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BUDGETS AND COSTS 
c- 

't 

September operating cos ts  totaled $2,422,000, an inc rease  of $186,000 f rom 
the previous month; f i sca l  year- to-date  costs  are $6,795, 000 o r  2370 of the 
$29,074,000 tentative control budget. Hanford Labora tor ies '  r e s e a r c h  and 

budget, are shown below: 
. development cos ts  for  September, compared with las t  month and the control 

(Dollars in 
thousands) 
HLO P r o g r a m s  

02 Program 
03 P r o g r a m  
04 P r o g r a m  
05 Program 

. 06 Program 

FPD Sponsored 
IPD Sponsored 
CPD Sponsored 

Total  

C O S T  
Previous F Y  Annual 70 Current  

Month 

$ 78 . 

1 
1060 

94 
270 

1503 
106 
105 
146 

$1 860 

Month 

$ 73 
3 

961 
98 

, 240 
1375 

88 
94 
150 

$1 707 

To-Date Budget 

$ 214 $ 1069 
10 175 

2 909 11 418' 
279 1-29 3 
743 3 154 

17 109 
2 79 1370 
286 1 3 2 5  
417 1369 

$5 137 $21 173 

Spent 

2 0% 
6 

25 
22 
24 
24 
20 
22 
30 

2470 

- 

- 
- - 

RESEARCH AND DEVELOPMENT 

1. Reactor  and Fuels  

Visual s tudies  performed with an  electr ical ly  heated test sect ion in a 
g l a s s  tube revealed that considerable boiling can take place in the 
vicinity of the devices used to support  fuel e lements  in the Hanford 
production r e a c t o r s  i f  the fuel e lements  a r e  positioned more than 
5070 off center  f rom a concentric position within the tube. 

To fur ther  elucidate the consequences of r eac to r  accidents, additional 
experiments  were r u n t o  determine the flow rates that exis t  when high 
p r e s s u r e  s team-water  mixtures  a r e  discharged f rom a pipe into 
atmospheric  conditions. 

Additional calculations concerning cooling of fuel e lements  in the PRTR 
i n  the event of a total  power outage indicate that the installation of a 

1 2 3 b 7 2 1  
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L .  . four-inch vent valve in addition to the existing two-inch valve wil l  
r e su l t  in  fast enough p r imary  sys t em depressurizat ion f o r  light water  
injection to become effective before fuel t empera tu res  become excessive. 

Reactor  kinetics studies, utilizing an analog computer,  w e r e  completed 
fo r  a uniformly enriched PRTR core  consisting entirely of mixed 
crystal ,  U 0 2  fuel elements.  P re l imina ry  analysis of the analog 
data indicates that nuclear excursions would be no more seve re  in a 
uniformly enriched core  than in a spike enriched core. 

-D 

Analysis of PRCF analog studies indicates that moderator  void fo rma-  
tion and resonance absorption in U-238 should provide sufficient 
negative reactivity to overr ide the simulated nuclear excursions. 

A feasibility study has  been initiated to investigate the desirabil i ty of 
using hollow, meltable, plutonium dr iver  fuel e lements  to provide a 
s t ronger  inherent shutdown mechanism for  the PRCF. The use  of a 
low melting point (100 C) bismuth alloy containing plutonium is being 
considered. 

A section of i r radiated PRTR p r e s s u r e  tube w a s  burs t  a t  288 C (550 F) 
in  a prototype tes t  unit. 
3 x lo2 '  nvt (E > 1 mev), the tube swelled to a lmost  twice i t s  or iginal  
d iameter  p r io r  to failure. 
w a s  significantly g rea t e r  than for  unirradiated tubing. 

Though having a neutron exposure of 

The maximum p r e s s u r e  before bursting 

Many of the solutions normally used for removing UO2 a f t e r  a rupture  
a r e  ineffective in  dissolving P u 0 2 .  However, in ex-reactor ,  s imulated 
rupture  exper iments  a procedure yielding a sat isfactory decontami- 
nation factor  of 15 was found. 
mixture  of oxalic acid, hydrogen peroxide and buffered peracet ic  acid, 
followed by an alkaline permanganate t reatment  and an oxalic acid 
r inse .  The corrosion r a t e  for  carbon s teel ,  s ta in less  s teel ,  and 
Zircaloy in  the oxalic-peroxide solution is ve ry  low. 

This  consisted of t reatment  with a 

A high density UO2-2.38 m / o  P u 0 2  capsule having an ETR exposure 
his tory of about 3 x 10 
showed a maximum cladding d iameter  i nc rease  of 0.014-inch. 

f i s s ions /cm3,  o r  about 10, 000 MWD/T, 

Four  of eight MgO-Pu02 capsules successfully i r rad ia ted  in ETR a r e  
being examined in Radiometallurgy; in the Mg0-13.5 w / o  P u 0 2  

I 2 3 b 7 2 6  
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material ,  which is calculated to have reached 2200 C, the Pu02 
second phase is clear ly  visible and distribution appears  to be unaffected 
by columnar grain growth of the mat r ix  MgO. 

A sample  of PuO containing a s m a l l  amount of beta-Pu203 and 0.083 
a / o  carbon w a s  prepared by react ion of P u 0 2  and carbon at 1800 C in 
helium. The lattice constant cf the PuO w a s  observed at 4.961 2 0.001 A. 

A sample  of PuC containing a s m a l l  amount of Pu2C3 and which had a 
carbon content of 4.83 w/o  w a s  prepared  by the react ion of - 0 2  and 
carbon. The lattice constant of the PuC was observed to be 
4.971 2 0.001 A. 

A s e r i e s  of plutonium carbide samples  varying f rom 1 2  to 52 a / o  C 
have been given three  different heat t rea tments ,  and the r e su l t s  
i l l t lstrate the ex t reme sensit ivity of the zeta  phase to heat  t reatment .  

Melting s tudies  on P u N  were  conducted in  a tmospheres  of purified 
argon, helium, and nitrogen with a tungsten ribbon furnace.  X-ray 
diffraction analyses  of the nitrogen melted specimens show a constant 
latt ice parameter ,  thus ind ica thg  no constitutional changes. 
melting point w a s  determined to be 2750 2 75  C. 
of h 2 S 3  was found to be 1725 

The 
The melting point . 

5 C in  vacuo on a tungsten filament. 

Twenty-four fission product t ransient  samples  for Phillips Petroleum 
Company ccntaining U-235-A1 alloy c o r e s  have been completed through 
autoclaving; final assembly  and end cap welding is in progress .  Cas t -  
ing and sampling of U-233-A1 c o r e  alloys is cur ren t ly  in progress .  
Extrusion of the U-235-li thkm, plu',oICum-lithium bearing alloys is 
still being delayed due to analytical  difficulties. 

Prev ious  observat ions of radially -nonuniform fission fragment  and 
plutonium distributions were  confirmed by final ans lyses  of t h ree  
additional i r radiated UO2 fuel  capsules. 

The  sur face  tension of U 0 2  w a s  calculated f rom drop profiles recorded  
on high speed motion pictures.  
s a m e  as mercu ry )  WLS obrained. 

A value of 490 dyne crn'l (roughly the 

P re l imina ry  determination of the liquidus for  the sys t ems  U02-ThO2 
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was completed. 
and a melting minimum of 2730 C at 2.5 w / o  Tho2. 

Pr inc ipa l  fea tures  observed were  total  miscibil i ty 

The photomontage "Reflection Electron Microscopy of Ir radiated UO2 
Crvstal"  was selected fo r  inclusion in the 1962-63 t ravel ing exhibit 
Y 

of the Electron Microscopy Society of America.  

P re l imina ry  data  f rom gamma irradiat ions with a Co-60 source  
( 8 . 9 3  x 10 R / h r )  of U 0 2  specimens at approximately room tempera ture  
revealed a surpr is ingly high r e l e a s e  of sorbed gases ,  comparable to 
that normally expected from the rma l  effects at high t empera tu res  of 
800-1000 C. 
high percentage of H2, wi th  N2 and C 0 2  also present .  If confirmed, 
these  data indicate that (1) r e l e a s e  of sorbed g a s e s  in  fuel e lements  
may be increased  by radiation, and ( 2 )  ionizing i r radiat ion might pro-  
vide a way of removing commonly t roublesome sorbed gases  f r o m  
ce ramic  fuel mater ia l s  pr ior  to Fn-reactor use.  

5 

M a s s  spec t romet r i c  analysis  of re leased  gases  shows a 

The hydrogen content of Zircaloy-2 cladding f rom four coextruded fuel 
samples  i r radiated to exposures  up to  3600 MWD/T in the KER loops 
h a s  been determined. 
hydrogen during irradiation, thus verifying the visual  observation that 
cladding cor ros ion  during i r radiat ion was not significant. 

The r e su l t s  show no significant pickup of 

The p rogram to make Zircaloy-2 s t r i p  with high bend ductility resu l ted  
in  the laboratory production of Zircaloy-2 sheet of sufficient ductility 
to  meet  the formb-g needs in  the fabricat icn of N inner  fuel supports.  
Pilot  quantit ies of sheet  have been prepzred  for  evaluation. 

A fuel tube eqcivalent to an N-Reactor inner  tube, but with a fluted 
outer  cladding, w a s  charged into the ETR, P-7 loop, September 3, 
1962. 
bulk water t empera tu re  equivalent to  those ansicipated in the N-Reactor. 

This  e lement  is operat ing with a maximum specific power and 

Stainless  s t e e l  h a s  been successful ly  spot welded to zirconium by using 
a niobium foil interface. 
Production of a sat isfactory weld was  accomplished by s imply placing 
a s m a l l  d i sc  of niobium between the s ta inless  s t e e l  and the zirconium. 
The weld w a s  made directly through this sandwich and proved to be 
quite tough and strong. 

No protective atmosphere w a s  required.  

Samples a r e  being made for testing in  the 
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autoclave. 
supports  for  use  on the N fuel element. 

Microexamination of a graphite "fuel e lement  end closure ' '  completed 
by the magnetic force  welding process  revealed a weld of surprisingly 
high quality. 
mater ia l  of f iner grain s i ze  and higher density than the base material .  

A s e r i e s  of measurements  were  made of the activation energies  of 
Zircaloy-2 during neutron irradiation. These measurements  confirm 
values previously obtained and provide thermodynamic evidence that 
c r eep  r a t e s  wi l l  be lowered during neutron irradiation, substantiating 
observations of reduced r a t e s  during irradiation. 

This development may permi t  the fabrication of a l l - s tee l  

I 

The graphite in the weld zone recrystal l ized into a 

t 

A capsule has  been charged into the 2A test hole a t  KE Reactor  to 
m e a s u r e  the e lec t r ica l  res i s tance  of the corrosion fi lm on Zircaloy-2 
during irradiation. Initial measurement  in an oxidizing gas  indicates 
the res i s tance  of the corrosion film is reduced by a factor of 600 
during irradiation. This reduction in res i s tance  is indicative of a 
higher concentration of oxygen anion vacancies  in the fi lm during 
i r radiat ion and is consistent with other  observations of increased 
corrosion r a t e  in  a r eac to r  environment. 

A marked flux effect on the aqueous corrosion of Zircaloy-2 w a s  noted 
f r o m  weight gain measurements  on t e s t  coupons i r radiated in  the ETR, 
G-7, hot water  loop at  540 F and a t  dose rates of 6.9 x l O I 3  nv and 
1.2 x 1014 and on unirradiated specimens exposed to hot water  under  
identical  t ime- tempera ture  conditions. 
w a s  independent of cold work f r o m  0 to 40 percent. 

The amount of weight gain 

Resul ts  obtained in this laboratory a r e  in d isagreement  with a recent  
Bri t ish publication implying that neutron damage to molybdenum can- 
not be detected by electron microscopy r ega rd le s s  of post - i r radiat ion 
annealing t reatments .  

Carbon black is often added to graphite mixes to inc rease  density o r  
lower permeabili ty to gases.  
ing amounts of carbon black resul ted in a genera l  increase  in contrac-  
tion in both para l le l  and t r ansve r se  directions and a decrease  in 
anisotropy with increasing amounts of carbon black. 

Irradiation of samples  containing vary-  

1 2 3 b 1 3 1  
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-. 
2. Physics  and Instruments 

T Preparat ions continued f o r  cr i t ical i ty  studies on plutonium oxide-poly- 
s tyrene mixtures.  The concentration in the plutonium-plastic mater ia l  
being fabricated is about 1.15 g r a m s  per  cc  and the hydrogen to 
plutonium atomic ra t io  is about 15. Installation of the remotely 
operated c r i t i ca l  assembly machine continued. 

Correct ions for the effect of s ta inless  s t ee l  ves se l  wells have been 
applied to an old measurement  of the limiting concentration of pluton- 
ium which is always safe in water  solutions. 
8 .1  2 0.3 g rams / l i t e r .  

The new value is 

Crit icali ty experiments  continued with a 14" spher ica l  ves se l  filled 
with plutonium ni t ra te  solution. The experiments  w e r e  done with a 
. 030" cadmium shel l  separat ing the cr i t ical i ty  ves se l  f rom a water  
ref lector  . 
Suspected wall  thickness variations in  a number of replacement  
aluminum process  tubes f o r  the production r e a c t o r s  w e r e  verified 
with a p rec i se  ul t rasonic  measurement .  

A special  t ransis tor ized conductivity me te r  w a s  developed to monitor 
the buildup of plutonium compounds in  a 234-5 Building hood and to 
signal i f  the concentration exceeds l imits.  

Re-ana lys is  of the data f rom the i r rad ia ted  low-exposure Pu-AI PRTR 
e lement  5075 shows much bet ter  agreement  with calculation than was 
previously reported.  Improvements were  cbtained in the isotopic 
buildup a6 well a s  the Cs-137 burnup comparisons.  
low-exposure Pu-A1 physics e lements  has  been disassembled and 
delivered to Radiometallurgy Laboratory for  preparation of burnup 
analysis samples .  

The f i r s t  of the 

A progres s  r epor t  on fuel r e - u s e  s tudies  now in preparation indicates 
possible reductions in fuel cycle cost  of up to one mill /Kwhr may be 
obtained by cycling fuel between fast  and t h e r m a l  r eac to r s  without 
reprocessing.  In other  studies,  multi-group c r o s s  sections have 
been generated for  carrying out the Phoenix fuel reac tor  studies and 
comparison of uranium and plutonium fuels in seve ra l  sma l l  compact 
fast r eac to r s  is being made. 

I Z l b 7 3 2  
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A theoret ical  study was made to determine whether very s m a l l  dia- 
me te r  plutonium rods  in light water moderator might produce a lower 
c r i t i ca l  mass  than homogeneously d ispersed  plutonium in  water .  The 
r e su l t s  of the calculation indicated that the homogeneous sys tem has 
the lower c r i t i ca l  mass .  

In computer code development, the SUMMIT code for  calculating 
sca t te r ing  kernels  i n  graphite has been made available on the 7090 
computer. 
flexible variation of the relat ive s ize  of each region of the r eac to r  as 
we l l  as variation of over  -all dimensions in determining criticality, 
thus saving the investigator time. Work is continuing on determining 
the pa rame te r s  in the two mass  gas  models used in the neutron thermal i -  
zation routine in RBU. 
in the c r o s s  sect ions on the RBU l ib ra ry  in  the recent  updating of many 
of the important isotopes. 
SIGMA-3H, and HFN have been loaded onto a chain tape so that any 
number of these p rograms  can be run  in a lmost  any order .  
s t ra ight  burnup, recycle ,  and graded cycle options of the CALX burn- 
up code have been run  successfully. 

The t ranspor t  theory program has  been modified to permi t  

Considerable improvements have been made 

P r o g r a m s  TEMPEST, GAM, SIGMA-3C, 

The 

Discrepancies  between Nelkin's theoret ical  sca t te r ing  kerne ls  f o r  
water  and experiment continue to become evident. 
in  interpret ing the r e su l t s  f r o m  the General  Atomic's code which 
calculates  the Nelkin's kerne ls  has  prompted the formulation of a 
Hanford water kerne l  code that calculates  the Egelstaff S-function 
which is d i rec t ly  comparable  with the usual  presentation of experi-  
mental  data. 

Some difficulties 

Total  c r o s s  section measurements  were made on fourteen elements:  
calcium, gront ium, bar ium, lead, cobalt, magnesium, yttrium, niobirrm, 
vanadium, zirconium, s i lver ,  molybdenum, tin, tungsten, The meas - 
urements  covered the neutron energy range f rom 3 to  15 Mev., an 
energy range in which l i t t le experimental  work has  been done previously. 

The development of equipment f o r  neutron time-of -flight measurements  
with slow neutrons was advanced by the successfu l  rotation of an 
aluminum c rys t a l  a t  10, 000 rpm. 
of neutrons each revoltuion by Bragg diffraction. 

The c r y s t a l  produces two bur s t s  

1 2 3 5 1 3 3  
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A 1024-channel time-of-flight analyzer w a s  completed and placed in 
u s e  for slow neutron cross -sec t ion  measurements .  Cost e s t ima tes  
were  developed for two possible modifications which would fur ther  
i nc rease  its utility. 

A s e r i e s  of analog computer r u n s  were  completed to determine the 
maximum power level excursions and the maximum fuel t empera tu res  
produced by var ious reactivity dis turbances in  the PRTR. 

The performance of the developmental nondestructive heat t ransfer  
t e s t  fo r  fuel  core-to-cladding bond was improved through use  of a 
new dual in f ra red  rad iometer  which compensates  for  major  var ia t ions 
in the emiss iv i t ies  of fuel elements.  

Bes t  r e su l t s  in the ul t rasonic  testing of fuel sheath tubing w e r e  obtained 
with rectangular ly  masked round t ransducers .  In accompanying studies 
of the ul t rasonic  test ,  an unexplained anomaly was discovered between 
experimental  resu l t s  and the theoretically predicted Lamb wave propa- 
gation. 

A new circui t  was developed to automatically disconnect a s to rage  
bat tery f r o m  cer ta in  radiological ins t ruments  when the no rma l  dis  - 
charge end-point is reached. 

Tests w e r e  completed on the prototype coincidence-count alpha air 
f i l ter  counter which w a s  designed to provide immediate  analysis  of 
s tandard HAP0 4" x 8" air filters without the usua l  wait for  radon-  
thoron decay. The ins t rument  is now in u s e  in 308 Building. 

Measurements  of the radioactivity of Alaskan Eskimos were  completed 
and the scient is ts  and equipment have returned.  The equipment p e r -  
formance was trouble f r ee  and exceeded ou r  expectations. Analyses 
of r e su l t s  a r e  in p r o g r e s s  and a pre l iminary  r e p o r t  was presented at 
the Second Symposium on Radioactivity in  Man. 

Two successfu l  field experiments  were  conducted as pa r t  of the con- 
tinued investigation of the removal  of par t iculates  f rom the air. One 
experiment  permit ted measurement  of the d ry  deposition of zinc sul-  
fide par t ic les  on vegetation to a distance of 200 m e t e r s  f rom the 
source.  
of par t iculates  f rom a diffusing plume by ra indrops  of different 
d iameters .  

The second was designed to measu re  the relat ive scavenging 
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-. 
3. Chemistry 

.. Subsequent to the installation and shakedown tes t s  of radiant-heat 
sp ray  and pot calcination equipment in the High Level Radiochemistry 
Facility, both units were successfully used to convert  actual Purex 
1WW liquid was te  to a calcined solid. The first of the full-level runs  
was with the radiant-heat sp ray  calciner ,  operated with continuous 
melt-down in the sol ids  rece iver ,  and the second w a s  a s imple pot 
calcination run. 
fuged a t  Purex, contained g r o s s  amounts of fine sol ids  which, however, 
did not cause nozzle plugging o r  undue difficulty in feed control. 
Twenty-seven l i t e r s  of feed, equivalent to about 0.1 ton of i r rad ia ted  
uranium, were used in each run  and resul ted in about one l i t e r  of 
solidifLed, calcined melt  in each case.  Operation of both ca lc iners  
and the associated off -gas equipment, instrumentation, etc. , w a s  
smooth and uneventful, and no detectable radioactive contamination 
was released to the atmosphere.  

The Furex 1WW used in the runs ,  although cent r i -  

Experimental  measurement  of the emitted radiation f rom 25 cur i e s  of 
well  aged promethium disclosed the unexpected presence  of minute 
amounts of Pm-146. 
is very  low, the energies  a r e  sufficiently high to r equ i r e  some s m a l l  
additional shielding for aged Pm-147 sources .  

Although the abundance of the Pm-146 photons 

Thirty-nine g r a m s  of black, crystal l ine plutonium dioxide have been 
prepared  by chemical precipitation f rom molten chloride sa l t  solutions. 
This unusual form of PUO2 has  a t ap  density of 6.1 g / cc ,  about 50% 
of theore t ic a1 density. 

Segments of non-irradiated Z r - 4  clad U 0 2  and U 0 2 - P u 0 2  fuel  rods  
were declad by the Zirf lex process .  
disintegrated to a "mud" during the decladding step. 
derived f rom the U 0 2  fuel  dissolved readi ly  i n  dilute ni t r ic  acid; the 
res idue  f rom the mixed oxide fuel failed to dissolve completely upon 
prolonged t rea tment  with boiling 5 - M HNO3. 

In both c a s e s  the core  mater ia l s  
The res idue  

Leaching s tudies  of a sample of hard  sludge f rom the Purex  103-A 
was te  tank showed that about 80% of the cesium w a s  removed by water  
washing; about 80% of the s t ront ium and most of the remaining cesium 
w a s  removed by a c i t r ic  acid leach. 
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Hot cel l  development of a nickel ferrocyanide scavenging p rocess  for  
the removal  of heat-generating cesium-137 f rom Purex  tank superna tes  
(in support  of the CPD W a s t e  Management P r o g r a m )  culminated in a 
successful  plant test. 
the plant test. 

A p rocess  employing phosphotungstic acid for  the scavenging of 
cesium-137 f rom acidic Purex  1WW w a s  demonstrated in a hot ce l l  
test .  
of the cesium f rom other  fission products w a s  poorer  than expected. 

Over 99.6% cesium removal  w a s  obtained in  

Although 99. 57'0 cesium removal  was obtained, decontamination 

The u s e  of a new phenol-type extractant  (4-sec-butyl-2,ormethyl 
benzyl phenol, abbreviated BAMBP) is found to be competitive with 
dipicrylamine for the extraction of ces ium f rom wastes of concern to 
the Hanford Waste Management Program.  
pH is requi red  with BAMBP than dipicrylamine, the f o r m e r  solvent 
has  a lower density and thereby eliminates phase inversion problems 
previously encountered in flows hee t design. 

Although a higher operating 

The u s e  of selected commercial ly  available anti-foam agents was 
found to suppres s  foaming during the formaldehyde t rea tment  of 
synthetic Purex  1WW in pilot scale  facil i t ies simulating the Purex  
plant equipment and operation. 

P re l imina ry  laboratory r e su l t s  show that a combined anodization and 
chemical  etch of uranium meta l  su r f aces  produces an uniformly etched 
sur face  of excellent appearance and good nickel platability in  a Thomp- 
son bath. 

Promis ing  resu l t s  were  obtained in  the labora tory  for the preparat ion 
of r eac to r  p rocess  water  by the t rea tment  of raw water  with mixed 
i ron  and aluminum hydroxides. In two tes ts ,  96 to 97 .7  percent  of 
phosphate w a s  removed and a ve ry  low rate of f i l ter  head loss occurred ,  

A 23-day operating period was completed during which an uninterrupted 
flow of deionized water w a s  supplied to a new aluminum process  tube 
with new aluminum-clad fuel elements.  The concentrations of the 
radiologically significant radioisotopes were  found to be 10  to 30 p e r -  
cent of those normally observed using conventional p rocess  water.  
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4. 

.. 

Biology 

Fish sampled from the Columbia River  again showed no columnaris  
infection. However, f ish obtained f rom the Leavenworth Hatchery 
w e r e  infected, but most of these infections were slight. , Evidence con- 
t inues to point to the crowding of fish as being the cause  for  major  
outbreaks of the disease.  

Interesting r e su l t s  a r e  being maintained in  the translocation of Zn-65 
fed to  trout. The element f i r s t  deposits in the spleen, liver, and 
kidney, and then gradually t rans loca tes  to the bone, eye, and gill 
filament. 

A surpris ingly large amount of Sr-90 (625 pc)  fed daily to female mini- 
a tu re  swine had no effect on Litter size and bi r th  weight of their  off- 
spring. 

In the experiment where the coefficients for the t r ans fe r  of 1-131 f r o m  
contaminated food to cows to milk to consumers  a r e  being measured, 
the 1-131 in the thyroid of the cow is showing a half-life of about five 
days. 
than one day and the other  about four days. 

In cow’s milk, two half-l ives a r e  now apparent, one being less 

In prel iminary work with miniature  swine, Ce-144 was found to deposit  
in highest concentrations in ve r t eb ra l  bodies and in the ends of the ribs. 
This suggests  fur ther  work to determine whether pa r t  of the skeleton 
rather than all of i t ,  should be considered in  the future  for  hazard 
evaluation. The s a m e  situation s e e m s  to apply for Pm-147. 

The effectiveness of DTPA is being tes ted in removing plutonium f r o m  
the body after subcutaneous injection, Plutonium translocated to o ther  
organs  is removed fas te r  than without DTPA, but the chelating agent 
s e e m s  to have little effect on movement of plutonium f rom the injec-  
tion site.  

The number of agents being tes ted for  their  ability to remove internal ly  
deposited plutonium continues to increase.  
agent s tudies  is Tiron, a benzene-sulfonic acid derivative,  which s e e m s  
to operate  differently than DTPA, 
Pluronics  (an ethylene oxide der ivat ive polymer)  increased  the  exc re -  
tion of plutonium in dogs that had previously inhaled plutonium dioxide. 

The most effective new 

It is not a s  effective as DTPA. 



xvi HW-75127 

.. 
This  was  better than DTPA, but still not effective in removing a s igni-  
ficant pe r  cent of the plutonium present  in  the body. 

The t ransfer  of potassium through cel lular  membranes  appears  
dependent on the type of metabolism going on in the cell. 
and fermentat ive s t ra ins  of yeast  have pract ical ly  no influx of potas- 
sium, whereas  a s t r a in  which is both oxidative and fermentative 
showed a very  high influx of potassium. 

Oxidative 

Population counts of species  of plankton f rom the Columbia River  were  
made along with their  concentrations of radionuclides. 
Cu-54 w e r e  the most abundant gamma e m i t t e r s  found. 

Mn-56 and 

Concentrations of 1-131 in dee r  contributed f rom State Game Depart-  
ments a r e  being measured. In California deer ,  thyroids increased  
steadily to about 8 x 
of September. Deer  f rom Maryland showed a s imi l a r  increase,  but 
were  only one-half the concentrations of California deer.  
dee r  thyroid w a s  found to contain 

p c / g  and then decreased  during the remainder  

A HAP0 
v c  1-131 /g. 

5. Programming 

F o r  nuclear  r eac to r  calculations, alpha for  Pu-239 is defined as the 
ra t io  of the relat ive probability of neutron absorption in  PU-239 
resul t ing in neutron capture  to form Pu-240 over  the relat ive prob- 
ability of neutron absorption in Pu-239 resul t ing in fission. 
t he rma l  neutrons, the alpha value for  Pu-239 is generally g r e a t e r  
(d =.45) than the value for  U-235 (oc G . 2 2 ) .  This difference is 
even g r e a t e r  in PU-239 near  t he rma l  neutron resonance absorption 
regions (oC NN. 75). This  cha rac t e r i s t i c  has  led some to cr i t ic ize  the 
u s e  of plutonium in thermal  r eac to r s ,  especial ly  in under-moderated 
machines such a s  boiling water r eac to r s ,  and also, in high moderator  
tempera ture  machines such as HTGCR's, because the resul t ing neutron 
spec t rum tend to overlap the high GC resonance regions. However, our  
s tudies  indicate that the inherent self-shielding of these  resonances  can 
reduce the relat ive absorptions m the resonances,  with the r e su l t  that  
as plutonium enrichment is increased  the OC: value for  Pu-239 goes 
down and the heat and neutrons produced by Pu-239 increase .  An 
ove r -a l l  value of alpha of . 54 is typical, which corresponds to an 
increased  value for  Pu-239 of 1 0  to 20  perc'ent a s  compared to values 

F o r  

1 2 3 b l 3 6  
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computed when self-shielding is neglected. 
that an additional reduction in oc of 5 percent  o r  so is possible by placing 
the plutonium in the fo rm of s m a l l  d iameter  rods ,  although it is not 
clear that this is worthwhile economically. 

The study fur ther  indicates 

Both the Salt Cycle Code and the Conventional Reprocessing Code now 
appear  ready for  u s e  in power r e a c t o r  fuel reprocess ing  economic 
studies. Some effort  wil l  be necessary  to define the "best values" for  
the numerous cost  var iab les  in  these codes before rea l i s t ic  evaluation 
of the salt cycle reprocess ing  economic advantages for  specific r e a c t o r  
c a s e s  can be s tar ted.  

TECHNICAL AND OTHER SERVICES 

Two new cases of plutonium deposition were  confirmed by bioassay analyses  
during September. One case  w a s  the r e su l t  of a contaminated injury and in 
the other,  inhalation w a s  the mode of entry. The maximum est imated body 
burden resul t ing f rom the contaminated injury w a s  est imated to be less than 
five percent  of the permiss ib le  body burden. The inhalation case  w a s  esti- 
mated to have resul ted in a deposition less than one percent  of the p e r m i s -  
sible body burden. 
have occurred  a t  Hanford is 299 of which 216 a r e  cur ren t ly  employed. 

The total  number of plutonium deposition c a s e s  that 

Sampling equipment w a s  se t  up at  the lOO-H, DR, B and C areas for  the 
continuous collection of effluent samples  f rom the outlets of the retention 
basins.  . This  program is to be extended to all of the 107 basins  in o r d e r  
to improve es t imates  of total quantit ies of radionuclides discharged to the 
r iver .  

Relatively high concentrations of fallout mater ia l s  were  measured on air 
f i l t e r  samples  of our  Pacific Northwest network during September. 
peak concentration obse rvedwas l l  ppc beta/m3.  
highest concentration observed in the fall of 1961 (12 ppc be ta /m3) .  
sample collected a t  Moses Lake, Washington, September 18, 1962, contained 
780 puc I - l 3 l / l i t e r .  . Local milk collected on September 19, 1962, contained 
90 ppc 1-131/1iter. 

The 
This  is comparable to the 

A milk 
_-  

- 
A document w a s  issued presenting the r e su l t s  of an extensive analysis  of the 
measurement  e r r o r  s t ruc tu re  associated with C-Basin Profi lometer  measure  - 
ments. The conclusion w a s  reached that positioning of the fuel element 
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,. p r i o r  to recording measurements  is a major  cause  of measurement  e r r o r .  

i’ An analysis  was made of the effects of blending metal  recovery feed on 
button and ingot density. Of the var iab les  studied, the aluminum used in 
complexing the fluoride w a s  found to. exer t  the g rea t e s t  influence on density. 

. Consultation se rv ices  were  afforded personnel concerned with inventory 

. sampling plans to see i f  their procedures  sat isf ied some  of the genera l  d i r ec -  
The bulletin gave some  r a t h e r  tions given in a cost  accounting bulletin. 

a r b i t r a r y  sampling percentages.  
about the number of line i t ems  in different pr ice  strata and thus obtains a 
more-than-adequate sampling procedure with a s m a l l e r  percentage of i t ems  
sampled. 

Hanford makes use of a p r io r i  knowledge 

Consulting ass i s tance  w a s  provided in the sampling of wi re  which is to be 
tes ted for  uniformity and charac te r  of chemical  composition a f te r  tes t  
r e a c t o r  i r radiat ion.  

A complete finished ex ter ior  contour of a 1251 Weapon component h a s  been 
machined by the magnetic tape controlled experimental  5 -u/ lathe. 
prototype pa r t  has been dimensionally gauged and subjected to sur face  finish 
measurements ,  and has  been found to be wel l  within the requi red  tolerances.  

This 

The detailed mathematical  analysis  of the propagation of ul t rasonic  waves 
in e las t ic  plates  continues. 
discovered which i t  is hoped wil l  explain some of the puzzling d iscrepancies  
that have been observed in experiments  with nondestructive testing equip- 
ment. 

A hitherto unreported phenomenon has  been 

A r e p o r t  w a s  issued which desc r ibes  the theory and application of a FORTRAN 
language program for  calculating cubic c r y s t a l  lat t ice constants at var ious 
tempera tures .  
orthorhombic c rys ta l s .  

Work continued on the problem of indexing hexagonal and 

Authorized funds for  13 active pro jec ts  total  $2, 338, 100. 
cost  of these projects  is $8, 732, 000 of which $1,329,000 had been spent 

The total  es t imated 

- through August 31, 1962. 
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.. 
SUPPORTING FUNCTIONS 

Prepara t ions  for the decontamination of the p r imary  sys t em of the Plutonium 
Recycle Tes t  Reactor continued throughout September. 
discharged and the pr imary  sys tem D20 drained. 
mat te r  in the D 2 0  w a s  removed by filtration and ion exchange. 

The r eac to r  w a s  
During the drain,  foreign 

. 

After var ious means of decontaminating the sys t em without the use  of 
chemicals  w e r e  investigated, e f for t s  w e r e  directed towards chemical  decon- 
tamination. Pr inciple  mater ia l s  planned for  u s e  are oxalic acid and caust ic  
permanganate. Hazards reviews, procedure preparat ions,  sys t ems  p repa r -  
ations, and trial runs  of the procedures  using demineralized water were  in 
p rogres s  at month-end. Plans w e r e  completed to t ruck a l l  waste to a c r ib  

.south of 200 Eas t  a rea .  A l l  chemicals  were  received on site. 

A facility w a s  s e t  up in the d ischarge  water  pit to decontaminate the fuel  
elements. Ultrasonic vibration with a detergent  solution was  used. Nine 
fue l  e lements  were  cleaned in this  fashion until the program was defer red  
because of in te r fe rence  with preparat ions for  p r imary  sys tem decontami- 
nation. 

Extensive effor t  in improving and marking flux monitor wiring circui ts  w a s  
initiated while the r eac to r  w a s  discharged, and s i m i l a r  work on other  sys t ems  
w a s  outlined. 

. Work on procedural  ma t t e r s  re la ted  to the Plutonium Recycle Cr i t ica l  Faci l i ty  
was emphasized in anticipation of AEC approval to operate.  Revision of 
the safety rods  to permi t  maintenance without requir ing ce l l  cover block 
removal  was  s tar ted.  
as needed for future  physics tests.  Additional relief w a s  provided to the 
auxiliary moderator  s to rage  tank to prevent over  -pressurizat ion.  
cations to improve readabili ty of the galvanometer w a s  5070 complete. 
Installation of indicatin'g lights to signify safety circui t  t r i p  causes  was 
completed. An interlock w a s  removed which w i l l  now permi t  moderator  
pumping without on-scale  indication f rom instruments .  
to protect  rod magnets and circui t  r e l a y s  f rom excessive voltage. 

Work w a s  completed to permi t  individual rod drops  

Modifi- 

Work w a s  completed 

Construction of the Fuel Element Rupture Tes t  Facil i ty is 99% complete. 
The water plant w a s  tied-in and PRTR and Rupture Loop s e r v i c e s  a r e  being 
supplied f r o m  it. The main loop w a s  chemically cleaned, and substant ia l  

I 2 3 b 3 4  I 



xx HW - 75127 

.- 
amounts of grinding wheel abras ive  par t ic les  and cuttings were  recovered. 

Pro jec t  work on the Gas  Cooled Loop w a s  92% complete, 
hea te r  w a s  received. 
nary tests. 

The replacement 
One of the gas  blowers successful ly  passed pre l imi-  

. 
Several  punch-list i t ems  were completed. 

Most FPD maintenance functions performed as a s e r v i c e  to HLO were  t r a n s -  
f e r r e d  to Tes t  Reactor and Auxiliaries Operation on September 1, 1962. 
This organization per forms routine maintenance for HLO facilities. and pro-  
vides craft ass i s tance  to spec ia l  fabr icat ions in support  of r e s e a r c h  and 
development work. 

The September physical inventory of heavy water  disclosed a loss  of 2,227 
pounds valued a t  $30, 716. This  loss .actually applied to. August operations 
and r e p r e s e n t s  a correct ion to the August physical  inventory which was  
made ent i re ly  upon instrumentation. 
taken i n  August due to contamination of facilities. 
to $20, 793 and represented  the heavy water  f rom the p r imary  loop. 
charges  to operating cos ts  w e r e  $51,509. 

Actual measurements  could not be 
Scrap  ma te r i a l  amounted 

Total  

Six Ph.D. applicants visi ted HAP0 for  employment interviews. 
were  extended; one acceptance and two reject ions were  received. 
is cu r ren t ly  open. 
were  extended to BS/MS applicants. 
offer  w e r e  accepted; four program and three d i r ec t  placement of fe rs  were  
rejected,  Curren t  open of fers  are four program and two d i r ec t  placement. 
No permanent  ass ignments  were  effected f rom the Technical Graduate 
Program.  Four new m e m b e r s  w e r e  added to the ro l l s  &d one terminated. 
Curren t  program m e m b e r s  total  59, 
requis i t ions were  filled during September;  twelve remain  to be filled. 
requis i t ion involves a single vacancy. 

Two offers  
One offer 

One program and one d i r ec t  placement 
Six program offers  and three  d i r ec t  placement offers  

Twenty-three non-exempt employment 
Each 

for  Manager 
Hanford Labora tor ies  

HM Parker:CAB:mlk 

1 2 3 b l U  
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 2000 PROGRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Corrosion Testing of NFR Fuel Elements. 
have been obtained on a se r i e s  of NPR f u e l  elements t o  evaluate the 

Additional corrosion data 

brazed welded end closure and various gray areas caused by the 
following : 

1. Scuff marks from Teflon ro l l e r s .  

2. Marks on the ends of the f u e l  elements produced by 
bumping the elements against  the ends of the basket 
during etching. 

3.  Constant contact points between the  ends of the f u e l  
elements and the v i r e  baskets during etching. 

4. Copper coctamination produced by spa t t e r  during spot 
welding of the  supports. 

Following f ive  weeks of exposure in 360 C deoxygenated pH-10 water, 
no accelerated corrosion from the  gray areas has been noted. 
welded areas,  which had an acceptable appearaxe p r io r  t o  tes t ing ,  
have continued t o  slough and reform a loose powdery oxide. 
graphic cross sections of one of these welded areas has shown t h a t  
the ac tua l  metal loss  i s  l e s s  than 0.1 m i l .  Corrosion t e s t s  a re  
coEtinuing t o  evaluate fur ther  brazed ar;d welded erd closures. The 
loose white oxide a t  welds is  being analyzed f o r  u-aniurc and beryl- 
lium concentratiori. 

