 

1,494 
1 
0 
0 
6 

362 
14 

1-73 
2 
0 

35 
42 

35 
42 

0 0 
0 0 
0 0 
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Whole Body Counter 

Subject 

GE Employees 
Regular 
Incident Cases 
Terminat  i on6 
New Hires 
Special  Studies 

Non -Cmployee 6 
Children 
V i s i t o r s  
Environmental S t  udi e6 

Bioassay 

Plutonium 
Fiss ion Product 
Strontium 
T r i t i u m  
Uranium 
Special  Studies 

Calibrations 

Number of Examinations 
7 4 7 4  1963 Mobile WBC 1963 

65 
9 
6 
0 

11 

65 
9 
6 
0 

11 

Result6 Above 
Current 

Reporting Limit 

Personnel Meters 
Badge Film 
Penci ls  
Other 

1 1 
1 1 

4 4 
97 97 
- - 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

95 595 595 
638 9 638 

172 239 2 39 
0 1 3  131 
0 47 47 

0 0 0 

Number of Units Calibrated 
January 1963 

1,083 
281 
582 
219 
107 

2,272 

1,028 
105 

& 
1,028 
105 
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Miscellaneous Special Services 
T o t a l  Number of Calibrations 

G-9 

Number of Units Calibrated 
Ji9DUaI-Y 1963 

626 626 
4,385 4,385 

- W I k t O N  PROTECTION 

AR Keene:AJS:ljw 
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FINANCE AND ADMINISTRATION 

ACCOUXTING 

Cost Accounting 

FY 1963 allocations to W o r d  Laboratories from the Chemical Processing 
Department for sponsored programs were increased during the month as 
follows : 

Amount of New Annual 
Increase Authorization 

02 Program Research & Development $g 000 $1 052 000 

02 Program Process Technology 3 l  000 431 000 
03 Program Research & Development 25 000 369 ooo 

03 Program Process Technology 50 ooo 150 000 

During the month Hanford Laboratories allocated $22,500 to the N-Reactor 
Department to perform additional research and development work on the dc 
Program, Advance Studies; the revised FY 1963 authorization for this work 
is $40,500. W o r d  Laboratories a lso  authorized the Chemical Processing 
Department $45,000 for research and development work during FY 1963 on the 
08 Program, Fission Products Production Study. 

Budget assumptions for FY 1965 and related cost and manpower projections 
through FY 1968 on Research and Development Programs sponsored by the AM: 
Divisions of Reactor Development, Physical Research, Biology and Medicine, 
asd Isotopic Development were prepared and submitted to RLOO-AEC early in 
January. 

A n  authorization amounting to $45,000 was relayed by Rux)-AEC from the U.S.  
Air Force Cambridge Research Iaboratories to fund continuation of Atmospheric 
Physics Research Studies during the period April 1, 1963 through March 31, 
1964. 

In cooperation with the Radiation Protection Operation, a report on film 
badge processing costs for FY 1962, as requested by RLOO-AEC, was prepared 
for transmittal to Washington-AEC. 

Arrangements were completed in January for billing costs of recovering 
plutonium scrap generated in the Project Whitney program sponsored by UCLRL. 
CPD will classify scrap material received from W o r d  Iaboratories, and 
using predetermined standard recovery rates, w i l l  bill UCISIL for both f'und 
and non-f'und costs. 
to CPD during the six month period ending December 31, 1962 are: 

Recovery costs applicable to plutonium scrap transferred 

UNCLASSIFIED 
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Conversion Depreciation 
(Fund) ( N o n - W )  

SANL 720 Research & Development $ 6 015 
SANL 727 Fabrication 13  475 $1 305 

L s l  
T o t a l  

A system of accumulating the costs of the Waste Calcinatlon Demons",ration 
Wototy-pe has been developed. 
$2.2 million and completion i s  scheduled for  eariy i n  FY i965. 

The prototype i s  currently estimated t o  cost 

General Acc crrnting 

Letters under Agreement AT-6 were processed as shown below: 

Date Subject Date Accepted - 
1-7-63 Request for Air Sampling Equipment S p p l i e s  1-10-63 1-21-63 Training of  Euratom Physicist a t  Hanford i-22-63 

Coniparisoc of t rave l  ac t lv l ty  with prevlous years is given below: 

Number of Trips Started - FY to Date 

FY 1960 700 
FY 1961 727 

FY 1963 72L 
FY 1962 626 

OPGs issued during January included: 

OPG No. T i t l e  

22.1.1 Hanford Laboratories (organization) 
22.1.2 Chemical Iaboratory (organization) 
22.1.3 
22.l.b 
1.13 Participation i n  Hazardous Business 
9.2 

55.1.4 

Reactor and b e l s  Iaboratory (organization) 
Physics and Instrument Laboratory (organization) 

Procurement of Equipment, e tc .  (pages 1 & 2) 
Payment t o  Nonexempt Employees for  Time Spent on 

Off-Site 'Itravel 

OPG 7 3, Sensitive Positions, was cancelled a 

Hanford Laboratories' completed Plant and Equipment Research Fac i l i t i e s  a t  
January 1, 1963, totaled $70,797,306. This represents 86.3$ of t o t a l  HAP0 
Research Fac i l i t i e s '  investment of $82,053,149. Since September 1956, 

I 2 3 5 1 0  I 
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Banford Laboratories' Plant  and 
million. Investment by Area is 

Area 

100-B 
100-D 
100-F 
100-H 
100-K 
200-E 
200-w 
300 
600 
700 
l l o o  
White Bluffs 
Off - sit e 

H-3 

Equipment investment has increased $39.5 
as follows: 

Investment 

$ 91 476 
2 144 875 
3 511 747 

23 505 
849 666 

1 319 510 
5 203 097 

54 360 310 -1) 
993 537 
450 014 

2 510 
604 035 

(1- Includes such major facilities in excess of one million as: 

306 Bldg. 

309 Bldg- 
314 Bldg. 
321 Bldg- 
325 =dg* 
326 mdg. 
327 Bag* 
328 Bldg. 
329 Udg*  

308 Bldg. 
$ 5 354 945 

4 904 355 
14 358 192 
1 184 719 
2 235 340 
5 911 820 
4 147 606 
3 114 610 
i 677 593 
2 160 442 

During the month, $ll5,471 were transferred to classified plant accounts 
from Work In Progress accounts. 

The number of manually prepared input data sheets covering additions and 
the revisions to Hanford Laboratories records in the EDP system totaled 
10,874 for the first six months of FY 1963 compared to 15,039 for 1961 
and 10,949 for 1962. 
should increase this number considerably. 
to determine the feasibility of using a Flexowriter in this work and its 

Further mechanization of Hanford Laboratories records 
A study is currently being made 

effects HAPO-wide. 

Hanford Laboratories' material investment at January 1, 1963 totaled $28.1 
million, distributed as follows: 

UNCLASSIFIED 
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( In  thousands) 
SS Material $26 309 

1368 
Spare Parts 388 -1) 
Reactor and Other Special Materiais 

HW-76315 

$28 065 Total 

(1- Inciudes a reserve of $79,592 established a t  January 1, 1963. 

The value of nuclear materials consumed i n  research t.kis f i s c a l  year i s  $3.0 
millior; of which Hanford Laboratories' portion was: 

2003 Program 
3000 E O ~ E L U I  
4000 Program 

( In  thausands) 
$ 932 

605 
:: 366 

Total 

The invelztory of heavy water a t  January 31, 1963 indicated a net loss for  
January cf 3O,2&1 pounds valued a t  $lc4,860. 
month amounted t o  3,408 pounds and a charge t o  cost estimated t o  be $2,897. 
Costs of $L7,757 accned i n  January were based on December's average unit 
prices.  
scrap material a r e  determined. 

Scrap generated during the 

Adjustments w i l l  be made during February when actual. pr ices  of 

A s  required by EIAPO OPG 8.6, a Semi-Annual Major Machine Tool sunrmky 
Report was completed for  W o r d  Laboratories and forwarded t o  Property 
Management, C&AO. This report covered t-ool u t i l i za t ion  and maintenance 
costs f o r  the period July 1 through December 31, 1962. 

A t o t a l  of 15,366 grams of contaminated platinum materials and scrap valued 
at  $35,649 and having no further value at HAP0 was made available t o  the  
AEC for  shipaent t o  the NYOO for  recovery. 

Notification was received from Contract and Accounting Operation thst spare 
pa r t s  made fpom zircor-ium should be carried i n  the Reactor and Other Special 
Materials Inventory account and not i n  t t e  Spare Parts Inventory account. 
This i s  i n  compliance with a Washington-AEC dlrective.  
$143,731 worth of zirconium spare tubes for  the PRTR t o  the  Hanford Iaborat.ories 
Reactpr and Other Special Materials account is involved. A 25s reserve estab- 
l ished for  t he  spare pa r t s  zirconium tubes, as spare parts,  will remain i n  the 
reserve account u n t i l  June 1963, when it w i l l  be factored in to  the reserve 
adjustment required at year end e 

The transfer of 

Hanford Laboratories, as a service t o  Contract and Accounting Operation, 
agreed t o  record the C&AO spare Parts Inventory for  Analex Printer  spares 
which w i l l  be i n  the $3,000 - $5,000 range. 
inventory adjustments w i l l  be charged t o  C&AO. 

The 25$ reserve and any future 

UNCLASSIFIED 
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A report of results for  the quarterly inventory of Other Special Material's 
in custody of 95 E material holders as of December 31, 1962, revealed a 
net shortage of 5 grams consisting of platinum and si lver .  
differences, a t t r ibuted t o  rounding, will not be adjusted unless they are 
again substantiated by the March 31, 1963 quarterly inventory. 

These minor 

Laboratory Storage Pool ac t iv i ty  for  the Month of J a n m  1963 i s  summarized 
below: 

Equipment 
Current Month 

Value Bty - 
FY t o  Date 

&ty Value 

Beginning Balance 1 354 $785 979 1 081 $562 200 
Items Received 2I.l 25 480 836 470 098 
Items Reclaimed by Custodians (6) (37 260) (80) (98 834) 
Equipment Wansf e r  s (43) (8 035) (13) (46 966) 
Items Disposed of by PDW (82) (4 778) (116) (15 809) 
Items Disposed of by Excess (146) (4 187) (302) (72 225) 

(41 265) - Price Adjustment - 
Total 

(1- Includes 148 items valued a t  $92,840 on loan at January 31, 1963. 

W i n g  the month, 50 i t e m s  valued a t  $12,585 were loaned and/or transferred 
i n  l i e u  of purchases. 
redirected t o  u s e m  purposes t h i s  f i s c a l  year i n  l i e u  of purchases. 

A t o t a l  of 203 items valued at  $108,360 has been 

The following i s  a summaxy of materials ac t iv i ty  i n  the  Laboratory Storage 
Pool during January and f i s c a l  year 1963 t o  date: 

Balance Current Month Fiscal. Year Balance 
Type of Material 6-30-62 Receipts Disburs. Receipts Msburs. 1-31-63 

Reactor & Other Special 
Beryllium $ 592 $ 8 39 $ 203 $ 428 
Hafnium 
Gold 
Silver 
Platinum 

Clean Scrap 
Contam. Scrap 

Palladium 
Zirconium 

Sub-total. 