The 

Metallo- 

Magnetic Effects  on Electroless  Nickel Films. It w a s  previously 
reported t h a t  e lec t ro less  nickel f i l m s  on aluminum were strongly 
magnetic only a f t e r  heating. 
as-plated f i l m s  a re  converted t o  a c rys ta l l ine  form when heated. 
as-plated nickel f i l m  w a s  i so la te6  f romthe  aluminum substrate  and 
cut i n to  sections.  The sections were heated f o r  30 minutes a t  100, 
150, 200, 250 and 300 C. 
d i d  not increase the magnetic e f f ec t  appreciably. However, heating 

X-ray analysis indicated t h a t  emorphous 
An 

Heating a t  the three lower temperztures 
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a t  250 C indicated t h a t  the amorphous-to-crystalline transformation 
occurs rapidly a t  t h i s  t e q e r a t z r e .  A film section heated i n  a 
vucuum a t  300 C became strongly magnetic, ruling out the possi- 
b i l i t y  t h a t  the magnetic behavior of autocleved specimens i s  due t o  
iron o r  nickel oxides or  compound formation a t  the nickel-aluminum 
interface.  

Basic 14etallurEv Studies 

Notch Sensi t ivi ty  of Zircaloy-2. 
Zircaloy-2 cladding are  being investigated. 
s tudies  notched t e n s i l e  samples of Zircaloy-2 ro l led  sheet are being 
tes ted  i n  the i r rad ia ted  and mir rad lz ted  condition. Forty-eight 
sheet samples notched t o  varyin, depths p l u s  twelve unnotched co- 
extruded cladding specimens have been exposed t o  approximately 
1 x 1020 nvt ( > 1 MeV) i n  the ETR. 
t h a t  of the bulk water coolant (120 F) .  Tne samples a re  being tes ted  
remotely by use of an Instron t e n s i l e  machine. Tensile t e s t ing  
temperature i s  280 C a t  three d i f fe ren t  s t r a i n  ra tes .  
extension curves are being compared w i t h  unirradiated controls. 
Metallography of f rac ture  areas w i l l  be unceLzaken. 

The mechanical properties of 
In  support of tnese 

. 

IrrLtdiation temperature w a s  

Load versus 

Metallic Fuel Development 

Fuel I r rad iz t iocs .  R;dionetallu-rgical exandnation i s  nearly complete 
on tne vzria'ule $r2ze-thlckness i r rad ia t ion  t e s t ,  GEH-4-68, 69, and 
70. Extensive cracking i n  the  uranium has been fourid i n  both ends of 
GEH-4-70, which w z s  i r rad iz ted  hs the  bottom specimen i n  the ve r t i ca l  
column of three elements. The cracking appears t o  be confined t o  t h e  
braze-heat-affected zones of the uranim,  but tne  en t i r e  fue l  element 
is being sectioned t o  be sure the  cracking i s  confined t o  the  ends. 
Both end closures a re  i n  good condition witn no cracks i n  the  braze. 

EL? experimental s ingle  tube, 
element c o q l e t e d  a t h i r d  cycle of i r r a d i a t i o s  in the M-3 pressu-ized 
water loop i n  the ETR. Since the t h i r d  cycle w a s  short  (14 deys), 
the  element w a s  not removee f r s m  the reactor f c r  exarchation. Tne 
element has accumlated a t o t a i  exposure of & ' r a t  700 MWD/T and i s  
curreotly undergoing the f o n t h  cycle of r e a c o r  operation. 

An 18-inch long f lu t ed  fue l  tube, equivalent i n  cross section t o  an 
N-inner fuel tube, was cherged i n t o  the ETR P-7 loop Septem'oer 3, 1962. 
Tnis element i s  being i r rad ia ted  -aider operating condiviom s i r d l a r  t o  
those anticipzted f o r  R-Reector. I r radiat ion,  witn interim measare- 
Dent and exarrination, w i l l  be continue5 t o  high e:rpos.xe i n  order t o  
evaluate the swelling czpz5ili;ies of a :l-&ei Zircaloy-2 clad fue l  
element. 

dual-emicned metall ic urazium f u e l  

\ 



.- 

A- 3 

N-Reactor Fuel Rupture T e s t .  
f u e l  assembly was  intentionzlly ruptured i n  the P-7 posit ion of the 
ETR. The purpose of t h i s  t e s t  w a s  t o  evaluate a new method of in- 
tent ional ly  rupturing fue l  elements under N-Reactor operating con- 
di t ions.  
s i s t i n g  of a hydraTdic cylinder t h a t  moved a cu t t e r  along the  outer 
surface of the  element. 
the 40-nil Zircaloy cladding exposing the uranium core t o  the  loop 
coolant. This device can be used t o  rupture any surface of an ir- 
radiated N-fuel element. 

The imLer comporrent of an N-Reactor 

The fue l  cladding w a s  fa i led using a rupturing device con- 

The rupturing device successfully cut through 

Hydrogen Analyses of I r rad ia ted  Cladding. Hydrogen analyses of the 
Zircaloy-2 clad from four coextruded f u e l  elements i r rad ia ted  i n  the 
KER loops t o  exposures up t o  3600 MWD/T show l i t t l e  hydrogen pickup 
by the cladding during i r rad ia t ion .  The f u e l  exposures and hydrogen 
content of the cladding samples were: 1200 MWD/T, 70 ppm; 2000 MWD/ 
47 ppm; 2300 MWD/T, 30 ppm; m d  3600 MWD/T, 47 ppm. 
i r rad ia t ion  hydrogen contelit of t he  fue l  cladding varied from 25 t o  
35 ppm. The low hjjdrogen pickup substantiates the  observation t h a t  
negligible cladding corrosion occurred during i r rad ia t ion .  

The pre- 

Fluted Single Tube Fuel Element. 
f l u t ed  s ingle  tube N elements w a s  sectioned and examined. 
measurements made on several sections fron? the  extrusion indicated 
t h a t  design dimensions f o r  cross-sectional area and clad thickness 
had been m e t .  Feel t e s t s  indicated t h a t  the  cladding bond w a s  
acceptable. Six elements about 10-1/2 inches i n  length are being 
fabricated from material in the  control portion of the  extrusion. 
Three of these elements w i l l  be used i n  an i r r ad ia t ion  tes t  i n  the  
E2R D 

A coextrusion f o r  experimental 
Dimensional 

Copper Braze Closure. 
Cu-Zr braze, have accumulated io0 hours of autoclaving i n  300 C water. 
One of the  elements was  i n  the as-brazed condition and one w a s  elec- 
t ron  beam welded over the brazed closure. 
showed some discoloration but no severe corrosion. 
closures were corrode5 aowr, abcut 0 020-inch,+ showing that  the  braze 
alloy w i l l  corrode b7;t has s -S f i c i en t  resistance t o  corrosion t o  l i m i t  
the  penetratlon i r _  case cf a primary weld f z i lu re .  
hzve been a t  about 880 C w l t h  2n 80 w/o Zr-10 W/O Ni-10 w/o Cu brazing 
al loy.  
reactor use. 

Self-Brazed Closures. 
has been prepared f c r  hig'n temperazure autoclave t e s t ing .  
specimens were of the  flat-faced, skir te2,  pre-"timed" design des- 
cribed i n  l a s t  mOnthDs report .  

Two N inner f u e l  elements, braze closed with a 

The braze-contaminated welds 
The as-brazed 

Successful brazes 

The a l loy  i s  very b r i t t l e ,  however, qerhaps too  b r i t t l e  f o r  

A group of f ive  t e s t  elements (10 closures) 
These 

Inspection shows them a l l  t o  have 
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sound primary welds, and since they were electron beam welded p r i o r  
t o  Sciaky pressing, no contaxrinetion of the weld beads i s  anticipated. 
Tnese w i l l  be autoclave tes ted  r,ext week f o r  confirmation. Later, 
i n t e r t i ona l  defects w i l l  be put i n  the p r l m r y  weld bead and they 
w i l l  be re-autoclaved t o  determine the resistance of the  secondary 
(braze) closure t o  high temperature water. 

The t e s t  specimen described i n  l a s t  month's report w a s  sectioned and 
e x a b e d  metallographically. Tne braze f i l l e r  w a s  seen t o  be soundly 
adherent both t c  the Zr-2 cap and t o  the uranium face. It w a s  free 
from bubbles and discontiriuit ies.  ?"ne heat affected zone was found 
t o  extend only about 1/16-inch below the interface.  No thinning of 
the jacket w a l l  by gripping i n  the spot welding chuck w a s  apparent. 

Ar..ot.her group of f ive  elements (10 closures) has been prepared f o r  
application of the seam welding technique as described i n  las t  month's 
report .  They w i l l  be Sciaky pressed and autoclave t e s t ed  similar t o  
those described above. 

Hot Headed Closure Studies. 
bond end caps t o  the  hot-headed fue l  element has yielded projection 
welds and bonding a t  the  interface between the "two ring" projections. 
However, it has not Seen possible t o  prevent the  uranium from moving 
i n t o  areas between the cap and the f u e l  element cladding. 
attempt t o  prevent t he  uranium from moving i n t o  the  cap t o  clad 
interface,  czps were made w i t h  "four ring" projections. The first 
weld made using the "four rirrg" projection design without the presence 
of an interface material indicated that  the welds can be made and 
tha t  the u ren im cari be prevented f r s n  moving i n t o  the cap t o  clad 
interface.  

Continued e f f o r t  t o  projection weld and 

In an 

Attempts were made t o  nodlr'y the  neaaicg process on NPR inner tubes t o  
ai6 i n  zhickening the  ID shoulders f o r  tne  swsequent welding of the  
ho7; headed closure. 
as presently headed dJe t o  the  t k i m e r  I D  c laddhg a d  the  headicg 
process vhich tends t o  P n t h e r  th in  the  I D  cladding forned over the 
shedders. ?me erids of the txbes were mackb-ed so  t h a t  tSe I D  clad- 
ding shocid thicken during upset p r i o r  t o  the cladding forming over 
the I D  shoulders. Tne res..iLts were riot encouragbg. TLickening w a s  
noted only on one of four ID shoulders examined. Fu-*her work w i l l  
include modifying the ID heading punch t o  a i d  in thickening the ID 
cladding p r i c r  t o  forning over the snodders .  

The I D  shodtiers a r e  t:iin?er thar, the OD shoclders 

Double Ring Closure. 
s e t t i ngs  on the 500 Kvk resistance welder were r l t e r ed  t c  a t t e m t  

The shape of the closure cap and +,he power 
- 

t o  hiqrove the  b t e g r i t y  of the weld between the  c2.p and tine cladding 
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walls and improve the bonding of the cap t o  the uranium. 
i s  recessed i n  t h i s  closure approach t o  accommodate the closure cap 
and an attexpt i s  made t o  i n i t i a l l y  weld the base of the cap t o  the 
cladding wall through small i n t e m d i a t e  rings wedged between the cap 
and the claddfng around the OD and I D  cladding. Examination of the 
closures indicated tha t  a very good weld w a s  established between the 
cap and the cladding when the element OD and ID cladding w a s  f a i r l y  
concentric. Eccentricity tended t o  allow uranium t o  "spike" by the 
weld during the following cap t o  uranium bonding. 
bonding appeared good i n  a l l  cases using a copper p la te  on the cap t o  
a id  i n  bonding. 

The uranium 

Cap t o  uranium 

NPR Fuel Element Charging Studies. 
element support continued i n  an attempt t o  charge the equivalent of 
one fue l  charge t h r o e  the t e s t  tube. 
singly. 
charged with no evidence of scratching. The monofilament drawline 
broke (due t o  previously incurred damage) a f t e r  charging the nine- 
teenth element approximately 10 t o  15 f ee t .  It w a s  then necessary 
t o  push the element out of the process tube w i t h  the tube cleaning 
device. 
using it f o r  t h i s  purpose. 
was flushed from the cleaning device during t h i s  operation. 
element supports scratched the process tube from 19 fee t  t o  the dis- 
charge end of the tube. 

Testing of the N-Reactor fue l  

All elements were charged 
The process tube was rotated and elements 2 through 18 were 

The cleaning device had been id le  fo r  about 10 days before 
A probabili ty ex is t s  t h a t  corrosion scale 

The 

The process tube w a s  recleaned and rotated t o  expose new surfaces t o  
the fue l  supports. Music wire, 0.030-inch diameter, w a s  substi tuted 
f o r  the monofilament drawline. Element 21 induced a very l i gh t  
scratch i n  the l a s t  f ive  f e e t  of the tube. Element 22 induced a 
scratch 18 f ee t  from the charge end of the tube. 
a t  the bottom of the tube which indicates the element was rotat ional ly  
unstable (rotated a t  l e a s t  45 degrees from gravi ta t ional ly  s table  
posi t ion)  and examination of the supports shows wear areas on s ix  
supports. 
def ini te  cause of scratch in i t i a t ion .  

The scratch i n i t i a t e s  

Detailed borescope examination has not yet yielded a 

N-Reactor Fuel Element Supports. 
established by Fm) t o  c r i t i c a l l y  review N-Reactor fue l  element support 
designs and c r i t e r i a  i n  view of modifications i n  the fue l  production 
process and t e s t  resu l t s  obtained since the or iginal  c r i t e r i a  were 
formulated. Assistance i s  being rendered i n  the design, fabrication, 
end tes t ing  of new support models. 
having different  longitudinal r a d i i  i n  the crown were made and 
tes ted  i n  compression f o r  two. thicknesses of Zircaloy-2. 
indicate some variations of these models may meet the proposed new 
strength and impact resistance c r i t e r i a .  

An interdepartmental task force was 

A s e r i e s  of outer support models 

The resu l t s  

I 2 3 b l i i l  
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In order t o  determine what designs a re  su i tab le  and what c r i t e r i a  can 
be sa t i s f i ed  by the supports, a se r i e s  of analyses a re  being performed. 
The analyses include: vibrational amplitudes f o r  a two component f u e l  
element w i t h  damping f o r  various support spring constants; bending re- 
s is tance f o r  various crown r a d i i  and width; and maximan e l a s t i c  energy 
absorption, deflection, and load f o r  various thickness tubular flow 
through supports. 
the present study of support design and support design c r i t e r i a .  

The r e su l t s  of these analyses a re  being factored i n t o  

m e  laboratory program t o  fabr ica te  a demonstration quantity of N inner 
supports consists of three phases -- material de\.elopment, forming 
method development, and the establishment of qua l i ty  control t e s t s .  
Tne material development phase of t i e  program hzs resulted in the pro- 
duction of Zircaloy-2 sheet cf higher bend d u c t i l i t y  than t h a t  of 
commercially produced sheet.  
i n  the  most duc t i le  sheet are based on extrusion as the method of 
p r i m ~ r y  reduction from ingot t o  sheet stock f o r  ro l l i ng  or rod f o r  
tzksheading. The crystallographic texture  i s  the controlling f ac to r  
i n  the  amount of bend d x t i l i t y  which can be i q a r t e d  t o  the  finished 
sheet. Extrusion r e su l t s  In  a favcrable texture which can be p a r t i a l l y  
retained through subsequent ro l l i ng  stages by proper control of working 
end ameal ing temperatures. Present indications are t h a t  ro l l i ng  and 
ertlealing temperatures should be much lower than those currently used 
is the commercial fabrication of Zircaloy-2 sheet. One fabrication 
schedule based en t i r e ly  on ro l l i ng  snows some proinise and i s  being 
c r i t i c a l l y  evaluated. This schedule involves cross-rolling and close 
temperatne control i n  the f i n a l  reductions. P i lo t  quant i t ies  of sheet 
from f ive  candidate scheddes have been prepared ead t e s t  l o t s  of N 
i m e r  supports w i l l  be fabricsted from each l o t  of material usirLg 
present production methods. 

The fabrication schedules which r e su l t  

The forming method developmeLt phase of the program has included the 
development of two d i f fe ren t  forming methods. Tne eqaipment f o r  these 
methods has been designed and i s  beirLg b u i l t .  A series of ameslling 
experine3ts i s  being conducted to es tab l i sn  t h e  e f fec t  of intermediate 
axineels in t h e  f o m i n g  FrGcess, 

Concurrerit w i t h  the experimmtal work cr: sheet fabrication schedules, 
variogs t e s t  methods have beer, zpplied t o  eacn Sa%ch of sheet prodxed 
in order t o  es2ablisn an acceptance c r i t e r i a .  
developed whlch s J i t ab ly  d i s c r i n k a t e s  Setween acceptable and non- 
zcceptable materizl. Tensile t e s t  r e su l t s  have been obtained on a l l  
experimental n z t e r i a l  and a re  being studied f o r  possible use i n  quzl i ty  
ccntrol.  S t ra in  neasureinents 02 t ens i l e  specimens have provided q.iali- 
t a t i v e  information on texturing i n  tne f'iqished sneet products. 

A bend t e s t  has Seen 
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2. REACTOR PROSRAM 

Gas Atmosphere Studies 

Oxidation of Zirconium and Zircaloy-2 i n  Carbon Monoxide. 
hydriding experiments have indicated negligible oxidation of Zircaloy-2 
i n  a H e ,  25 CO, 4$ H2 mixture inplying published data on zirconium 
oxidation i n  CO are i n  e r ror .  
conium and Zircaloy-2 have been measured i n  1 atm CO carefully purified 
of oxygen and water vapor over a temperature range of 390 t o  750 C.  
The masured rates a re  a fac tor  of 20 t o  30 lower than tne'published 
data,  suggesting previous workers did not take adeqJate precautions t o  
exclude water and oxygen from t h e i r  t e s t  system. The new CO oxidation 
r a t e s  confirm the Zircaloy weight gains measured in  the hydriding 
experiments and show wny CO i s  an ineffective hydriding inhibi tor .  

Previous 

The corrosion rates of c rys ta l  bar z i r -  

E lec t r ica l  Resistance Capsule. A capsule has been charged i n t o  the  2A 
t e s t  hole a t  KE t o  measure the  e f f ec t  of fast  neutron radiation on the 
e l e c t r i c a l  resistance of the  Zr@ corrosion f i l m  on Zircaloy-2. 
mediately a f t e r  reactor s tar tup,  the  resistance a t  450 C i n  an oxygen- 
helium mixture dropped from 60 mego'hms t o  120 K ohrrs, which i s  indica- 
t i v e  of a higher concentration of oxygen anion vacancies and in te r -  
s t i t i a l  defects i n  the corrosion f i l m  produced by the fast neutron f l u .  

returned t o  i t s  pre-irradlation value a t  450 C because the  elimination 
of the neutron f l u  redtlces the steady s t a t e  concentration of l a t t i c e  
defects e 

A p lo t  of log resistance vs lltemperature p r i o r  t o  reactor charging 
gave a slope of 10 Kcal fG the activation energy of tnermally 
activated electrons,  whereas a f t e r  reactor start.Jp tnere w a s  almost 
no variation of R v i t h  t e q e r a t u r e .  

Four days a f t e r  pure heliun was substi tuted fcr tne  heli.m-oxygen 
mixture the e l e c t r i c a l  res is tance,  in-reactor, of the  Z r  oxide began 
t o  decrease. 
the increase i n  the steady s t a t e  concentration of oxygen vacdncies 
result ing frorc the  l i n i t e d  availa-Elli ty of oxygen t o  f i l l  l a t t i c e  
vacancies. 

Im- 

After three days, the reactor sh?Jt down and the resistance immediately 
( 3  

The decrease ic resistance i s  t h o x h t  t o  be caused by 

The in-reactor measurements confirm the genersl picture of the elec- 
t r i c a l  conductivity mechanism of Zr@ on zirconium. 
conductance i s  a function of the electrons associated with corrosion 
prodwed oxygen vacancies, radiation produced defects, and t i e r n a l l y  
activated electrons and holes. Holding any two of these environmental 
varitlbles constant and varying the t h i r d  produces the  expected r e su l t s  
i n  f i l m  res is tance.  

The t o t a l  measured 

Experimental ver i f icat ion of a radiation induced 

http://start.Jp
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increase i n  Zr@ fi lm conductivity implies creation of both oxide 
vacancies and i n t e r s t i t i a l s .  The increased Zircaloy corrosion r a t e  
meastued i n  a previous capsule experiment i s  thought t o  result from 
accelerated oxygen diff7sion via radiation induced oxide l a t t i c e  
defects. 

Graphite Burnout Mmitoring. 
channel 3580 at. F Reactor continue t o  be low. During the l a t e s t  
t e s t  from July 2 t o  Adgust 26, 1962, no sample was  oxidized a t  a 
r a t e  greater than 0.72 percent per thousand operating days (KOD). 
A p lo t  of the ra tes  against stack posit ion showed a gradual decline 
from OO72$/KOD a t  60 inches t o  O.kO$/KOD at  190 inches. 
no d i s t i n c t  peak a t  80 t o  100 inches as would be expected i f  oxygen 
were present i n  the reactor gas atmosphere. 
burnout i n  t h i s  t e s t  was d.Je t o  the radiation-inihced Copgraphite 
reaction. The gradual decline of the r a t e s  is  probably due t o  the  
inhibit ion of the reaction product carbon monoxide. 

3Jrnout r a t e s  on S m a l l  specimens i n  

There w a s  

It i s  possible t h a t  the 

Burnout r a t e s  on small specimens were a l so  measured a t  B Reactor i n  
channel 3461. 
a t  140 inches in to  the graphite stack. Except t h a t  the peak height 
i s  a l i t t l e  lower, the  r e s - d t s  a re  the same as f o r  the two previous 
t e s t  periods from April 7 t o  J m e  16, 1962, and from June 16 t o  
July 23, 1962. The reaction responsible f o r  t h i s  peak i s  not f u l l y  
understood. 
graphite reaction. 
and an estimated average of 15 percent CO2 aad a graphite temperature 
of 650 C (obtaiaed from P. J. Zhnerman, B Reactor engineer), t ne  
calculated r a t e  i s  not grea te r  thax O.l$/KOD. The water-graphite 
reacticn seems ml ike ly ,  tco,  Secause F-Reactor consistently operates 
wetter and yet shows lower b-moLt ra tes .  Furzhermore, the peak 
seems t o o  far dowlstrean f o r  t h e  Opgrapliite rezction; i n  t e s t s  a t  
an,other reactor where there w a s  a kaown a i r  leak,  the peak occurred 
i n  the area 80 t o  100 2nches i n t o  the grapkite stack. Other possible 
explanations t h a t  involve radlation-induced cxichtion z re  being 
checked. To shed mare l i g h t  or\. t h i s  problem two additional c h x i x l s ,  
0373 and 1366, were chzrged w i t h  b..ixrrloxt monitors. !The t e s t  i s  
scheduied fcr  Ziscnsrge l z t e  ir, October. 

The r e su l t s  showed a ra ther  sharp peak of 4.8 $/KOD 

The rate seems too high f o r  the thermally induced Co;! 
Using Burtonrs data (R.  E. Woodley, m-74663, p .  8)  

Corrosion and Coolact Systems Development 

Corrosion of Zircaloy Ur,der Heat Transfer Conditiors. 
t r a m f e r  t e s t  was i n i t i a t e d  dilring the month. A Zr-2 clad heater 
operating a t  a heat f l u x  of 280,000 Btu/nr-ft2 w a s  equipped w i t h  
thermococples both i n  and a2Jacent t o  the clad and exposed tc, l iThiated 
water a t  a pH of 10.0 and a pressure ~f 2000 ps ia .  

The f i f t h  heat 

The loop temperature 



was adjusted t o  628 F a t  vkich polnt the i n i t i a l  surface temperature 
was measured a t  635 F or s l i g h t l y  below nucleate boiling. 
of the temperature drop across the water fi lm, oxide film, and crud 
fi lm i s  accomplished by comparison of the  thermocouples i n  and out of 
the cladding. An i n i t i a l  value of 8 F w a s  obtained on the  uncorroded 
etched sarface. During the f i rs t  50 hours the  A T increased t o  11 F 
and s teadi ly  increased t o  a value of 26 F up t o  420 hours. 
time the t e s t  w a s  interrupted to perform a 53-hour t e s t  a t  80 C and a 
pH of 5.0-5.6 using CQ f o r  pH control. 
support of the PRTR decontamination e f f o r t  and w a s  conducted with t h e  
heater i n  place but not operating. 
operation of t h e  heat t r ans fe r  t e s t  w a s  resumed. 
creased t o  23 F on s t a r tup  and slowly s t a r t ed  again; af ter  447 hours 
t o t a l  exposure, the A T w a s  24 F. 

Measurement 

A t  t h i s  

This short-term t e s t  w a s  i n  

Following flushing of the loop, 
The A T had de- 

Corrosion Studies i n  Decontaminating Solutions. 
comleted t o  evaluate a commercial decontamhant based on ammonium 

Corrosion tes ts  were 
.. 

c i t r a t e .  The corrosion ra tes  of carbon steel  were about twice those 
experienced w i t h  a compound formulated a t  HAP0 (0.08-0.09 mil/hr as 
compared t o  0.04- 0.05 mil/hr ) a 

Dissolved Oxygen Analyzer. 
solved oxygen analyzer w a s  completed. 
Response time measwements f o r  detection of concentration changes i n  the 
coolant during on-line operztion indicate t h a t  response i s  complete in 
40 seconds. 
nearly three mntues unless the e l ec t ro ly t i c  ca l ibra t ion  c e l l  po ten t ia l  
i s  adjusted t o  just  below the mlue  required t o  i n i t i a t e  e lec t ro lys i s  
just p r i o r  t o  cal ibrat ion.  
reduced t o  50 seconds. Tois varitition i s  due t o  t rans ien t  conditions 
i n  the  ca l ibra t ion  c e l l  when the po temia l  i s  instantaneously increased 
from 0 t o  the value rEquired t c  gecerste a h o w -  oxyGen concentration. 

Laboratory evaluation of a commercial dis-  
System performance i s  sat isfactory.  

k a l y z e r  response t i m e  during cal ibrzt ion,  however, i s  

In the  l a t t e r  case the response time i s  

Evaluation of T h e m c o q l e  Slugs fcr In-Reactor Tests, 
coupie slugs with brezed Zr-2 clad thermocouples were received and 
charged. 
142+ hours of operatioz, the  Loop TF-g w e s  discharged. 
element No. 4, xes severely ruptured. The fe i l -ne probably occurred 
a t  the welded end cap. Based cn t h i s .  It has been decided thaz tne 
elements f o r  the reactor u l l l  have both end caps brazed, s ini lar  t o  
those O f  a typical  NFR fue l  element. 
visually examined; it w a s  covered with a l ayer  of brown crud but 
appeared t o  be sound. 

A t e s t  OF a Zr-2 clcd the,mocoupie was completed z f t e r  1014 hours. 
Tne thermocou?le surface w a s  very rough. 

Three thermo- 

Two elements were placed i n  TF-9 and cjze i n  TF-7; a f t e r  
The upstream 

The upstream element No. 2 w a s  

It was p i t t e d  ( p i t s  

I Z 3 b - ' 5  I 
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approximately 7-10 mils deep), and there  were several  patches of white 
oxide covering approximately 35% of t h e  surface. 
marks where rubbing had occurred, but there  w a s  no evidence of f r e t t i n g .  

Evaluation of Low pH and Low Dichromate. 
e f f ec t  t o  evaluate corrosion of f u e l  elements in water a t  low pH (6.6) 
and low inhib i tor  concentration (1.0 ppm dichromate). 
elements w a s  discnarged and i s  being examined f o r  general and localized 
corrosion. Preliminary measxrernents indicate tha t  t o t a l  corrosion of 
aluminum i s  s l igh t ly  grea te r  i n  tne water w i t h  reduced inh ib i tor  than 
i n  the  standard process water, a t  pH 6.6. 
from two tes t  locations were 1-95 1151s and 1.99 mils a f t e r  14* weeks of 
exposure, while control location values were 1.62 mils and 1.75 mils. 
Additional measurements of aluminum corrosion, and of carbon s t e e l  
corrosion, a r e  being made. 

There were wear 

One production t e s t  i s  i n  
- 

One set of 

Average corrosion values 

S t ruc tura l  Materials Development 

Prototype Irradiated Burst T e s t  Equipment. 
burst  t e s t ing  i r rad ia ted  tube sections has been modified t o  minimize 
specimen temperature variations. A new tes t  assembly support base has 
reduced the convective and conductive heat loss  from around the  bottom 
of the specimen; rewiring has provided the option of varying the r a t i o  
of heat input t o  the  bottom and top  of the  furnace; and a new i n l e t  
arrangement introduces the  incoming high pressure water near the  top of 
the  specimen. 
the  length of the  sample w a s  21 C a t  steady s t a t e ,  and 32 C when tne  
sample burst. 
5 C a t  steady state and 2 C a t  the time the  sample barst with a tempera- 
t u re  drop of 8 C i n  t h e  in te rva l .  

The prototype equipment f o r  

Before the modification, the  temperztu-re variation over 

After the modifications the  temperature d i f f e r e n t i a l  w a s  

GraDhite Studies 

NPR Graphite I r radiat ions.  
i n  the se r i e s  of long-term i r rad ia t ions  of NPR graphite was  removed 
from the General Elec t r ic  Test Reactor on A u g d s t  24? 1962. 
w a s  successfully i r rad ia ted  f o r  four reactor cycles o r  a t o t n l  of 
96.6 ef fec t ive  days a t  f-dl reactor power. Tne reactor cycle Just 
p r i o r  t o  capsule remval  w 2 s  a non-operating cycle s o  the grapnite 
received a radiation e q o s n e  of approximately 60 percent of t h a t  o r i -  

scheduled. The maximum sample exposure i s  estimated t o  be 
~ i ~ a ~ 3 1  nvt,  E) C.18 MeV, which i s  en,ulv&le,?t t o  approximately two 
years of exposure i n  the  NPR. 
annulus between tile inner end outer tiemocoulsle leadout tubes appar- 
en t ly  provided adequate shielding f o r  t i e  thermocouple connector as 
there  w a s  no evidence of f z i l u r e  of t'nis sea l .  

The t h i r d  f irst-generation capsule, H-6-1, 

The capsule 

Tne lead vnick had been melted i n t o  the  
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The H-6-1 cpasule was disassemLled i n  t-le n o t  c e l l  and found t o  be i n  
good condition. 
samples i n  posit ions 4 arid 5 ,  which operate a t  t'ne highest sample 
temperature, approximately 800 C. 
on the exposed external surfaces. 
the primary length measurements, were protected by the s a q l e  holders 
and were i n  exce l le r t  condition. 
thicker than i s  typ ica l  f o r  these capsules w a s  observed on the inner 
wall of the aluminum she l l  and inside of the bottom p l q .  
probably a resu l t  of the sample erosion and redeposition. 
t h i s  deposit i s  being returned t o  HAPO f o r  analysis.  All  samples and 
flux monitors were recovered and a re  being r e t u n e d  t o  HAPO. Eight of 
the nine thermocouples i n  the capsule operated sat isfact .or i ly  f o r  the 
en t i r e  i r rad ia t ion  period; number 9 f a i l ed  approximately 11 days p r io r  
t o  the end of the i r rad ia t ion .  
me  of the wires a t  the bend where the thermocouple enters  the sample. 
Calibration w i l l  be checked on three of the thermocouples. 

"here was  a s l i gh t  amount of surface erosion on the 

This erosion w a s  i n  evidence only 
The s a q l e  ends, which are used f o r  

A carbon and graphite deposit s l i gh t ly  

This was 
Some of 

The f a i lu re  w a s  caused by a break i n  

The second second-generation capsule, H-5-2, irL the  NPR se r i e s  w a s  
i n s t a l l ed  i n  the GETR on September 1, 1962. 
s ta r ted  up on Cycle 37 so tha t  capsule operation i s  not yet known. 
The s t a tus  of the first second-generation capsule, E-4-2, is unchanged 
from las t  month. 

The reactor has not 

Stored Energy. Ori September 8, I r rad ia t ion  Testing Operation, IPD, 
obtained 19 samples of the moderator graphite from two process channels 
of D-Reactor, m e  neatroc exposure to D-Reactor moderator has more 
than doubled since the las t  core samples were obtained i n  March of 
1958. 
changes which nave occurred i n  the t o t a l  stored energy content since 
March 1958. 

These core samples w i l l  therefore be used t o  determine the 

X-rey measarerents of the c rys ta l  parmeters  e re  being obtained a t  
1 /16 - in~h  in te rva ls  alcng the samples. 
w i l l  be sectior,ed in to  three par t s  and s e s t  t o  LE3.S f o r  t o t a l  stored 
energy measurements. It i s  expected tha t  the stored energy r e su l t s  
w i l l  be available from I?BS in about four months. A2 t ha t  time the 
X-ray measureaents and t o t a l  stored energy data cac 3e combined t o  
provide ar, est im.te  of the t o t e l  stored energy d is t r ibu t ion  wlthin the 
process tabe blocks. 
between 7 f t -6  inches and 16 f t - 4  inches of 2 1 7 ~ ~  and the  region or" 
maximm eqans ion  i n  2495-D. 

Eleven of these core samples 

!This information w i l l  be available f o r  the region 

The remaining eight  samples w i l l  be used t o  o j t a in  the stored energy 
release spectra and r a t e  of release zt t e q e r z t u r e s  below about 900 C. 
These data w i l l  make it possible t o  r e - e n l u a t e  the conditions under 
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Run - 
34 

35 

which 8 stored energy release could occur and the e f f ec t s  of such a 
release.  

The x-ray data obtained t o  date indicate t h a t  there  probably have 
been increases i n  the  t o t a l  stored energy content of the graphite i n .  
sp i t e  of the  increase i n  maximum graphite t e q e r a t u r e  a t  D-Reactor. 
However, the  magnitude of tne changes cannot be determined u n t i l  the  
t o t a l  stored energy data a re  obtained from NBS. 

Thermal Hydraulics Studies 

Visual Studies of the Effects of Fuel Supports on Boiling. Laboratory 
experiments were continued i n  the s t - A d y  of h- -at t r ans fe r  conditions as 
affected by devices used t o  center fxe l  elements i n  the process tubes 
of the  Hanford production reactors.  
mznts consisted of a 1.340-inch OD e l e c t r i c a l l y  heated tube placed in- 
side of a 1.504-inch ID glass  tube w i t h  water coolant flowing in  the 
arnulus between the two tubes. 
several d i f fe ren t  types of centering devices attached t o  the heated 
si=faces. These included BDF reactor ty-pe bumpers, a new submarine 
shaped bumper, a BDF t j p e  of self-support wnich had been intent ional ly  
cArushed, and an aluminum oxide support often used f o r  e l e c t r i c a l  in- 
sulation or" t e s t  sections i n  the neat trLinsfer laboratory. 

The tes t  section f o r  these experi- 

The e l e c t r i c a l l y  heated tube hzd 

The experiments were run a t  flows corresponding t o  two d i f fe ren t  con- 
d i t ions  existing i n  the  flow annuli of f u e l  elements i n  a reactor; 
these were 32.4 g p m  representing a reactor cent ra l  zone tube and 18.6 
gpm representing a reactor fringe zone tcbe.  
high speed motion pictures w e r e  made of the tes t  section while the heat 
generation w a s  gra?..xlly increased. 
dzta. 

Visual examination and 

?"=e following i s  a sunmary of the  

Max. Heat F l u  
Conditions Btu/hr-so_ f t  Comments 

Fringe zone - t e s t  section w i t h  206,000 No v is ib le  boi l ing.  
submarine shaped bumpers placed 
40$ off center toward w a l l  of 
g lass  tube. 

306 000 A f e w  very f ine  bubbles 
were formed i n  a scrztch.  
They formed slowly and 
were swept away ra ther  
infrequently. 

No v is lb le  boiling. 

A few f i n e  bubbles were 
originating undernestn 
one bumper. No general 
sm-face boi l ing.  

11 

Same as ~ u n  34 except cent ra l  458,000 

918,000 
zone conditions. 687, ooo I1 11 
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Max. Heat Flux 

c 

c - 

Run - 
36 

37 

38 

39 

40 

Conditions Btu/hr-sq f t  

Fringe zone - t e s t  section with 
aluminum oxide supports placed 
30 t o  40s off-center toward wall 
of glass tube. 

Same as  ~ u n  36 except central  
zone conditions. 

Fringe zone - t e s t  section with 
BDF type bumpers placed 5O$ off- 
center toward wall of glass tube. 

same as ~ u n  38 except central  
zone conditions. 

Fringe zone - t e s t  section with 
BDF blurrpers and crushed se l f -  
supports alternzted along the 
length placed 50% off-center 
toward wall of glass tube. 

310 000 

407, O O W  

707 , 000 

206,000 

305 7 000 

458 000 

5997000 

205 000 

305,000 

453,000 

Coments 

A few small patches of bub- 
bles  were formed on the rod 
surface away from support. 
Bubbles were very f ine ,  
formed slowly, and were 
swept away infrequently. 
An occasional bubble was 
formed i n  rod s l o t  a t  down- 
stream of one support. 

No vis ible  boiling. 

A few f ine  bubbles origina- 
ted  under one bumper. Also7 
a small patch of rather 
s table  bubbles existed i n  
the wake of one bumper. 
Steady stream of bubbles 
issued from under sides and 
downstream of one bumper. 

between bumper and glass.  
A few bubbles formed SlOWly 

A few f ine  bubbles origina- 
ted  under downstream end of 
one bumper. 
A steady stream of bubbles 
were coming from under 
sides and downstream end 
of bumpers. 

A few f ine  bubbles issued 
from downstreem end of 
30th type bumpers 
Subbles issued from under 
rll b:lmpers s tesd i ly .  
Greater quantity of bubDles 
issued from under bumpers. 
No detectable difference in 
sapport type used. 
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Max. Heat Flux 
Run Conditions Btu/hr-sq f t  - 
41 Same a s  Run 40 except central  460, ooo* 

zone conditions. 

696, ooo 

910, ooo 

Comments 

Small number of bubbles 
issued from under both 
bumpers. 
Steady streams of bubbles 
from under both type 
bumpers. 
No def in i te  difference be- 
tween two types of bumpers. 
Very severe wakes downstream 
of bumpers which were dom- 
stream of normal viewing 
posi t ion - appeared t o  be 
near burnout conditions. 
Steady bubble streams from 
b q e r s  i n  normal viewing 
F os i  t ion. 