1 499 
2 924 1 270 

22 15 
18 964 

463 
5 601 1311 
636 162 2 280 

19 529 1 001 20 115 
2 535 244 200 

122 320 286 426 3 z % n =  rn 

1499 
11 
23 

6 399 
648 

4 022 +g 

-- 
3 183 
455 

18 166 
2 260 
35 622 
2 409 

UNCLASSIFIED 
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&her (Memo) 
Hasteiloy 
uo2 

Zir~oni~m-R&D 
Aluminum 

Zirconium-Scrap 
Graphite 
Steel  
MLsceUaneous 

Sub-to t& 

Balance 
6-30-62 

82 231 
lil 622 

12 791 
17 226 

Current Month 
Receipts Disburs 

5 871 86 

2 

39 
16 719 
1708 

Fiscal Year 
Receipts Disburs. 

2 15 288 
1769 12 goo 
4 025 

1708 
27 719 16 095 

Balance 
1 - 31 -63 
75 717 
22 626 
15 286 
1 660 
5 156 
27 719 
1. ’To8 

Total Material $392 665 $25 476 $320 4L.5 

The first shipment of s t ee l  (5,U6 l b s . )  for the  I r rad ia t ion  Damage t o  Reactor 
Metals program was received t h i s  month. N s  pa l l e t  storage racks w e r e  erected 
i n  the 3?18-~ Building t o  provide bin storage for  the s t ee l .  A record card 
and individual piece nmber system was established which can be easily con- 
verted t o  a mechanized system when C U O  establishes a program f o r  material 
mechmfzatiocu 

A t o t a l  of 37,998 pounds of graphite valued at  $16,719 was received at  the 
Laboratory Storage Pool during the month for use by the Materials Research 
and Service Operation.. 
number of bars and by weight, can also be easi ly  adapted t o  mechanization. 

The control of t h i s  material. by type of graphite, 

Project unitfzatioIi reports were issued during January on the  folioKing 
projects: 

AEc-167 - PRTB 
CAH-927 - Addition to 271-CR Bldg. 

$14 315 479 - 
Waste Peatment Demo-stra- 
t i o n  Faci l i ty  87 406 

Action on projects  during the month is indicated below: 

New Mozley Autbrized HL 

CAH-916 Fuels Recycle Pilot Plan? 
CAH-922 Burst Test F’aci?itv 

$ 10 000 
108 goo 

Physical Completion Notice Issued 

CGH-951. A-C Column Bbcility 

Construction Completion and Cost Closing Statement Issued 

CGH-785 In-Reactor Studies Equipment -_ 1 0 0 - K  

UmCIASSIFIED 
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A complete revis ion of t he  
published ear ly  i n  JanUary 
and OPG-induced procedural 

Contracts processed were: 

DCW-156 Supplement 2 
MRO- 55 
SA-262 
SA-237 Supplement 1 
a-369 

m-371 
CA-373 

CA-370 

Authorization and P e r f o m n c e  of Work Wual whs 
t G  r e f l e c t  HAP0 and RLOO organizational changes 
c b g e s .  

Armour Research Foundation 
Fisher Sc ien t i f ic  Company 
Betz Laboratories, Inc e 

Kadlec Methodist Hospital 
R. T. De Hoff 
R. Wells Moulton 
Washington Sta te  Uriversity 
Clyde E. McNeiUy 

Personnel Accounting 

The following employees received invention report. awards of $125 during the  
month: 

Name - HWIR NO. Title - 
D. W. Shannon 1302 A Quantitative Tes t  f o r  Adhesior- of 

R.  L. Moore 
R. T. Aliemann 

Coatings t o  a Substrat.e 

U. L. Upson 1448 ) 

1448 ) 
1448) An R e c t r o s t a t i c  Bubble Scrubber 

Number of W o r d  Laboratories Ehrployees 
Changes During Month Totai  Ekempt Nonexempt 

Employees on payroll  a t  beginning of month 1 637 702 935 

Removals and t r ans fe r s  out 2 1 -  14 7 
21 7 1.4 Additions and t r ans fe r s  i n  

Ehployees on payrol l  a t  end of month 

Overtime Paymerts During Month 

Exempt 
Nonexempt 

T o t a l  

Gross Payroll  Paid During Month 

942 
Januasy December 

$ 3 678 $ 3 863 

$ 658 236 $ 660 459 
512 525 634 916 

$1 170 761 $1 295 375 

mcLAss1m 
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HW -7 631 5 

Participation i n  Ehployee Benefit 
Plans a t  Month End 

Pension 
Insurance P l a n  - Personal - Dependent 
u. s. savings Bonds 

Stock Bonus Plan 

Savings and Security Plan 
savings Plan 

Good Neighbor 3b.d 

Insurance Claims 
Fhployee Beneflts 

Life Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Dependent Benefits 

Comprehensive Medical 

Total 

January December 
Number Percent Number Percent 

1 471 99.4 1 475 99 04 

1 236 99.8 1235 99.8 

4.2 70 4.3 
88.4 1 132 88.4 
72.0 1 177 71.6 

399 401 

43.4 158 43.6 1 9  
69 

1 131 
1 184 

b b e r  Amount Number Amount 

0 0 $ 0 
I2 938 

li 311 

0 $ 
8 633 
93 4 983 60 

159 14 6u log g 312 

260 $20 237 - 181 $14 561 - - - 
TECHNICAL ADMINISTRATION 

Ehployee Relations 

Twelve non-exempt employment requisit ions were f i l l e d  during January; twenty- 
four remain t o  be f i l l ed .  

Professional Placement 

Advanced Degree - Fifty-seven Ph.D. app1icant.s were invited t o  visit HAP0 
for  employment interviews. 
acceptances and one reject ion were received. 

BS/MS - Nineteen Program offers  and eleven d i rec t  placement of fe rs  were 
extended. Offers accepted: s ix  Program and f ive  d i rec t  placement. Offers 
rejected: t en  Program and one d i rec t  placement. Current open offers:  seventy- 
one Program and eight d i rec t  placement. 

Technical Graduate Program - Five technical graduates were placed on permanent 
assignment. 
i s  f i f t y .  

Five visited; two of fers  were extended; two 
Three of fe rs  are currently open. 

W e e  new members were added t o  the r o l l .  Current Program strength 

UNCLASSIFIED 
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Technical I n f o m t i l o n  

W o r d  Laboratories' c a t r i b u t l o n  TO %he AEC's annual research report  cover- 
ing &, 05, and 06 research programs w a s  compiied. 

The annual inventory of  secret research and development reports and sc ien t i f ic  
and technical atomic weapon data reports was begun t h i s  month and i s  90 per- 
cent complete - 

A t  month's end Fac i l i t i es  Ehgineerlng Operaticin was responsible f o r  seven 
active projects having t o t a i  authorized funds i n  the amount of $1,229,500. 
The total estimated cost  of these projects i s  $7,524,000. Expenditures on 
then; thrcugh December 31, 1962 were $6;3,000. 

Tne fallowing aummaPizes the project ac t iv i ty  i n  January: 

Number of authorized projects a t  month's ezld .................... 7 

New projects awaiting AEC authorization ......................... 4 
CGH-974, h i o g  Sinnuation Faci l i ty  
W - 9 8 5 ,  Addition t o  the 222-U Building 
CAH-986, 300 Area Retention Waste Expansion System 
CCH-992, Additionai FiLei bading  Equipment - 308 Building 

Project Froposals c o q l e t e  or  nearing completion ---------------- 7 
Neutron Calibratioon Faci l i ty  - 37L5-A Buiiding 
Irradiated Structural  Materials Testing Faci l i ty  
Atmospheric Frqsics Building 
PR!l!R Storage Basin a d  Eqeqiaentai  Fac i l i t i e s  Modifications 
Heat Transfer Apparatus for Model St.udies 
Ventilation Improvements - 309 Building 
High Temperature Lattice Testing Reactor 

Pages appended t o  t h i s  report provihe detailed project  s ta tus  information. 

UNCLASSIFIED 
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Services 

During the month engineering service was provided on the following jobs: 

108-~ Revision of power feed for counting room 

327 
329 
231-2 Provide design information and prepare purchase specification 

309 

105-C Preparation of equipment specifications for Irradiation Studies 

Preparation of proposal for intercom system 
Bid recommendation on intercom system components 
DC Power requirements from Laboratory llB 

Completion of pre-installation review and approval of plans 
for intercom system addition 

for evacuation alarm modifications 

b o p  

Pressure system problems on which assistance WELS given included: 

PRTR Rupture h o p  pump vibration 
PRTR Gas bop heater safeguards 
FRPP Waste Calcination equipment designs 
Irradiation Studies b o p  safeguards 
3i4 Building EDEL I1 h o p  safety audit 

Plant engineering effort was expended on: 

3702 Lighting modifications 
Planning for continuous waste monitoring instrumentation for Buildings 

Lighting and receptacle layout for room 14A, 326 Building 
306 Building criticality alarm modifications 
Rectrical layout for proposed manipulator maintenance shop, 327 Building 
Emergency power load check in Buildings 325, 326, 327 and 329 
325 electrical load increase planning 
325 ventilation heat automatic shut-off 
325 mezzanine ventilation plans 
3702 Building renovations 
Design of machine shop exhaust system, 327 Building 
326 monorail relocation design 
209-E ventilation modification design 
TOO Area heating system s$udy 
328 ventilation temperature control 
325-A ceU. filter installation design 
M & E lists for Projects CGH-857, 951, and Waste Calcination Disposal 

Requisitions for equipment estimated to cost $1000 were issued 

308, 325, 326, 327 and 329 

Prototype were issued 

UNCLASSIFIED 
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Faci l i t i es  Operation 

-dJ.crd cas t5  for  lkcember wme $1"9,217 ~Y.ick were about 80% of the fore- 
cast for the  rnonlkA0 
predicted. Improvemeat mainxenance was $k,253. A l l  maintenance was about 
$20,003 beiow the anticipated" 
east ,  but t h e  s t e m  fGr rhe year was on ly  816 of predicted. 
figures for Jariucd shog s t e m  a t  about 88$, and the t o t a l  landlord budget was 
88% of  forecast. 

Tr-e t c t a l  COST t o  date is $842,525, which i s  845 of t h e  

S tem wLth i t s  adjustments exceeded the fore- 
Preliminary cost 

November DecemSer 

Cone e t  e bar r e is  d i  spo sed 
hatiluggers sf d.y wast,~ 
~ i f i  vaste :gaLorrs) 

16 12 
k0 27 

305,000 325,000 

Birildinq Operations 

!The f i l t e r  piant crera-,ed sat;sfactorily* 
ent o r i f i ce  l i n e a  f ~ s z e  arzd hcating arrmgments  were improvised. 
Lnrs were reLocated and a bet ter  c m e r  - i s  ins ta l led  cn the pLt. 