. 

*High speed motion pictures  were not taken of these riLns. 

It w a s  concluded from the observations tha t  considerable boi l ing would 
take place on the f u e l  elements i n  the v ic in i ty  of the centering de- 
vices when the f u e l  was allowed t o  become greater  than 4 6  off-center 
toward the wall  of the process tube. It was a l so  concluded from visual  
observations tha t  there might be a considerable difference between jus t  
one element being placed off-center and the case where a l l  the elements 
i n  a tube were off-center.  
examine the case where the f u e l  elements were 1005 off-center and 
res t ing  against  the tube w a l l .  

Additional experiments were planned t o  

Cr i t i ca l  Discharge Rates of Steam-Water Mixtures. 
ments were 

Additional experi- 
t o  determine the flow ra t e s  t h a t  e x i s t  when higq pres- 

sure steam-water mixtiires are  dischzrged from a pipe i n t o  atmospheric 
conditions. Such information conce,rninE; c r i t i c a l  flow i s  of value i n  
reactor hazards calculations involxing piping breaks. During the ex- 
periments seven constant press-we blowdowns o? a 1000-gnilon water tank 
resulted i n  30 steady s t a t e  data conditions. 
stored i n  the  pressurized tank a t  the following temperatures and 
pressures. 

For the runs water w a s  

\ 
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This rater 

Run No. Tempe r a t  ure Pressure 
(OF) -ma 

1 
2 
3 
4 
5 
6 
7 

450 1000 
5 00 750 
5 00 1500 

500 2000 

550 2000 

500 1500 

550 1500 

ras allowed t o  expand t o  the atmosphere through a 1/2-inch 
f l o w  passage, and the maximum discharge ra tes  were measured along with 
the  axial pressure prof i les .  A valve was placed upstream of the t e s t  
section t o  s e t  the t o t a l  flow resistance i n  the flow path, and there- 
fore s e t  the  desired magnitude of the pressure and steam quality a t  
the in l e t  of the t e s t  section. Flow rates  from about 200 t o  1500 lb /  
minute were observed and ax ia l  pressure gradients greater than 1000 p s i  
per inch were measured near the discharge end of the flow passage. 
With such tremendous f l o w  ra tes  and pressure gradients, it is doubtful 
t ha t  there i s  suff ic ient  time t o  allow the required t ransfers  of heat 
and mass necessary for equilibrium expansions. Furthermore, no abrupt 
changes in the pressure gradients near the discharge were detected as 
was the case of c r i t i c a l  discharge occurring a t  lower pressures studied 
ea r l i e r .  These two factors  suggest t ha t  the method of correlation used 
i n  the past  by many investigators i s  inadequate t o  describe the occur- 
rence of the phenomeaon a t  high pressures. 

Be WEAPONS - 3000 PRERAM 

Research and development i n  the f i e l d  of plutonium metallurgy continued i n  
support of the Hmford 234-5 Building Operatioas and weapons development 
programs of the University of California Lawrence Radiation Laboratory 
(Project Whitney). 
dis t r ibut ion lists appropriate t o  weapons development work. 

Details of these a c t i v i t i e s  a re  reported separstely via 

1 2 3 b 1 5 1  



UIELASSIFIED A - i 6  

C. REACTOR DENELOPMENT - 4000 PROSRAM 

1. PLuTmIuM RECYCLE PROGRAM 

Plutonium Fuels Bveiopment 

I r radiat ion of Special Elements i n  the PRTR. 
records indicate tha t  the fa i lure  of zy MgO-PuO2 element i n  tne PIiTR 
during Al lgus t  occured a f t e r  about three hours of 60 MW reactor 
operation, and tne elemeot was discharged a f t e r  about 160 hours of 
f u l l  power operation due t o  excessive coolant ac t iv i ty .  Radio- 
metallurgical exadnat ion of the ruptured rod, now under way, showed 
the cladding had swelled i n  the  immediate region cf the f a i lu re  and 
the t  the l a t t e r  was of a ducti le type. 
an in te rna l  pressure, perhaps from steam pressure as  a resu l t  of 
waterlogging analor from a volume increase of MO as a resul t  of 
hydration. 
f a i lu re  were unchanged except fo r  a localized diameter increase which 
occurred about. two inches below the fa i lure  (aa increase of 0.036- 
inch) and orie which occurred about s ix  inches above the f a i lu re  (an 
increase cf 0.013-ir,~h). Tne swelled areas were sectioned longi- 
tudinal ly  axid showed tha t  the core vashcut has proceeded t o  these 
points and tha t  some hydration of the MgO had occurred. 

Process tube ac t iv i ty  

These observaticm suggest 

Rod dizneter Iceasurements taken on each side of the 

Autoradiographs mde by exposing the ruptured rGd t o  &ass show a- Yeas 
of high f i ss ion  product concentratiory caused by plutonium segregation 
in the f u e l  materiel. ICY is  possible, but most u c i k e l y ,  tha t  such 
an area of higher heat geEeration contribut-ed t o  the Tailure; there 
were no iLdications of c l a d d i q  burnout or ror?miform discoloration 
of the cladding SLIY ace 

Tfie cladding near one eEd of the  rupture i s  beisg examined metallo- 
graphically. 
were n3 claddir-g defects such as loag i r t e m z l  cracks; there is GO 
cbservabie reacticn between the Hgo-pu@ c c e  azd. the Zircaloy clad- 
5 L ~ g ;  the zizcr,i;zr; hydride -cr-,cectraticL i s  a-JoiJt ~ o m l  f 3r au-Lo- 
clzve cested zircoziurr; +,he fracture  wap iiuc',iie; a d  The cladding 
skructu-re in some areas i s  character is t ic  of a straixied na te r ia l .  
Exaoirzation of the cladding aLcng the en t i re  iength of the m p t u e  
is  continuing 

Results of t h i s  e x e a t l o r :  t o  date b d i c a t e  t h a t  there 

UOZ-PLLO~ Capsule Irradiations.  
ciensity UO2-2.57 mole percent Pu@ arid havirig ar, i r rad ie t ion  eqosu re  
GZ abcc$ 3 x 1020 ~ ; s s i o n s / c d  c r  ~ O , O G C I  MXD/~CE of W ~ - P L O ~ ~  WES 
mezs-ill-ed and shows E IIBX~EJE clzdding dianeter irxrease of 0.014-inch 

Capsule GEH-14-85, contahing nigh 
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or  2.4 percent. This capsille 
of U@-Pu@) are currently being d r i l l e d  f o r  f i s s ion  gas collection 

GEH-14-86 (exposure - 5600 m / t o r i  

and analysis. 

PKTR Prototype Irradiatior,  Testing. Examination of the 42-inch long 
cosine enricned U@-Pu@ seven-rod cluster  i s  continuing in Radiometal- 
lurgy. Dark spots on the external surface of the fue l  rods are  
associated w i t n  high plutonium coIicerii;ration regions and resu l t  from 
localized areas of higher surface heat f l u e s .  A transverse cross- 
section was made thro-h one of the dark spots indicated on the exterrial 
cladding surface. A reaction layer had formed on the Zircaloy cladding 
a d  a high porosity pa r t i c l e  (probably high in plutonium concentration) 
was bonded t o  the claddillg. These observatlms are  indicative of high 
fue l  temperatures next t o  the cladding caused by plutonium segregation. 

Phoenix Experiment. The plutonium burnup experiment designed t o  in- 
vestigate the effect  of burnup on the reac t iv i ty  of high eqosure  
plutonium is  continuing. Current s ta tus  of the samples is as follows: 
the sample which cor.taics PlutoEium which i n i t i e l l y  had 6.25 perceLt 
P~-240 (GEH-21-1) has received f ive  cycles cf i r radiat ion and i t s  re- 
ac t iv i ty  has been measured i n  the ARMF; tne sample conzaining plutonium 
with 16.33 percent hr-24C (GEH-21-31 has beer: i r radiated fo r  i t s  s ix th  
cycle; and the sample cclltaining plutonium with 27.17 percent Pu-240 
(GEH-21-19) has been i r radiated for six cycles 2nd ARMF measurements 
have beer2 ccmpleted. G o a l  exposure of these samples i s  Seven MTR Cycles. 
Continuous react ivi ty  measurements were s ta r ted  on GEX-21-3 withic s i x  
hours a f t e r  the MIX shutdown following i t s  s ix th  cycle of i r radiat ion.  
Tne purpose of t.his t ransient  measurement i s  t o  determine the reac t iv i ty  
e f fec t  of the short-lived f i ss ion  products, A s k i l a r  measurenrc3nt was 
made cn the same s z q l e  folfcwing i t s  f i r s t  cycle of i r radiat ion.  

Preliminary data k d i c a t e  t.hat the s q l e  which c o n t s k s  27.17 perceLt 
P,i-2&0 has about f ive percerit mare reac t iv i ty  than the s q l e  which 
comains 6.25 perceat Pu-240 a f t e r  about tnree cycles of i r radiat lcn.  

Four of the eight i r r s l i a t e d  MgO-PA& capsdes  are  beirg examine5 i n  
Radionetallurgy. 
13.5 w/o Puw material. m e  Pu@ is razdody dis t r ibuted i n  tne MgO 
matrix in the equiaxed grz-En growth regicns as  well as the columnar 
g r a h  growth regiocs vhere recrystall izatior- and g r a b  growth has GC- 
curred. The populatiorl density of the PuO2 par t ic les  i s  essent ia l ly  
uchznged regardless of structure changes which have oscurred in the 
surromding matrlx. 
t o  the ceriter vzid which suggests that sclne of the PuQ has vapcrized 
a t  t‘ne very high central  cere temperatures 233 redeposited in  cooler 

Tae PLI@ secos;l phase i s  clear ly  ti,sible i r ~  the &O - 

Tnere i s  a 1in;ited Pu@ deficiect  regior; adjacent 

UNCLASSIFIED 
zones 



UNCLASSIFIED A- 18 m-75127 

Extended Surface Plutonium Fuels. 
c ipzl  problem preventing scale-u;, of the rcll-clacidizg process. 
ten-gram pieces of Pu-Zr a l l o y  cores have been rol l -c lad successfully. 
These p la tes  were sheared w i t h i n  1/4-ixich of the core without en- 
counter- contamixiatiozl. However, when the s i ze  of the ccre w s s  in- 
creased t o  25 grams, widespread contamination cccllrred on the outside 
of the finished p1at.e a f t e r  roll-cladding. Sniearable contamination 
could be removed, but nocsmearable contaminaticn existed throughout 
the bond zcne between the plates.  
was electroplafyed or, the surface of the piutorium-zircoEium alloy. 
the proper etchiog ar?d platiIig conditions the alloy was completely coated 
s o  tha t  no smearable cmtamination was detectable. Twc coFper plated 
cores which ked very l c w  l eve l  ccnta-ation on the surface were 
assembled i n  sar,dwich and roll-clad.  In both cases widespread coI;tami- 
nation existed oc the p la tes  a f t e r  rol l ing.  
w a s  higher f rcmthe  copper plated cores thac from bare cores. 
cause of the increased ccctamination i s  beiog investigated. In  order 
t o  determine the ef fec t  of the copper on tne core-clad bond, one of tne 
plates  w a s  destructively tes ted.  
duct i le  as the parsot metal ir: th i s  qual i ta t ive t e s t .  

Cmtamination coztrol i s  the prin- 
Bare 

To prevent t h i s  coztanhation, copper 
With 

Tine cootandnation l eve l  
The 

"lie bcnd appeared as strcng m a  

Urmium Fuels Develcpme-n_f 

I r radiat ion cf a Large Dismeter UC@ ROB. 
Uo;! fue l  rod (GEd-12-29) in the ETR-pI lmp vas ternineted when the 
eiement develqed a ckdding s p l i t  e t  approximteiy cne-third the desizn 
heat output ra te .  
bulge alid a spli', in t h e  cluidicz; .  
(0.010 t o  0.32C-iccn) a d  circumr'erm.Gial ricges 2r: the  Z r - 2  cladding 
vere o'cserveci w i t h  the  heigii t  of ::E ricges ( O o C G j - z c l z  maximum) greatest  
near the niid-ylsne cf the eiement. 

Irra&istior.  of a 2.33-inch 02 

preliminsrjr post-irrsdiation exzninatim revealed a 
k s i p i f 5 c m t  dicmet.er increase 

3kamir;atiorr of the crcss-secticn revealed a cezltral void. surrounded by 
large columzlar g r a b s .  Tne axpearaxe s - ~ g e s t s  thet. t.be ceztral  E@ 
reached a higher terperat.ure thm eLticipated. 
indicates thz t  a severe 2:azetrzl vclris':icri i - r -  nezfr.z,r- f lux existed 
during the siicrt i r rad is t ioc .  
t o  cievelq a li~t spot r:ezr the rddplane, sukseqcentiy wernezting tne 
fiJel 2nd cladding t o  cause t h e  bulge m-ci s p l i t .  

The f u e l  s t ruc t - ce  

Bor,?Fr-g of tne elemer-t. woilc? be expected 

Remote Fabricat im Studies. The fuel element reaote fabrication c e l l  
now includes the folloving Dperatirrg units: 

a .  A weldkg +,urr,table with preset r c t s t i och l  speed control 
(k 1 pereel;t). 



UNCLASSIFIED A- 19 Hd-75127 

b. A welding power supply with a contrcl c i rcu i t  t o  provide 
accurate synchronization with the turntable. 

c.  A two camera closed c i r c u i t  TV in s t a l l a t ion  fo r  remote 
viewing. 

An overhead beam vibrational compaction system modified 
t o  t e s t  the character is t ics  of different  beamlengtiis and 
stiffnesses.  

d.  

An experimental iner t  gas welding chamber, designed t o  provide accurate 
placement of the welding electrodes with a var ie ty  of tube sizes, was 
received. 

Thermal Hydraulics Studies 

Shutdown Cooling of the PRTR. 
elements i n  the PIiTR duriag a t o t a l  power outage were coatinued. 
discussed i n  the l a s t  mcnthly report, resu l t s  of pressure-drop mea- 
surements during low flow through the primary system bd ica t ed  the 
poss ib i l i ty  tha t  liquid natural  cosvective circulation ra tes  would be 
hadequate t o  prevent bcil ing and vapor binding i n  the system. Lc 
addition, calculations indicated t h a t  injection of l i gh t  water i c t o  the 
system wouid nct assure prevsition of excessive fue l  temperatures eLther 
since adeqJate cooling might not exis t  d u r i r -  the 15 minutes it would 
take t o  depressurize tie system t o  where l i g h t  water could,be injected. 

Studies pertaining t c  cooling of fue l  
As 

Additicnal calculztiom have been performed concemiag the method of 
coolhg  by injectiori cf l i g h t  water. 
z i n g  the  primary system frcm qeratixig pressure t o  the 500 p s i  avail- 
able f r o n t h e  diesel  well pump i s  bf luecced  for the nost par t  by the 
flow resistaLce through the vent valve as the  primary coolmt leaves 
the systen. PrelFmicary calculatiocs indicated that the ine t a l l a t ioc  
of a four-inch vezt valve in additioz t o  the  ex is t iag  two-in& wive 
would resu l t  ir: tie depressurization being accoqlis‘ned LE a t k n e  short 
emougn that  tnere wo-dd ’L-e l i t t l e  dcubt of adeqiate c o o l k g  2urir.g the 
iiepreasllrizztion t i m e .  

TLe time hvclved Fn depressuri- 

Ccmpor2er;’L Testing a d  EquipmeLC, Development 

PRTR bkchaaical Shim Rcds. Detailed design on the second generatior 
mcnar ica l  shin; rod i s  approximately 855 cozrpleted. 

S Q i m  rod Ehvironnent Control Test Fac i l i ty .  
vi,romental t e s t  f a c i l i t y  was resumed following a period of inac t iv i ty  

Work on the shim rod en- 
~ 

due t o  a shortage cf c rz f t  personrel and higher p r i c r i t y  work. 
caticn and in s t a l l a t ion  of t i e  f a c i l i t y  i s  approximateby 4 6  coq le t ed .  

Fabri- 

UNCLASSIFIED 
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~ a - 1  Renovation. 
sonnel i n  opera thg  and min ta i r ing  tne press;lrized water loop used 
f o r  equipment developznt . Ins tz l la t ion  of e l e c t r i c z l  power w i r i n g ,  
controls, and new safety c i r c u i t  w a s  completed. The repairs  of the  
p,ump motor and stationzry f i e l d  adJ*s ta%le  speed dr ive w a s  completed 
by the of f - s i te  vendor and the repaired u n i t  vas snipped on SeptemSer 19. 
Fabrication and in s t s l l a t ion  of new stainless s t e e l  deicnized water 
piping and a steam condensate supply t o  tne deicnizers i s  EO$ completed. 

Fret t ing Corrosion Investigation. Investigztion of equipment and tes t  
procedwes t o  detect  r e l a t ive  notion oi a I'uel element i n  a PRTR pres- 
sure tube momted in  the EDEL-I loop continued. Bencn t e s t s  t o  deter- 
nine the  s u i t a b i l i t y  of eddy c-rrent techniques t o  measure r e l a t ive  
vibratory motions of a PIiTR f u e l  element 2nd press -ne  t ihe were con- 
tinued by Fkysical Measuremats Operation. Methods t e s t ed  iccluded 
(a) single  sensing element c i r cu i t s ,  (b) single-coil, dual-sensing- 
element circ..Ats, and ( c )  double-coil, dual-sensing-element c i rcuizs .  
Additionally, the  poss ib i l i t y  f o r  use of twc-frequency excitation which 
would permit the added determination of: r e l a t ive  v i j r e t ion  of the Pael 
element and shroud tube v2s giver, cursory SzUdj'. 

A l l  of the  c i r cu i t s  examined provided s e n s i t i v i t i e s  (measured a t  the  
t e s t  c o i l  terminals) of approximately 1.0 mv per  1 m i l  of r e l a t ive  
movemert of tne  fue l  e1emer.t with respect t o  t h e  press -ae  tube. 
t i v i t y  of the shroud tube notion was lower by a f ac to r  of aboct 6:  
however. 

preparation was s tz r tod  of mnual  t o  a id  new per- 

Semi- 

As yet ,  110 choice has been made of the spec i f ic  nzzhod t o  be pnrsued 
for develo2ment 

P€U'R Shroud Tube Replacenezt Mccla~. 
p i t  and in s t e l l e t ion  of the cz~sson f o r  h c x i c g  the  shroud tube re- 

EkcLvation cf t h e  32-foot deep 

placernerit niocir~p w a s  Ticis3zed. 
&ro;u=d the  caissoa, fabricztion 0: a top cover 2nd pdinting with a 
prime coat ;rill c c q l e t e  tile caissoc. 

Earth -D3ckZiLX.zg ezd cczcretiag 

a l e t  Bellows t o  Pressure Tube Gas Seal.  
t o  adapt tne 3-F f e r ru l e  seal design t o  t'ne tes t  section for the  rdpture 
ioog. 
bellows 2nd pressure tube, and although qui te  expensive, is  tile orJy 
sctlsTsctory sea l  tncs  fdr tested. 

Preliminary e f f c r t  i s  mder  way 

This sezl  vas developed for the  sea l  betwzen t h e  PRTR ir i let  

PRTR RuFture Loop Ix-Reacto- Test Section. 
culstion pm.9 h a  besn co,rrple;e?. 
shsft and gui ie  'oesring;, and opecia2 sl piu,;ed hole i n  tne  cssing 
cooling jacket so  t3at suff ic ier l ;  cooliriz flow could be at ta ined.  

Rep-ir of tile EDEL-I1 c i r -  
Eiis c m s i s i 2 L i  o€ h s t a l l i n g  a new 

After 
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checkout of the repaired pump, t he  loop w i l l  be ready t o  perforn 
the thermal cycling and s t ress  t e s t s  on the Grayloc connector. 

A l l  work other than direct  engineering coverage on t h i s  program 
was stopped SeptemSer 17 as a result  of lack of funds. A review 
of the remaining work t o  be done and a cost estimate t o  complete 
the work is  being prepared f o r  submittal to.TRA0. 

Rupture Loop Discharge Equipment. 
has been interrupted awaiting additional funds. 

Work on the discharge equipment 

FECR Gas Loop --Reactor Test Section. A means of carrying the t h e m -  
couples for monitoring for  excessive t e s t  section bowing in the reactor 
was worked out and w i l l  bring the couples out through the top shield 
centering flaxige. 
finishing the "As , -Bu i l t "  flange drawing remain t o  be done. 
thermocouples fo r  t h i s  instal la t ion ere currently on order. 

At  month's end work on the gas loop components has ceased fo r  lack of 
funds. 
Maintenance and Equipment m i n e e r i n g  of TRAO. 

Install ing the passages in the centering flange and 
Special 

A cost estimate for  remaining work has been submitted t o  

Gas Loop Sample Charge-Discharge. 
s ta l la t ion  end removal t oo l  w a s  issued Tor approval. 

Drawing of the sample holder in- 
A design f o r  

shipping cradles f o r  the sample casks was issued for  comments and 
comments received. 

Hazards Analysis 

Reactor Safeguards Reviews. "he following information was  presented 
a t  the eightzn m e t i %  of the General Electr ic  Technological Hazards 
council September 13, 1962. 

a. Review of PRTR primary coolaat system straightening vace 
fa i lure  

b o  Rev5ew of PKX'R p r b a r y  coolant pump check valve modificztioE. 

c. 

d. 

Review of PRTR fue l  element ,rupture. 

Control of excess react ivi ty  i n  the PRCF, prepared in response 
t o  Technological HazEirds Council suggestions. 

Reactor Xinetics Studies. Reactor m e t i c s  studies, u t i l i z ing  an 
snzlo;; computer, were completed for  a uifo-mly enriched FRTR core 
conslsting ent i re ly  of nixed crystel ,  U@-Pu@, fue l  elernellts. Tnree 
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different  plutonium enr i chen t  levels  were considered i n  these 
studies, 0.43 w/o PU (eppoximately 56 percent f i ss ions  i n  plu- 
tonium), 0,75 w/o PU (a2prcximtely 70 percent f i ss ions  i n  plu- 
tonium), and 1.5 w/o Pu (approximately 83 percent f iss ions i n  plu- 
tonium). For each level  of enrichment, assumed excursions were 
in i t i a t ed  by mechanism similar t o  those reported f o r  spike enrich- 
mect cores i n  the PIER Final Safeguards Analysis, IN-61236. 
liminary analysis cf the acalog data k d i c a t e s  tha t  excursions 
involving a w-iformly enriched core wodd be EO more severe than 
excursions w i t h  a spike eL-ichmeEt core contair-ing netural  Uo;! 
f u e l  e lemnts  and plutonium-al&m spike enrichment fue l  elements. 

DC Elec t r ica l  System. 
the PRTR 125 V DC elect.rica1 system was ir,vest.igated. 
hes two functions: 
provide the control power for the e l ec t r i ca l  switchgear. 
tem consists of a s e t  of s o r a g e  ba t te r ies  and two 25 2 q  bat tery 
chargers, which cannot be operated simultanecusly. 
charging r a t e  i s  on ly  s l igh t ly  greeter than the predicted DC system 
load a f t e r  s tar tup of tine FRCF, PIiTR gas-cooled lccp, and PRTR fue l  
e le rec t  rapture t e s t  fac i l i ty , ,  it wzs concluded tha t  the adequacy 
of the 125 V bat tery system w i l l  be marginal. 

B e -  

The adequacy cf the backup provisions fo r  
This system 

The sys- 
t o  operate the safety circi l i t  reiays and t o  

Sinze tne 

Analog Studies of Nuclear Excursions. 
analog s tus ies  showed tha t  the iom7dated models for moderator void 
formation by heat t ransfer  and enhanced resonmce absorption i n  
U-238 provide sufficiexit negstive react ivi ty  t o  override the S-J- 
l e ted  nuclear excusions.  The e q o s e n t i a l  POVET l e v e l  r i s e  was 
terminzted a f t e r  approxinately 1 5  secocds 
of 300-400 F were required t c  override the excursfom. The ramp 
additicns of reac t iv i ty  (10 cezts per senonci for 11 seconds) were 
completed befc.re the peak pcwer level v a s  reached. balySeS of the 
reactor t ransients  fo r  the "no scram" cases shclwed t h a t  the power 
leve l  rcse exponentially until the  combine5 ef fec t  cf the moderator 
void ad. cegetive fue l  t e q e r a t u r e  coefilcieri t  was sr,rccg ecough t o  
tc rn  c rowd tine excursion. Tae uegztive react ivi t j .  reqaireci t a  over- 
r ide the excursicn ;s arl amwrit. whicL w i l l  reduce the system t o  
delayed supercr i t ical  corxli',ims zr,d w e 8  observed sc be zpproximtely 
l/3 of the posit lve reac t iv i ty  added t o  I s i t i a te  the excursion. 

Meltable Driver Fuel Elements. 
very strong uhe ren t  sn~tdowr; mecharxisns. A stEdy has been i c i t i a t e d  
t o  e q l o r e  the feasibility 2f using t'nir- wall cylbidrical  driver fue l  
elements wnich would meit e? ebout 100 C. It has beer; szggested tha t  
these hollokT2 cylindrical  f u e l  elements be febriceted of 8 low tem- 
perature IIlfltaOle b i smth  hl loy contahiri;: ph:or,Lum. 

Continued analysis of PRCF 

Average f a e l  temperatures 

D-e D20 moderated PRCF does not have 

Tne reduction 
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. in K due t o  increased self-sf i ie ldhg and leakage a f t e r  rneltbg, the 
time required t o  n e l t  the fue l  elenents, and the enrichment of t i e  
rzelteblc fuel w i l l  be &ettrmined. A s e t  o r  cross sections hns been 
assenbled for use i n  PKFR end PRCF calculations and attempts have 
bee2 made et mtcni-rle; the react ivi ty  of the meltable f u e l  e l e z n t  
with plutoniun-aluzA.lm driver fuel e l e x n t s .  

PRCF Process Specifications. 
h-ocess Specificetioas is approximtely 90 Fercent coxplete. 
estinated that 25 percent of the cornmeats 'neve beea reviewed. 
t ion  cZ f i n a l  tirafts for  ap?roval is approximately 40 percent coq le t ed .  

Preparation of connent issaes of PRCF 
It is 
Prepera- 

Desigc Studies 

PRlI!R Bumup Analysis, 
PRTR were carried out fo r  a nmber of f u e l  loadings between s tar tup 
and the present t ime.  
celculzte reac t iv i ty  coefficients from the d i f fe ren t  fue l  types aad 
locations. When the  coefficients were combined, the net  reac t iv i ty  
change per hWD of reactor output w2s found t o  be in good agreemnt '  
w i t h  measurenent. 
estimates of the rezc t iv i ty  l ifetime i n  PR!.TR. 
summarized in a paper "Eqerience With the Plutonium Recycle Test 
Reactor" presented at the recent ANS topical  meeting on the use of 
plutonium as a power reector fuel .  

Cslculations of fue l  burnup tramLents in t'ne 

Three-grodp pe,*turbation theory w e s  used t o  

Tne method w i l l  be u t i l i zed  t o  -rove f u t - u e  
These results are  

YBterials Develozmelli 

Decont-ation cf PRTR. 
h@ fue l  element deposited plutonium and fissioo. proc?uct actf'?-I"Yies 
throughout tbe PRlfiz p i g L g  
in m m y  cf the numerous dezd-legs in the systein. 
reduced t o  a cczsiderable exkeot by flushing w i t h  f i l trat . iol;  aCi by 
cbaix&q the dead-legs, but s t i l l  remined tso high f o r  e f f i c i en t  
cperation. 
quite, c h e ~ c e l  mens were ?rescribed for  d e c o n t a a t i o e  cf t L e  e z t i r e  
PWR syster;. 

The Freviously mentioned f e i l - a e  of 22 @G 

radioactive par t icu la te  mtter s€k:Led 
The ac t iv i ty  was 

F i r s t ,  zi iecha~cal mems md,  %%ea these were fcim8 kz5.e- 

A grezt deal of t b e  was s2el;t evaluating methods f o r  r e m m !  ac t i -  
v i t i e s  by nechznical me~~is. Hot wzter a t  high speea w c s  flusked 
through a pipe sect ioc with: (a) no additiozs; (b) acidities cf eir; 
(c)  addition of detergect; ( 6 )  addi t ica  of C@; m d  (e )  a&iitios 02 
dieitoP2ceous earth. Tce r e su l t s  showed these nethods were u n i f c m y  
ineffective.  O f  m r e  o r  l e s s  academic i i l terest ,  en a t t e q t  wzs mde 
t o  remove activ2ty from piping sectiorrs by ultrasonics w i t h  222 wit.;?out 
detergent; t k i s  procedure removed about 25 percent of the E C t i I T t j r .  

1 2 3 b l b S  
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The chenical decontaminatlon problem wes twofold: 
the crud, plutonimi arid negnesium oxides, end other p z r t i c d a t e  ma- 
ter ie l  wandering throughout the systez; 2nd (2) t o  rexiove the 
a c t i v i t i e s  adsorbed on the piping. Previously it had been shown 
tha t  it w a s  jxpossible t o  remove the sdsorbed a c t i v i t i e s  without 
removing the adsorbed film; therefore, some f i lm str ipping procedure 
had t o  be developed. 

(1) t o  dissolve 

A se r i e s  of dissolution studies wzs s ta r ted  t o  filid some method f o r  
dissolving part iculate  plutonium a i d e s .  The two zzst effective 
reagents (HBr and HF) could not be used. Sulfuric a c i d  w i t h  d i -  
c'momate or  permanganate and buffered oxalate-peroxide solutions 
vere more or  l e s s  effective.  
b PRTR, use of buffered oxalate-peroxide solution appeared preferable. 

The choice of a buffered solution of oxalate and Deroxide was  checked 
. z i t  in the IRP f a c i l i t y .  A t e s t  was completed using the  following 
LreatmeILts: (a) oxalate-peroxide solution buffered with peracetic 
ecid,  (b) oxzlate-peroxide solution buffered w i t h  gluconate, (c)  a 
d i lu t e  (3%) n i t r i c  acid, (a) 10$ c i t r i c  acid-peroxide, (e)  a filn- 
conditioning s tep with alkaline permnganate, end (f ) a f i lm removal 
s tep with an inhibited oxalic acid based proprietary cozpound. 
b d f e r e d  oxalate-peroxide Eolution w a s  very effect ive,  removing about 
75s of t he  t o t a l  ac t iv i ty .  
ia the f irst  ten  ninutes et  a f z i r l y  low teEperature (30-60 C).  
heating, the r a t e  d i d  not increase. 
f'urther reactioa occurred. !Be secol;d oxalate-peroxide solutioa 
fur ther  decreased the readings I r a  5.0 R t o  3.5 R. 
w a s  deposited on the piping surfaces; efter the  two i n i t i z l  t r e a t E n t s ,  
( a )  and (b) above, the e c t i v i t y  cf the t e s t  section hzd iccreased from 
essent ia l ly  background t o  280 IC. 
by treatment with the d i lu t e  n i t r i c  acid; the reminder  w e s  effec- 
t i v e l y  removed by trectzen% wizk the a1lial-e pemganz ' ,e  aLd oxalic 
wit. 
5-25 m/hr 011 the  pipi- a d  t e s t  section. 

Because of the carbon s t e e l  coqonents 

The 

The reaction seers rapid, a l l  occ-=ring 
03 

After the izitisl reaction, no 

Some ec t iv i ty  

S o x  of this ac t iv i ty  m s  reinoved 

The f h z l  residual 2cti:vity w 2 s  1.5 R / h r  011 the f i l t e r  scd 

^. 

. 

A e r z t u e  Tae oxalate-peroxide solution hzs l i t t l e  e f fec t  OIL the  high t e Q  
fibs. It w i l l  remve some 02 tiie t ict ivity sdsorbed on the  f i b  surface, 
bu?; i n  order t o  do an effective decontamkation, it will be necessary t o  
follow t i e  oxalate-peroxide mixtixe by t a e  film stripsling procedure 
(zlkaline p e m g a n a t e  followed by some inhibited acid).  Sone PRTR 
j'xiper sections were decontaminated in  the IFP.  
the buffered oxalate-peroxide s o l a i o n  reduced the  ac t iv i ty  by 5 6  
(DF = 2) .  Two additional cycles, each c onsisting of treatment with 
e u a l i n e  pemazqanate followed by oxalic acid (proprietary) gave an 
over-all  DF r q i n g  from 6 t o  15. 

me-hour treatmect with 

. 

Another s e t  cf jumpers was  

UNCLASSIFIED 
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decoctaminated using only the two cycles of alkaline permanganate 
and proprietary oxalic acid solution, but increasing the exposure 
t o  the acid step from or,e t o  two hours. 
effective i n  removing the f i lm and adsorbed coctamination, giving 
decontamination factors racgirig from 10 t o  40. 
tamination factors were obtained on the upstream piece where the 
turbulence w a s  greatest ,  indicating some velocity effect .  

Corrosioo Effects cf Deconta&aticn. PRTR Operations made a complete 
list of a l l  materials present i n  the PRTR. 
determine i f  any special  corrosion problems would occur. Special pre- 
cautions were specified f c r  cer ta in  par ts  of the system. It was 
poirite9 out tha t  the alkaline pe-mngacate would tend t a  p i t  the 
S t e l l i t e  valve seats  and would be extremely corrosive t o  chrodum 
plated par ts .  

"his procedure was very 

The highest decon- 

This l i s t  was checked t o  . 

The corrosion tes t ing  demonstrated tha t  the b-dfered oxalate-peroxide- 
solutions a t  80 c were relat-ively non-corrosive t o  Incocel, s ta inless  
s tee l ,  Zircalcy-2 an9 carbon s t ee l ,  the ra te  cf uniform at tack being 
less than 1 x 10-5 in/hre 
noted on carlmE s t e e l  a t  the vapor-liquid interface.  P l t t ing  did not 
seem t o  be a problem 

Czrbozic acid solutions a t  80 C and 100 p s i  yere re la t ive ly  non- 
corrosive t o  brass,  Adrriralty metal, and k00 ser ies  s s a i d e s s  Steel.  
The at tack on carbor; s t e e l  average3 H 0.2 mil/hcur. 

Fret t ing Corrosion. 
of 10.0 u s k g  LiOH t o  determine the ber,efits of spring-hading suppor%S 
t o  prevent f q a c t  corrosicz. 
ver t ica l ly  suspecded bar and three f l a t ,  302 S/S eprhgs  were mcutted 
tangent is l ly  1200 apart  on the specima, 
one erd 5c provide a turbine-like deslgn. 
tioned i m i d e  a Z i r ca l~y-2  t.ube by rcaruaily coqress5sg the springs, 
the tendency of the f l a t  fprir-ga tG X W i T - d  kept the Zirczicy-2 
specimen f r cn  c a r t a c t k g  the tube. 
revealeil 9-19 mils deep f r e t t i n g  ccrrzsl3r 3r, the ?she v'* &,h lif-cle or  
n3 a t tack  OG the sprixigs. A s e c m d  test  has beelz k i t i a t e 5  at, $he 
same cperaring ccxditirJr;_s usir;g f l a t  s p r k g s  which arc fixed a t  each 
end t ~ .  form a circuxriferertial banper-type support. 

Accelerated at tack (- 4 x 10-5 in/hr) was 

A t e s t  was performd i n  TF-2 a t  300 C and 2 pH 

A Zr-2 specimen was  p o s i t i c e d  m. a 

The sprixgs were f ixe9 a t  
!Ilkis arrangernert was posi- 

& h e r  263 kcurs, an exEdcation 

Corrcision of Varicus Stair-iess Steel and Nickel Base Allcys. Corrosicn 
resu l t s  are presently being obtair;ed or, various st.alr2.ess s%eel and 
nickel base al lcys .  
deoxygenate2 water, t h e  nickel z d  I r o z  base alloys mz;. be grcuped ir 
the f c l h w i n g  order cf i x r e a s h g  c c r r o s i a :  

Fcllowlng k 2  days of exposwe is 550 C - 3000 p s i  

UNCLASSIFIED 

I 2 3 b l b l  



A- 26 Hw- 75 127 UNCLASSIFIED 

Group 1. ( 5  t o  9 ng/dm2) Hastelloy "X", 446 s t a i n k s s  s tee l ,  
Inconel "X", and Incoloy. 

(26 t o  29 mg/dn?) PDRL-102, md an experimelltal 24qb C r -  
5s  Al-Fe alloy. 

(40 t o  60 mg/dm2) Hastelloy 'W", 17-4 PH stainless  s t ee l ,  
and an experimental 25qb Cr-3$ Al-0.55 Y-Fe alloy. 

(150 t o  210 mg/&) 316 s ta in less  s t ee l ,  304 L s ta inless  
s tee l ,  430 stainless  s t ee l ,  &ad two heats of 406 stain- 
l e s s  s t ee l  (one from Carpenter and one from Allegheny 

Group 2. 

Group 3.  

Group 4. 

Ludlm) . 
A comparison of these corrosion resu l t s  with data previously obtained 
i n  oxygenated water (3-4 ppm) suggests oxygen may af fec t  some corrosion 
rates .  
s t a m e s s  s tee l ,  and 446 s ta in less  s t ee l .  B c w t r a s t ,  304 L stainless  
s t e e l  and a l l  of the nickel bsrse alloys gained l e s s  weight i n  the de- 
cxygenated system. 

Oxygen reduced c o r r o s i a  ra tes  f o r  the Fe-Cr-Al alloys,  430 

Pre-irradiated Zircaloy Tube Emluatioc. Under the biaxial  s t r e s s  
conditions of s t r e s s  rupture tests, the  annealed s e c t i m  of PRTR 
pressure tubes continues t o  exhibit  creep character is t ics  superior 
t o  those of amealed Zircaloy-2 s t r i p  t e s t e3  =der m i a x i a l  s t ress .  
To produce equal straizl, the hoop s t r e s s  on the tuSe sections must 
be about twice as large as the s t r e s s  on f l a t  s t r i p  specimens. The 
s t r e s s  rupture data, summarized ir: the following table ,  6160 show tha t  
a t  550 F the s$rcin r a t e  is inde2endent of stress, except f o r  one t e s t ,  
cver the  range of 35,000 t o  40,000 p s i  hocp s t r e s s .  