On Janmry XL, however, the inf lu-  
I a t e r  t he  

The equrYaient of '135 &ranrss vas 
of 28 maa-hours per ara-nzlg. 

prochced awing the  month f o r  m1 average 

Major ;ob5 ir, pr-cgress a r e  - FRTR "As-Wits", skrim Rod Control, PRTR Ciaddicg 
Cutter A s s a L i y ,  E~-.t,emny? '7acuurri Furnaces, Process Tube and Fuel Handling 
Carriage, I&a.atiori Studies Hood, Fuel L a e n t  Idell t if ication System, Sal: 
Cycie for  "C" CeL, Hi@ Texqerazure Test Apparas-is, Capillary had ing  Glove 
Wx, Hi -F?es%re h-nace 

Work Ferformed by CEHJC draftitzg and Bovay erigixeers &wing the month was 168 
and 173 marl-tot.rs, respectively. Work assiglied 'was 168 and 50 man-hours. 

Ccnstrucaion Sipervisi an 

Activity dupirg the month on c x s t n c t i o n  work (J. A. Jones Company) being 
performed fo r  Hanfora Laboratsries components i s  given below: 

UNCLASSIFIED 
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Unexpended Waste ' 

Balance Calcination 

$172 933 $ Orders outstanding beginning of month 
Issued during the month (inc. suppl. 

J. A. Jones expenditures during month 

Balance at month's end 

and adj.1 414 021 350 000 

(incl. C.O. costs) 132 630 5 250 
454 324 

Orders closed during month 160 200 

In addition, work on twelve maintenance work or&ers having a total face value 
of $28,206 issued to Plant forces was supervised. 

Construction and maintenance activities completed during January included: 

108-F Gas bottle storage facility construction 
108-F Gas piping replacement 
141-H Muffle furnace installation 
189-~ Equipment and piping installation 
321 Tank farm sprinkler servicing 
327 Decontamination cell framework installation 
3718-B Rack and pallet installation 

Manager 
Finance and Administration 

W Sale:whm 



GENERAL cLLcTnic 

P I X E D  P R I C E  
I EOBT PLUS n X L D  FEE I 

I 34 

C L I N T  CORCCS 

& R C U l T L C T -  E N G I N E E R  

DLSION C N G I N E L R ~ N C  O P E R A T I O N  

OE F i C L D  E N G I N E E R I N G  i 



GENERAL E L E C T R I C  Go, - Hanford Labor 

C I X L D  P R I C E  

COST PLUS P i X E D  F E E  

P L A N T  CORCCS 

ARCUITECT-ENGINEER - Bovay Engineers 
D L S I O N  E N G I N E E R I N G  O P E R A T I O N  

OE F t E L D  E N G I N E E R I N G  

1 
1 
A 

270 
285 

II I I I 

I U I I I 

SCOPE.  P U R P O S E .  S T A T U S  b PROGRESS 

This project w i l l  provide facllit2es to permit deliberate destructive testing of 
irradiated zirconium tu5ing;. 
abie because 09 the limited operating history of Zircaloy-2 pressure tubing in reactors 

It w i l l  provide operazing and tube life data not avail- 

The AEC Work Authcrity allocating funds to the General Electric Company In the amount 
of $138,503 was received on Jan=lary 15, 1963. 
been allocated to ~ & u o .  

?ne design portion of this amomt has 

Bid package information for Fixed Priced Construction and equipment specifications for 
purchased-Itens are being prepared. * Origins: authorization for design was October 23, 1961. * Includes transferred capitel property valued at $9,090. 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C U I T E C T  - E N O I N E E R  

DESION E N G I N E E R I N G  O P E R A T I D 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 

'This project provides facilities for conduct of corrosion and decontamination studies 
for nuclear reactDr coolant system, bj the addition of a laboratory facility on the 
west side of the 1706-KE Building. 

Installation of heating, ventilating aad exhaust equipment underway. 

The ccctzactor has iadicated he now expects to receive the Laboratory equipment from 
Metalab during early part of Febr-ary. 

* Original authcrization for design was A w s t  9, 1961. 

I 

, 
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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 G  

R A L  E L E C T R I C  CO. - 

P F  

CPFF 

FP 
1.35 

F I X E D  P R l C  

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  

1 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 ENGINEERING 

W s  project provides f o r  the extension of plctoniii;zl research laboratories on the 
second floor of the 398 3uilding by,erectlon of plastered ceilings and walls to 
provide contamination control Mrriers. 
extension and fabrication of a metallography hood. 

It also includes laboratory service 

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  
I I I 

CONST. 100 
I 

The design criteria was transmitted to the Commissior, on December 31, 1962. 

1 The selection of an Architect-Engineer is t.0 be made by the Commission. 



COST P L U S  F I X E D  C E E  

P L A N T  C O R C E S  

h R C U l T E C T -  E N G I N E E R  

DESIGN 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  

CONST. 

P F  

C P F F  

FP 

* Approximte est1mat.e. 

100 

PROJ.  NO. 

CAE-977 

TO date the Cammission hes not selzcted an Architect-Engineer. 