Stress  S t ra in  Data f o r  h e a l e d  PRTR Tube Sectlcjss 

Per cer;t St rain 
Hoop Ultimat.e Temp S t ra i c  Rate 

Stress  Strength - (F) Hours ( k / i n )  ( ic /2L-Lr)  

6 
6 

35 > 200 76 550 471 0.93 1 >: 1c- 
1 x 10- 

6 37,500 81 550 

40,900 550 770 B u r s t  1.8 lg-5 
36,000 88 650 2359 

36,200 78 550 2500(l) 1.29 
970 3.23(2) 3 x 

39,600 85 88 550 5590 3.77 1 x 10- 

Burst 1 x 10- 

(1) Test terminated a t  2500 hours. 
(2) Test stopped and specimen b - c s t  tes ted.  

Stress  on Fla t  
S t r i p  t o  Produce 

Eqilzl S t ra in  

15,000 

20,500 
21,500 
23,000 

16,009 

\ 
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A burst t e s t  was run on a sample a f t e r  1000 hours of tes t ing  under 
biaxial  stress during which the sample had,accxTnulated 3.23% s t ra in .  
The ultimate hoop s t ress  was 47,100 ps i  which i s  comparable t o  tha t  
of annealed PRTRtube sections i n  a short  time burst t e s t .  The 
maximum elongation, 48 percent a s  messured on the circumference, i s  
within the range cf 30 t o  60 $J elozigation f o r  similar material i n  a 
short  time bxs t  t e s t .  

In-Reactor pRTR Pressure Tube Monitoring. 
ment, being renovated as a resu l t  of the extensive in-reactor moni- 
toring i n  June, w i l l  be ready for  use by October 5 .  Final assembly 
i s  awaiting completion of machining on the new borescope shroud tube. 

The PRTR monitoring equip- 

The Mark 111 in-reactor monitoring equipment combining the two present 
probes is 9546 complete. 
t ion  of the ins+,rument probe from a remote posit ion and the i n i t i a l  
calibration of the gas gap section has been completed. Assembly of 
the instrument probe is  in progress. 

Provision has been made and tes ted f o r  rota- 

Post-irradiation pKlTR Pressure Tube Evaluation. 
sections cut f o r  PRTR pressure tubes were burst tes ted a t  elevat.ed 
temperatures. One specimen was from the 45 percent cold worked porticn 
of a tube while the other was from an amealed section. 
worked specimen, exposed t o  1017 nvt (E > 1 MeV) and containing several 
f r e t t i n g  corrosion marks w i t h  a maxinnun depth of 10 mils, had an ul- 
timate hoop strecgth of 74,000 p s i  a t  565 F. 
parable t o  tha t  of similar unirradiated tubing. 
burst h a duct i le  m e r  as evidenced by cmciderable bulghg of the 
specimen a d  what appeared by remote irsspection t o  be a shear type 
fracture  of the tube wall. 
through the f r e t t h g  corrosioa mrks. 

Two ir radiated tube 

The cold 

This strength i s  com- 
Also, the specimen 

It is cot  yet laown i f  fa i lure  occurred 

The amealed specimen, ex-posed t o  3 x lo2* nvt (E > 1 e v ) ,  had an 
ultimate hoop stre?igth cf 62,000 p s i  a t  550 F. 
of ever 3 6  from tie k7,OOa p s i  hoop s t r e w h  exhibited by similar 
w i r r ad ia t ed  spccime~s. 
spec+men., the f e i l u r e  aFpeared t.0 be duct i le  ir: nature. 
bTulged t o  about twice i t s  c r i g b a l  &iameter aJld by rencte iospection 
the fracture  ap2eared t o  be of the shear type, 

This i s  an iLcrease 

As i n  the case of the i r radiated ccid worked 
The tube 

Plutoriiwn a i d e s  Research 

A sample cf bet~-P@3 was observed t o  melt cozgrue::tly a t  2C)9O0 f 30 C. 
A report e c t i t l e d  "The Plutcium-Oxygen System, " HM-74802, w8s prepared 
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f o r  publication. 
Ceramic Society meethg i n  Seat t le ,  October 17-19, 1962. 

This work w i l l  &so be presented a t  the American 

Plutonium Carbfde Research 

The ser ies  of plutonium carbide samples varying from 1 2  t o  52 a/o C 
have now been given three different  heat; treatmects: 

1. A slow cool, 100 C/hour, from 600 C a f t e r  holding there 
124 hours. 

2. A 168-hour treatment a t  600 C followed by a 7.8 C/hour 
cool. 

3 .  A quench from 600 C into l iqu id  nitrogec. 

The two samples of greatest  ir ; terest  (39.9 a d  41.0 a/o C )  were given 
two more heat treatments. In 
the  first case they were quenched from t h i s  temperature in to  l iquid 
nitrogen. These 
heat t .reatmnts have served t o  i l l u s t r a t e  the extrellie sens i t iv i ty  of 
the zeta phase t o  heat treatment. 
zeta  phase appeared both on x-ray acd metallographic analysis i r i  a11 
samples below 41 a/o C. 
41 a/o C sample. Likewise, no zeta appeared i n  the alloys of higher 
carbon content. 

They were held a t  400 C f o r  10 days. 

In  the secord case they were ccoled a t  4.4 C/hour. 

In heat treatments "1" and "2" the 

Tnere was rlo exidezce, though., of zeta i n  the 

After quenching from 600 C,  there were no sigis cf zeta i n  any of the 
specimens. The x-ray l ines  were a l l  sharp and n a e  of the blade-like 
Zeta s t ructure  was found in the micrographs. 
the PuC was constant from 12-14 a/o C a t  4,955A. 
l i nea r ly  t o  a m a x i m u m  of L.976A a t  49 a/o C. 

The l a t t i c e  parmeter  of 
A t  this point it rcse 

Tne 39.9 and 41.1 a/o C samples were held a t  L90 C f o r  terz days. 111 one 
case they were q-aerxhed and ir, tne other they were s icyly cooled. While 
the slowly cooled s a q l e s  have not beer, analyzed yet, the quenched ozies 
def i t l i te ly  shcw signs of zeta on x-ray amilysis. Frm t h i s  we have con- 
cluaed that  the sluggish fcrmation cf ze3a be:cw 4 C  a/o C i s  even slower 
above t h i s  compositicn. The reason, f o r  th i s  i s  probsbly t i e d  up with 
the mechanism of zeta growth. A possible explanstion :or t h i s  large 
difference i n  reactioc kinet ics  may be tha t  the 41 a/o C zlloy i s  being 
slowly cooled from a single phase (PuC) regicn; the mcer t a in t i e s  in  
the diagram and eqAl ibra t ing  t e q e r e t - n e  cert.airSy do iZGt  rule t h i s  out. 
I f  this is the case, the PllC would f i r s t  have t o  t r amforn  t o  PuC plus 
epsilon plutonium and then t o  PuC plus zeta. 
two-step reacticz could eas i ly  be such as to i nh ib i t  the formation of 
zeta ever oc the slowest cooling. 

The k b e t l c s  f o r  t h i s  
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Tne f i rs t  dilatometric run on a sample of 11.7 a/o C showed a l l  of the 
usual plutonium transformations. There were two strong anomalies noted 
which must be at t r ibuted t o  the carbide. The f i r s t  of these occurred 
around 380 C on both the f irst  and second runs. This was a sudden ex- 
pansion In the middle of the de l ta  plutonium contraction. The second 
break was around 515 C and represented an Increase i n  the regular ex- 
pansion cf epsilon plutonium on heating. While the high temperature 
break was s t i l l  apparent on cooling, the 380 C anomaly i s  suppressed. 
The sample has been run t o  600 and back t o  room temperature twice. The 
second run s t i l l  shows the 380 C break, but it i s  weaker than it w a s  on 
the first m. The 515 C break i s  s t i l l  strong. More cycles w i l l  be 
run t o  t r y  t o  learn more about these transformations. 

Puw-Carbon Reactions 

A sample of P u O  containing a small amount of beta-Pu203 and 0.083 weignt 
percent carbon was prepared by reaction of PuO2 and carbon a t  1800 C i n  
helium. The l a t t i c e  constant of the PuO was observed t o  be 4.961 f 0.001 A. 

Plutonium Nitride 

Melting studies were dcne i n  atmospneres of gettered argon, helium and 
nitrogen in a tungsten ribbon furnace. Temperature measuremeEts were 
made w i t h  a brightness pyrometer corrected f o r  emissivity 2nd absorption 
i n  the furnace sight glass and l u c i t e  hood panel. Under one atmosphere 
of helium o r  argon the "zpparer;t" melting point of plutonium d t r i d e  was 
2600 f 75 C. The term "apparect" i s  used because melts were Lot d i s t inc t  
but looked more l i k e  a decomposition o r  sublimation. This phenomnon 
was not observed under one atmosphere of nitrogen; melts were sharper, 
and there was  no evidence of a decomposition o r  vap r i za t i cn .  A melting 
poirLt vzlue of 2750 f 75 C was determined. X-rey d i f f rac t icn  analyses 
of the nitrogen melted specimeris show a constant la+,t ice parameter, thus 
icdicating no consti tutional changes. 

Plut xLm Sulfides 

The melting pcint cf pu2S3 was ? c u d  t o  be 1725 & 5 C i n  vacuc orr 2 
tungsteli f i1amer.t 

3. U02 FUEL5 RESEARCE 

Fission Fragmect Migration 

Final amlyses  of UQ s q l e s  removed from the cross sect.ionz1 surfaces 
of three i r radiated UQ fue l  capsules confimed previous sbservations of 
radial ly  nos-unifcrrr: f i s s ioa  fragment end plutonium distributiofi. 

1 2 3 b 7 1 1  
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Capsules with high exposures (- 14,000 MWD/T) show greater migration 
of cesium t o  the cooler, outer regions of the fue l  capsules, while 
other f i ss ion  fragments (Zr-Nb, Ce, RLI) and plutonium exhibited a 
more uniform dis t r ibut ion.  
a continued slow change, a f t e r  the i n i t i a l  formation of columnar 
grains, t ha t  would be expected t o  fur ther  modify the f i ss ion  fragment 
dis t r ibut ion.  

The microstructure of the f u e l  suggests 

Thermal Conductivity of U@ 

Second cycle measurements of thernial conductivity of a large U 
single c rys ta l  were begun following a second i r rad ia t ion  t o  103 nvt. 
The measured values ( t o  780 C )  appear b.consistent with data obtained 
a f t e r  the f irst  irradiation; conductivity is  higher than previously 
observed and slope of the temperature dependent curve appears reversed. 
Experimental and instrumental d i f f i c u l t i e s  may be responsible for  the 
apparent changes. Measurements a re  t o  be repeated following instrument 
modifications. 

Electron Microscopy of U@ 

Two papers discussing CFDO electron microscopy s tudies  were presented 
a t  the F i f th  Internatiorial Congress f o r  Rectroxi Microscopy. Tney were: 

1. Daniel: J. L., "Refelction Microscopy of I r radiated UCQ 
Crystals. " 

2. McPartland, J. O., "A High Tercperature Stage f o r  Trans- 
mission Electron Microscopy." 

A concurrently displayed phdmnosaic "ReflectioI: Microsccpy of Ir- 
radiated Uo;! Crystals," was selected fcr inclusior  i n  the 1962-63 
t ravel ing exhibit  of the Electron Microscopy Scciety of America. 

Ultramicrotomy of U@ crys ts l s  appears tc be feasible  under properly 
controlled experimental conditions. This ccnc1Usi3xi, reached following 
i n i t i a l  experiments by A .  Rrssozl cf the  LKB Canpany (Micrctome Manu- 
fac turers ) ,  is supported by resu l t s  cf scattered experi.mel;ts a t  Hanford 
and elsewhere. Careful ad;utment of re la t ive  posit ions of c rys ta l  and 
cut t ing knife i s  essent ia l  t o  take advantage of the natural  cleavzge 
plane (111) of the U02. 

Modifications were made i n  the electron gu?i Sias  c i rcu i t  cf the JEM 
microsccpe t o  provide a coritinuously variable gr id  bias  voltage t o  
provide wider la t i tude  and be t t e r  illuminatioz control f o r  both re- 
f l ec t ion  m d  trammission lcicrcscopy. Tne modified system i s  being 
tes ted  for s t s b i l i t y  and brightness control. 

Investigation of the techrdque I s  continuing. 
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Surf ace Tens ion of ?JQ (1 1 

Surface tension of UW(1) was calculated from drop prof i les  recorded 
on high speed motion pictures of explosive melting of UCQ. &&lyses 
of three pendant drop prof i les  by two independent methods gave values 
between 340 and 760 dyne cm-1 with a mean of 490 dyne cm-1 (roughly 
the same as  mercury or molten lead). The temperature of the l iquid 
was assumed t o  be constant a t  2800 C, the melting point of U@. 

Explosive Melting of Uo;! and Tho;! 

Direct resistance heating of Uo;! and Tho;! w a s  used as a means of 
generating high temperature fue l  sttites typical  of what might be 
expected 2xi the core of high rated f u e l  elements, cr during severe 
reactcr  power t ransients .  
f o r  resistance heating semi-conductors for examination a t  high 
temperature i n  oxidizing atmospheres without the presence of foreign 
materials. Short, high current pulses were usea t o  cycle samples 
from 1000 C t o  above the melting temperatures, t o  below 1000 C in  
less than three seconds. 
the voltzge drGp acmss the specimen. High speed motion pictures 
( to  169000 pict.ures per second) of the melting sequences tha t  were 
made t.o study the melting cycle a lso provided data of m r e  funda- 
mental nature, such as tne surface tension of U 0 2 ( 1 ) .  

A fur ther  goal i s  development of techniques 

Heating time w a s  controlled by varying 

U O 2 - T h e  Equilibrium Studies 

The liquidus for the  U@-Th@ system was determined. 
a re  total. miscibi l i ty  and a inelting c l in imum of 2760 C st 2 w/o TnQ. 
Solid so1utioI;s with ccmpositioris between l.& w/o snd 54 K/c  T!I@ vere 
prepared by Cnemicsl Resecrch a e r a t i o n  ky electrolysis  f r o z  %sed 
salts. 
14, 45 and 54 w/o ThCQ were measuzed. A U@ - 7.5 w/s  Tho2 Sol’ztLcT, 
was obtained by in-reactcr homogerdzation of a heterogereously mixed 
fue l  core, 
G e l  process. 
argon iE a t u g s t e n  filament fuimace. 

Principzl features 

Melting temperatures of samples coritzlbicg 1.8, 1.3, 2.4, 10, 

Smples with 95 w/o The yere p r e p r e d  a t  ORNL by the Sol- 
All m5ftir-g p c b t s  were measu-ed under o m  atmos?kere 

Gross frectiGrzitior, of uranin t c  the vapor phsse was cbser-Je5 f r m  
each specimn studied, r e f l e c t h g  the high vapor pressure cf UCQ 
re la t ive  t c r  t ha t  of Tho;!. X-ray fluorescence acalyses of the fused 
residue and the sublimzte from specimens with i n i t i a l  coqos i t iohs  of 
U Q  - 2 w/o Th@, Uo;! - 12 w/o Th.02, and U@ - 41 w/o Tn@ showed 
residue compositiors of UQ - 4.3 v/o Tho;!, UQ - 28 w/o Trio;!, a d  
U@ - 51 W/O Tnw, respectively, while the sublimates were reduced In 
t h o r i m  conteLt to U02 - C w/o Tt102, U@ - 8 w/o TnO2., an6 U@ - 17 w/o 
Tho;!, respectively. Tne continuously chaqing  composition Intro&uces 
uncertamty i n t c  phase equilibrium studies.  These results suggest a 

1 2 3 b 7 1 3  
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possible zpproach t o  U-Th sepzration iind a re  valuable i n  interpret ing 
the s t ructures  of previously i r radiated U02-Tn@ mixtures. 

P l a s t i c  Deformation of U02  

A single  c rys ta l  of Uo;! was duct i le  under tors ional  s t r e s s  at 2100 C. 
Tie c rys ta l ,  1/8-inch tn ick  by 1/4-inch wide by 1-inch long, was 
twisted 120 degrees a t  approximately 10 degrees/second. 
formed p la s t i ca l ly  much l i k e  the  po lyc rys t a l lhe  Uo;! t es ted  previously. 

The O/U r z t i o  of polycrystzll ine UQ remained constant a t  2.001 f 0.0002 
during tors ional  t e s t s  a t  2300 C. 
specimens showed some separrt ion a t  the grain boundaries and l i t t l e  
grain growth. 

It was de- 

The microstructures cf deformed 

Hiah Rate Densification StuCies 

Three-pound bstches of minus 20 mesh electrodeposited U02 .015 (10.77 g/cc 
p a r t i c l e  density) were consolidated by high r a t e  densi l icat ion et  1200 C 
and 325,000 p s i  impact pressxre t o  yield a solid having density of 
10.84 g / c c  and an O/U r a t i o  of 2.006. 

Sintered UQ scrap was converted t o  a dense s o l i d  (10.80 g/cc) by two 
separate high r a t e  densificLtion techniques: 
48 hours, compact by high r a t e  densiyication a t  1200 C and 380,000 psi ;  
(2)  crush t o  minus 20 mesh, roast  f o r  16 hours a t  140 C, compact by 
high r a t e  densifica+,io,n, c t  900 C znd 200,000 p s i ,  s i a t e r  for 12 hours 
a t  1700 C. 

(1) crush, b a l l  m i l l  for 

A study of the e f fec ts  of temperature, hezting r a t e  and sosking time 
was made on ERD U@ h a v k g  a density of 10.17 g / c c .  
dens i t ies  were achieved by r e d x i n g  the  heating r a t e s  fron! 225 C t o  
75 C, by increasing temperatures f r c j m  1400 t o  1750 C,  and by increasing 
the soaking time f r c l m  one t o  twelve nours. 
rapirlly during the f i r s t  few noms of soakhg t.im. 
terLng progrzm i’cr fur ther  densifying th i s  type cf ERD UCQ i s  a 
heating rate of 100 C/nour t o  1750 C fcllowed by four hous holding a t  
t n a t  temperature. 

A 50 w/o tungsten - Uo;! n&xt.ue w a s  compacted t o  a density of 13.44 g/cc 
(96 percent TD) by high r a t e  decsif icat ioz.  
evacuated, -65 mesh fused Uo;1 and -325 mesh tungsten pcwder a t  1100 C 
and 25O,OOO p s i  impsct pressure produced 2 cermet having a coctinuous 
tungsten phase. 

&creased 

Dersity iccreased more 
A sui table  sin- 

Compactior, of blended znd 
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Graphite WeldicG 

\ 
\ 

Ceramographic examinatian of a graphite "fuel element end closure" 
completed by the resistaxice welding techniques employing the magnetic 
force butt  welder revealed a weld of surprisingly high quality.  The 
graphite i n  the weld zone had recrystal l ized in to  a material having 
f i n e r  grain s ize  and higher density than the  base material. A so l id  
graphite cap was welded i n t o  the end of a 1/2-inch diameter by 1/32- 
inch wall thickness graphite tube. 
a t  the weld interface.  
between the parts and a 1/60 secocd w e l d i q  current pulse of 50,000 
amperes i s  employed t o  produce the weld. The high current density 
l i t e r a l l y  explodes the graphite a t  the weld interface to produce a 
temporary gap betweexi the pa r t s .  An arc  e x i s t s  f o r  8 ko 12 m i l l i -  
seconds during wnicn the pa r t s  a re  rapidly brought tcgether again t c  
complete the weid. 
successful weld between two pieces of graphite. 

I 

No irkexmediate material w a s  used 
An i n i t i a l  force of 250 pounds i s  applied 

The described method produced the first h o r n  

4. BASIC SWE3,LnG PROSRAM 

I r rad ia t icn  Prograrr! 

A g e ~ e r z l  swelling capsule i s  s t i l l  under i r rad ia t ion  a t  a coatrol  
temperature cf 575 C. 
a t  575 C w a s  discharged a f t e r  reashing i t s  g o d  exposure of 0.15 E/O 
B.U. 
t o  Radiometallurgy f c r  disassembly. 
i s  approxlmat.ely sevecty percent cozqleze This capsule comairs  twc 
1/16-inch OD hest icg e1eEl;t.s i n  l i e u  of the 1 / 8 - i ~ h  OD neating e le -  
ment t.na+, i s  c o m l l y  required f o r  th i s  capsde  d e s i g .  

Another capsule t h a t  WES successf-dly operated 

Twc capsules previously discharged (#l3 and #14) w i l l  be shipped 
Assembly of oLe a d d i t i m a l  capsule 

An ETR, MTR rrotctype s w e l l k g  capsule previously used t o  determine 
the e f fec ts  of thermal cyclicg cn a mtallograplrically polished speci- 
men w a s  reassembled as2 ig  thicker  heat. t r a s f e r  fim. T'e specimen 
was rfplzced with two hzlves of ac zxla l ly  s p l i t ,  h d i m  cyl-inder of 
high pur l ty  urhnillmt @-e tf t h e  samples hsd beec betz  heat tr5a5ed 
and the cther  sample vac is t k  as-extraded CGrditloL. me s2mplcs 
were scbjected t c  h therm1 t rea tnez t  thzt sim2ated tke iri-reactcr 
t h e m 1  history cf general swe l lkg  capsule #11. 
i r rzdiated and zos- i r rediated s a q l e s  w i l l  be made in a?l attempt t o  
dete-e the c o n t r i k t i m  of t h e m i  c y c l i q  oiily ts the zppearance 
of the i r rad ia ted  specirneu. Corcurrent v i t h  these zes ts ,  hezt t rans-  
f e r  data a re  being accumlated as e &de f o r  the operatico cf the MI% 
capsule d m x g  i r radfat icL.  It i s  s ignif icent  t ha t  ider;tical b te r rsa l  
capsule temperet7;l-es were c b t z ~ e d  q t o  - 303 C v i t h  the same elec- 
t r i c a l  power kp;t t o  ?fie c2psule regardless of whether the heai; 

A c c q a r i s o z  cf the 
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t ransfer  f i n s  are 0.041-inch t h i c k  or  0.100-inch thick. 
H 300 C the same power icput resu l t s  i n  higher temperatures i n  the 
case of the thinner f ins .  
internal  capsule temperature i s  approximately 120 C higher with 
the thinner f ins .  Apparently the contact area between the 0.100- 
inch f i n s  and the capsule internal  walls i s  increased and the contact 
resistance decreased as intern61 capsule chamber expands with in- 
creased te,qerature. 
t o  determine the maximum power output of the 1/16-inch heater. 

Above 

A t  a power input of 1000 watts, the 

Additional t e s t s  with t h i s  capsule are planned 

Post-Irradiation Examination 

The specimens from c a p u l e  #12 (625 Cj 0.16 a/o B.U.) have been 
polished, etched and examined with l i g h t  and electron microscopy. 
The natare of the samples i s  such tha t  they are  extremely d i f f i c u l t  
t o  process and tne rdcrostructares are  quite d i f f i c u l t  t o  analyze. 
I n  the case of the as-extruded specimen i r radiated adJacent t o  the 
control thermoccuple s-df ic ier- t  gr;iin s t r - x t u r e  was developed t o  
have confidence i n  the appearance. 
scope th i s  sample consists p r i m r i l y  cf' large grains with cracks 
oatl ining many of the boundaries. 
grained structure i s  a second, much smaller grain bourrda-y network 
tha t  i s  ident ical  i n  s ize  with the origilial, preirradiat ion grain 
s ize .  
network is  seen t o  consist of rcws of pores. 
scope these pores are  seen t o  be from 0.2 t o  1 p i n  drameter. Tne 
etching character is t ics  of the surrcmdirg m t r i x  verify thz t  these 
rows of pores bear no re la t lc rsh lp  t: the preselitly exis t ing grain 
structure.  
depleted i n  pcrosity. 
in diameter. 
at  the grain bour;dsries hriq the h i t L a 1  stages cf the i r rad ia t ion  
a t  625 C. 
about by a cne-miriute t e q e r a t u r e  excu-siop i r i t c  the be%a tha t  oc- 
curred a t  about 0.1 a/o E.U. 
tit the bmn5aries cf the large graiLs, but. t 5 e y  could have fcrzed 
e i the r  durhg spec2men haifilizig o r  d.~-irig c c 2 k g  cf the sample. 
i s  sigr15ficazt t he t  c o  deplet ioi  ir, the dezsity cf C C.; p, diameter 
pores was observed i n  the v ic in i ty  of the cracks. Very large holes 
are a l s o  present ~ t h i s  sample, but. it is rclt c les r ly  established 
whether tnese are pores or tears  asscciated w i t h  cracking. 

A s  viewed in the l i gh t  micro- 

Superinrposed upon t h i s  large 

A t  higher magnification i n  the l i g h t  dcrcscope t h i s  smaller 
I n  the electroc micro- 

There i s  a Z O L ~  0s either side cf these rows tha t  i s  
BeyoEd the zone are l i w r o u s  pores < 9.1 p 

It i s  concluded tha t  k e r t .  gas collected i c t o  pores 

The large grair-s r x w  ex i sxbg  i n  the s a q l e  were brought 

It is nat c les r  when the cracks formed 

It 

Tiio other specimens f rom c z p - d e  #12 zontz2z cracks  ar,d large holes, 
scme of wnich zp-pe~r t o  be Tears ar;d ctners pores. 
dcrosccpe the samples appear extremely porous wlth pores varying 
from 0.1 t o  10 p i n  d i a m t e r .  

Ir- the electron 

Of tnese tw3, t h e  as-extruded specimer, 
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coatains EC I'v"' patcnes cf very f ine pores (4.1 r) surrounded by 
larger  (0.5 I) pcres. 
grsin boilndaries but the in tegr i ty  of the preparation was r a t  suf- 
f i c i en t  to say f o r  sure. 
sample was about 590 C due t o  the thermal gradient aloxiq the axis 
of the c a p u l e .  The th i rd  sample which was beta t reated pr ior  t c  
i r radiat ion (and, hence, large grained or iginal ly)  operated a t  about 
610 C. No hint  cf g r s k  bomdary segregation of porosity was ob- 
served but the geceral porosity seemed larger .  

These large pcres may be o a t l b i n g  c r ig ina l  

m e  i r radiat ion temperature of t h i s  

The saxqles fram capsule #11 are  being processed for metallography. 
Density values w i l l  also be det-ermined for a l l  specimens. 
swelling and shape i r is tabi l i ty  w a s  mch greater than was anticipated. 
This m y  be due t.0 the geometry of the s q l e s  (1/2-inch 0 x 0.030- 
inch wall ho11Cjw cylinder) cjr t o  the extreme high puri ty  of the 
material. Additions1 studies are cecessary t o  evaluate the re la t ive  
impsrtzece of each variable e 

The 

Quantitative Metallography 

As reported previcdsly, a t . t e q t s  at uf 'olding pcre size distributicri  
information have bsen made. 
m k h g  the t rue diame?er of spherical pores revealed on shadcwea nega- 
t i v e  replicas,  has been pursued. A repl ica  of etched i r radiated 
uranium contaiziing pcres w a s  sprayed with polystyrene spheres of 
knowr size.  
and processed fo r  ciecfror: microscopy, Slcce measuremerts of shadcw 
length arid maxinun pore diameter as revealed by the reFlica cao be 
made, arid since t h e  aMle of shadowing i s  know11, it i s  possible from 
simple geolnetric ccnsiderstions t o  es tabl ish wnich zcres were cut abcve 
o r  below t h e i r  cezters by the specimez surface and tne d i s t u c e  between 
pore center and the spezinez: surfaze. If, however, the specimen surface 
in the as-etched cad; t ioc ccvers a considerable m&ar r a q e ,  the= the 
shadcw lengtk-s xi11 vary. 
tablished f r cz  neasuremP,zts cf shadows z z s t  CLL the replica ssrface by 
the poljrstyrer-e spheres cf co~stest s ize .  Tne shzds-zs of 2 1 C  spheres 
were caref-aily ~ ~ a s u " c 5  L L ~  a f reqaericy p l ~ ~  versus appareLt skadcv 
angle was cczstruzred. n i s  plclt shcws E range of zpparect sLglea of 
Ehadowkg frm 1 2  5s 32 dPgrees associated witk the referecze spheres. 
Tnis rarige cf axgles LE due t o  -,he etching chayacteristics of t h e  speci- 
men. Consequently, a prctrusioE on the Legative replica,  which repre- 
sents a pcre on tne qeclmeri s-=face, csnrot be accurate'y measured 
6s t o  depth (shadow lengtn)  m d  maximum width. This woilld be possible, 
hcwever, i f  sll replicas were shadowed f x m  twc\ d i rec t iom tc deterxdse 
the irdixiaticz cC the refereace s r f a c e ,  Such ti tec-ique: however, 
w x l d  lead tc considerable mzsking of s t ~ ~ z t u r ~ l  d e t s i l  due to +,ne 

One approach, n m l y ,  That cf deter- 

T.is replica was thela shadowed a t  15 Legrees imidence 

Fhsf t h i s  i s  actual ly  the sieVuaC,ix was es- 
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additional shadows arid does riot appear t o  be too practicable. 
approach t o  obtainir-g three-dimensicnal d i s t r ibu t ion  information fro= 
the  a rea l  d i s t r ibu t ion  estimates involves aSSuJqtionS as t o  t he  
theore t lch l  d i s t r ibu t ion  which ac tua l ly  e x i s t s  and subsequent s t a t i s -  
t i c a l  and mathematical transformation t o  yield a d is t r ibu t ion  which can 
be compared w i t h  t he  a rea l  d i s t r ibu t ion  data .  This approach is  being 
studied by Operations Research personnel. 

A paper en t i t l ed  "Swelling i n  U r a n i u m  - Quactitative Metallography" w a s  
presented a t  the F i f th  In te rna t iora l  Congress f o r  Electron Microscopy. 
The 2roceedings have been published by Academic Press. 

Another 

5 .  IRRADIATIm DAMAGE TO REACTOR ME2AI.S 

Alloy Selection 

Allegheny Ludlm Stee l  Corporation's R-27 al loy has mechanical proper- 
t i e s  which indicate t h a t  it may be useful a t  temperature t o  1800 F. A 
c u s o r y  examination of the  e f f ec t s  of v a r i o s  oxidizing environments 
and i r rad ia t ion  2t  high temperature i s  cow i n  progress. 
tests t o  2000 F are i n  progress with tests a t  1700 F and 1800 F com- 
pleted. 
of tne material a re  a l so  being studied. 

Oxidation 

The ef fec ts  of various heat treatments on t,he t ens i l e  propeA-ties 

Three additional a l loys -- Hastelloy N, Haynes R - 4 1  and Haynes R-235 -- 
are a l so  being examined. 
rol led and corrosioz, oxidstiori and %ensile specimens are being fabr i -  
cated. 

Sheets O.125-inch ia thiclmess have been 

Hanford Laboratcries a re  responsible f o r  the  prccurement, storage and 
disbursement of s t ruc tu ra l  mi te r ia l s  t o  be used i n  the  I r rad ia t ion  
Effects on Reactor S t ruc turz l  Materials Prcgrllm, wnere use of such 
material i s  by more thnn one s i t e  i n  the coordirated program. 
a l l cys  were proc-dred t h i s  past  mocth from ULited S ta tes  S tee l  COT. 
These al loys -- A212B, A3O2B and EY80 -- which are  ir; p la te  fom,  a re  
pe r t  of spec ia l ly  documented neats s -qpl ied  by USS Research Labora- 
tcries f o r  nuclear t e s t i n g  programs. 
data obtained from a d d i t i o n j l  simiier u t e r i d s  t~ be -.xed in the 
present research program. 

Three 

Tney w l l l  be used t o  correlate 

Ir?-Reactor Measurement cf Nechanical Properties 

Analysis of in-reactor creep behavior and ex - reacb r  creep behavior of 
20 percent cold worked Zircsloy-2 has l ed  t o  a consistent Yneory f o r  
the  in-react.or creep cf Zircaloy-2. The tho-ry i s  3ased 02 a number 
of mechanistic in te rpre ta t ians  of experimeLtz1 r e su l t s .  
follows : 

These are es 
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1. The creep of Zirczloy-2 a t  30,000 ps i  and temperatures 
including 250 C and above I s  controlled by the climb 
of dislocations over barr iers  of various types. 

2.  During l r rzdiat ion,  creep ra tes  a re  l e s s  a t  310 C and 
250 C than i n  similar ex-reactor t e s t s .  
ra tes  during i r rad ia t ion  can be interpreted as  being 
the resu l t  of EII; increase in the number of obstacles 
over which dislocations must climb. 
are produced by neutron bombardment. 

The low creep 

The riew obstacles 

3 .  During reactor outages creep ra tes  increase w i t h  time 
t o  a value which is greater than expected i n  the ear ly  
stages of similar ex-reactor t e s t s .  
ra tes  during outages is  a t t r ibu ted  t o  the removal of the 
obstacles through annealicg. 
attained a f t e r  annealing a re  greater than ex-reactor ra tes  
i s  a very important resu l t .  
cold worked substructure loses much of i ts  creep r e s i s t a c e  
during i r radiat ioc.  

The increase in 

The f ac t  t ha t  the rates 

This can only meanthat the 

4. The number of i r rad ia t ion  produced climb obstacles under 
steady s t a t e  conditions can be formulated i n  the following 
manner : 

P (pi) - K ( N i )  = 0 (1 1 
where P ($) is  the r e t e  of obstacle productior? and K i s  
the reaction coristant f o r  obstacle remcval through 
annealing, 
K can be writ ten as 

( N i )  i s  the number of obstacles per u n i t  volume. 

- A HR 
k e  - €€r 

where A HR is the  activation energy f c r  obstacle annealing 
az;d k i s  another reaction constant. 

Solving (1) for N~ 

The creep re te  ex-reactor can be expressed as 
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c 

where A i s  nearly constant and accounts f o r  the sub- 
structure of t he  material. 

h is  the height of the obstacle. 

A 

In-reactor i n  the presence of annealing and production 
of obstacles the steady s t a t e  creep ra te  can be writ ten 

i s  the activation energy f o r  dislocation climb. 

Since creep rates during i r rad ia t ion  are  much lower than 
i n  the absence of radiation, 

Ni 2/3 hi 9 N2/3 h 

I n  t h i s  case the in-reactor ra te  can be writ ten 

The foregoing reasoning has been ver i f ied by in-reactor 
activation energy measurements. 
made using the temperature cycle technique in which ac t i -  
vation energies are calculated f r o n t h e  creep ra tes  j u s t  
before and just a f t e r  an abrupt change i n  temperature. 

Tne measurenents were 

In the damage annealing range where dis locat ioc climb 
controls creep, the tictivation energy calculated by the 
temperature cycle technique w i l l  depend cpcn the speed 
w i t h  vnich the steady s t a t e  cumber of obstacles i s  es- 
tablished; t ha t  is, a t  the lower end of the amealing 
range where amealing ra tes  are  slow the obstacle concen- 
t r a t i o c  will be approximately the sanie befcre and a f t e r  
the temperature chang= a The observed activation energy 
in t h i s  case w i l l  be A q. 
ing rates are f a s t  and the equilibrium number of obstacles 
i s  obtained during the temperature change and the activa- 
t ion  energy vi11 be A % + 2/3 A HR. 

Direct activation energy measurements is-reactor  have shwon 
tha t  below 325 C tbe ac t i \a t ion  eriergy i s  about 60,000 cal/ 
mole. %is is i n  excellent agreemel=t v i t h  the ex-reactor 

At. higher temperatures, anneal- 

UNCLASSIFIED 
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. A HC which is  about 58,500 cal/mole. 
activation energy of 86,000 ca l /mle  is  observed. 
86,000 cal/mole value i s  A % + 2/3 A H . Between 
325 C and 350 C the activation energy c awes  from 
60,000 cal/mcle t o  06,000 cal/mole. 

Above 350 C an 
The 

E 

The low creep ra tes  in-reactor a re  believed t o  be the r e s d t  of ir- 
radiation produced obstacles t o  dislocation climb. 
range where the fo-reactor creep properties of Zircaloy-2 are  beilig 
studied the i r radiat ion produced obstacles can anneal. 
s t a t e  obstacle concentration i s  established when the ra te  of obstacle 
production equals t ha t  of obstacle removal. 
during reactor outages i s  the resul t  of the decrease i n  the number of 
obstacles through annezling. 
tha t  in-reactor creep ra tes  are controlled by climb of dislocatians 
over obstacles and tha t  the concentration of obstacles is an exponen- 
t i a l  function or' temperature. In addition, the or iginal  creep re- 
sistance of Zircaloy-2 is znarkedly redaced by i r radiat ion.  

In the temperature 

The steady 

The increase in ra te  

Activation energy studies have a l so  shown 

In view of the temperature depecdence of the obstacle corcentratioa 
and the loss of the pre- i r radiat icn creep resis tarce,  it mst be con- 
cluded tha t  k - r e a c t o r  creep a t  higher t e q e r a t u r e s  would be greater 
than ex-reactor. 
sistance of the material w i l l  be decreased by i r radiat ion m d  the 
creep resistance provided by i r radiat ion prohced obstacles w i l l  not 
be as great as the pre-irradiation creep resistance.  

Iri t h i s  temperature range the or iginal  creep re- 

During the mol;th an ixi-reactor creep t e s t  a t  350 C alid 30,000 psi was 
s tar ted.  
reactor octage has occurred. 
first. outsge was generally higher than ia a s i a l l a r  ex-reactor test. 
A qumti ta t ive  description of the in-resctor m d  ex-reactor ra tes  
cannot be gcven as both t e s t s  were i n  first stage creep where ra tes  
charge rapidly. 
f romthe  ra te  e x i s t k g  just before the outage t c  abmt  5.5 times that  
of the ex-reactcr t e s t .  
s t a t e  r a t e  of 3.9 times t h e  ex-reactsr ra te .  
in-reactcr was abmt  1.95 percent vnile the *--reactor s t r ak  was 
0.76 percent. 
corifirmtne existerice 05 tne prccesses postulated abcve. 

The t e s t  has been m i n g  320 hours durirLg which time one 
Tr,e creep ra te  i r - reactor  before the 

Dwirg the  cutage the i r - reac tc r  creep ra te  kcreased  

D u b g  star tup the ra te  decreassd t o  a sfeady 
'Be total p las t i c  s5rzir- 

Tke 350 c - 30,coo p s i  Ln-reactcr c e e p  datz tends tc 

A contract is  LCW being negotiated for the  procuremel;t of additional 
creep czpsules. 
ident.ical t o  those now be-g used ir, the progrem a d  unassembled par t s  
for an additional ten czps~iles t ha t  can be ta i lored t o  par t icu lar  en- 
vironmectal t e s t s .  

Tne purchase specificaticris c a l l  f o r  ten  capsules 

The zsseabled capsules can be operated bet.weer, 
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temperature limits of 200 t o  400 C, with s t resses  between 0 and 
80,000 p s i  and s t r a in  recorded t o  one-half inch. 
capsules can be al tered t o  exterd the above limits as a par t icular  
t e s t  o r  environmental conditicn may dic ta te .  

Tne massembled 

Irradiat ion Effects i n  Structural  Materials 

The purpose of t h i s  program i s  t o  investigate the combined ef fec ts  
of radiation and reactor ecvironment on the mechanical properties 
of s t ruc tura l  materials. Special a t tent ion w i l l  be given t o  the de- 
termination of mechanical property chages  produced i n  metals by ir- 
radiation a t  elevated temperatures. 

During the month 72 i r radiated bend t en t  specimers of Zircaloy-2 
were transferred t o  the 326 Building f o r  tes t ing .  
represent the 0, 10, 20, and 40 percet t  levels  of cold work and the 
longitudinal and transverse directions with respect t o  roll ing.  Ir- 
radiations were conducted in the ETR, G-7,  hot water loop (controlled 
a t  540 F) t o  estimated f a s t  neutroL exposures ranging from 0.6 t o  
2 x 1020 nvt. 
gain ard hardness measurements, which are being accomplished pr ior  
t o  bend-to-fracture tes t ing.  

These specimens 

Tne bend t e s t  specim2r.s a re  a l sc  suitable f o r  weight 

Prior t o  i r radiat ion,  the specimem were autcclaved a t  300 C f o r  
48 hours. 

i r radiat ion,  weight gains were xrxasured on three groups of specimens, 
each group ccntaining 24 specimem representirg a l l  of the cold work 
iind direct ional  colzditions given a3ove. 
the specimecs exhibited t i e  same surface appearance as before ir- 
radiation. 
1013 nv t o  an estimated t o t e l  exposure cf 6 x 10 
The effect ive exposure time a t  540 F w a s  19.2 days. 
weight gain for t h i s  group was 38.7 ng &n2. The secord grocp was 
i r radiated i n  a flwc f i c l d  of 1.2 x 1014 11v t c  2r estimated t o t a l  
exposure of 2 x 1020 nvt. This g r c q  was i r rad ia t sd  cor,c;lrrent with 
group one, EIA alsG had 19.2 days effect ive exposare aT 540 F. Tne 
average weight gein fcr  t n l s  groux vas 113.0 ~/d312. The th i rd  grcup 
was i r r a i i a t e d  i n  a f lux f i e l d  of 6,g x lOl3 nv (same as grcup one) 
t o  an estimated t o t a l  exposure of 1 .2  x 1020 ~ v t .  m e  effective ex- 
posure t i n e  a t  540 F was 34.2 days. The average weight gain f o r  t h i s  
group was 52.4 q/d.m2- 
of 24 specimezs was within 4 %/h2, and the  cver-all  values were in- 
dependent of cold work. In order t o  assess the coctribution of neutron 
i r rad ia t ion  on weight g a i ~ ,  ldeot lcal ly  prepared specimers having the 
same autoclave treetment were exposed tr; 'no? water i n  811 ex-reactor 

This treatment develogs a black, ccherect oxide T i l m  re- 
s d t i n g  i n  an average weight ga i r  per specimen cf 7 mg/dm 2 . After 

After i r r sd ia t ioz ,  a l l  of 

Tne f i r s t  group was i r raa ia ted  in  a €5- f i e l d  of 6.9 x 
~ v t  (>1 MeV). 

The average 

The weight gair, var i s t ioc  within each group 
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loop. 
l i c a t e  tha t  of the in-reactor loop, and water qual i ty  was duplicated 
as closely as possible. Consequently, the net difference i n  weight 
gains betweer. the in-reactcr and ex-reactor loop specimens should 
re f lec t  f lux effects  only. The average weight gain on ex-reactor 
control specimens fo r  groups one and two (19.2 effective days a t  
540 F) was 3.5 ug/dn?. Continued exposure t o  34.2 effective days 
(group three)  would resu l t  in a nominal additional weight galn. 
comparison cf 38.7 mg/& in-reactor t o  3.5 mg/& ex-reactor f o r  
group one exhibits a marked flux effect  on corrosion rate .  
reactor conditions such a high weight gain would indicate break-away 
corrosion. A flux effect is a lso  apparent IE comparing roup me ,  
38.7 %/am2 a t  6.9 x 1013 nv, w l t h  group two, 43.0 m g / b  a t  1 .2  x 
1014 mv; both grcups exposed under ident ical  time-temperature condi- 
t ions.  
reactcr weight gain under duplicate time-temperature c a d i t i o m .  
high additioxial weight-gain f o r  group three specimens over group two 
under the same flux r a t e  but la iger  exposure time a l so  zcnfi-rms a 
high flux-inauced corrosion rate .  

The temperature h is tory  cf t h i s  loop was programmed t o  dup- 

The 

Under ex- 

5 
The difference due t o  flux r a t e  is greater than the t o t a l  ex- 

The 

Hardness measurements were made on the bend t e s t  specimers before ar;d 
a f t e r  i r radiat ion using the 30 T scale of a KeEtrall superf ic ia l  
hardness t e s t e r .  
from 77.3 t o  83.2 over the range 0 t o  40 percerst cold work, corres- 
ponding t o  92.4 t o  99 on the Rockwell B scale. After a neutron ex- 
posure t o  6 x 1019 rLvt ,  the annealed specimens increased in hardness 
from 77.3 t o  81.1, -&ereas the cold worked specimfm did not change 
s i m i f i c a n t l y  i n  hardness. 
i r radiated t o  about 2 x 1020 axid 1.2 x 1020 nvt, respectively, had 
comparable hardness =lues a t  ezch cold work level .  
hardness over the 6 x 1019 nvt exposur-e was abmt  orie p o k t  f c r  each 
cold work level .  
worked specimexis a f t e r  %he lower exposare (6 x d - 9  nvt)? ba% a e lg-  
Eificant chaxqe of aboilt the s m e  amotLcit f o r  the 10, 20,, Srid 40 per- 
cent cold wcrk l e v e l s  occurre? after the higher e x p s w e s  (i02-2.0 x 

I n  The mir rad ia ted  condition, hardness values varied 

Specimens from groups two aEd three,  

The ne? chacge k 

Thus, rLo eignificaot hardening occurred f o r  the ccld 

1020 cvt 1 c 

Voids have beer: observed i n  the necked regior, cf Zlrcaloy-2 t eos l l e  
specimens tes ted a t  rcom t e q e r a t u r e .  The volume fract ion c.2 these 
voids as a funetioc. of distance away from the frecture  surface was 
measured by quantitative metallography d u r h g  the mxith. 
additional specimecs tes ted a t  vzrious s t r a in  rztes md csld work 
levels  have been examlned metallographically. 
the following: 
(where strzir ,  1s LO larger mifcrm but mstab le )  as  sqpcaed but are 
nucleate2 a f t e r  moderate Leckirig has already occurred, (2)  voids are 

F’urthenmre, 

These skudies reveal 
(1) m i d s  are  co t  mcleated a t  the m a x i m  lozd point 



aligned ax ia l ly  i n  the longitudinal specimens but exhibit  no zlign- 
merit i n  the transverse specimens indicatixlg an influence due t o  
mechanical anisotropy, (3)  the maximan volume fract ion of voids 
occurs at tne fracture  t race and equals about 1.5 percent, (4)  the 
extent of void formation appears t o  be l e s s  a t  higher s t r a in  ra tes ,  
higher cold wcrk levels ,  i n  the transverse compared t o  longitudinal 
directions,  and f o r  fibrous compared t o  shear fractures,  and (5)  no 
association between voids and grain boundaries has been detected as 
yet. 
10 ppm, l i t t l e  or  no influence from hydrides would be expected. 

Since the hydrogen context cf these specimens i s  l e s s  than 

Damage Wchanisms 

Tne objective of t h i s  program i s  t o  es tabl ish the na twe  of the 
interaction between defects preseLt priGr t o  i r rad ia t ion  and those 
Froduced by i r radiat ion,  a d  t o  investigate the poss ib i l i ty  of 
neutralizing the e f fec ts  of impurity atoms by chemical s tabi l izat ion.  
Alloys of high puri ty  iron with small amomts of carbon and nitrogen 
and alloys t o  which a chemical s t ab i l i ze r  such as titznium has been 
added w i l l  be studied. 

A preliminary investigztion of inrpurity e f fec ts  in irradiated iron 
h c o  ingot iron, henceforth referred t o  as iron A, 

w"ps used as the s ta r t ing  material. This material was decarburized 
and denitrogenized in a wet nydrogen atmosphere, designated iron B, 
and then t reated in an ammonia-hjrdrogen atmosphere calculated t o  add 
100 ppmnitrogen t o  the sample, designated i ron C. 
irons B and C i r radiated t o  f a s t  neutron exposures of 1 x 1017, 
5 Y. 1017, 1 x 1019, 2 x $9, and 5 x 1018 nvt has been completed. 
Exanxination of these resu l t s  and those 02 i ron A i r radiated mder  
ident ical  conditioris sho-d the fol lowkg treniis: 

. i s  continuing. 

Tensile tes t ing  of 

1. The u l t i m t e  strength and fracture  strength increase 
uniformly with dose while the d u c t i l i t y  mifornily de- 
creases w i t h  dose. 

2. Uriirra6ieted iror- A showed a lzrge drcp ir load yield 
poi r t ,  iron B snowed L O Z ~ ,  and additior, of nitrogen 
czused a small cne t o  reappear ic iron C. Tnis yield 
po i r t ,  however, disappeared a t  a dcse of 1 x 1017 nvt 
and did Lot reappear et the highest exposures studied. 

3. The proportional l i m i t ,  maximum load and fracture  s t r a i n  
i n  irozis B and C were approximately the same for a l l  
doses ard were markedly lower than I n  iron A. 
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The resul ts  indicate tha t  the levels  of carbon and nitroger, content 
as well as neutron i r radiat ion strongly influence the  mechanical 
properties of iroE. The residual impurities, both metallic and ncn- 
metallic, remaining in the i ron  a f t e r  the hydrogen treatment a re  be- 
lieved t o  have msked som? of the e f fec ts  of the nitrogen additions. 
For t h i s  reason samples of electron beam zone refined i ron are being 
prepared from Ferovac E i ron fo r  use Fn perfecting the fabricatioc,  
carbon and nitrogen addition, and the various physical measurement 
techniques necessary before proceeding t o  experiment on the high 
puri ty  material purchased from NRC a td  BMI. 

The r e s i s t i v i t y  apparatus has been redesigned t o  permit measurement 
on 20-mil wire samples a t  helium temperatures. 
wire sample such as t h i s  w i l l  provide a larger  e.m.f. fo r  measuremeat 
as well as a more eas i ly  regulated current requirement. Measurements 
a t  4.2 degrees K w i l l  eliminate the r e s i s t i v i t y  from phonon scat ter ing 
and measure only t ha t  due t o  imperfections i n  the l a t t i c e .  Thus the 
change i n  r e s i s t i n t y  w i t h  i r radiat ion should be several huxdred per- 
cent, rather than the f e w  percent found i n  room temperature measure- 
ment s. 

Measurements on a 

Neutron Spectra 

The necessity fo r  more detailed kncwledge of the neutron spectra over 
a wide range of neutron ezergies became apparect fro= caiculatiolls 
which indicated one must consider ceutrons of energies down t o  50 kev 
in order t o  account for  95 percent of the damage in s t ruc tura l  materials. 
!&e IIlultigroup t r a s p o r t  theory, (S,) code has therefore beerL Expanded 
from19 groups t o  33 groups, Previous fine-spectra struct.ure was csl-  
culated only in the energy racge 0.18 t o  10 Mev. Graiip-average crcss 
sections have been develcped f c r  a mmiber cf materials t o  enable cal- 
culatioc of zeutron spect.ra expected ~II i r radiat ion f a c i l i t i e s  t o  be 
used i r i  the I r r z d i a t i m  Damage t o  Reactor Metals Program. 

6.  GASGRAPEITES!L'UDIES 

PRTR Cas Loop Samples 

The design of the sample contailier and samples f o r  the PF€L!R Gas Loop 
w a s  coq le t ed .  Tne samples are  coEtaioed within three 3/32-inch t i e  
rods attached t o  end rings of Lo6 s ta in less  s t ee l .  Vibration cf the  
samples i s  prevented by a Hastelloy-X spring assembly. 
sample cor,^aber are given ic. drawing H-3-13689. 
samples are loaded into each sample coEtainer: 

Detzils of the 
Four types of gra3hite 

(1) solid cylinders, 

1 2 3 b 1 8 5  



UNCLASSIFIED A- 4L m- 75 127 

(2) concentric cylinders, (3) nested tubular samples, (4)  c luster  
of seven 0.42-inch samples. 
H-3-14572. 
by C@ i s  being measured by induction heating and continuous 
weighing of specirnens a t  various temperatures. 
dis t r ibut ion and weighing sens i t iv i ty  were improved by the addition 
of a platinum susceptor. 

Sample de t a i l s  a re  shown i n  drawing 
The oxidation of the s t e e l  szmple-container material 

The temperature 

Granhite Oxidation Studies 

The ra te  of oxidation of graphite usually decreases w i t h  time during 
the i n i t i a l  phase of oxidation and then becomes approximately constant. 
Bri t ish workers have reported tha t  approximately one percent oxidation 
is needed before constant weight-loss ra tes  are  obtained. 
ra tes  on graphite usually re fer  t o  the constant region. 

Oxidation 

Because oxidation ra tes  i n  the PKllR Gas Loop experiments are expected 
t o  be low, it may be desirable t o  pre-oxidize the samples. 
have begun t o  determine whether any pretreatrcect w i l l  be required. 

Studies 

Three t e s t s  have been completed a t  th is  time u t i l i z ing  a recording 
semi-micrcbalance t o  study the ear ly  stages of oxidation of a graphite 
sample. 
heated t o  approximately 875 C i n  CCQ flowing a t  approximately 1 stan- 
dard cu f t / h r .  After 1, 2, 8, and 44 hours the sample nad l o s t  0.09, 
0.15, and 0.83 weight percent, respectively. 

A second sample (161-258~) was outgassed f o r  approximately 6 hours a t  
875 C and approximately 2 x 10-4 mu of Hg. 
dized in  Co;? and a f t e r  1 and 2 hours, it had l o s t  0.11 and 0.13 weight 
percent, respectively. 
(6.2 x 10-5 g/g/hr) was constant. 
l o s t  weight at a constant r a t e  of 7.5 x 10-5 g/g/hr. 
the small increase in ra te  i s  not known. After 53.5 hours, the sample 
had l o s t  a t o t a l  of 0.51 weight percent. 

In  the first t e s t  TSX graphite (sample No. 161-258c) w a s  

- 

The sample was then oxi- 

For the next 8 hours the weight loss r a t e  
Frcm 10 t c r  53.5 hours the sample 

The cause f o r  

A t h i rd  sample (161-272~) was outgassed f o r  20 hours under similar 
conditions t o  the previous s q l e .  It showed no decreasing r a t e  of 
weight loss  with time, but rather a slight increase in rate .  After 
4, 8, 12, and 16 hours, the sample had l o s t  0.011, 0.023, 0.035, 
and 0.050 weight percent, respectively. The unexpectedly large e f fec t  
of pr ior  outgassing on oxidation r a t e  w i l l  be investigated fur ther .  
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Irradiation of Coated Grephites 

The second boat of s i l i con  carbide coated graphite has been i r radiated 
i n  K Reactor t o  an exposure of 4870 MUD/ATK a t  600 t o  650 C .  

The boat contained some previously i r radiated coated s q l e s ,  virgin 
samples t ha t  had k e n  t h e m 1  cycled, and some different  shapes such 
as rods, b a l l s  and rectangular parallelopipeds. 

Thermal cycling i n  a i r  from 250 C t o  1200 C has been s tar ted t o  check 
the in tegr i ty  of the i r radiated coatings. 
given i n  the following table .  

The weight changes Eire very small, indicating tha t  the coatings were 
not suf f ic ien t ly  damaged by the i r rad ia t ion  and thermal c y c l a  t o  
cause the coatings to crack. 

Data obtained t o  date are 

Sample NO p ut. 
No rn Geometry Cycles Change Remarks 

M- 12 Rod 1/2" OD, 1119 + 0.022 2nd i r rad ia t icn  
4 '' 1 ong 

M-3-1 1/2" x 1/2" x 4" 568 + 0.006 ) 

300 + 0.011 ) cycling 
618 + 0.006 ) 

parallelopipeds ) No prior  thermal 
I# 

11 
M-3-3 
M-3-4 

c-9 1/2" OD x 306 - 0.002 ) 
2" long 1 

C-13 11 300 - 0.031 ) 
c-16 300 11 - 0-035 

EGCR Graphite I r radiat ion 

Constructim of the f i f t h  capsule, E-3-5, ia the ser ies  of lol?g-tel?n 
i r radiat iozs  ci" ESCR graphite nas Seen coq le t ed ,  aria the czpsde  was 
ins ta l led  i n  the GETR on Septem5er 1, 1962. Tne mcdificatlor: of the 
capsule design reported l a s t  mnth  proved t o  be en t i re ly  sat isfactory 
w i t h  20 shif t ing of the central  ccolfcg rings occurring. A mdif ica-  
t ion  i n  the method of fluoroscopy provided a more posit ive i n d i c a t i m  
of cocling ring location so t ha t  a l l  swaging of the outer shell was 
done exactly on tne respective rings. 
ing reactor s tar tzp.  

The capsule i s  currently await- 
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Irradiat ion of i34C Graphite 

Two capsules have been designed and are being b u i l t  t o  i r rad ia te  
12 samples of graphite containing 6 t o  9 percent boron as B4C. 
These i r radiat ions w i l l  take place i n  the Snout I1 f a c i l i t y  and 
w i l l  be exposed t o  approximately 1019 nvt (E > 0.18 Mev). 

The graphite t o  be i r radiated w i l l  be production, high-grade 
material f o r  the Fermi reactor inner-borated region. 
types, "Black" and "gray", which d i f f e r  i n  the way the boron appears 
i n  the msterial. The "black" contains a re la t ive ly  heterogeneous 
dispersion of B4C, whereas the "gray" contains B4C i n  solution. 

It i s  of two 

7 -  GRAP- RADIATIa DAMAGE STUDIES 

I r radiat ion of Carbon-Black Graphite6 

A se t  of samples containing varyhg amounts of Thermax carbon black 
have been i r radiated i n  K Reactor. 
was t o  determine the e f fec t  carbon black additions oc dimensional 
s t ab i l i t y .  Carbon black i s  cften included in  mix formulations t o  
increase density or lower permeability t o  gases. Previous t e s t s  have 
suggested tha t  non-graphitizing f i l l e r s  such as carbon blacks may in- 
crease the radiation-in6uced contraction of graphite a t  high tempera- 
tures.  

The purpose of the i r radiat ion 

Samples were prepared by the Pechiney Compzny of Chedde, France, under 
2 cooperative exchange agreement with the Dragon Project in England. 
A f i l l e r  of ground a r t i f i c i a l  graphite o r i g h a l l y  prepared from Texas 
Lockport coke was used. To a t t a i n  a soand s t ructure  it w a s  necessary 
t o  adjust  the amount of pi tch binder fo r  formulations with differ ing 
amounts of carbon black. All samples were extruded as two-inch 
tiiameter rounds and heated together t o  a tem2ersture of 3'000 C. The 
composition and length changes observed a f t e r  an exposure of 2639 MUD/ 
AT This exposure 
i s  approximately equivalent t c  6.2 x 1020 nvt (E > 0.18 Mev). 

a t  600 t o  650 C a re  given in the following table.  K 



A-47 Nw-75127 

t Hanford 
Ident . 
No. 

61-75 
61-76 
61- 77 
61-78 
61-79 

Mix Comp., 5 f i l l e r  by w t  . 
Graphite Carbon Pitch 
Powder Black Binder 

100 0 440 
80 20 285 
75 25 285 
67 33 265 
50 50 310 

Art i f i c i a l  Therrnax 

CSF (for comparisori) 

1 
Transverse Para l le l  

-0.014 f 0.008 -0.035 f 0.015 
-0.044 f 0.009 -0.039 & 0.006 
-0.047 f 0.005 -0.046 f 0.000 
-0.043 f 0.005 -0.060 f 0.004 
-0.068 f 0.008 -0.061 f 0.004 

0.000 -0.015 

With the excepticc of the mix containing 33 percent carbon black, a 
general trend of Fncreased contraction i s  noted in both directions 
as  the carbon black content is  increased. 
reduction i n  the anisotropy of contraction w i t h  increasing &momts 
of carbon black. Tne samples w i l l  be reckiiirged in the i r rzSiat ion 
f a c i l i t y  t o  determine if the i n i t i a l  trerds continue a t  higher ex- 
posure. 

There i s  slso an epparent 

I r radiat ion of Pyrolytic Graphite 

I r radiat ion a t  600 C has been completed on prcduc5ion-grade p p 0 l y C i C  
graphite specimens. 
equivalent t o  approximately 6 x lo2* nvt (E > 0.18 Mev). 
r e c t a n p l a r  rods, l /3  x 1/2 inch i n  cross section and 2 t o  4 lnches 
long. 
these specimens p r io r  t o  i r rad ia t ion  was 22.0 x 10-6 per degrees C 
in the transverse direction and 0.05 x io' 
directioz.  
& 0.02 percent i n  the pa ra l l e l  direction. 
measurements a t  f i f t e e n  separate positioris on fo'u specimens. 
transverse directior, an average ex-palision of 0.18 f 0.10 percezt w a s  
observed from 11 separate positions. 
to ry  sami;les deposited on c y l k d r i c a l  mendreis caused a s l i g h t  e q m s i m  
in the paral.le1 directioL. Becase these szmples vere cleaved frm thz 
outer surface cf the depssit ,  they l i b e l y  contained complex coqreseive 
s t resses  para l le l  to the - a axic which were probably p a r t i a l l y  annealed 
d u r b g  irradiatiozi. 

The peak exposure was est-ted t o  be 2640 MWD/ATK, 
Smples were 

The average cceff ic ient  of thermal expansion (25 t o  42.5 C )  fo r  

per degrees C i n  the pa ra l l e l  
Tne average change In length due t o  i r rad ia t ion  i s  -0.07 

This value is obtained frm 
III the 

Previous i r rad ia t ioas  of labora- 

In the currezt thecry of high tenrperature radiation-ioduced cortraction 
i n  graphite, a vestige of low temperature damage, t h a t  I s ,  expansion in 
the  c d i r e c t i m  and contraction in the a direct icn,  is  believed t o  
O C C ~  w i t h h  the c rys t a l l i t e s  a Tne obs&vation of such rsdiatioz-induced 
changes i n  py ro ly t i c  grashlte,  wnich i s  analogoue t o  a large c r y s t a l l i t e ,  
tends t o  confirm this aspect of the theory. 
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8 .  ALUhEh" CORROSIOX AND ALLOY DEVELOPMENT 

Dynamic Corrosion of Aluminum 

Aluminum alloys (two l o t s  of 1.6% Fe, 1.2% N i ;  two l o t s  of x-8001; 
and one l o t  of lO$ Si ,  1% N i )  are under t.est in 330 C deionized 
water, 25 fps flow, refreshment ra te  of 9 gal/hr. After ten days, 
penetrstions were s l i gh t ly  higher f o r  the s i l icon,  nickel aluminum 
than x-8001 (1.0 vs 
1% N i  a l loy  appeazd somewhat more adherent and res i s tan t  t o  
corrosion-erosion e f fec ts .  
the silicon-nickel aluminum al loy i s  a; l ea s t  as good as t h a t  of 
x-8001. 
oxide, character is t ic  of good oxidation behavior by t h i s  alloy. 
Further t e s t s  on the s i l i con ,  nickel, aluminum al loy a re  contem- 
plated t o  investigate corrosion resistance a t  re la t ive ly  low tem- 
peratures in reactor process water. 

0.87 m i l ) .  However, the film on the lO$ Si, 

After t h i r t y  days the appearance of 

The 1.8% Fe, 1.25 N i  a l loy co~pons show a black, adherent 

9. USAEC-AECL COOPERATIVE PROSRAM a? DEVELOPMENT OF IIEAVY WATER MCD- 
POWER REACTORS 

Thermal Hydraulic Studies 

Heat Transfer Characteristics of 19-Rod Fuel Elements. Fabrication 
was completed of the t e s t  section designed t o  s tuds the f e a s i b i l i t y  
of steam generation when using bundle type fue l  elements i n  a hori- 
zontal position. 
19 rods spaced 0.050-inch apart  in a 3.25-inch coolant tube. 
of the rods were wrapped with a wire on a 10-inch s p i r a l  pi tch t o  
maintain spacbg bet.ween rods and t o  promote flow & X i n g .  
couples were ins ta l led  i n  most of the rods aod mary of the water 
passages f o r  detecticn of possible excessive temperatures due t o  
s t r a t i f i ca t ion  cf -the steam-water mixtures duriog boiling confitions 

The tes t  section is  76 irches long and consists of 
Twelve 

Thermo- 

The t e s t  section was ins ta l led  i n  the high presswe heat t ransfer  
apparatus End i n i t i a l  isothermal m s  wtre s tar ted.  

Component Testing zlsd Equipment Develoyment 

Dome Seal m e  Nozzle Closures. 
wnich wodd be developed a t  CANDU conditions of pressure and temperatme 

Calc-slatior; of the edge sea l  pressures 

and with the sea l  coafiguration and dimensions clrrrently used i n  the gas 
loop nozzle sea l  was completed, 
developed l a s t  monti.1 h2s proved t o  be quite feasible  birt also quite time 
consmhg.  
si;ite appropriate f c r  these conditiom. 

Vti l izat ion of the general equations 

Results cf the analysis indicate the present design may be 
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10. RFACTOR AND NUCISAR SAFETY STUDIES 

Advanced Reactor Concepts Studies 

Plutonium Fueled Spacecraft Reactor. 
Fueled Spacecraft Reactor currently =der study was modified by 
changing the basic desigxi concept of the core frcm an array of fue l  
pins t o  an "inverted" core Fn which massive blocks of fue l  r s t e r i a l  
a re  pierced by circular  coolant tubes arranged i n  a tr iangular l a t t i c e .  
The bve r t ed  core arrangement should provide considerably improved 
thermal hydraulic characterist ics,  minimizing the probabili ty of "hot 
spots" caused by variations i n  flow a t  the heat t ransfer  surface, and 
hopefully making more feasible the production cf high-quality vapor 
a t  the high heat t ransfer  ra tes  envisioned f o r  the reactor. 
core arrangement will a lso  considerably reduce the complexity of 
schemes f o r  venting cf f i s s ion  products from the fuel ;  such venting 
appears essent ia l  t o  obtain the high burnups envisioned. 

The concept of the Plutonium 

The new 

Some e f fo r t  during the month was applied t o  studies of design require- 
ments f o r  other coqcnents of the reactor cooling system, such as the 
radiator,  turbhie, and other auxiliary equipment. 
carry such auxi l iary equipment studies o d y  f a r  enough t o  ob%air, 
r e a l i s t i c  values fo r  "typical" s izes ,  weights, and performance char- 
ac t e r i s t i c s  of such equipment. 

It i s  plamed t o  

Application of Plutcrium t o  Compact Reactors. 
broader view of the appl icabi l i ty  and worth of plutonium fue l  i n  
compact; reactcrs,  arid to augment and supplement studies of t h e  Plu- 
tonium Fueled Spacecraft Reactor, a Frelirrinary study was s t a r t ed  of 
the effects  of subs t i t u t i rg  plutocium f o r  uranium as a fue l  in a 
number of spacecraft power reactor concepts being developed a t  other 
s i t e s .  Two reactors selected fo r  in i t ia l  study are  a boiling-potassium 
reactor proposed by ORNL and a closed-cycle gas-cooled reactor proposed 
by GE-NMPO. 
actor s ize  and w e i g h t ,  extension of ccre l ifetime, and reduction of 
control systezn complexity thrcugh f la t teoing cf react ivi ty .  

I n  order t o  gain a 

- 

PCesible benefits t o  be sought include reduction of re- 

Fuel Reuse. 
d ra f t  form. 
d i rec t  interchange of fue l  betweelr the.-mal power reactors and f a s t  
power reactor blankets without processing and fabrication. 
nif  icant conclusions of this report Ere : 

A report on "fuel reuse" studies was completed in rough 
!R--is describes fue l  cycle econamic analyses f c r  cases of 

The sig-  

1. For economic paramters  in the range of prac t ica l  k t e r e s t ,  
"fuel reuse" offers 2 potential  savings i n  fue i  cycle cost 
of 0.5-1 mi l1 , j~ in r~  

UNCLASSIFIED 
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D. 

2. For the l imiting case where the incremental cost of 
modifying the f a s t  reactor blanket elements t o  f i t  
the t h e m 1  reactor I s  equal t o  the t o t a l  fabrication 
cost of enriched fue l  f o r  the thermal reactor, there 
is. s t i l l  a small potent ia l  economic incentive f o r  
fue l  reuse of about 0.2 mills/kwhr. 

Nuclear Safety Studies 

Nuclear Health and Safety. 
health and safety requirements was dis t r ibuted f o r  in te rna l  Hanford 
Laboratories comment. This manual covers the governmental and 
company requirements for reviews and reports on nuclear health and 
safety. 

A dra f t  of the RAP0 m a n u a l  of nuclear 

RADIATICXJ EFFECTS ON METALS - 5000 PRERAM 

This study is  aimed at  establishing the combined ef fec ts  of neutron ir- 
radiation and i n t e r s t i t i a l  impurity atoms on the properties of metals. 
Mast of the e f fo r t  has been on molybdenum containing carbon i n  concen- 
t ra t ions  below 500 ppm. 

A s e t  of three capsules have been received in Radiometallurgy a f t e r  a 
nominal i r rad ia t ion  of 1018 nvt (E > 1 Mev). 
following Mo specimens: 
s7ecimens of three classes (containing carbon i n  the range 10-20, 100-200, 
m d  400-500 ppm); (b) s i x  single crystal  specimos of accurately deter- 
mined lengths f o r  length change measurements, two from each carbon class; 
(c) s i x  single crystal  x-ray d i f f r ac t io r  specimens, t w o  from each carSon 
class; (d)  21 polycrystsll ine one-eighth-inch diameter polycrystall ine 
tens i le  specimens of which seven were annealed f o r  16 hours a t  1050 C, 
seven a t  1300 C, and seven a t  1500 C; (e)  eight polycrystall ine 0.375-inch 
diameter t ens i l e  specimens annealed f o r  16 hom-s at  1050 C; and ( f )  two 
stored energy specimens, two length change specimens, and ten  rods f o r  
hardness measurements, a l l  prepared from material ident ica l  t o  (e).  
These capsules w i l l  be opened by a r e m t e l y  operated la the  which i s  being 
ins ta l led  i n  Radiometsllugy f a c i l i t i e s .  Similar capsules are currer,tly 
under i r rad ia t ion  t o  goal exposures of 1019 and 102c nvt (E > 1 Mv). 

The capsules contain the 
(a) 26 1/8-inch diameter single crystal  t ens i l e  

As reported previously, f o i l  specinens of Johnson-bEtthey molybdenum in 
' the as-rolled s t a t e  and , in  a s t r e s s  relieved s t a t e  (830 C anneal) show 
no dama e discernible by electron microscopy a f t e r  i r rad ia t ion  a t  40 C 

25-150 A i n  diameter d id  f o m  k the f o i l  during post-irradiation anneal- 
ing. That the resu l t s  are  valid and can be reprc6uced was  established 

t o  -1 099 nvt (E > 1 Mev); hGwever, defects in the  form of spots aad loops 
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i n  a recent t e s t .  Nar-irradiated and i r radiated f o i l s  were annealed 
simltaneously a t  600 C f c r  two hours arid af3er furnace cooling were 
thinned fo r  transmission microscopy. 
w e r e  observed only in the i r radiated specinens. 
of great in te res t  to individuals a t  the F i f th  International Congress 
for  Electron Microscopy who were familiar w i t h  radiation damage studies 
beirig conducted under A. A. Johnson a t  the Imperial College, London. 
The l a t t e r  has recently published an a r t i c l e  in the August issue of 
Phil. mg.,  in which he implies t ha t  neutron damage in irradiated and 
subsequently annealed molybdenum cannot be detected by electron 
microscopy. AdditioLal information concerning Johnson's work w i l l  be 
obtained a 

Defects of the type described 
These resu l t s  were 

Analysis of the single c rys ta l  t ens i l e  t e s t s  i s  being continued. 
from four low-carbon samples (10-20 ppm C )  have been studied in de ta i l .  
The dominant defornaatioa mode i s  slip on a [U2] plane i n  a <111> 
direction, regardless of i n i t i a l  specimen orientation. Failure occurs, 
leaving a chisel  edge pa ra l l e l  t o  a [Ollldirection. The medium and high 
carbon crystals  (100-200 and 400-500 ppm C) appear t o  deform i n  the  same 
manner, but f a i l ,  leavizg a (100) cleavage face. 
analyses w i l l  permit the ca l cu la t im  of shear s t resses  on these slip 
planes. 

A study of the diffract ion cf x-rays having wave lengths near the ab- 
sorption edge i n  molybdenum has been proposed as  a mems fo r  evaluating 
crystal  perfection. 
in an anomslously large absorption coefficient. 
normal absorpticz coefficient a t  the absorption edge i s  tnen p a r t i a l l y  
masked by the anoaalous abscrption due t o  extinction. 
indicate t ha t  t h i s  method w i l l  be useful in the study of crystal imper- 
fections in molybdenum. 

Data 

Completion of tnese 

In more nearly perfect crystals , extioction resu l t s  
Tne dicantinuity in  the 

Tentative results 

Polycrystalline mlybdenm specimens amealed a t  various t e q e r a t u e s  
were subjected t o  t ens i l e  testing. 
Ilients was t c  produce a r a g e  of grain sizes fo r  a Petch acalysis of ir- 

were as fcuows: 

The object. of the amealing t rea% 

* radiat icn damage. The annealkg treatments aa5 resul t ing grain sizes 

ArJlealing Treatment ASTM Grair Size  (E 112) 

16 hours d 1050 C 
16 hours @ 1350 

by 16 hours @ 1550 C 

no. 8+ 
N ~ .  a 
No. 75 

1 horn 43 1800 C 1  followe2 
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The resul ts  of room texqerzture t ens i l e  t e s t s  on these specimens 
pr ior  t o  i r radiat ion were as follows: 

0.2$ 
U.Y.S .  L.Y.S. Y . S .  U.T.S. Elong. R . A .  

Annealing Treatment (ps i )  (ps i )  ( P s i )  (p s i )  ce, 0 
49,000 42,700 -- 70,700 50.8 72.2 15 h r s  8 1050 C 

1 h r  @ 1800 C 
followed by 

16 hrs @ 1550 C 

16 hrs @ 1350 C -- -- 43,100 72,600 42.5 59.2 

37,700 66,80W 19.7 9.7 

*Also f racture  s t ress .  
-All resu l t s  averzge of three t e s t s .  

A paper, "Diffraction Effects from Irradiated Aluminum Single Crystals," 
was presented a t  the Eleventh Annu~l Conference on Applications of X-Ray 
Analysis, Denver, Colorado. 

A pzper, "Defect Structures Observed i n  Neutron-Bombarded Aluminum," w a s  
presented a t  the F i f th  International Co3gress f o r  Electron Microscopy, 
F'ailadelphia, Pa. 

E. CUSTOMER WORK 

1. RADIOMEX'AUURGY EXAMINATIrnTS 

Metallographic examhatiox has been coq le t ed  on a se r ies  of s t r e s s  
corrosion coupons fron the Purex storage tanks w i t h  no defects being 
found on the welded specimens o r  tine control pieces. 

The cause of the f a i lu re  of an enriched production element from 2091 KE 
was determined t o  be a pin hole i n  the male end weld. 
damage was found in the cladding of two overbore elemects but no s p l i t s  
were found in  the uranium under the damaged zrea.  
carSide were reraved fron: a section of a horizorital sa2ety rod t o  de- 
termine i f  there was any water damage. 

Mchanical 

S q l e s  of boron 

2. EQUIPMENT PRaJECTS 

Project CGH-858. (High Level U t i l i t y  Cel l )  

With the exception of tine extended reach manipulators, a l l  equipment i s  
Instal led and opereble. 
ginning October l, 1962, end f i r s t  radicactive materisl  should be intro-  
heed in to  the c e l l  i n  tne l a t t e r  par t  of OctoSer. 

TraiLing of operators w i l l  s t a r t  tne week be- 

UNCLASSIFIED 
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ProJect CGH-857 (Physical and Mechanical Properties Testing Cel l )  

Cell Castings. 
by Minor Construction. 

All the  panels and accessories ha-=-been received 
The base cast- has been set and the side 

-r: *A %? i . _  - " --,..- -7r'..r -cast ings are being installed:- -- _.- - 
-. . 
The hbtroii '  t ens i l e  t eg te r  -straining- fra* was =e- 

Cell and correction was made i n  the clutch engagement. 
W t h e  cell-and operable. Extensorneter accessories 
ed and gr ips  f o r  both f la t  and curved tube section 
imens a r e  available. X- - 

- -  - c . _ _  .=- - -.-- 3- - - ----.. 
3.  MEX'AUGRAPEY LABORATORIES 

Prototype fuels  containing thorium - 2% uranium and thorium - 2% 
uranium - 14 zirconium have been received f o r  metallographic exami- 

performing metallography on thorium and these samples are no exception. 

grinding through 600 g r i t  s i l i con  carbide papers on Buehler Automet 
polishers followed by polishing on Syntron vibratory units. 
f i n a l  lapping by hand on a rotat ing disc i s  usually necessary also. 
Several etchants were t r i e d  t o  reveal the microstructure sa t i s fac tor i ly ,  
the best t o  date being an e lec t ro ly t ic  e tch in concentrated (85$) 

This etchant, 
unlike others, not only o u t l h e d  the various phases and grains in the 
two alloys,  but retained the inclusions as well. 

A polyester resin has many advantages as  a mounting media f o r  a l l  
kinds of metallographic specimens and has been used routinely in the 
Metallography Laboratories f o r  some time. It i s  often desirable or  
necessary to  remove a metallographically polished specimen f romthe  
mounting medis without applying undue stress or heat. 
there i s  no solvent, t o  our knowledge, which w i l l  readily dissolve 
the polyester res in  used. I n  t e s t s  of a number of solvents, three 
have been somewhat effect ive i n  removing samples from mounts, namely, 
ethylene 
cending order of effectiveness. 