T I T L E  

Facilj.tles for 3adloactil;e Trdiaiation Studies 62-k 

B M - 7300 -042 ( 2-61 ) . I C - S I  # l C l l L I I D  WASH 

E N G I N E E R  

FECI - J. T. Lloyd 
M A N  P O W E R  A V E R A G E  ACCUM M A N D A Y S  

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  

DESIGN 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  

I 

DESIGN 

T I T L E  I 99 !c'E 
G E - T I T . I I  

AE- TIT. I I 
~ 

100 CONST. 

PF 

C P F F  

FP 
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- 
SEMI -MONTHLY PROJECT STATUS REPORT I nw- 763-5 

T I T L E  

63-1 Additicn to the Radionuclide Facilities , -  141-C Building 
AUTHORIZED C U N D S  (DESIGN s 14 090 A E C  s 

14,000 I C 0 N S T . S  --I 
EST'D- 

COST (L COMM TO J- 9 ~ 6 7  s - 0 -  
5 5 ~ QC,,? s .  E S T I M A T E D  T O T A L  C O S T  

c 
P E R C E N T  C O M P L E T E  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  F E E  

I DATE AUTHORIZED~ -22-67 C O M P L .  DES'GN 8-1-6? 
DIR. COMP. DATE D A T E S  CONST. 

E N G I N E E R  

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  

C E  FIELD E N G I N E E R I N G  

W T ' D .  S C H E D .  A C T U A L  
- 

DESIGN 100 

1 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  

A V E R A G E  m Au Pow€ R 

T I T L E  I 

A C C L M  M A N D A Y S  

This project w i l l  provide an addition to the 141-C Building in 100-F Area to supplement 
the present radionuclide study facilities. The building addition will comprise approx- 
imately 2,500 square feet of floor area for laboratory facilities and controlleZ feed- 
ing pens for swine. 

The project proposal requesting $14,000 was authorized by Directive No. AEC-215, dated 
January 22, lS3. 
Electric Company, has not been issued. 

To date the AEC Work Authority, authorizing funds to General 

DATE AUTHOlllZED r*A7TS'NG (;Em& 
7~ DIR. COMP. DATE 

F U N D I N G  PROJ. NO. I T I T L E  

ETM':;. D E S l O N  7-1 5-6?& P E R C E N T  C O M P L E T E  

W T ' D .  S C H L D .  A C T U A L  DATES CONST. 5-15-6k;ltiA- 

FEO - D. S. Jackson 
M A N P O W E R  A V E R A G E  A C C U H  M A N D A Y S  

F I X E D  P R I C E  

TITLE I 

SE-TlT. I I 

AE- TIT. I I 
-I 

z 
I I II I I I 

SCOPE.  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 an addition to the 222-U Building in which to perform; 
1) geologic and hydrologic studies related to waste disposal practices, and 
2) studies on release of fission products from reactor fuels'heated to high 

temperatures. 

I 

The project proposal requesting design funds ia the amount of $17,000 was submitted 
to the RLOO-AEC October 8, 1962. 

* ApproximteQ' 
HBased on AEC authorization by March 1, 1963. 
1 2 3 5 f I b  
M n n n - n ~ z r  2-611  .CCLI . I C ~ ~ ~ ~ ~  



F U N D I N G  I 
I PROJ. NO. T I T L E  

* Preliminary estimate. 
H, Based on AEC approval by January 31, 1963. 

I , 
COST & COUM. TO I A E C  $ 

G E  E S T I M A T E D  T O T A L  C O S T  

I 
i U T H O R I Z E D  F U N D S  

CONST. s 
E S t ' D -  P E R C E N T  C O M P L E T E  

WT'D. SCHED. A C T U A L  
COM PL. 

DATE AUTliDRIZED 

DIR. COUP. DATE D A T U  CONST. 
T A R T I N G  DESIGN 

OESICN 100 
CONST.  

E N G I N E E R  

M A N P O W E R  

C l X C O  P R I C E  

COST P L U S  F I X E D  F E E  

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  

DESIGN 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  

AL- TIT. I I 

CDNST. 100 

PF 

CPFf 

f P  

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 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  FIELD E N G I N E E R I N G  

I 

, 

-TITLE I 

6 E - T l l . I I  

A€- TIT. I I 

CONST. 100 

P F  

CPFF 

FP 
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O4 PROGRAM - REACTOR DEVELOPMENT 

I 

P m m  RECYCLFI PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Reactor output fo r  January was 6 1 7 ' m  f o r  an experim2ntal time efficiency 
of 63$ and a plant efficiency of 44$. 

There were s i x  operating periods during the month, one of which las ted 
through the month-end. Each of the other f ive  were terminated manually 
due t o  operational d i f f i cu l t i e s  as follows: 
the primary system, once; excessive %O recovery system collection (cap 
gasket failures), twice; suspected f u e l  element defects, twice. 

The core loading a t  s tar tup on January 3, was composed of 26 U% e lemnts ,  
29 &-A1 elements and 30 U9-Pu02 elements. A t  month-end the loading con- 
siswd of 24 Uo;!, 24 Pu-Al, and 37 UO2-PuO2 elements. 
a t  month-end was : 

High disolved % content i n  

Fuel exposure his tcry 

~ a x i m u m  U% exposure/element 
Average Uo;! exposure/e l emnt  
~ b i m u m  PU-AL exposure/element 
Average Ar-A1 exposure/element 
~aximum Moxtyl exposure/eleEnt 
Average Moxtyl exposure/element 

The status of the various t e s t  elements on January 31, 1963, is sham i n  the 
table below. 
exposure o r  had been permanently discharged f o r  other reasons p r io r  t o  
January 1, 1963, have been deleted from t h i s  table.  

Those t e s t .  elements wfiich had reached their assigned goal 

mTR f i e  1 Date 
Test Channel Element Initial Date Accumulated 
No. Location Number Description Charge Discharpd MWD - 
10 
10 
13 
14 
14 
37 
37 
37 
37 

1082 
1067 
5094 
5098 
5099 
1096 
1097 
1098 
1099 

UOZ-Hot Swage 
U02 -Vipac 
A2-A1 Pnysics 
Moxtyl-Vipac 
Moxtyl-Vipac 
U% -Pnys i c s  
U% -Phys i c  s 
U%-Physics 
U02-Pnysics 

63.9 
67.9 
70.9 
21.4 
18.4 
29.1 

26.8 
28.5 

29.3 

UNCLASSIFIED 
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PRm R E 1  Date 
Test Channel Elernent Initial k t e  Accumuleted 
No. Iocation Number Description charm Dischared MWD - 
37 
37 
48 
54 

54 

54 

-- 24.9 -- 28.8 -- 13.5 
5116 Moxtyl clip-on pads) 5/8/62 -- 24.9 

2% 9 

1459 5118 mxtyi ( c l i p o n  pads j 5/8/62 -- 27.9 

1651 1100 U~-Phys ic s  5/12/62 
1451 1101 u o ~ - ~ y s i c s  5/12/62 

5150 Moxtyl &"x&" p d s )  8/1/62 

(9.4 W / C l i P )  

( 12.0 w/clip 1 
(12.9 w h i p )  

=43 
1948 

144 3 5117 Moxbyl (clip-on pads) 5/8/62 

Unusual ac t iv i ty  indications on the rupture detection system resulted i n  two 
unscheduled reactor outages. In both c a ~ e 6 ,  a t o t a l  stagnant water t e s t  wa8 
conducted, and i n  a t h i r d  instance, f ive  tubes were checked i n  t h i s  manner. 
Five elements were removed as "baker suspects" as a resul t  of these t e s t s .  
One elelllent was l a t e r  cleared as a suspect and was recharged. Confirmation 
tests on a l l  suspects were in i t ia ted .  

Indicated %O and Helium losses for the month were 3,240 pounds and 117,500 S C f ,  
respectively. 
ing techniques to provide more accurate stack loss indications. Stack sample 
indications showed a +O loss  of 1765 pounds, which is more representative as 
the .inventory loss  is believed influenced by an inventory e r ro r  i n  December. 
System balance work on the $0 recovery system resulted i n  '%est yet" perform- 
ance of th i s  system. 

Considerable e f f o r t  was expended on vent i la t ion balance and Easur- 

Equipment Expe rience 

A t o t a l  of 81 outage hmrs were charged t o  repair work. Major contributors were 
tube-to-nozzle gasket repair  and helium campressor problems. 
of 45 hours of outage time was charged t o  high 02 i n  the helium and %O systems. 
$ problems were traced t o  shaft seal inleakage on the core blanket blower. 

The mechanical s e d  on PP #1 was replaced &ter approxhately 550 hours of 
m i n g  time 

Preventive maintenance required 614.7 manhours or 13% of the t o t a l  maintenance 
e f f o r t  

Ln addition a t o t a l  

1 2 3 5 1 1 9  
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Improvement Work Status (Significant Items ) 

Work Completed : 

Gasometer Pressure Relief 
Light Water Injection Manual Control Interlock with Gas Balance Compressor 
Monitoring Voltrneters f o r  DC Systems 
Instal la t ion of Improved Hofer Comp. O i l  Amrps and O i l  Regulating Valves 

Work Par t ia l ly  Completed : 

Enlarge Chemical Feed System 
Reactor Core e v e 1  Indicator 
Primasy Loop Drain and Flush Valve Nodifications 
Keithley Power Plug Modification 
Interlock Between C-D Machine Shroud Seat and Discharge Hoist 
Primary Pump Control Circuits 
Shim Rod Connector Modifications 

Design Work Completed: 

Pressurizer Vent Valve Relocation t o  Minimize D20 Loss 
Recording Ammeter fo r  Primary Pumps 
Compressed Air Supply Modifications 
384 Ehergency Power t o  primary Rmrps 
Control Roam Cr i t i ca l i t y  Alarm 

Design Work Par t ia l ly  Completed : 

Additional Fuel Storage and Exanination 
Boiler Feed Pump Seals 
I n s t a l l  Vibration Snubbers f o r  Earthquake Protection 
Actuator with Hydraulic Snubber f o r  Bot tm Blowdm Line 
Shim Well Rotameter Modification 

Process Engineering and Reactor physics 

Work on the t ransient  reactor poisoning computer program has continued. 
contributions from the buildup of sSma;rim-l4g and 151 have been included. 
Agreement between the calculation and the e x p e r w n t a l  data from Power Test 
16 was quite reasonabxe. 

A study of the functional t e s t ing  of emergency systems was completed and a 
s v  report  prepared. 

The 

A study of the functional requiremnts, methods of operstion and consequences 
of actual  and spurious t r i p s  of the containment system was star ted.  

UNCLASSIFIED 
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During the month of January, there were 90 fue l  e l emnt  maVem?nts, i n  and 
out of the process tubes. 
over 2,000 such movemnts, some t o  the storage basin and back, and some from 
process tube t o  process tube. !The process tubes now i n  service have averaged 
23 movements with one tube having 43 movements t o  date. One fuel element, 
a U02, has been moved 21 times. 