_. .- 

-_ --.--+-t nation. Considerable d i f f i cu l ty  has been experienced in  the past  i n  

._ - >  .- ~ i A sat isfactory grinding and polishing procedure consists of first 

A b r ie f ,  

- phosphoric acid a t  about 8 vol ts  f o r  10 t o  15 seconds. 

- 
- - "  - 

- -  

Unfortunately, 

dichloride, methyl ethyl ketone and ethyl  acetate i n  des- 

The effect  observed in the t e s t s  was a flaking of small pieces from 
the surface of the res in  over a period of two weeks t o  a month. 
small flakes remained hard, and it i s  conJectured t h a t  swelling w a s  
responsible fo r  f lakicg because l i t t l e  or no dissolution occurred. 
Flaking and subsequent removal 02 the specimen f romthe  mount can be 
accelerated t o  some degree by warming tne  solvent in a reflux con- 
denser i f  conditions permit the sample t o  be heated. 

The 

UNCLASSIFIED 
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4. N-REXCTOR CHARGING MACHINE 

Modifications 

The new transfer  arm presence indicators were ins ta l led  and tested.  
These new presence indicators cadsed the t ransfer  arm system t o  operate 
unsatisfactorily.  

Modifications t o  the new l i m i t  switch assemblies which control the 
ver t ica l  movement of the machine while loading or unloading magazines 
were completed fo r  the assemblies on one side of the machine. 
were tes ted and operated sa t i s fac tor i ly .  
assemblies fo r  the other side of the machine were s tar ted.  

Fabrication of the magazine piston removal equipment w a s  completed. 
The equipment was ins ta l led  on the macnine. 
pressure r o l l e r  assembly was completed. 
was received and ins ta l led  on the machine. 
and associated equipment was received and ins ta l led .  
was modified as required t o  accept t h i s  equipment. 

Testing 

T e s t  reports were completed and issued fo r  Design Test No. 4, which 
covers tes t ing  of the machine cross t r ave l  drive,  and Design Test No. 13, 
which covers the hydraulic system. A dra f t  of the plw conveyor func- 
t iona l  t e s t ,  Design Test No. 7, has been completed. 
completed on the magazine support functional t e s t ,  D e s i p  Test No. 18. 
The data a re  being evaluated and a report is being written. 
of the t ransfer  arm functional t e s t ,  Design Test No. 9, and the f i l -  
tered water system t e s t ,  Design Test No. 19, nave been completed. 

All hydraulic connections on the charging machine were checked f o r  
t ightness . 

Further modification of the indicators was s tar ted.  

These 
Modifications t o  the 

Fabrication of the rear  
The elevator control console 

The television monitor 
The front  console 

Testing has been 

Portions 

5 .  SPECIAL PLUTOIU"M FABRICATIONS 

Fission Product Transient S2mples f o r  Phi l l ips  Petroleum Company 

Twenty-four f i ss ion  product t ransient  samples containing U-235 - Al 
al loy cores have been completed tnrough autoclaving. 
end cap welding is i n  progress. 

Final assembly and 

Casting and sampling of U-233 - Al core alloys i s  cTxrrently i n  progress. 

Extrusion of the U-235 - lithium, plutonium-lithium bearing alloys i s  
s t i l l  being delayed due t o  analyt ical  d i f f i cu l t i e s .  

UNCLASSIFIED 
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High Exposure Plutonim-Aluninm Fuel f o r  Pinysics Instrument Research 

Tne Zircaloy tubing has been ordereci and is t o  be delivered the l a s t  
week i n  Septenber f o r  the 1000 nigh exposure plutonium-aldnun rods 
for PRCF. End caps are t o  be delivered a t  the same t h e .  
material has been cast  and w i l l  be extruded by October 1. 

The core 

The PCTR-high exposure plutonium-aluminum fuel  loading i s  75 percent 
complete. Work i s  being held up by analytical problems with the re- 
mainder of the core material. 

mnager, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 

UNCLASSIFIED 
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PHYSICS AND I N S ' Y ! R m  RESEARCH AND D E V E L O m  OPERATION 

MOXilTHLY REPORT 

SEFTEMBW 1962 

R-Reactor BTozent-ial Dcperimerrts 

The experiments i n  the NPR maclatp with coritrol rods i rser ted are almost 
ccmpletely analyzed. 
ti= distances measured for  the experiments with rods are the  same as 
without rods; horizontal extrapolations were assumed to be the sane. 

It has been determined that the  ver t ica l  d r a p o l a -  

mtimization of Retube& Lattices 

%e "C"-pile mockup has been charrged 30 the cverbcre l a t t i c e  by replacing 
tube-block6 a& fuel; and meawements have beau. 

A meaaurenent cf the angular bistributiCm G,' Stemid neutrons i n  and near 
a capper rod i n  grepkite i s  mder consideratiozL. A se t  of t ransfer  cross 
sections for 13 thermal groups has beer; cale.&atVed f o r  use in d t i g r a i p  
S-X calculaticns f G r  the  experimental gemetry. Biz uerivation of cross 
sections for 5 f a s t  grmps is & G s t  complete. The calcuiation w i l l  give 
the space-energy-angle distribct..fcn cf Eext.rons f ~ r  the PCTR with the 
copper bar izr the center. This resilt.  c a  ther. he ased to plan an experi- 
ment by M i c a t i n g  th5 radial pOsitiGzis m6 angles which &5OI?.ld be studied 
as well as the  spectral  W e ~ z  v h i ~ h  w i l l  der.e,-Ilize the seed for other 
Cetectsrs strch as l u t e t i i a .  

C d e  Develcpuent 

ReTrisions t o  a special vcrsios of TRT,pJ the react9r kinetics code, have 
been sa t i s fac tor i ly  run. 
PROBC, the collielon probebili t ies c d e ,  gives probabili t ies greater than 
m e  in sane cases; ca l cda t ioas  we being held up pending furtkr analyti- 
c a l  work. SUMMIT.. the GA ca ie  for edcula t ing  nmtron scattering kernels 
i n  graghite, has been adqte3. tc. our ~ o r i z o r  ~ y s t a i  anti aFpears t o  be in 
z-uncbg order. 

Although ILG progrm. e r rc rs  have been found, 

Ex pmchec', card catput has been revised TO C O ~ ~ G I Z ~  t o  
reqiziremerits . 
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Spatial Resonance Self-Shield- 

Assistance t o  Programming Operation onheterogeneous c e l l  calculations con- 
tinued. 
U-235, U-238, pu-239, Pu-240, and a l/v absorber w a s  made. The analysis of 
the U% rod configurations mentioned l a s t  month w a s  campletel using the 19- 
energy level  diffusion program w i t h  unbroadened and w i t h  500 F broadened 
self-shielding factors. 
about 40 mk i n  each case. 

A 1983 energy-level tape of Doppler broadened cross sections f o r  

U s i n g  the broadened cross sections reduced & by 

Instnunentation 

The specifications for  the multi-channel analyzer f o r  use with the NPR 
Fuel Rupture Monitor were thoroughly reviewed and modified. A punched 
paper tape read-out and read-in unit w i l l  be used with the analyzer. 
w i l l  f a c i l i t a t e  i ts  supplement&& use in studies of changes in corrosion 
product ac t iv i t i e s  o r  i n  determinations of low clean-up factors, f o r  
example. All portions of the specification were updated t o  provide the 
h t e 6 t  possible circui t  innovations. 

This 

Final dpaf ts  of t e s t  procedures f o r  the NPR nuclear instrumentation were 
reviewed and comments were made a t  the request of both Instrumentation and 
Electrical  Design, IPDp and Electrical  and Instrumentation Design, CE&UO. 

A t  the  request of Testing Methods Engineering, FPD, an estimate was made 
Gf the fast neutron flux in an empty NpR process tube. 
w i l l  be used i n  planning a future t e s t .  

The information 

Design work continued on the  experimental fuel  failure detection instrument- 
ation f o r  the NPR Arels t es t ing  loop a t  the PRTR. The detector assembly, 
general sampling system, and ventilation and drainage arrangement designs 
neared completion. 
instrumentation were also drafted. 

A number of purchase specifications fcr the electronic 

Slvstems Studies 

Tezhnical assistance was provided the NpR Project Section in evaluating 
tramfoAmers f o r  isolation of the Flow Data Log~ing System f rm the Flow 
Monitor input l ines .  
configurations of Temperature Mcslitor t e s t  set-ups proposed by the vendor. 

Recammendations a l s o  were made t o  re jec t  several 

Assistance w a s  provided the  IPD Reactor Design Analysis Operation i n  the 
f d l u r e  sequence aaalysis of Nm( instrumentation. 

Vexdor drawings f o r  a single Bailey control system of the NPR type were 
reviewed. The system w i l l  be used f o r  analysis and t ra ining purposes. 
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c 
Delivery i s  expected by November l2 1962. 

In the study cf reactor trensfer AtnctioDs, snalysis of the neutron flux 
v6. rod posi t ica  data reccrded in July has i a c a t e d  the need for more 
accurate chamber calibrtition d&ta and the  w e  of a larger number of t e s t s  
i n  a given test period. To date the OutpLts of O d y  three cf the f ive 
in-core chambers have been recorded s i m i t m e m . l y  with rod position change 
ciue t o  ewiEment lhitatiom. 
three chambers were d e  i n  an a t t a p t  t o  a-ercome t h i s  liIaitatiOn. 
ever, because the number of rod mmemenCs vhich can be made during a given 
t e s t  period is  limlted t o  I;reveIlC undesirable distur'Sances t o  reactor flux 
distribution, ftture test.6 w i l l  be desiped ts record all f ive  chambers 
and one rod pOSitiGIl s:'4DiltBs::ouly. Ir? addition, the rods w i l l  be selected 
t o  minimize t b e  magnitude of rod motim necessary, thus a l l o w i n g  a larger 
number of movements t o  be nade. Arkher t e s t s  w i l l  not be scheduled u n t i l  
calibratioa data b y e  beezl obtaine3 on the &-core chmbers by IPD Instm- 
ment Development mer  a t  ion. 

Repeated t e s t s  using different s e t s  of 
Hm- 

An inveszigaticn of a application of the Paxametric Ex-pansion method of 
llymmic ~ t h i z a t i o u  t o  a simple position ccEtrol servomechanisn was con- 
ducted with use of an imalog canpter .  
were first 6etermizzed in reverse timep then applies i n  forward t h e  fo r  
specific isput si-s ( s t e p  and ramps) t o  the system. 

The s y s t e ~  feedback parameters 

A p&icC&r fcm cf the time M e p e d e r s  d i f f u i m  equatioa w a s  submitted 
by Lm3 f o r  axdog ealution. 
dent variable w a s  t o  be zero at two pcsitions i n  space. It W 8 s  required 
tha t  8 value f c r  ose of the c o n s t a t  coefficients be f& sirch t ha t  the  
equation wwld fit. the  bolzndary codi t ions .  For the malog simulation, 
the space variable, x, vas replaced by t h e ,  t; +,he aralog representation 
of the dependent variable w e  thxs ccntinc0c-s w e r  the r q e  of t. The 
problem w a s  a l s o  su?.xdtt.ed t o  a i g i t d  programers fcr solution on the  
7090; the  7090 program eroplsye?. a ten-nde fiat= Ciifferenee approximation. 
The ~ E E C L G ~  an2 d i g i t c  so2ut. ioz~ 6ifferecl 

T3ze boundaq- coniiitlons Y e r e  t ha t  the depen- 

less thsz.!. f ive  percent. 

Twc meetings were held with CE&uO Desi@ p e r s o x e l  t3 firm up building 
a 3  senvices requirsnelzts for ti geceral p q o s e  arialog s h c l a t i o n  labora- 
t o r y  propose3 f o r  W O .  
&vantages of -Jarious 300 Area sites is m e r  way. 
with IPD persaxme1 t c  f i r m  -q the &sip- 'Sasie f o r  aa NPR plant s imia t ion .  
A rGugh Zraf't, of the doecment i s  being prepared by IPD. 

A s t w  t c  detemke t h e  relatiYe costs and 
One meet- w a s  held 
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smARAT I ONS 

Experiments with Plutonium Solutions 

Cr i t ica l  mass experiments were continued with pluto3ium n i t r a t e  solutions 
i n  the &inch diameter s ta inless  s t ee l  sphere covered with a O.03-inch 
cadmitun shell and fully reflected with water. Further data were obtained 
fo r  evaluating the effect  of cadmium on the c r i t i c a l i t y  of the water re- 
f lected unit. 

The resu l t s  of these measurements are summsrized fa Table I which follows. 
These data imply that f o r  a Pu(N+)4 solution containing -48 g Pu/I a t  
an acid mo1arit.y of d l . 4  ( t o t a l  m t s a t e  of ~ 1 4 0  g / J ) ,  the  vessel would 
be Just c r i t i c a l  when f u l l  (containing 23.22 l i t e r s ) .  These numbers are 
based on a knowledge of the materials used in miXing the  solutions and 
remain somewhat preliminary--until the detailed chemical analyses of the 
solutions have been received. 

The effect  of n i t r a t e  on the c r i t i c a l  concentration of the cadmium covered 
vessel can be used i n  a quali tative m e r  t o  estimate the equivalent 
water reflected sphere (with no cadmium). 

Considerable d i f f i cu l t i e s  were encountered during the month as a resul t  
of eq@pment fa i lure .  
became jammed due t o  the  slippage of one of the drive gears. 
returned t o  operation a f t e r  repairs.  

A l e &  developed in  the l iquid level  manometer l i n e  where it entered the 
vessel through the pedestal support at the  base of the  assembly. 
resul t ,  Pu solution w a s  leaking k t o  the dump t a k  during the  course of 
the experiments. In order t o  effect  repairs, it w a s  necessary t.0 camp- 
i e t e l y  dismount the c r i t i c a l  assembly vessel and t o  disassemble t.he dump 
mechanism. The faul ty  weld in the  l i n e  was covered with epaxy resin and 
the unit reassembled. 
taminated, t h i s  work was accomplished without spread of ccntamination. 

The safety rod drive mechmism (not the rod i t s e l f )  
The unit was 

As a 

Althoagh the units being repaired were highly con- 

Experiments with Plutonium Wide-Plastic Mixtures 

Work has proceeded on the wiring Bsd ins ta i la t ion  cf %he remdely operated 
split-table eri t icaL assemljly machine for  use in c r i t i c a l i t y  measurements 
with PuCpplastic mixbures. 

Tne Plutonium Metallurgy Operation has now coqpleted the fabrication of 
162.? two-inch cubes of PuQ-polystyrene fo r  use i n  these experiments; t h i s  
represents abmt 60$ of the tc%al  Pu which is t o  be prepared f o r  use i n  the 
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i n i t i a l  experiments. 
is 1.15 g/cc; the H/pu a t d c  r a t i o  i s  

The concentration of the Pu in the p l a s t i c  mixture 
-15. 

The problem of sealing the individual blocks f o r  conternination control 
now appears t o  have been solved. In the method t o  be used, each block 
w i l l  be aprayed with a coating of rubber. “he nibber coating has the  
following sddi t ional  favorable quali t ies:  (1) res i s t ive  t o  damage under 
normal -ing, ( 2 )  surface texture conducive t o  assembly construction, 
( 3 )  eas i ly  applied t o  cubes and ( 4 )  eas i ly  removed. 
i n g  originated wi th  the Plutonium Metallurgy Operation. 

This method of seal-  

Limiting Cr i t i ca l  Concentration6 of $35 and pu239 i n  Aqueous Solutions 

Stainless s t e e l  tanks were used for  the containment vessels in previaus 
PCTR experiments for  determining the l imit ing c r i t i c a l  concentration of 
a Pu-water mixture. !!!he uncertainty i n  the measured value of 8.4 f 1 g 
Pu/S w a s  largely the r e su l t  of the  uncertainty i n  the  correction for the  
effect  of ,he s ta in less  s t e e l  on the  measured value of k; subsequent 
measurements were then conducted t o  study the ef fec t  of the s ta in less  
s t e e l  (as used i n  the  containment vessels for the  PU solutions).  
uranyl f luoride (U%Fz) solution was used i n  these experiments, since the 
r e su l t s  were expected t o  be applicable t o  the hr experiments, and there  
would be no potent ia l  hazard t o  the  PCTR from Pu contamination. An 
analysis o? the  experimental data frau the  measurements cccnpleted during 
July yieleed the following results:  

Dilute 

After correcting for t he  s ta in less  s tee l ,  the value f o r  the l imit ing 
c r i t i c a l  concentration of U(93.2$ $35) w a s  calculated t o  be 13.0 f 0.1 
g U/ l .  This value is i n  excellent agreement w i t h  the  previous value of 
12.94 f 0.03 g U/d  which was obtained w i t h  the  aluminum vessels. 

Knarledge gained f rau  the  more recent experiment for the e f fec t  of the  
s ta in less  s t e e l  w a s  used t o  correct the  plutonium solution data. This 
r e m l t e d  in a modification of the  v d u e  obtained or iginal ly  f o r  the 
l imit ing c r i t i c a l  concentration frcan 8.4 i 1.0 g h r / d  t o  8.1 i 0.3 g 
Pu/J. 
c d a t i o n s  which have given 7.71 f 0.46 g P u / d .  

B e  la t te r  value i s  a l so  in  bet te r  apeement w i t h  Morite Carlo cal-  

The S f e c t  of Fuel Lstmping on the Cr i t i ca l i t y  of a Moderated Plutorlum 
System 

A problem of in te res t  fram the viewpoint of c r i t i c a l i t y  is the e f fec t  of 
resonance absorption i n  p1239. Since plutonium contains a large resonance 
absoq t ion  at N 0.3 ev, which has a par t icular ly  low value f o r  q (-1.74) 
one might speculate as t o  whether the smallest c r i t i c a l  mass for a moderated 
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plutonium system i s  obtained with a hanogeneas system. 

To study t h i s  problem, a ser ies  of calculations were made fo r  PU rods with 
diaaeters of 0.2 cm, 0.02 cm, and 0.002 cm i n  a water l a t t i c e  at the y/pU 
r a t i o  which gives the minimum mass fo r  a homogeneous moderated system 
(,33 g Pu/&). 
determined by a S4 transport  calculation. 
were carried out with the fFFN multigroup diffusion code u s i n g  13 group 
cross sections, two of which were belaw 0.625 ev. The resu l t s  showed that 
the  reduced capture i n  the  0.3 ev resonance, due t o  lumping, was far over- 
shadowed by the smaller thermal u t i l i za t ion  as a resu l t  of the  thernal 
flux depression within the  h e 1  rods. 
the  effect  of lumping the  f’uel at the  above concentration would not result 
i n  a decrease i n  the c r i t i c a l  mass, but ra ther  i n  an increase. 

The thermal flux depressions with small f i e 1  cylinders were 
The c r i t i c a l  mass Calculations 

Therefore, it was concluded t h a t  

Effect of Composite Reflectors on Cr i t i ca l i t y  - Cmparison of Theory a d  
W e r h e n t  for  Cadmium Wrapped - Water Reflected Vessel 

A5 a check on t.he computational methods fo r  predicting the c r i t i c a l i t y  of 
cacjmiuin wrapped - water ref lectea vessels, a multigroup diffusion C ~ C U -  
l a t i o n  was used t o  compute the c r i t i c a l  volume as measuzed i n  one of the 
c r i t i c e l  experiments at the  Laboratory. or the experiment i n  question, 
the measuredcritical volume was 23.10 +O* 5 l i t e r s  f o r  a Pu(N03)4 solu- 
ticn with an acid molarity of 3.74 and a plutonium concentration of 69.4 

8 
\ 

-0.06 

dJ 
The f a s t  group parameters used in the  calculation were obtained frm the  
GAM-I slawhg dawn code, and t he  thermal group parmeters  were obtained 
5y averaging over a Wigner-Wi2.ki.m spectrum. 

Fcr the 23.1 l i t e r  cadmium wrapped vessel containing the  above solution, 
the  calcLLat,ed multiplication factor w a s  Gff = 0.99. 
rilfference In  experimental ma c d c l l l a t d  k,ffts i s  equivalent t o  a 
:I. 3 5% diffErence i n  crit i c d  volme. 

T h i s  one percent. 

I3:cklia.g of P&,ially Fi l led Spheres 

A oce-group , one-region, two-dinensional p a r t i a l  difference code i s  being 
wri t ten and debuggee t o  solve the  equatioa $ @ + P2 pr = 0 f o r  a p a r t i a l l y  
f i l l e d  sphere. This calculation w i l l  y ie ld  (1) a Iliare exact appraximat.ion 
tc the  buckling of ea m e f l e c t e d  syst.en, and ( 2 )  E. f ine r  celculation fo r  
the  r a t i o  of nemrons leaving the  top and bottom smfaces,  which i s  neces- 
s a y  f o r  the  ref lected sphere calculation. 
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T r a p  o r t  Theory Development Work 

Recent work on Fmproving the range and r e l i a b i l i t y  of c r i t i c a l i t y  limits 
pertinent t o  plant safety led t o  extending the machine analysis of mult i -  
energy transport  theory (GEiHAPO Progrem S) t o  provide achievement of c r i t -  
i c a l i t y  by var ia t ion of the metric tensor. T h i s  imprwed analysis versa- 
t i l i t y  eases the  in t r i ca t e  t a sk  of delineating the  c r i t i c a l  mass envelope 
of a family of c r i t f c a l i t y  curves, by permitting d i rec t  var ia t ion  of s ize  
and shape, and thus reducing the  need fo r  pyramidal sequences of multiple 
runs. 

The analysis permits flexible var ia t ion of the r e l a t ive  s i ze  of each 
regiop of the reactor as well as variat ion of aver-all  dimensions. In 
terms of 831 input-output characterization, each element of distance ds 
employed in the analysis i s  computed frm i t s  i n i t i a l  value dr by the  
metric transformation 

ds = [l + (l/k-1) g(r)] dr, 

where g ( r )  i s  a f lex ib le  transformation generator prcrvided as input, and K 
i s  en output eigenvalue specifying the extent t o  which the  corresponding 
shape or s i ze  deformation must proceed t o  achieve c r i t i c a l i t y .  

The a n d y s i s  method fo r  computing the  deformation eigenvalue K is  based 
upon chain-compounding transport  perturbatioa theory progressively t o  high 
order, u n t i l  three successively higher order representations show satis- 
factory coalescence. Formulation and prograrmning work has been completed. 
CheckKaLit work i s  proceeding sa t i s f ac to r i ly  and i s  near cap le t ion .  

Instrumentation ma Systems Studies 

Work w a s  s t a r t ed  t o  replace t h e  l iqu id  l eve l  manometer at t h e  Cr i t i ca l  
Mass Laboratory. 
vi11 Le used if  a commercial u n i t  i s  available w i t h  the  required accuracy-- 
20 inches plus or minu 0.01 inch. 

Either an ultrascmic or a pressure measuring device 

Insmi le t ion  and t e s t ing  of the  new I I a n f O r d  s t a n d c d  c r i t i c a l i t y  alarm 
horns is now complete at the CML. The p r i n t - m t  and telephone dial ing 
devices are  being ins te l led  and shoUC be completed by the  first p a n  of 
November. 
ing monitor when a c r i t i c a l  alarm occurs. 
telephone and announce the  alarm condition. 

This unit pr in ts  out the time and idelrt if ies t he  alarm actuat- 
A ~ s G ,  a device w i l l  d i a l  a 

Development an& i n s t a l l a t ion  of 851 aural monitor on channel two a t  t h e  
CKL is now complete. This irstrument permits t he  divis ion of the p d s e  
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ra%e by 10, 100, o r  1000 r e s d t i n g  i n  a nore understaaable  a u a l  represent- 
e t ion of the flux level  change. 

A new Keithly Model 420 A log n-period meter has been received and i s  being 
evaluated fo r  possible use i n  the  CML safety c i rcu i t .  
quite well except that the high frequency response cut-off of the  period 
meter section w i l l  have t o  be decreased some. 

It appears t o  work 

A31 laboratory t e s t s  on the  new control rod drive system f o r  the  CML were 
s u c c e s s w l y  completed and the system w a s  delivered. A report  describing 
the  system was prepared. 

Thirty-one runs were made on the  EASE and GEDA analog COnpCter sbm.l.ation 
of a pot calcir,er. The object was t o  detennine estimetes of the  safe 
operating conditions f o r  a heated cylinder (cal led a pot)  containing a 
heat generating waste material undergoing chemical decompositions and 
melting. 
1000°C withmt exceeding lOOOOC by using a heater producing a w a l l  tempera- 
t u re  of 900°C, and then t.0 cocl the  w a l l  t o  2OO0C =til a steady s t a t e  
temperature i s  obtained. It w a s  fwnd that heatiw periods of 8 t o  20 
hours (depending on the  heat generating r a t e  and thermal conductivity) 
would be requiyed. 
esli 1.25 x 10-4 T + 0.085 Btu/hr-f't OF. 
C, 2500, and 5000 Btu/hr-ft3 f o r  8 and 12 inch cylinder diameters. 
f o w  f i n i t e  difference sections were used t o  simclate the  p a r t i a l  differen- 
t i a l  equation f o r  the  process. 
3 9  was introdwed in to  the  simulation. The addition of oae or  two  addi- 
tional sections probably yould reduce the  error t o  less than two percent. 

It is desired t o  heat every portion of the  cylinder t o  850 t o  

The thermal conductivity f'unctions were 0.1, 0.2, 
The heat generating r a t e s  were 

olliy 

As a re su l t  an er ror  of s l i gh t ly  l e s s  than 

The realignment eat3 refocusing of the heavy element mas& spectrczneter f o r  
t L i e  program w a s  cmplet.ed. !RE mass resolution of the  spectranet-er LE 
am within the  design specificaxiom, ax13 sat isfactory operation of t he  
spectrameter was maintabeb during the month. A serieg of analyses sf 
National mea l2  of Standards waaim isotopic standards was perfomed i n  
Grder t o  cal ibrate  the accuracy and precision of anslysis 9f the  spec- 
trometer. 

Conswlting Services on nuclear Safety - Cr i t i ca l i t y  Hazards 

Ps r t i c ipa t io i  on the  Recupluc Deactivation Hazards Review CoxmLttee mCl 
the PrGject 880 Bazards Review Committee continced throughout the  mmth. 

1 2 3 b & C b  
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Reviews coacerning Reccplex deactivation centered a r d  methods of 
removing plut.onium from the J-26~ tank and the f loor  of the Reception- 
Elerding Hood. 
t o  dissolve these solids so that plutonium can be removed from the tank 
have not as yet been successful. 
pressure w i l l  be t r i e d  next month. 
ure) attention was given t o  the  nuclear safety of tanks in to  which the 
pllrtonium could be forced when it dis~olves-particularly J-9, which is 

3 - 2 6 ~  is  plugged with 4-6 Kg of plutonium solids.  Efforts 

A procedure using acid, heat, and slight 
In the hezard review of this proced- 

7-3/b-in ID. 

A procedure t o  remove the plutonium-orgdc waste materials frm the floor 
of the Reception-Elencling Hood by d r y i n g  s;nall (one l i t e r )  batches in a 
special  b-y ing  hood aSa then storing the resifiues i s  being reviewed. 
"he hood floor contains apFraxFmately 400 l i t e r s  of this material. which 
varies in plutonium concentration from 3-15 g/j. 

!L%o nuclear safety reviews were made for Advance Process Development. 
&e review concerned the neutron couating of plutonium h t t o n s ,  4 the  
other the dissolving of Pu%--bath i n  234-5 Building.  

Niclear Safety in FPD 

A temporarv specification covering the  autoclaving of four hundred th i r ty-  
three ?$ d35-U alloy fuel elements in the 313 Building autoclaves w a s  
reviewed and apprcrsed. 

Ncciew safety specifications were &BO reviewed and approved for 1) the 
storage and shipment of uranim-onciae scrap, 2) the storage and process- 
ing cf 1.6 w/o $35 enriched b i l l e t s  and fuel elements, ard 3)  the storage 
aa.3 procsss'bg 3f 2.5 w/c $35-thorim a l l o y  biU,etr; a& extruded tubes. 

W i O N  CROSS SECTION PROGRAM 

Qmsi-ELastic Scattering of Neutrsns fram Water 

M~asmerncrit-s were made at two scattering m e s  of the energy-broadening 
of t h e  quasf-elastic cmpcnen?. of the scatt-ering of 0.15 ev neutrons 
f rm rom t e q e r a t u r e  water. These measurenents were made with s ignif i -  
c a t l y  be t te r  nectrozl energy resolution than Freviausly employe&. 
i b v  arLalyEis of these O a t 8  indicate a b r o a d e a  which agrees within 
stazigtical .  errors with that previously measured at Henford. 

Ere- 

3 € h s t i c  Scattering of Neutrons from Water 

Desi- work contimed on wat,er-sample holders for use i n  the  measurement 
of b e l a s t i c  Ecattering of neutrons frm water at elevate& temperatures 
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using the t r iple-axis  crystal  spectrmeter .  

Rot a t  ing- C r y s t a l  Spectrameter 

A spherical aluminum single crys ta l  was oriented and mounted i n  a cryst.al 
rotator  t o  t e s t  as e monochromator f o r  i ne l a s t i c  neutron scattering 
measurements by the rotating-crystal  time-of-flight t e c w q u e .  The 
c rys ta l  has been rotated a t  10,000 rpm i n  t e s t .  Diffracted neutron spect 
have been obtained, but the  s t a b i l i t y  of rotat ional  speed of the  present 
system is  inadequate f o r  accurate measurement. Several d i f f i c u l t i e s  have 
been encoutered i n  the  operation of the  1024 channel time-of-flight 
Malyzerp and t h i s  equipment is still being debugged. 

r N. 

Fast Neutron Cross Sections 

A ser ies  of measurements of neutron t o t a l  cross sections from 3 t o  15 MeV 
by the  pulsed-beam time-of-flight technique with Van de G r a a f f  neutron 
solirce was successfully completed during the  month. The tot.& cross sec- 
t i o r i  of foxirteen elements were measme8 t o  a precision of three percent 
GT bet.ter. 
14% Y, N ~ s  V, 2 2 ,  Ag, Mor Sn, and W. 

In a3dition, a ser ies  of measurements WES performed which was designea 
to study possible systematic errors caused by sample diameter, sample 
thlckness, smple  in-scettering, and the  method of background determina- 
t ion .  

The ser ies  of neasurements vas perfomed i n  approximately 150 hous cf 
aata-takirig including a period of I23 hours of ccntinuous operation of t he  
V a n  de G r a a f f .  

The elements which were measwed were: Ca, Sr, Be, Pb, CC, 

Last rneent at i on 

Tbe 102b-channel time-of-flight analyzer for  slow neutron cross-section 
masuemerits i s  now i n  w e  at 105-KE. 
connections are b e i r i  renediei. 

WG possible modifications cf t.he 102bchannel analyzer were s t d i e & :  
ti 6144-ch~ianel analyzer using the  magnetic drurc as a to t a l i z ing  memory, 
a d  a magnetic tape storage u n i t  t ha t  wo-zld use the  IBM-7090 computer as 
8 t o t a l i ze r .  The advar-taa;es of the l a t t e r  scheme are f a s t e r  acquisit ion 
.Feeds and i331 unrestricted number of channels. Costs wouid be about. the  
same f o r  e i ther  systen. 

Sone d i f f i c u l t i e s  with pcor sclder 

l 2 3 b E G 8  



HW- 7 5127 

REACTOR DmoPME3F - @ PROGRAM 

Graphtt.e Latt$ice Parameters f o r  Low Bcposure Pu-A1 Fuel 

Attempts t o  analyze the Ix =-A1 fueled, poisoned l a t t i c e s  with the trans- 
~ c r t  code have OG% been ent i re ly  satisfactory-- presumably due t o  lack of 
infomation about tLe themd.  neutron flux spectrum in  the  ce l l .  A solu- 
t i on  t o  this problai  would be t o  w e  a number of groups i n  the subcadmium 
region5 say frana 0.1 to 0.4 ev. 
ta generate the cross sections reqaired f c r  E U C ~  a group structure. 
order t o  correct this l M % a t i o n  on the use of a number of grmps i n  the 
thennal energy range, maiificatioas t o  the code, SPECTRUM V, are under w a y  
such that cross sections for an arbitrary p m p  structure can be obtained. 

However, there is no simple w a y  at present 
In 

A E m l f f i e d  Eipproacn i s  also being taken to the  problem t o  see if more 
sat.isfactory ageement p i t h  experiments can be obtained. 
t i cns  of the  thermal flux dist r ibut ion bave been obtained f o r  the 10-1/2, 
8-3/8 and 6-1/2 iBch grapEt.e l a t t i c e s  fieled with l9-rod clusters of 
Pc-Al *el. 
m p i s m e d  ce l l s  f c r  each l a t t i ce  spacdhg. 

The 1@-1/2 imh poisoned l a t t i c e  i s  under study w i t h  the multigrmp diffus- 
i m  cL?ie, HFH. 
in the  calculation. 
tea.  

IDIOT cdcula-  

The calculatiom have been dcne f o r  both the poisolled and 

b e  case has been JXU i n  which only two groups were used 
B e  outpct frcm this case is  presently being evalua- 

' E 5  prcpwat:on &d. p l a m i c g  work for the experimental pcrtion of these 
stw3ies is n m  e2nsst comp1et.e. 
l a r t icec  with 3G-1/25 8-318 am3 6-1/2 inch l a t t i c e  spacing are plamed. 
The 10-1/2 mch l e t t i c e  WU be measure5 first 

MeasQremexits on 1 9 - r d  c l u t e r s  in graphite 

Tt% XTR vi31 be use5 t o  dctemtne she qyinti ty of cltpper aecessuy t o  
rcisct  e 7 . t  c e l l  t c  a cf one, t o  activate P K - A ~ ~  @35> ~ 1 ,  C U ~  
A-2 L.i fc i is ,  3cth baxe mli cadaim covered. The f c i l  activations 
v i l l  be &e 11j bctb the pciconeZ ari2 unpiscmed l a t t i c e s .  
tb,e -wper~elitel Frscekre  E& haz,ax&s t c  the PCTR has been written. 

An gatline of 

A method of obtaining z+z weraged Over ",he l t i t t i ce  spectrum, by react i -  
vity measm-anent s is being irivest igated. 
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LOW mposure Pu@-U@ Lattice Studies 

Input has been prepared for  an IDICE run on a 6-1/2 inch unpoisoned l a t -  
t i c e  meled with 19-rod clusters of both Pu%-U$ and PuC-UC. 
q m t i t y  of Pu and U was taken t o  be the  same fo r  both the oxide and 
carbide cases. 
difference in the slowing darn parer on the thermal flux distribution. 

The 

An attempt is being made t o  evaluate the effects  of the 

The Cr i t ice l  Faci l i ty  

The final d r a f t  of some of the process specifications which w i l l  govern 
the operation of the PRCF have been reviewed. 

The preparation of the  PRCF startup t e s t  procedures document (RW-7121h 
supplement) has continued through the month. The introduction and one 
of twenty-four t e s t s  remain t o  be completed. Reviews of these t e s t  
procedures led t o  questions concerning the  equivalence of paraffin and 
l i gh t  water as a ref lector .  Their re la t ive properties are  being examined. 

The calculations necessary for  the absolute flux calibration of B q  
counters have been coqleted.  These calculations were made from data 
collected by observing the camting ra tes  of the  BRj  chambers when placed 
i n  the Standard Pile. 

The electronics equipenti and counters have been moved t o  the PRCF area 
a& checked fo r  praper operation. 
mise  from e lec t r ica l  equipment operating i n  the area. 
pr  obiem 

Two of the m p l i f i e r s  seem t o  pick up 
. This may be a 

Scope drawings of the modifications which are necessary fo r  the experi- 
ments which use l i gh t  water as moderator i n  the PRCF have been prepered 
Fy l4EZO. 
defined f o r  the  p repsa t ion  of the exper-hents. 

Tnese' drawings have been reviewed 4 f'uture work has been 

PRTR Fuel Irradiation Experiment 

The 3 t e t i u m  ac t iv i t i e s  which were obtained i n  a Irratliation i n  the  
PiiTR have been reandyzed. 
tha t  the shape of the f'unction which joins the slowing-dawn distribution 
tc the  Maxwellian dis t r ibut ion i s  that which has been calculated f o r  a 
pcsit ion i n  the  outer r ing of fue l  rods i n  a 19-rod cluster .  

The reanalysis has resulted in a value of 350 I 10% fo r  the spectral  
i d e x  d o n g  the  l e m h  of the W-Al h e 1  element. 

The reanalysis was made with t h e  assumption 

This value is not the 
hugever. Parts of the anzlysis must be re-done on the basis 
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! -  - 
of t h i s  calculated spectral index since it is different from the one 
assumed when the Joining function w a s  calculated. 

Neutron Spectrum Studies 

Calculations of corrections which w i l l  be used f o r  determining spectral  
indices from lutetium irradiat ions in 19-rod clusters of Uo;! and Fu-A1 
fue l  elements have been completed. 
f o i l s  6: the  surface and i n  the center of a Uo;? cluster and i n  a center 
rod, intermediate rod, and an outer rod of a pu-A1 cluster.  

The corrections have been ccquted f o r  

Stat.- of PRTR Fuel Irradiation Wer inen t s  

Gamma Scanner 

m e  t o  the operational decision tha t  only two fue l  elements (or hangers 
containing irradiated rods or wires) can be stored in  the discharge water 
p i t  during reactor operation, the use of the  Fuel Bramination Faci l i ty  f o r  
gamma scanning w i l l  be i n  seriaus conflict  with fue l  element examinations 
and of limited availabil i ty.  
is now being considered. 

Instal la t ion of the gemma~scanner i n  the basin 

l3urnap W y s i s  of PRTR Elements 

Element 5075 

U s i n g  the measured unirradiated plutonium isotopic composition (6.14 w/o 
I>u-240, 0.484 w/o pu-241, 0.021 w/o ~u-242),  the MELEA~zER calculation now 
produces Pu-241 concentrations which agree with the  measured values at the 
=Xposures which produce agreement with the measured Pu-240 concentrations. 
The MFLEAGER K-242 conposition is  running somewhat high (about 164 a t  
274 burnup). The burrup from Cs-137 data f i t s  t he  new MELEAGER resu l t s  
on the  average for a f i ss ion  y i e ld  of 0.069, using Tl/2 = 29.15 years> 
and 326 ~ l d g .  mass spectrmeter h t a .  
data the yield is  .0655. 

using 325 ~I.dg.'mass spectrometer 

ELemait 5051 

Fuel elezent 5051 ( f i r s t  of the low exposure Pu-A1 fo r  burnup aaalysis) 
h&s been disassembled and three rods delivered t o  the Radiometallurgy 
Laboratcry f o r  dissection. 

Investigation of an isotopic di lut ion technique of W y s i s  f o r  burnup 
studies i s  under w a y .  
iowered and the time per sample analyzed cut down appreciably. 

If successfhl, the cos t  of burnup anslysis w i l l  be 
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Code Development 

Physics Chain Tape 

progrixus TEMPEST, GAM,' SIGMA-%, 
chain tape. Any number of these 
Successful multi-program runs as 
made . _ -  , 

.. 

. - *  

. -  

- S I W ~ H J  and HFN have been loaded onto a 
programs can be ruo in almost any order. 
w e l l  as single program runs have been 

.. - .  
. * _ -  .. I - - -  

RBU - 
Values of the average energy - loss per C o ~ i s i o n J  Xi, and-the'average cosine 
of the scattering.angle, w, derived from the  gas kernel, have been cal- 
cirlated f o r  a representative range of ini t ia l  neutron energies and scatter- 
ing-center masses. The results appear t o  describe the behavior of low 
energy neutron scattering i n  a gas in a sat isfactory manner. Consequently, 
a machine program, MBMENTS, has been writ ten and pa r t i a l ly  debugged t o  
provide more extensive and accurate value. 
determine the parameters in the two mass gas model used i n  RBU. 

These values are required t o  

CAIX 

Debugging of the bumup portion of the CAIX ccde continued. The straight 
~UXIUP, recycle, and graded i r radiat ion options are operating, but the 
i n i t i a l  enrichment option i s  not. The SIGMA su3routineJ which calculates 
isutopic cross sections after a specified num3er of time steps, according 
t o  a nine-group, two-region, average flux model, i s  also not operating 
properly. 

CLERK JAYNE 

The CLERK JAyNE program has been modified t o  produce input cards fo r  the 
NORMAL MODE burnup code. 
core power level  i n  megawatts, the number of burnup steps t o  be done, aad 
the time interval i n  days between steps. 

- 

- ~. - 

Additional input t o  C U R K  JAymE is  region o r  

RBU Cross Section Updating 

Further revision of the uranium and plutonium isotope cross sections i n  the 
resonance region are being put in to  the RBU Library. These changes are the 
resu l t  of a bet te r  treatment of the  resonance region (particularly,  the 
m e s o l  ed resonance region) based upon some theoret ical  considerations of 
Dresner Y, . 

I 2 j t 8  I 2  
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Y e W n  Scattering Kernel f c r  Water 

Investigation of the discrepancy between Nelkin' s theore t ica l  water kernel 
and experiment continued. 
tions ca lmla tea  at Hanford and KAPL were found t o  agree. 
Hwiford and KAPZ are both using adapted versions cf a GA code, there  i s  
st i l l  the  poss ib j l i ty  t ha t  none of these codes reproduce Nelkin's theory 
correctly. 
prepared, and i s  being debugged. This p&icular version calculates the  
@elstaff S-f'unction, and is  d i rec t ly  comparable with the  usual presenta- 
t i m  of experimental data. 
f lcsiblc in clianghg dettiils in the calculS;tion. 

Transport cross sections and t o t a l  cross sec- 
However, since 

Consequently, a second Hanford water kernel code has been 

The code is especially designed t o  be more 

Fast.-Thernal Reactor Ccunplexes: "Fuel Re-Use" 

Evaluation studies of the  "Fuel Re-Use" concept have been completed. 
infcrmal document, Hw-7454.. "Progress Report on Fuel Re-Use: 
of a Fast-Thermal Reactor Craaplex ,"  is in preparation. 

For the single reactor cmplex examined (Fast Oxide Breeder - WO Pressure 
Tcbe Machine)? f i e 1  re-use appears t o  offer  an a t t r ac t ive  approach f o r  
reducing fuel COSCYS, Possible cost redGctions seem t o  be just under a 
miLl/Kwhr. 
m l t i p l e  fuel re-use cycles. 
t o  fast- reactors f o r  a steady state econmy could be maintained at a 
reasomble level ,  

An 
Analysis 

Further reductions i n  fuel costs might be achievable by 
It also appears t h a t  t he  r a t i o  of thermal 

The majcr questions that remain t o  be answered are engineering f eas ib i l i t y  
(piirt icularly the  question of non-uniform enrichment), and the  extension 
c.f t he  f u e l  re-uee cmcept t o  other reactor types. 
these qgestioxs could be obttiined from further  analyt ical  work. Harever, 
cmcurrent d a o a s t r a t i o s  experiments of fue l  re-use would add consider- 
a3ly greater c r ed ib i l i t y  t o  these resu l t s .  If fcrzher analyt ical  studies 
a r e  carried ozt., a mre detai led physics a.nalysis--to account more accur- 
ately f o r  spa t i a l  and spectral  effects--w&d seem t o  be warranted, 

Partial answers t o  

P ~ O E P ?  RLeling of Campact, Water Moderated Reactors 

The first step, obtainixg cross sections t.0 be used, in the  analysis of 
the three reactors is  conplete. 
pro5uce thermal group (0.0 t o  0.683 ev) cross sect ion character is t ic  of 
a hmoaeneous me6 ium f o r  each of t he  three trial fuel loads i n  each reac- 
tcr, The inpct t o  the  SHUSH-HFN combination which w i l l  be used t o  obtain 
c e l l  disadvantage fac tors  is  about half camplete. 
section group sizes have been selected. 

This involved using the  TZ24PEST code t o  

"he &ti-group cross 
The four groups have boundazies 
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t h a t  are camnon t o  some of the  nine groups used i n  CAW[; this w i l l  allow 
sane camparison of resul ts .  

Plutonium Uti l izat ion Studies 

A canparison of uranlum and plutonium fue ls  in several small canpact fast 
systems i a  being made.' One of the systems is proposed t o  be a 1 EaJ power 
source fo r  space applications. 
be used i n  a nuclear rocket. 
core geanetry, which i s  hoped t o  extend the core l i f e ,  i s  being considered 
f o r  a large space power s ta t ion.  

- 

Another system under consideration might 
Also, a l a rger  power system with a special  

Instrumentation and Systems Studies 

Further work w a s  done t o  improve operation of the PRTR N e 1  Rupture Mod- 
to r .  
tested,  and appropriee adjustments were made. It w a s  determined that the 
special  t ransis tor ized preamplifiers needed new ba t t e r i e s  a f t e r  lo00 hours 
of use. 
was found t o  be within +, 14. 

Limited success was achieved in  attempting t o  reduce the t ransient  noise 
problem in the  PRCF f i s s ion  counter channel. 
f i e r  and a lm-noise  power supply were substi tuted f o r  the  cwmerc id  
units i n  use t o  t r y  t o  i so l a t e  the  noise sources. 
necessary. 

The l i nea r i ty  of the  preamplifiers and multichannel analyzer w a s  

The system lineaxity,  using vssious radionuclides f o r  t e s t  sources, 

A charge-sensitive preampli- 

Further work w i l l  be 

Because of other work by PRTR personnel, no time w a s  available t o  install 
the  second generation, f i n d  model s c i n t i l l a t i o n  effluent monitor f o r  
gamma emitters. As a continued t e s t ,  the  instrument was kept i n  full 
operation in 329 Building for the  month. Performance continues t o  be 
fully sat isfactory.  Ins ta l la t ion  a t  PRTR w i l l  be done as soon as possible. 

Development continued on the eddy current instrument f o r  measuring vibra- 
tion of PRTR fuel elements both i n  the  hot loop mockup and in the PRTR. 
The basic sens i t i v i ty  of the method w a s  improved a factor  of two ( t o  one 
mv/O.OOl" displacement) m e r  that reported last month. 
demonstrated tha t  the fue l  displacements re le t ive  t o  both the process tube 
and the  shroud tube can be measured simultaneously by using two t e s t  f re-  
quencies. The performance of the  t e s t ing  co i l s  a t  temperatures up t o  500° 
F w i l l  be investigated next. 

It was a l s o  

Analysis of the data obtained during PRTR Test No. 35 showed the presence 
of two predminant peaks i n  the frequency spectra of both the moderator 
leve l  and neutron flux signals. The peaks occur a t  approximately four and 
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nine cycles per second. 
erably lower i n  leve l  than tha t  required f o r  good precision, however, and 
sone uncertainty exists as t o  t h e i r  va l id i ty .  
the  sumrltaneaus recording of moderator leve l  signal with the flux signal 
will be helpful i n  interpret ing the resu l t s  of future t e s t s .  
a l s o  shared that the servamanometer is  not a sui ta3le  source of signals 
f o r  this type cf t e s t  due t o  i ts  limited dynamic response. 
t ha t  t he  significant frequency spectrum of mderator  l eve l  vmiat ions extends 
to at least ten  cycles per second. 
Fuchs t ransfer  function analyzer i n  the  analysis of mderator  level-neutron 
flux-cross-pwer spectra i s  being investigated. 
deltiyed ilntil the analyzer i s  returned f rm the factory, where it was sent 
b r i n g  t he  month fo r  modification. 

The signals recorded during the t e s t  were consid- 

The r e su l t s  indicate tha t  

The t e s t  

It was shown 

A method of using the  Boonshaft and 

Further progress w i l l  be 

Analog runs were cmpleted t o  determine the  maximum PRTR power leve l  excur- 
sions Snd the maximum fuel element temperatures produced by various reac- 
t i v i t y  disturbances with the reactor status varying from subcri t ical  t o  
normal operating power level .  Many of the  runs &e were s tar tup cases 
azd others essumed the  complete fail t lre of the "scram" mechanism. These 
puns resulted i n  large pmer  excursions covering many decades of reactor 
power leve l .  Therefore, "point storage" or amlog memory was incorporated 
in to  the  c i r cu i t  t o  produce autamatic scaling of a l l  necessary variables. 
The xse of t h i s  technique great ly  reduced the t h e  and e f fo r t  required 
for t h i s  study. 

EIGH TEMPERATlTRE REACTOR LATTICE PHYSICS PRK-RAM 

A preliminary est-te f o r  t he  cost of t he  High T q e r a t u r e  Lattice Test 
Reactcr has been oi;tained. 
i x i  the  initial, budget study in 1961, the  scope must be given more careful 
s-cudy. A first draft of t he  Project proposal requesting design funds has 
been revised. 

Since t h i s  estimate i s  50$ above tha t  given 

 ON FLUX NOXITORS 

, 9 2 a 1 ~  were partly cmpleted t o  determine experimentally t h e  neutron fluxJ 
t anpercnre ,  a d  spectrum i n  a sui table  t e s t  f a c i l i t y  t G  be used f o r  t he  
t e s t ing  of various foils made of p1ctorLum and uranium radionuclides. 
r e su l t s  of the experiments w i l l  be used fer optimizing the  composition of 
t he  regenerating detectors. performed calculations indicate that neutron 
tenperatme can be approximated by determining the nuclide composition 
of PJ-239 and U-235 f o i l s  as a function of exposure. It i s  considered 
possible t o  d e t e d n e  the  spectral  hardness from the  cadmium r a t i o  of 
cobal t  f c i l s  irradiat.ed i n  the  f a c i l i t y ,  end the  neutron flux can be 
determiced f rm the  specif ic  ac t iv i ty  of the cobelt t e s t  f o i l s .  By cam- 

The 
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b- information f r a  the several sairces,  It should be possible t o  
obtain a consistent s e t  of values f o r  $, r, and T which can be used a8 
a basis f o r  fabrication of the regenerating t e s t  uni ts .  

NONDESTRUCTNE TESTING RESEARCH 

. 

Rectraanagnetic Testing 

Electronic units of the prototype nnrltiparaneter eddy current t e s t ing  
equipment are being checked and adjusted as they are  received from the  
shop. The investigation of diffusion and propagation of e l ec t r i c  f i e l d s  
and currents i n  conductors by a combined analytic and empirical approach 
using so l id  and molten Woods m e t a l  i s  continuing. 
of the  new graphical nulling unit were increased, and it is ready f o r  a 
f i e l d  t e s t  in which it w i l l  be used with an eddy current tubing t e s t e r  i n  
the  t e s t ing  of 3/16 inch diameter s ta in less  s t e e l  tubing. 

An estimate of cost of construction of t he  prototype multiparameter eddy 
current equipment was prepared. 
A modification of the 250 kc and the  3 Mc units is  required t o  obtain 
higher Q c i r cu i t s  end t o  reduce the  tendency t o  osc i l la te .  
cations are  being made. 
t o  c rys ta l  osc i l la tors  and are  reedy f o r  f iml  adjustments and tes t ing.  

Resolution capabi l i t ies  

The f ive  tuned amplifiers were tes ted.  

These m o d i f i -  
Three of the t C  osc i l la tors  have been converted 

The investigation of the diff'usion and propagation of e l ec t r i c  f ields and 
currents in conductors i s  continuing. The equipment has been adapted t o  
provide thermostatic control of the  temperature i n  the  l iqu id  metal. 
the thermostatic control present, arcidation of t he  surface of the l iquid 
Woods 6310~ has been very low. 
Angust report w i l l  probably not be requlred. 

Several plGts of eddy current d i s t r ibu t ion  vs. frequency have been made 
with steady s t a t e  A.C. signals applied t o  the driving coi ls .  
ent driving c c i l s  of varying s i ze  and shape have been used t o  produce 
these eddy currents i n  the liqaid metel and i n  the pickup loop. In  addi- 
t ion,  these same driving c o i l s  have been driven with s q w e  wave s igmds.  
Thus plo ts  of eddy current magnitude as a function of time have been 
obtained f o r  various depths i n  the  m e t a l .  These p lo ts  are  compared w i t h  
p lo ts  derived from theore t ica l  considerations. Additioml. p lo ts  w i l l  be 
obtained f o r  different  s ize  p i h p  loops in the  metal. h'eliminary study 
indicates t he  eddy current depth of penetration may be less than expected. 

Tubing t e s t ing  equipment i s  being prepared t o  t e s t  type 304 3/16 diameter 
s ta in less  s t e e l  tubing having ti w a l l  thickness of aboct 0.036 inch. 
complete t e s t  arrangement consists of (1) a Hanford Inconel Tubing Tester 

With 

The inert, atmosphere mentioned i n  the  

Four di f fe r -  

a 

1 2 3 1 ; s  I b 
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Mdel 1002, modified fo r  t h i s  application, (2 )  amplifier and discriminator - 
wits i n  a commercial rod and tubing tester, (3)  a commercial tube feeder, 
a d  ( 4 )  a time delay and tubing marker un i t .  

It i s  desired t o  detect the presence of defects which are greater than 1% 
of the  w a l l  thickness, including cracks and w a l l  thinning. 
of equipment i s  complete, and it i s  ready f c r  final checking out with 
standards which are being prepared. 
previously developed was modified for  t he  present application. 
c r y s t a l  osci l la tor ,  frequency quadrupler, and a graphical nu l l  balance 
un i t  were added. A di f fe ren t ia l  type t e s t  c o i l  assembly i s  used with each 
of %he two wfndings consisti,ag of 100 turns of NO. 36 copper wire, operat- 
ing at 400 kc. 
against small diameter variations and shallow surface irregularities. 
expected, sanples of the s ta in less  s t e e l  tubing show varying mounts of 
"noise" or background sign8J.s. Placing the  t e s t  c o i l  and tubing i n  8 
magnetic f i e l d  of about 3 kilogauss did not a f fec t  this noise, thus it is 
ten ta t ive ly  conclu6ed tha t  it is  caused by tu5ing e l e c t r i c a l  conductivity 
variation. The graphical null ing un i t  has f a c i l i t a t e d  the ident i f icat ion 
of two t ypes  of tubing noise whose signals are characterized by different  
Fbase angles. 
noise signals may be near t he  tubing surface, and the  sources of sane of 
the larger  noise si-s may be at a greater depth. 
need f'urther study, and the  effect  of annealing the  tubing is  now being 
Eade. 

The assembly 

The Inconel Tubing Tester Model 1002 
A 100 kc 

A phase discrimination technique is used t o  d i s c r h i n a t e  
As 

The phase angles indicate that the  so?.rces of sane small  

These conditions 

The p q e r ,  Detection of Anieotropis Conditions Using 333dy Currents, by 
9. L. Libb:f and R. I,. Brown, Jr., was mblished in  Nondestructive Testing, 
Vole XX, io. 5, September-October, 196:. 

Zirconium Hydride Detection 

Veutron a t t ema t ion  studies indicate that t h i s  method could be used t o  
eetect  5000 ppn ? 2500 ppm h;vdriae content i n  Zircaloy-2. Sonic damping 
sr.ud.i.5~ -2ndicat.e *her correlation between damping a.na hydride con- 
t en t .  FocuseB atrasound methods appear more p r o d s i n g  than plane trans- 
du.cer methods f o r  determining the  e f fec t  of hytride on the  s t r e s s  depend- 
2Pce of ul t rasonic  attenuation. Powdered Zirceloy-2 hydride samples have 
been sent t c  the University of Washington and Varian Associates f o r  
nQclear magnetic resonance studies.  

Zircdoy-2 p1at.e containing 100.. 300, 700, and 10,000 ppm (weight) hydro- 
gen, were sent t o  ArgDme National Laboratory f o r  neutron attenuation 
neasurenent-s. 
the 10,000 ppm savple indicated t h a t  2500 ppm changes around a 5000 ppm 

Attenuation taking place as the  neutron beam passed through 



concentration leve l  could be detected. 
through t h e  100, 300, and 700 ppm samples could be detected. 

S o d c  attenuation measurements on 3 x 5 x 1/16 inch p la tes  of zircaloy-2 
contain- 0, 1500, 3000, 5000, and 7000 ppm hydrogen by weight were made 
by the  Fuels Preparation Department. 
with increasing hydrogen content, 
ferent  s e t  of samples, which were repcrZed last month. 

Ultrasonic attenuation measurements using focused transducer6 should be 
less affected by changes in surface centaur than measurements using f la t  
transducerso 
scat ter ing caused by slight curvature of f la t  re f lec t ing  surf aces which 
occuzrs during application of s t ress ,  have thus far prevented posit ive 
ident i f icat ion of ewes i n  actual  attenuation which may be due t o  stress. 
A j i g  required t o  apply focused transducers, ad thus minimize the effect  
of surface curvature, ie being designed. 

No attenuation of neutrons passing 

The damping w a s  found t o  increase 
This agrees with resu l t s  from a dif-  

Changes i n  apparent attenuation, due to kter fe rence  and 

Parderect Zircalcy-2 samples (100 and 200 mesh) cont.aining 500., 710, 2200, 
and 16,400 ppm byctrogen were s e d e a  i n  eracuated capsules and sent t c  
V a r i a n  Associates axd the  University of Washington f o r  auslear nagnetic 
resonance studies. Determinatiom cf the spin-spir  and s p k - l a t t i c e  time 
constants, the effect  of pa r t i c l e  size, ma an es t imat im of the  pract i -  
c a l i t y  of applying NMR t o  hydrogen arnalysis i n  massive zircdoy-2 samples 
were requested, 

Heat Transfer Testing 

The new dLal radiometer desimed t o  c0m-pensat.e f o r  surface a i s s i v i t y  
var ia t ions imprsved the  heat t r h r s f e r  test  results P r r  a fuel elemeat 
which was zsed t o  demonstr6.t.e t h e  i n s t m e n t . .  

It was nec5ssary t o  rnanuzllv t&e the r a + b  cf signals frLm the rtidicme- 
ters.? since eqLipmeat rew.ired t.0 e l e r t r m i c a l l y  rez,:rd and delay th2 
signals was not yet avail&le. Tris method WBS t ~ o  time csnsumir~ t.0 
allm demonstnition of tiie 5ud. raaiomecer system or; fi number of m e 1  
elenents. Res~j-its f r G m  an 6lminWz. clad ua??um ex1 elemznT corrtaining 
l/2,j 3/8,  i/4, ana 1/8 iach diamt.er mica pmduced 6efoct.s; showed t.h&% 
the  i/4 inch diaiiet-er defect c s a d  eas i ly  be detected above t.he so is% 
prodiiced by surface emissivit.y vbsiations T h i s  pa?%icular defec.t was 
det-ected once. before using 8 ref'iect.ive emissivit.y compensatio3 scheme 
However, t he  re f lec t ive  method (first t y p  montimed in  ~ ~ 1 ~ - 6 8 5 7 4 )  re- 
qGi.res t.ki&t the fue l  elemen% be h e l d  at 5, particd8.r  temper&t-ue. The 
w i n  advmtage c.f t he  aev r a t i o  methoa i s  thzk the fue l  element tenipera- 
t a r e  &wing The t e s t  is n e t  c r i t i c a l .  1% a l s o  shodti  be less affected by 

I 2 3 b E  I 8  
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smJl differences i n  surface contour. 
t o  detection of' aver-all  differences between bond conductances of different  
fuel e l m n t s ,  as well as local variations i n  a given fue l  element. 
recording equipment required t o  record and delay the  radiometer signals 
has been assembled so that the  ca2abi l i t ies  of the r a t i o  heat t ransfer  
test concept c a  be more fully evaluated. 

Thus, It should be more applicable 

Tape 

usm-ELECL C O O ~ r V E  PROGRAM 

l$ondestructive Testing of Sheath Tubing 

Work continued on standards and calibration bench-marks aimed a t  expanding 
t he  infcrmation obtained t o  date on variations of ultrasonic response 86 

a function of natch depth. 
transducers were completed. 
best comprcanise i n  transducer selection. 
was received, along with recordings esd data  from the  t e s t s  made i n  a 
mamfacturer s p l m t  . Fundamental studies of --wave propagation at 
VL shared an anomalous condition existing between experimental r e su l t s  
and Fredicted mathematical behavior. A progress report, HW-72802, "Ultra- 
soslic Testing of Zircaloy Sheath Tubing f o r  m e 1  Elements" was issued. 

EValuat iorLs of rectangularly masked round 
Use of such transducers appears t o  of fe r  the  

Material f o r  correlation studies 

Refinements in the  preparation of standards and cal ibrat ion bench-marks 
were studied during the  fabricat ion of notches f o r  additional defect depth 
s t m e s .  'The standards fabricat ion is 8 8  c q l e t e . )  Caref'tii observation 
af the preslrea notches by m e a n s  of d i rec t  microscopic observation and 
rep l ica t ic  - techniques d isc losedthe  need f c r  close control of the electro- 
machiniw speration. The greatest  d i f f i cu l ty  appeared t o  be i n  the main- 
t.enaace of electrode shape. In severe cases, t he  corners of the rectmgu- 
l a r l y  shaped electrode burn away at too high a ra te ,  creating a semi-cir- 
cu la r  ~o%c,h instead of the  desired rectangfiar shape. Normally, the  eiec- 
t r d e  CL: 'r?c expected t o  make .a notch having all radii of a 1.0 t o  1.5 mil 
size .  
&iff i cu l ty  . TrAcker and longer electrodes are  being used t o  overcome the  above 

Orbe of the  most irtqmrtant parameters in establishiag a sui table  ul t rasonic  
t e s t  for &%el element sheath tubing is  the  select ion of a trensaucer. 
Elat circular transd-acers masked w i t h  rectasguler openings have been found 
t o  form good ultrasousd beam shapes fo r  the transverse tubing t e s t .  
resul t ing beam shape is  be t te r  because it is  formed in to  an elongated Uni- 
form cross section which present a favorable condition for Lamb-wave gen- 
erat ion. 

The 

IL order to determine the  conditions M e r  which superior beam structures 
a re  generated a number of rect .m&mr masks were studied u s i n g  ball bearing 
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reflectors.  
not been developed, the theory f3r ,Tat piston drivers was found t c  bs a 
suff ic ient ly  close appraximation. 
maske3. rectangular beam w a s  feud t o  be predictable by considering t h a t  
t he  short a-? long dimensions f b x t i o n  as f la t  piston drivers havlrg 
diameters equal t o  these dimensions. 
aeans that the  focal point, yo+, (the lhst peak i n  the  near f ie l3)  f o r  the 
short dimension i s  closer t o  the transducer than the  Yo+ fo r  the long 
dinension. 
be at yo+ fo r  the  short dimension, the  desirable elongated bean resu l t s .  
A t  t h i s  water path* however, the beam contains the  near f i e l d  lobe struc- 
t m e  of the  long dimension. 
f i e l d  strdcture tends t o  carcse corfising t e s t  resu l t s .  The rat.io of the 
long and short dimensions determines the  extent Gf the  near f i e l d  effects .  
By prcper choice of t h i s  r a t i o  the  near f i e l d  e f fec ts  of t he  long dimension 
can be p a r t i a l l y  sl;bdued. 

Alternately, a more uiiform elongated lGbe can 3e o3tained by operating the 
rectangular masked trarlsducer at the  Yo+ distance for t he  long dimension. 
While the  elorgation is nct a? great, the  mar f i e l d  structure is  elimimted. 
Also t he  Longer axis of elongatioE is  p rd rxed  by t h e  short 5irnensio;l of 
the  nask due t o  hem divergeace beyond Yo+ f o r  t h i s  fiimrfiioa. Therefore, 
the  long dimension of the nask wcrirld be perpendicular t o  %he tube axis fo r  
tubing t e s t s  a t  Yo+ for  the  lcng U e n s i o n .  

Aaditfonal studies w i l l  be made dyxLamics3-ly t o  det.ermine which conaition 
of operation offers  t he  optimum resu l t s ,  

Tk~augh the m t h e i i t i c a l  model f G r  r e c t m a r  beam shapes has - 
The result ing sound pat tern frm a 

At a given aperatin43 frequenay this 

Therefore, i f  the water path f o r  a tubing t e s t  i s  chosen t o  

Past experience has demonstrated that  near 

Correlatior; ara3 evaluatioa of t es t  resu l t s  ming the ultrasonic tes t  as 
estaklished by this p-ogram are  proceeding alorg t w o  f ronts ,  
irstancedS about 250 tubes have been t e s t ed  at a m85111fectUrer's plant w d e r  
the  prescribed test  conditions w i t h i n  +,Be lMts cf his capa3ili ty.  These 
tGbes have nGw been received on plant a l o r i  w i t a h  t.he pertinent t e s t  data 
&nd recordings. 
r e m  the  ul t rascnic  t e s t  using similar a t a n d s d s  a.ld oprimm~ test c o d i -  
tions. To iG this s m e  mo6ificatlon.s i n  the Hanfor5 eqglpent  m e  being 
nzde t o  imprave the ?;L&E feed an5 drive rnecitanis~. It i s  6esirable t h a t  
the v l t r a s m i c  aa t a  be 6btaineb f i rs t  t:! avoid effects c f  sw-face mars 

fluorescent yenetreat, X-rw). 
prograra, use i s  being de: zf fie1 element sheath tubing used rnr t ine ly  
at Hanforj. Defective tcbes enccrultered i n  ax present inspectloa scheme 
heve been s e t  aside t o  be examined w i t h  t he  proposed d t rasor r ic  t e s t .  
tional miterid,  i n  the thinner-wall  s i z e s  par t icular ly ,  w i l l  be chtained 
f rm other ir i terestea si tes (AlG & CGE) t o  ro-md 0;;t the  tIhirg avaiiable 
f cr evaluation 

In cne 

!I3e first step i n  the  evaluatiori cf these tubes is t? 

ths t  may a r i se  in ha.ni~,ing i n  s~bsequer~t  correlation t e s t s  (&!i! c-i.rrerLt 3 

I n  the sezon5 part of the cor re la t ior  

Addi-  - 
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The continuing f’undamental analytical  studies have revealed some anomalous 
conditions. Contrary t o  previcus work, the symmetrical mode frequency 
equation has been found t o  have r ea l  analyt ical  solutions a t  a phase 
velocity, V, equal t o  the locgit-Jdinal velocity, VL. The asylmnetrical 
m o d e ,  as was assumed previously,. analyt ical ly  vanishes at V equal t o  VL. 
EScperFmentally, the  s i tua t ion  w a s  demonstrated t o  be exactly reversed. 
That is, the  symmetric modes appear t o  vanish a t  VL while asymmetric 
m o d e s  do not. No explanation of this anomaly has been found as yet. 

AtxeosDheric Physics 

The third in a ser ies  of experiments t o  measure d i r ec t ly  the  &y deposi- 
t i o n  of zinc sulfide t r ace r  material on vegetation was canpleted at the  
new experimental area near the  old Hanford Townsite.  
released i n t o  the air from a source near graund l eve l  and w a s  sempled at 
a height of 1.5 meters on arcs at distances of 25, 50, 100 and 200 meters 
&mawind. 
frm which the areal  dis t r ibut ion of the grass stand a d  the  deposition 
of zinc sulfide per unit  area can be determined. 
in progress at  month end. 

Analyses of t he  data from 17 of the  “30 Series’’ diffusion experiments at 
Hanfcrd have yielded some posit ive results tha t  support our ea r l i e r  con- 
clusions on the  relationship between ve r t i ca l  diffusion, deposition and 
the s t a b i l i t y  of the atmosphere. 
Gf quali ty es determined from containment of t he  diffusing plume w i t h i n  
the  sampling grid> lack of contamination from previous experiments and 
W equipment failure. The effect  of horizontal  dispersion w a s  
rmoved from the  analysis by coxqcting the  crosswind-integrated exposure 
noArmalized t o  a unit emission f o r  each arc  distance t o  3200 meters. 
t he  17 experiments, 5 were moderately stable,  4 s l i gh t ly  s table  and 8 
-axtable as determined from the  atmospheric s t e b i l i t y  r a t i o  i n  the first 
100 f e e t  abwe the  surface. 
of experlhents fol lm-.  

Zinc sulf ide w a s  

m l e s  of grass an& organic ground surface material were taken 

Assaying of samples was 

The 17 t e s t s  were selected on the  basis 

. .  

O f  

SimLficant findings i n  this  selected se t  

1. The normdized crcsswind integrated exposure stretified according 
t o  s t a b i l i t y  r a t i o  with no overlap between stabil i ty groups. 
every experhen% in the  moderately stable group had higher values 
of exposure a t  a given distance than any of the  s l i gh t ly  s tab le  
group, which, h turn, were higher than any i n  the  unstable group. 

The decrease of crossvind integrated exposure w i t h  distance 
cannch accurately be represented by a parer f’unction I n  this 

Thus, 

2, 

r 2 - 3  b 8 2 1 
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se t  of data. 
fusion and deposition. 

The added curvature resu l t s  from ver t i ca l  d i f -  

3. W i t h i n  a given s t a b i l i t y  group, the decrease of crosswind 
integrated exposure with distance is similar, but appreciable 
differences between groups are noted. The unstable experi- 
ments show a greater decrease with distance than the  stable 
experiments . 

The above obsenrations r e l a t e  d i rec t ly  t o  the ver t ice3 diffusion and 
deposition processes. 
ing. Screening of additional data according t o  the  stringent quali ty 
c r i t e r i a  w a s  started.  

In Air Force-supported work, the Series I11 diffusion data fran Vandenberg 
Air Force Base were transmitted t o  the Air Force. 
Vandenberg data continued. 

Finding such a consistent s e t  of data  is encourag- 

Analysis of all the  

- 
In  our precipi ta t ion scavenging work, another experiment w a s  conducted 
t o  investigate the re la t ive  scavenging of par t iculates  in a plume by 
different  s ize  raindrops. 
f i d e  plume at a distance of 200 meters fram the s w c e  and droplets were 
collected on the  Hanford flat-sheet samplers. 
data showed that drops 0.4 mm diameter were 1.6 times as ef f ic ien t  a t  
scavenging as 0.82 m a  drops, and drops 0.36 mm in diameter were 1.5 times 
as ef f ic ien t  as 0.64 mm drops. ~n ea r l i e r  experiment i n  natural  r a i n  had 
yielded values of 1.8 and 1.4, respectively. 
theory generally used i n  washout predictions gives values in the  range 
0.26 t o  0.92, depending upon the density and s ize  of the scavenged 
m t e r i a l  

Dosimetry 

Measurement of the  radioact ivi ty  i n  Alaskan Bkimos was completed. 
more than TOO people were counted. 
end a preliminary report w a s  presented a t  the Second Symposium on Radio- 
ac t iv i ty  i n  Man. 

The a r t i f i c i a l  r a i n  f e l l t h r o w h  the zinc sul- 

First analysis of the  

In contrast, the  Langmuir 

Slightly 
A first analysis was made of the data 

The principal resu l t s  were: 

1 2 3 b 8 2 2  
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cs-137 ~ c d y  Burdens i n  
Alaskan Eskimo ViUages 

Number of 
Sub 3 e c t  s Village 

nc Cs-137 
MidnIum Maximum Average 

lo7 3 119 16 
8 35 
8 166 52 

518 138 

22 
Point Hope 

I 2  Dianede 
Barrow 2 59 
Kotzebue 132 
AnaktUd 52 1 83 79 0 421 

17 

A t o t a l  of 68 white people were counted that a t e  very l i t t l e  native food. 
Their average Cs-137 body burden w a s  the same as that of the people i n  
Richland. 
for nine months were cuunted. Their average body burden was about 70$ of 
that of t h e i r  parents. 
Kotzebue were counted. 
i n  these data, they tend t o  indicate different average body burdens i n  
these vil lages and hence different dietary habits. 

Twenty-four-hour urine samples were obtained frm 15 Eskimos with (26-137 
body burdens between 36 and 684 nc. 
because of the d i f f icu l ty  in mak.ing the  Eskimos understand w h a t  was wanted. 
With l i t t l e  weight given these data, the urinary excretion ra te  w a s  0.64 
of the  body burden per day. In all of the data, the  r a t i o  of this relat ive 
excretion r a t e  t o  the urinary excretion r a t e  of potassium w a s  Quite constant 
a t  0.464 per gram of potassium in the urine. 

An investigation w a s  made of a reported c-e in calibration of the 
whole body counter. 
studies t o  determine w h a t  caused the change, the change disappeared. 
Probably a poor connection caused the diff icul ty .  

A method of cutting sc in t i l l a to r  crystals w a s  developed in order t o  con- 
t i m e  certain aspects of OUT study of CsI sc in t i l l a to r s  a t  l iquid d t r o -  
gea temperatme. 

The success reported last month i n  gett ing the Van de G r a a f f  back in to  
operation was illusory. R e m o v i n g  the  ion-getter pump had a beneficial  
effect., however, and the pump has now been completely removed from the 
system u n t i l  we learn how t o  make it behave. 
troubles w i t h  the accelerator essent ia l ly  disappeared. 
The machine is  i n  operation again. 

Seventy Eskimo children who had been away a t  boardiag schools 

Mfty-two Eskimos who came frm villages near 
Though significant s t a t i s t i c a l  uncertainties exist 

A f ew of the  data were suspect 

It w a s  found tha t  the resolution had changed. During 

Early in the  month, the  
We do not know why.  
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The neutron double moderator dosimeter w a s  used t o  measure background 
dose rates  t o  cosmic ray neutrons a t  elevations of 400 and 6400 feet .  

The gamma ray calorimeter w a s  moved in to  a room where it should be l e s s  
subject t o  temperature fluctuations during the seasons. 
in to  satisfactory operation. 
more accurately the heat loss  effect found t h i s  summer. 

It was put back 
An experiment is i n  progress to measure 

Radiation Instruments 

Tests continued on the imiza t ion  chamber sensors fabricated off-s i te  for  
use i n  the miniature personnel signaling dose meters. 
received, t e s t s  of samples t o  date indicate that about 754 w i l l  be sa t i s -  
factory after minor adjustments; whereas only about 2$ of the i n i t i a l  
shipment appeared t o  operate correctly. 
s i z e  of the pulse caused by recharge f ran  sensor t o  sensor, the t rans is tor  
amplifier used in the dose meters w a s  redesigned t o  permit correct opera- 
t i on  with all detectors. The major problem in adJustment of the sensors 
f c r  proper operation is  that of properly positioning the extremely small 
fibers.  
the  input t r m s i s t o r  due t o  rapid charge or  discharge of the sensor stor- 
age capacitor power supply. 
the  f ive volt magnitude, f i ve  ps rise-tlme pulses typically obtained fran 
the new sensors. The modified c i rcu i t  performed sa t i s fac tor i ly  with a 
pulse generator, and t e s t s  are i n  progress t o  check all working sensors 
with the new c i rcu i t .  

- 

Of 44 sensors 

Because of a difference i n  the 

A n  input shorting c i rcu i t  also was designed t o  prevent fa i lure  of 

The amplifier w a s  changed t o  permit use of 

Technical assistance w a s  provided the Radiation Protection Operation 
regarding the establishment of functional specifications for  the signaling 
dose meters. Further development effor t  w i l l  r e l a t e  closely t o  the speci- 
f icat ions as established. 

A l l  c i rcu i t  modifications were incorporated in to  the experimental proto- 
type logarithmic response radiation area monitor. 
the  f i r s t  3 1/2 decades were sa t i s fac tor i ly  cmpleted. 
errors  were determined t o  be l e s s  than about +, 1 6  from 1 mr/hr t o  4 r/hr. 
The upper scale t e s t s ,  t o  500 r/hr, w i l l  be completed as soon as the V a n  
de Graaff accelerator becmes available. The monitor was operated con- 
tinuously f o r  three weeks with the probe exposed t o  a dose ra te  of about 
200 mr/k; no reading changes occurred. 

A sol id  s t a t e  c i rcu i t  was developed and tes ted which w i l l  automatically 
disconnect the load t o  a standard storage battery when the battery has 
reached i t s  normal discharge end-pcint. The c i rcu i t  prevents complete 
battery discharge, and it i s  applicable t o  cer ta in  radiological instruments 

Calibration tests Over 
Meter reading 

1 2 3 b 8 2 4  
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=a telemetry systems. 