Since the PRm was first loaded, there have been 

Procedures 

Revised Operating Procedures Issued 
Revised Operating Standards Issued 
Temporary Deviations t o  -rating Standards Issued 
Revised Process Specifications accepted fo r  use 
Maintenance I4anuals and Procedures Issued 

January 
17 

Drawing As -Built Status 

Approved f o r  as-built 
Ready fo r  approval 
I n  draf t ing 
Voided 

4 
6 

13 
2 
0 

Total 
884 

9 
40 

1 011 

i 

78 
400 nii Scheduled f o r  review 

Personnel Training 
Qualification Subjects 
Specifications, Standards, Procedures 
Fueling Vehicle 
Maintenance Procedures 
FEET 

Status of Qualified Tersonne 1 a t  Month-end 
Qualified Reactor Ehgineers 
Provisionally Qualified Reactor Engineers 
Qualified Technicians 
Qualif ied Technologists 
Provisionally Qualified Technologists 

212 manhows 
49 
0 

91 
6 

358 manhours 

7 
2 
6 

16 
1 

Plutonium Recycle Cr i t i ca l  Fac i l i ty  

Cell leak r a t e  t e s t ing  re Minimum consistent value at 

discrepency between weir leve l  and moderator leve l  of 22-23 inches was detected 
with the full f l o w  moderator addition pmrp i n  se rv ice . .  Piping changes relieved 
hydraulic resistances correcting t h i s  problem. 

ired considerable tim. 6 inches w.g. was 1200 f t  !T /day with inab i l i t y  t o  reduce below 1000 ft3/day. A 



Base count measurements using the source were talcen i n  preparation t o  load- 
ing the reactor. 

Fuel Element Rupture Test Fac i l i ty  

Project Status (CAH-867) 

!be design features t o  permit complete loop tes t ing  ex-reactor were con- 
pleted. 
high and l o w  pressure r e l i e f  systems, emergency depressurizing valve; 
and i n l e t  piping shut-off valve. 

Work progressed on the s t ruc tura l  s t e e l  f o r  shielding, revised 

No Design Test items were completed. 

Operation 

Continued performance of various operating tests t o  demonstrate performance 
characterist ics and t r a i n  personnel. 
practice i n  the 314 Building. 
t ra ining rratters. 

Continued charge-discharge 
A t o t a l  of 88 hours was devoted t o  

Gas Cooled Loo2 

Project Status ( CAH-822 ) 

The project completion &te was extended t o  June 30, 1963, by Directive 
No. ~EC-145, Modification 8. The project is  94% complete. Re-insulation 
of main loop piping following heater ins ta l la t ion  is essent ia l ly  complete. 
The second and t h i r d  blower units were tes ted by Bristol-Siddeley a t  the 
minimum conditions. Tests B t  nore severe conditions were planned. Com- 
pleted work on several punch l is t  items. 

Operation 

Assisted i n  Project design tests t o  gain system familiarity. 
hours were used i n  training. 

Eighty-three 

TECHNICAL SHOPS OPERATIOIJ 

Total productive time f o r  the period was 23,884 hours. This includes 18,511 
hours s r f o n n e d  i n  the Technical Shops, 4,754 hours assigned t o  Minor Construc- 
t ion,  150 hours assigned t o  of f - s i te  vendors, and 469 hours t o  other project 
shops. 
current month with the remainder distributed Over a three-month period. 
time hours worked during the month was 5.68 (1,195.1) of the t o t a l  available 
hours. 

Total shop backlog is 23,181 hours, of which 70$ is required i n  the 
Over- 



1-6 Hw-76315 

Distribution of time was as follows: 

Man-Hours 9% of Total 

20.72 
18.10 

N-Fkac t o r  Department 4,948 
Irradiation Processing Departmnt 4,321 
Chemical Processing Department 662 2.77 

Construction Engineering and U t i l i t i e s  0 0 
Ha,nford Iaboratories 13 , 953 58.41 

LABORATORY MAINTENANCE OPERATION 

Total productive t h e  realized was 16,900 hours of a possible 17,600 hours 
potentially available. 
expended in support of Hanford laboratories components w i t h  the remaining 
9% directed toward providing service for other HAP0 organizations. 
worked during the month was 3.3$ of t o t a l  available hours 

Of the t o t a l  productive tix~ realized, 914 was 

Overthe 

Manpower u t i l i za t ion  for January is  summarized as follows: 

A. Shop Work 2 500 h a s  
B. Maintenance 8 200 hours 

1. Preventive Maintenance 1 600 hours 
2. k r g e n c y  o r  Unscheduled Maintenance 1 600 hours 
3. Noma1 Scheduled Maintenance 5 OOO hours 
4. Overtime 585 hours 

C. R&D Assistance 6 200 hours 

UNCLASSIFIED 
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UNCLASSIFIED J- 1 
I 

XNVENTZONS OR DISCOVERZS 

Hw-76315 

Al l  persons engaged :n work that might reasonably be expected to 
result  in inventions or discoverles advise that to the best of their knowledge 
and belief, no inventions or discoveries were made in the course of their 
work during the per,od covered by this report  except as l isted below, 
persons fur ther  advise that, fo r  the period therein covered by this report, 
notebook records,  if any, kept i n  the course of their work have been 
examined for  possible inventions or discoveries 

Such 

INVENTOR 

W. L. Bunch, 
G. F. Gariick 
L. A .  Bray, 
E. C. Martin 
H. L. Brandt 

0. H. Koski 

TITLE OF INVENTION OR DISCOVERY 

HWIR-1593, A Method of Measuring 
Neutron Flux Inside a Reactor 
U s e  of Sugar to Neutralize N i t r i c  Acid 
W a s t e  Liquors <HW-75565) 
A Device for Effecting Plug Flow of 
Particulate SOX& @ Liquid Media 
Automatic Solvent Extraction Control 
System 

Manager, Hanford Laborator ies  

UNCLASSIFIED 