Experiments started on a sc in t i l l a t ion  dose r a t e  meter c i rcui t  of an a l l  
solid-state type especially suitable fo r  use i n  portable radiation monitoring 
instruments. With the use of f ive t ransis tors ,  including one i n  a con- 
t ro l led  osci l la tor  c i rcu i t  t o  provide high voltage fo r  the phototube, a 
reasonable logarithmic response from 1 mr/hr t o  10 r/hr was obtained i n  
ini%ial t e s t s .  
with the output used t o  control the osci l la tor  c i rcu i t .  
variation of phototube o-ltput current with changing dose rates serves 
t o  change the magnitude of the high voltage applied t o  the  phototube. 
Since the phototube gain i s  l o g a r i t b i c a l l y  re la ted t o  the  applied high 
voltage m e r  fm or more decades of gain, the over-all instrument response 
i s  such t o  provide the  desired logarithmic response on the  readout meter. 
Several different c i rcu i t s  are being experimented with end the major prob- 
lems t o  be resolved are those of the dependence of c i rcu i t  performance on 
the applied battery voltage, typical ly  9 t o  12 VDC, and of the temperature 
dependence effects. 

Investigations were made regarding apparent d r i f t  problems of a sc in t i l l a -  
t i o n  probe used for  thyroid uptake studies of ca t t le .  
problem t o  resu l t  from aa hadequate amount of magnetic shielding around 
the phototube; thus, orientation changes caused output signal variations. 
Substitution of appropriate shielding solved the problem. 

Further c i rcu i t  developments were completed f o r  use i n  the  experimental 
Atmospneric Physics portable mast instrument system. A special power supply 
was designed and tes ted fo r  use i n  powering all system neon lamps. The 
control panel was completed i n  both design and fabrication, the four printed 
c i rcu i t  card f i l es  were assembled and framed, and interwiring commenced. 
The design was completed on a t rans is tor  driver c i rcu i t  used t o  drive the  
relay coils, and the  c i r a l t  performed correctly. 

A descriptive report w a s  written. 

 our t ransis tors  are used i n  a dc amplifier configuration 
In essence, the 

The general approach appears promising. 

Tests showed the  

WASHINGTON DESIGNATED PROGRAM 

Isoropic Analpis Program 

1so;opi.c analyses were provided on program samples as received during the 
month. In adiit ion,  three uranium samples were 
Meth&s Engineering Operation, FPD, i n  order t o  
analysis required for these samples. 

TEST REACTOR OPERATIONS 

aaalyzed f o r  Testing 
provide the  sensi t ivi ty  of 

The PCTR w a s  operated intermittently during t.he 
sbutdam due t G  electronic fa i lure .  

month with one unscheduled 
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Measurements were made during the  month t o  aid i n  the  design of the proposed 
High Temperature Lattice Testing Reactor. 
and cadmium f o i l s  w a s  irradiated. 
t o  determlne the  react ivi ty  loss due t o  using this type of heater i n  the  
ECLTR. 

The PCTR was made available two nights during the month t o  the University 
of Washington Graduate Center. 

The TTR w a s  operated one week during the  month t o  irradiate gold and 
lutetium foils fo r  calibration purposes. 
dams. 

A set of gadolinium, dysprosium 
A molybdenum sulfide heater was tes ted 

There were no unscheduled shut- 

part of the month w a s  devoted t o  minor maintenance i t e m s .  

CUSTOMER W O R K  

Weather Forecasting and Meteorological Service 

Consultation service was given on meteomlogical and climatological aspects 
of 1) low &titu.de sampling of f a o u t  t o  CR&D, 2 )  e lec t r ica l  systems 
audit to cwo and 3 )  environmental sampling f o r  iodine t o  RPO. 

Meteorological services, v iz  . , weather forecast s, observations and clima- 
tological summaries, were provided t o  plant operations and management 
personnel on a routine basis. 

Weather Sumin- 

Type of Forecast 

8-Hour Production 
2 4 - H ~  General. 
Special 

m b e r  Made 

90 
60 

132 

$ Reliabi l i ty  

86.8 
85.1 
82.6 

September averaged a l i t t l e  warmer than normal. 
largely coafined t o  one day, s l igh t ly  exceeded normal. 

Precipitation, although 

Bstrumentat i on 

Detector assembly mounting modifications were m a d e  t o  one of seven scin- 
t i l l a t i o n  transistorized beta-gamma continuous air  monitors which were 
designed f o r  use at NPR and were fabricated off-site.  
the specifications had led  the  fabricator into incorrect placement of the 
detector assembly w i t h  the resu l t  tha t  f i l t e r  replacement became a problem. 

Confusion regarding 

I 2 3 b 8 2 ' 0  
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The 0r.e modified unit, sat isfactory t o  IPD personnel, w i l l  be used as a 
model by IPD fo r  t h e i r  similar modification of other Units. 

Advice and assistance w a s  rendered t o  Security and t o  Instrument Maintenance, 
RLO, regarding the special  barricade m d t o r i n g  system. Suggestions were 
made regazzing improvement t o  the  present system and also f o r  replacement 
of cer ta in  portions. 

Corrective changes were nearly completed on the  garment loading portion of 
the  Automatic Conveyor-Type Alpha, Beta, Gamms Laundq' Monitor designed f o r  
use at the  HAP0 Uundry Faci l i ty .  Changes a re  being incorporated t o  permit 
posit ive re-positioning cf the loading rack re la t ive  t o  the  monitor. A l l  
other s y s t a  components, both electronic and mechanical, continue t o  per- 
form sat isfactor i ly .  
t i o n  w a s  completed, and the  general operation and maintenance manual i s  
about 75$ completed. 

All necessary laboratory t e s t s  a re  essent ia l ly  completed on the field model 
continuous coincidence-count alpha a i r  monitor as develaped and fabricated 
f o r  Radiation Protection Operation. 
bsckgrcund conditions, have been sa t i s f ac to r i ly  cogpleted, a d  an alarm- 
point sens i t iv i ty  f o r  airborne Pu239 has been established f o r  a 1 MPC l eve l  
(2 x 
t i v i t y  f o r  airborne Pu239 is  15 MPC-hours under the  highest radon-thoron 
background conditions. 

The master drawing of the  control and switching por- 

Adeqpate tests, under high radon-thoron 

pc/cc) continuous f o r  about 15 hours; thus, the  equivalent sensi- 

The final report was started. 

A special. t ransis tor ized conductivity monitor, developed t o  provide sui table  
alLming for  pmdered plutonium buildup, was completed, tested,  and w a s  
delivered t o  Finished Products Chemical. Technology, CpD. Personnel of 

.FPCT w i l l  i n s t a l l  t he  instrument. The instrument, although specif ical ly  
developed f o r  the Hood Nine problem, can a l s o  be eas i ly  used as a l iqu id  
l eve l  monitor. 

The two-section a l a r m  system, designed fo r  use with t h e  s c i n t i l l a t i o n  
t ramissor ized  Columbia River Monitor which w a s  developed f o r  RPO, was 
completed, tested,  and installed. 

The f ive  sc in t i l l a t i on ,  t rans is tc r ized  beta-gamma continmus air mor!itors, 
designed f o r  use i n  327 Building Radimeta l lugy  Laboratory, were adjusted 
t o  prcYi.de alarming i n  about 32 minzites for  ccr,tinuous airbctrne beta-gamma 
concentration of 1 x 10-9 pc/cc. 
zinued t o  be sat isfactory except for  occasional minor troubles with t h e  
commercial chart recorders used with the  instruments. 

All portions are working sa t i s fac tor i ly .  

Performance of the instrumentE has con- 

http://prcYi.de
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All laboratory t e s t s  were cm&-=ted on the prototyp 
alpha air f i l t e r  c m t e r ,  which was designed fo r  Radiation Protection 
Operation t o  provide immediate counting of standard HAP0 4 inch x 8 inch 
air f i l t e r s  without w a i t i n g  fo r  radon-thoron decey. The instrument can 
detect on the f i l t e r  Pu239 equivalent t o  a continuous air concentration 
of 1 Mpc (2 x 10-2 pc/cc) existing fo r  24 hours w i t h  a flow ra te  through 
the f i l t e r  of 10 CFM. .!Chis amount can be detected immediately a f te r  f i l t e r  
removal from the building air system even though the  radon-thoron concen- 
t r a t ion  had exceeded 1 x pc/cc (a high HAP0 l eve l )  during the samp- 
l i ng  time. 
Building. 

Calibration of micro-displacement readout systems t o  be used by Physic& 
Metallurgy Operation for  in-reactor creep measurements continued. The 
basic calibration of the transducer system used in the  t h i r d  generation 
creep capsules has been completed. 
performed twice us- two different m o d e l s  of P C ,  D-C t ranslators  i n  order 
t o  determine the interchangeability of the various models. Further cali-  
brations are now in progress to determine the effect ,  on l inear i ty ,  
reproducibility, etc., of varying the  zero control set t ings on the trans- 
la tors .  
received i n  i t s  final operational form t h i s  month. 
that the precision of the  reference system has been s l igh t ly  imgruved and 
i s  now of the order of f. 0.000010 micro-inches for  two of t he  instruments 
and +, 0.000030 micro-inches f o r  the third.  Since this cornpcter program 
is expected to f b d  other usage i n  similar calibration problems around the 
plant, a detailed set of instructions and a duplicate program deck will 
be made available t o  interested groups. 

coincidence-count 

The instrument is  now i n  satisfactory operation i n  the 308 
A complete report is being prepared. 

The basic calibration was actually 

The IBM 7090 program for analyzing the  calibration data was 
InitiaJ. runs indicated 

Chemic& Effiuents Technology Operation requested engineering assistance 
i n  constructing a passive res i s tor  network that  will simulate groilna water 
conditions i n  the Hanfora area. A 5000-node, three-dimensional network 
simulation w i l l  be bui l t  with capability fo r  expansion t o  15,000 nodes at 
a lat.er time. 
used. 
mendat i OXIS 

A n  automatic readout system w i t h  IBM compatibility i s  t o  be 
A t  the  present time, the project i s  being studied f o r  in i t ia l  recm- 

Cccnponents are being procured for  a tape-punch readout device for  a tensi le-  
strength tes t ing  machine fo r  Physical Metallurgy. 

Design of the 100-KGT Radiation Effects Faci l i ty  creep capsule sol id  s t a t e  
scanner-programmer is  8@ complete. Testing of mercury wetted relays and 
specifying of the sol id  state d i g i t a l  equipment t o  be used in the scanner 
w i l l  be completed this month. 
used i n  the expansion cepsule t e s t s  w i l l  be shipped the  first week of 

The MinneaFolis-Honeywell date  logger t o  be 



Octcber. 
tLat the  system did not have the v e r s a t i l i t y  c r  f l e x i b i l i t y  reqLiired of 
test  f a c i l i t y  equipment t o  avoid e c l y  obsolescence. 
cost of adding a program board t o  the systea were investigated. 
it-q were favorable and a program board for the  expansion capsule data  logger 
will be ordered separately and ins ta l led  a t  W O .  

A romine preventative maintenance schedule was wri t ten f o r  t he  Radiation 
Effects Faci l i ty .  
formed end space f o r  i n i t i a l s  upon coapletion. It i s  expected tha t  this 
proceckre w i l l  def ini te ly  increase the  operating r e l i a b i l i t y  of the t e s t  
f a c i l i t y  instrumentation. 
urparkion capsule temperature control systera. Ins ta l la t ion  of a l l -e lectronic  
precision temperature contrcl lers  t o  replace the electro-mechanical. recorder- 
controllers i s  expected t o  inprove control. 
i n  the  non-linearity r,f t he  closed loop t ransfer  m c t i o n  coupled with the 
large p x t w b a t i o n s  thrown in to  the  system d u r a  reactor t ransients .  
non-linear conpensator has been developed which w i i l  compensate f o r  the  
non-linear closed loop gain as detemined frm qual i ta t ive data. 
l e t i o n  cf laboratory t e s t s ,  the  cozpensator w i l l  be ins ta l led  i n  the  con- 
t r o l  loop. 
prcblens 

Wing checks of the systern a t  the vendcr's plant, it was noted 

The f e a s i b i l i t y  and 
The find- 

It consists of l o g  sheets describing the tasks t o  be per- 

Control problems are s t i l l  prevalent i n  the  

However, the  basic problem l i e s  

A 

Upon c o q -  

It i s  anticipated th& t h i s  device may eliminate the  control 

Optics 

Sene work w a s  done on the design of an operational u n i t  of an e lec t r i ca l  
reaflaut process tGbe traverse mechmism for  NPR and a similar urdt fo r  the 
o ld  reactors.  This work was stopped temporarily perding receipt of work 
orders, but has now been resumed on a azt f a r  the old reactors.  

Data taken at  105-D reactor using the 12-inch model o p i c a l  readout t raverse  
me-chmism was analyzed. The icCicztea displaceaents of the  process tubes 
loolrerl very good a l t h o q h  w e  hzve nothlng t o  cornpare them w i z k  since no 
mercury m n c x t e r  trzverse was me 

AE &cLmim.tic high power lens  was designed fo r  the  Puex crane periscopes. 
This l e n s  uses non-darkening glass and w i l l  replace the  lenses which a r e  
n3v usee.,. 

A t  %he request of Testing Methob, FPD, the  problem of photographing the  
inner bore of tubular fue l  elements was ccnsidered. A work order was 
received t o  design .mci build such a cmc-ra. 

The fabricat ion ~f the  e l l i p t i c a l  n i r ror  t o  be used as a 30 power objective 
of a high tenperatwe microscope has becoae a very challenging problem. 
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c The process involves selective grinding and polishing i n  f ive  zones of 
different  r ad i i  and blending the zones a t  final. polish. 
the foc i  of the f ive  zones t o  within three percent of t h e i r  final value 
and expect t o  get t o  within 0.5$. 

During the three-week period (September 2-September 23) included i n  this 
report a total of 252 man-hours shop work was perfonned. 

We have brought 

The work included: 

1. 
2. 

3 .  
4. 
5 .  
6. 

7. 
a. 

Fabrication of several profilometer probes fo r  Fm). 
Repair of two crane periscope heads f o r  Redax and two f o r  
Pur=. 
Fabrication of t e n  glass bearings fo r  CPD. 
Repair of the PRTR me1  Exam Faci l i ty  Borescope. 
Repair of the PRTR basin periscope. 
Complete overhaul 
Testing Operation, IpD. 
Fabrication of 8 lens adapter for  Applied physics, m. 
Fabrication of a quartz dilatometer standard f o r  Radiamete3.- 
l u r g y  Operat ion. 

of the  large L e n a  borescope f o r  I r radiat ion 

Physical Testing 

Requests f o r  t e s t ing  senrice remained steady with a decided trend toward 
jobs which r e w r e  several coqlexnentary t e s t s .  A t o t a l  of 6,142 t e s t s  
were made on 5,757 items representing sane 50,293 f ee t  of material. As 
i n  the  past months, tubular components continue t o  dominate the type of 
material tested.  
month; these represent all of the  HAP0 operating departments and service 
organizations and other AM: contractors. Advice was given on forty-five 
different  occasions on general t e s t i n g  theory and applications. FPD w a s  
supported i n  making arrangements for a course on vibrat ioa a d  balancing 
measurements through an instrument manufacturer which seven personnel 
attended. 

Twenty-seven different  components were serviced this 

Return of the  tube shap f a c i l i t i e s  a t  White Bluffs t o  EL0 and the associated 
problems of equipment control, maintenance, and landlord responsibi l i t ies  
have been largely resolved. 

A number of aluminvm ribbed process tubes were tes ted  at White Bluffs t o  
determine uniformity of w a l l  thickness down the  length of the tube. An 
t i l trasonic resonance nethod w a s  used to examine the  tubes at four angular 
locations a t  one-foot intervals .  Both uniform-wall tubes and t h i n - w a l l  
tubes (thinner between the r ibs)  were represented i n  the  work. 
of the ultrasonic thickness measurements it was possible t o  confirm IF'D's 
suspicions tha t  the tubes were not as uniform as previously thought. 

By means 

In 

. . .? . .  . ,  ,. , :. . 
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c~eny cases, a decided ncn-unifornity i n  the  f o r a  of a thin-wall was encouri- 
tered,  mua l ly  90° displaced f r a  the ribs. 

Fiela tes t ing  ac t iv i ty  proceeded routinely earl i n  one area, advantage. was 
taken of recently developed capebi l i t ies  i n  vibrat ion and notion tes t ing.  
In responee t o  a request fo r  a study of ground vibrat ion condit.ions i n  
the  v ic in i ty  of the 234-5 BUildirG, seisomographic readings were taken. 
CPD vas interested i n  potent ia l  s i t e s  f o r  location of a s e c o n d w  standards 
labcratory having t-he requirement of sat isfactory ground s t a t i l i t y  t o  
ai-oid unnecessary "noise". With the assistance of Geophysics, instrumenta- 
t i o n  was assembled arid neaslirements taken. 
graph f o r  recording purposes. 

A geophone was used with a dyno- 

Six NPR Farker Ridglok connectors were cut, mounted, polishea and photo- 
graphed f o r  evaluation of the seal f i t t ing.  Two of the six fittings had 
been made up 1 5  and 20 times, respectively, while t he  other four had been 
m d e  up only once. The photographs displayed the  s ide s l i p  of the ferrule, 
cracks i n  t h e  bottom of the fe r ru le  and t he  s e a l  fit. With this informa- 
t icn ,  the  custmer was able t o  make a sui table  decision as t o  acceptabili ty 
of the fittings. 

Tests were made on a transpcrtation pool car rear  axle which had f a i l ed  i n  
se-rvice. 
nation were mea .  Graphs were plot ted i l l u s t r a t i n g  the hardness changes 
i n  the  longitudinal a d  transverse axis hnd circum+"erentially arovnd the  
a l e  a t  different  losations near the fa i led  mea. Smples were cut and 
micro polished, etched and exanin&. No evidence was found of m a t e r i d  
defects t ha t  could have i n i t i a t e d  the  fracture .  A stress r i s e r  due t o  a 
c > ? e  i n  hardness i n  the  l o n g i t u d i r d  axis may have been present and 
coabined w i t h  a possible mis-match of hub t o  axle contom cazld have %€en 
a contributing factor  t o  the f a i lu re .  

Magnetic pa r t i c l e  t e s t ,  hardness t e s t s ,  and metdlographic exami- 

Efforts corLtiriued OE the  study of NpR pipe fa t igae  specimens aimed at 
aevelcping potent ia l  in-service monitoring schemes 
conventicnal n l t rasor ic  she= t e s t ing  were demonstrated i n  folluwing the  
progress cf cra&ks generate3 i n  fatIgm t e s t s  made hy IPD. 
t i v i t y  s;?esr% tc, be more th-dl dequat5  fs t he  ' , n i t i d  stages of crack 
g m t h . .  f o l l m m g  the  genetratLcr. of macrcl crecks w i l l  requLre e i ther  
two-transduxr tecrz-iques, CY so2e zcdif iszt ion c?f transdzzer des im.  
The l a t t e r  v x l d  appea  t o  be the most prozising i n  r e t a i c h g  sbnpl ic i ty  
of sppliczzion. 
metellographicellye 
exmined f CY deca-burizat ion and phot ographed. 
VeTE ma& t o  determine the depth of decarburization. Metallographic exani- 
ra t ion  iridicated the  f a i lu re s  i n i t i a t e d  from s a d 1  areas of corrosion which 

The l imitat ions of 

Though sensi- 

Faillires cccurring i n  the base metal were a lso  studied 
Samples czt  from failed. areas were polished, etched, 

Micro-hardness t raverses  
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appeared t o  be present i n  the  pipe pr ior  t o  fatigue tes t ing.  
clusion w a s  warranted on the; basis that the  decarburization layer  w a s  
of a uniform depth with the  spot corrosion contained within the  decarbur- 
ized layer. 

"his con- 

Analog Computer Faci l i ty  Operation 

The major problems considered during the  month were: 

1. 
2. Pot calciner. 
3. Dynamic optimization. 

Analog solution of the  diffusion equation. 

Eighty percent of t he  GEDA equipment and ninety-six percent of the  EASE 
equipment were i n  good operating condition during the  month. 

Coraputer u t i l i z a t i o n  was as follows: 

GEDA - 
98 
31 
0 
7 - 

EASE - 
91 H-s L@ 
31 H o u r s  SchedUDuwntime 

14 H m s  Idle  
H m s  Unscheduled Downtime 0 

- 
136 136 H o u r s  Total 

Over-all maintenance has been good. 
computers has been traced t o  the problems being solved, and not t o  the  
equipment being used. 

Most of the  trouble appearing on the  

Instrument Evaluation 

The Model 11 Scintrans (of 65 fabricated i n  Sea t t le )  which axe now i n  
general HAP0 f i e l d  use have been performing sa t i s fac tor i ly .  Only a few 
minor changes were necessary t o  optimize the  performance. The only f i e l d  
condition requiring maintenance i s  an occasional Fin-hole l ight leak in 
t he  s c i n t i l l e t i o n  alpha probe covering. 

Two on-site fabricated s c i n t i l l a t i o n  t ransis tor ized alpha hand counters 
successfully passed thorough evaluation t e s t ing  and were delivered t o  the  
f i e l d  fo r  routine use. Signal t o  background count r a t io s  of about 3 t o  1 
were obtained fo r  the  HAP0 standard, dis t r ibuted 500 d/m Pu239 sources. 
The lnst.ruments a l s o  'nave both elpha and beta-gemB probes which are  cable- 
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connected t o  the ins tmer . -  for  use o. 
poses. 

c l  thing nd shoe checking pur- 

A31 tracings for  the dpha-only and fo r  the 'combined alpha-beta-gamma hand 
and shoe sc in t i l l a t i on  t ransis tor ized monitors aze i n  the  process of being 
apdated i n  order t o  provide the  l a t e s t  c i r cu i t s  and mechanical features.  

Except fo r  the  ozi-site fabricatlon of the required miniature B q  propor- 
tied counter tubes, the t h i r t y  t ransis tor ized portable neutron monitors, 
which were fabricated off-s i te  i n  Seatt le,  a re  ready f o r  use. One unit, 
canplete with miniature detector and all drawirigs, was sent t o  SRL by 
RPO personnel. 
ir4 a number of the instruments. With use of the  s m a l l  counter tube and an 
appropriate moderator for  fast neutrons, the  instrument provides thermal- 
slaw neutron ranges of 2 mrem/h ,  20 mrem/hr,  and 200 mrem/h  and fast neu- 
t r o n  rages of 50, 500, and 5000 mrem/hr.  
requirements received from IPD. 

One prototype sc in t i i l a t i on  t ransis tor ized portable alpha monitor (poppy) 
is  being s l igh t ly  modified t o  permit incorporation of alkaline ba t t e r i e s  
In place of the originally-pianned mercury ba t te r ies .  
permit instrument operation to well below O°F althcugh the  weight w i l l  be 
increesed s l ight ly .  

Evaluation t e s t s  continmd on the transistorized, line-operated alpha 
monitor as designed fo r  use with HAP0 a i r  proportional type alpha probes. 
It appears that some input amplifier c i rcu i t  changes w i l l  have t o  be made 
t o  secure a be t t e r  counting efficiency end luwer background counting ra te .  

Comments from -0 indicate that SRL is interested i n  obtain- 

These ranges match the  s ta ted 

. 

This change w i l l  

A f?;rther t e s t  WELS coduct.ed on the Nuclear Measurements Corporation Model 
GA-2A sc in t i l l a t ion ,  vacuum-tube8 r d i a t i o n  area monitor. The detector 
was expose3 t o  a dose r a t e  of 1 x 105 r/hr f o r  one how. The meter cor- 
r ec t ly  stayed sol idly off scale  during the  exposure; however, a calibra- 
t i o n  check performed inneaiately after the  exposure showed cal ibrat ioa 
reaciing errors  from -b$ t o  +3OO$ over the three-decade range f r an  5 
m/hr t o  4 r /k .  The i m t r m e n t  was recalibrated t o  provide the  usual 
-15% t o  +ls$ reactiri errors .  
was permzIlently degraded by the  high exposue  although cal ibrat ion could 
s t i l l  be echieved. 

It appears that the  phototube p e r f o m a c e  

Ev&luat.ion t e s t s  continue8 t o  be sa t i s fac tc ry  on the experimental. transis- 
tor ized  portabie G.M. morLitor which employs rechargeable ba t t e r i e s  t.0 
power the c i r cu i t s .  Tests indicate that a m y  charged bat tery w i l l  
oper&te the  instrument f c r  70 t o  80 hours continuously. 

PHYSICS AND INSTR- RESEARCH 
AM) DEVELOPMENT 
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.CHEMICAL RESEARCH AND DEVELOPMENT OPERATION 

RESEARCH AND ENCINBE2UNG 

FISSIONABLE MATERIALS - 02 PROCRAM 

IRRADIATION PROCESSES 

Ground Water Temperature Studies 

A ground water mound beneath 100-B Area was  found t o  have the same 
generel shape as the isotherms established by telcperature measure- 
neats.  The highest part of the mound, about 10 feet  above the 
normal w a t e r  table, i s  located within the area enclosed by the 
80 C Isotherm 
primarily by the leakage of reactor coolant e f f luent  in to  the 
ground beneath the retent ion basins. 
t o  the south the mouzid i s  created by leakage from reactor coolant 
eff luent  l i n e s  leading t o  the basins. 
approximately 1 . 5  million cubic feet  of reactor coolant e f f luent  
per day enter  the Columbia River from sources wi th in  the  100-B 
Area e 

In the north part of the area the mound i s  caused 

Prom the retent ion basins 

It w a s  calculated that 

Treatment of  NPR Decontamication Wastes 

Additional chemical and physical properties of simulated RPR decon- 
tamination wastes were determined. 

Studies on scavenging CO-60 from IVPR ci t ra te  decontamination w a s t e  
containing triethanolamine continued. 
200 ppm was found t o  be suff ic ient  t o  precipi ta te  95 percent of the 
CO-60 from the neutralized waste a t  85 C .  
the scavenging s l igh t ly .  
agent had no detectable effect  OB eo-60 scavenging. 

An i ron concentration of 

Excess caustic reduces 
The presence of a si l icone antifosming 

Effluent Monitoring 

The radioiodine correction sequence f o r  the As-76 monitor was 
checked on eight  random s a p l e s  during the month. 
correction versus e r ro r  w a s  found t o  be 1.43 +, 8 percent (standard 
deviation 1 * 
the monitor, zero v d u e s  were obtained. These r e su l t s  indicate 
tha t  the ccrrection being made i s  correct  and reasonably stable 
f o r  samples measured a t  reactor equilibrium. 
results indicated good agreenent between Purex laboratory and the  

The r a t i o  of 

When extracted radioiodine f rac t ions  were counted i n  

Cross check of 
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AS-76 monitor. Decay measurements indicate t h a t  s ignif icant  
zmunts of interfer ing i so topes  are not present i n  extracted 
samples. 

i2di:Le mar.itorir,g UES uneve3tfld during the month. 
G p r a t i o n  i s  being obtained from the recycling of the carbon 
te t rachlor ide through the system. 

Sat isfactory 

Reactor Studies 

IP s e v e r d  of the in-reactor s i l i c a t e  addition t e s t s  it w a s  not 
possiSle t o  adjust  the  pH of the water after addition of s i l i c a t e  
t o  bring the pH t o  tha t  of the reactor as a whole. This resulted 
i n  an increased pH from 6.6 t o  7.1. Ir, order t o  determine i f  
t h i s  pH change caused any of the e f fec ts  observed, sodium hydroxide 
solution w a s  added t o  a reactor tube t o  maintain a pH of 7.0 fo r  
tnree weeks ar?d then increased t o  maintain a pH of 7.5 for  two 

i n  c o s t  of the e f f luent  radioisotope concentrations, including 
As-76 and P-32, but did cause an increase of about 50 perceot i n  
the Np-239 concentration. It a l s o  caused 8 reduction of the Cr-51 
Concentration by a fac tor  of 3. These r e su l t s  indic5te t h s t  the 
s i l i c a t e  i t s e l f  and not the acconzpacying pH change w a s  responsible 
f o r  the more important reductions observed i n  tne reactor  e f f luent  
concentrations. 

( I C .  The change i n  pH t o  7.0 produced no s igni f icant  change 

A 23-day operating period w a s  completed during which an uninter- 
rupted flow of cieiocized weter w a s  supplied t o  a new aluminum 
tube with new aluminum-clad f u e l  elements. 
water-supplied reactor tubes the radioisotcpe concentrations 
produced using deionized water were 10 percent-of the normal f o r  
P-32, Np-239, Cu-64 and Sc-46; 15 percent of normal f o r  Mn-56; and 
30 percent of n o m a l  f o r  Ets-76. I n  addition, the  Cr-51 w a s  only 
2 percent of normal since it was nc t  added as a corrosion inh ib i tor .  
The Na-24 concentration w a s  twice nomzl .  Tests are  under way t o  
determine i f  t h i s  increase i s  due t o  res idual  sodium from the ion  
exchange process o r  fro= the C,CY reaction on a l d n u m .  If the 
Na-24 comes from the aluminum it would indicate an increased cor- 
rosioc rate. 

Compared with process 

the ze t a  
of added 
feed w a s  

Promising results were obtained i n  the  laboratory through the use 
of mixed i ron  and aluminum hydroxide coagulation treatment of r a w  
water. By using 2 ppm Fe (NO3) .9E20 and 14 ppm alum t o  adjust  

po ten t ia l  of the f loc  20 0 t o  1 mv, 96 percent removal 
phosphate w a s  obtained. During a second tes t  the  alum 
reduced t o  provide a zeta  poten t ia l  of 0 t o  -2 mv and an 

I 2 3 b 8 . 3 5  . .  
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improved phosphate removal of 97.7 percent was obtained. 
both t e s t s  a very low ra te  of f i l t e r  head loss  occurred, about 
one-half the rate of loss when alum alone was used. 

FUEL PREPARATIOIV PROCESSES 

Electrodeposition of Wickel on Uranium 

h-eliminary r e su l t s  have been obtained i n  a program directed a t  
the  development of electrozhemical techniques f o r  characterizing 
uranium metal surfaces i n  terms of t h e i r  s u i t a b i l i t y  t o  receive 
an electrodeposited nickel  coating. In work on a base-line pro- 
cedure f o r  reproducibly yielding a sa t i s fac tory  surface, d i f f i cu l ty  
was encountered i n  the use of e i the r  a chemical e tch or an anodic 
e tch alone. With the par t icu lar  uranium samples used, nei ther  
etch yielded a surface which could be successfully plated from a 
Thompson bath. A surface preparation treatment which combined 
anodization and a chemical etch, however, produced a uniformly 
etched surface of excellent appearance and good p l a t a b i l i t y  in a 
Thompson bath. 

Scouting studies of the electrochemical characterization of 
uranium surfaces were s t a r t ed  with measurements of the i n i t i a l  EMF 
of uranium metsl, versus a saturated calomel electrode, upon 
immersion i n  0.1 M KC104. 
potassium permang&ate offer  hope of this  technique becoming 
quite useful, since s ignif icant  differences in potent ia l  were 
noted w i t h  d i f fe ren t  uranium surface treatments. One marked 
trend WRS t h a t  with a brief n i t r i c  acid etch j u s t  prior t o  the 
potent ia l  measurement, an increase i n  n i t r i c  acid concentration 
through the range from 8 M t o  13 M w a s  accompanied by a corres- 
ponding increase i n  the surface aFt iv i ty  (increase i n  negative 
potent ia l ) .  
EMS', and s u i t a b i l i t y  for plat ing w i l l  be studied. 

The r e su l t s  obtained i n  air-saturated 

The relationships between n i t r i c  acid concentration, 

SEPARATIONS PROCESSES 

Deoitratioc of -ex 1 W W  w i t h  Formaldehyde 

The analyt ical  procedure used t.o determine residual formaldehyde 
i n  the formaldehyde-treated waste w a s  found t o  be unsatisfactory.  
Based on results from a new method, only about 0.7 percent of 
the formaldehyde escaped t o  the product without reaction as com- 
pared t o  t w o  o r  three percent reported l a s t  month (Hw-74813 C )  
for similar operat i rg  conditions. 
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In an equilibrium run made t o  obtain additional information on 
n i t r i c  acid destruction end formaldehyde u t i l i za t ion ,  the n i t r i c  
acid concentration i n  the product w a s  0.97 M and about 2.1 moles 
of c i t r a t e  were destroyed per mole of fonddehyde  fed.  
r a t i o  of 2.67 moles of f ree  acid per mole of formaldehyde w a s  
user?. 

A feed 

The use of commercially available anti-foam agents t o  suppress 
foaming during formaldehyde treatment of Purex 1 W W  was tes ted  in 
laboratory-scale equipment simulating the P..arex plant  equipment. 
Synthetic 1 W W  prepared from reagent grade chemicals produced re la -  
t i v e l y  l i t t l e  foam3 however, foaming tendency w a s  induced i n  the  
1 W W  by refluxing it with 30 percent TBP-Soltrol. The addition of 
one o r  two grams of General. E lec t r ic  Antifoam 60 per l i t e r  of 1WW 
containing degraded solvent reduced foaming t o  about the l eve l  
obtained with 1 W W  without degraded solvent. 
Emulsion a t  the three grams per l i t e r  l eve l  reduced foaming sig- 
nif icant ly .  Other antifoaming agents tes ted,  Dow-Corning Antifoam 
A and B, and General Elec t r ic  Antifoam 10 and 66, did not reduce 
foaming. 

Dow-Corning AT 

D i S D O S a l  t o  Ground 

A laboratory evaluation t e s t  of waste discharged t o  the Hot Semi- 
works U6-C-6 condensate c r i b  during the i n i t i a l  Sr-90 recovery 
progrm w a s  completed. 
determined t o  be 0.5 c o l ~  volumes, about 220,000 gallons. For 
t h i s  specific waste m d  at the presezt rate of discharge, 5000 
gaUons/month, the c r i b  has an estimated remaining l i f e  of  2.5 t o  
3 years. 

The l b i t i n g  Sr-90 breakthrough volume w a s  

A s s i s t a c e  w a s  provided Research and Engineering, Chemical Process- 
ing Department, in icvestiga2ing potent ia l  techniques f o r  "mizing" 
several  f e e t  of plutonium-bearing sc i l  from the bottom of the  
RecuFlex u6-z-9 c r fb  f o r  possible plutoniun recovery operations. 
The mst promising dry lcining equipment appears t o  be e i t h e r  a 
"slusher" (horizontal, ca3le-reel opersted scraper) o r  a s a l ,  
reaotely-operated mine t r a c t o r  with scraper bucket. 
these equipment pieces a re  used extensively i n  conventional mining 
operations. 

Both of 

W A S T E  TREATMENT 

Removal of Cesium froni Purex Waste bu Precipi ta t ion 

.**Lq,& t o r y  and hot-cel l  development of a nickel  ferrocyanide % tr; i . 
scaW ging process f o r  the removal of teat-generating cesium-137 
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from Purex tank supernates ( in  support of the CPD Waste 
Prouram) cuhinated i n  a highly successful plant t e s t .  
percent*cesium removal (vice only 95-98 percent required fo r  
waste management heat control)  was obtained i n  the 3800 gallon 
run. 
n i t r a t e  and the cesium product, which had been decontaminated with 
respect t o  sodium by a factor  of 910, transferred to  the 325-A 
storage vaul t  fo r  future studies on absorption on inorganic ion 
exchange media for storage purposes. Significance of the t e s t  
i s  twofold: (1) it proves conclusively t h a t  plant-size centrifuges 
cazl remove the precipi ta te  as effect ively as laboratory f i l t e r s  
and centrifuges and t o  the degree required by the Waste Manage- 
ment Program, and (2) capabili ty i s  demonstrated t o  produce a 
low-sodium solution from which cesium could be loaded t o  very 
high capacity on inorganic ion exchangers f o r  long term storage or 
shipment i n  an improved, compact, high-integrity, across-country 
shipping cask ( t o  replace the present STT's). Details of the 
test are given In a report, Hw-75051, "PUTex Plant T e s t  of the 
Cesium Nickel Ferrocyaniile Processes," by S.J. Beard and W . C .  
S e h d d t  . 

The precipi ta te  w a s  successfully metathesized with s i l ve r  

Tracer-level experimects and a hot-cell  run were made on the 
phosphotungstic acid flowsheet f o r  precipitation removal of cesium 
from acidic 1 W W  (as contrasted t o  ferrocyanide treatment of 
alkaline stored supernates). The 99.5 percent removal obtained 
i n  the hot-cell  run agreed well w i t h  laboratory predictions; 
however, decontamination from other f i ss ion  products was poorer 
than expected. 
between a technical grade phosphotungstic acid, which it i s  
proposed t o  use i n  a Purex p l a t  t e s t ,  and CP reagent. T k  
technical material appears quite adequate f o r  plant use. 

Tracer-level experiments showed l i t t l e  difference 

Economic studies by t h e  CPD Advance Process Development Operation 
show tha t  the major e s s e r t i a l  material costs for precipitation 
processing a re  f o r  s i l ve r  n i t r a t e  and phosphotungstic acid i n  the 
alkaline and acidic processes, respectively e Alternate ways t o  
metathesize ferrocyanides and ferricyanides (which precipi ta te  
cesium from acidic solution and could be substi tuted fo r  phos- 
photungstate 1 are accordingly beirg sought 

Cesium Solvert Extraction 

O a k  Ridge has recently reported upon a new phenol-type cesium 
extractant (h-sec-butyl-2, @-methyl benzyl phenol, abbreviated 
BAMSP) which gives substant ia l ly  higher cesium extraction co- 
e f f i c i en t s  than the best  previous phenol extractant,  o-phenyl 
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pkenol. 
r e su l t s  and extended the evaluation of BW3P t o  waste cozpositions 
peculiar t o  the Hanford Waste Management Program. BAMBP was found 
t o  be very comparable t o  dipicrylanine i n  cesium ext rac tab i l i ty ,  
s e l ec t iv i ty  a d  ease of stripping. A major potent ia l  advantage i s  
t h a t  the density of the solvent (about 0.9) would be always less 
than that of the aqueous feed, scrub and s t r i p  streams, eliminating 
any possible problems of phase inversion i n  flowsheet design. 
The ollly apparent drawback i s  the requiremert of a somewhat higher 
pH than with DPA. 
icnization of the  phenol group o r  use of a di f fe ren t  diluent may 
w e l l  extend the effect ive pH range.) 

Experiments performed during the month ver i f ied  the ORNL 

(Modification of the rtiolecule t o  increase 

Using a 1 M solution of BAMEP i n  the OFtNL recommended diluent,  
diisopropyj: benzene ( f lesh  po in t170  F), cesium extraction co- 
e f f i c i en t s  (E:) of about 18 were obtained from synthetic 103-A 
supernate ( 9  M Na) t o  which 0.2 no le / l i t e r  of additional sodium 
hydrx ide  had-beer?. added t o  bricg the p3 t o  > 11. Without NaOH 
adaition, E: w a s  only 0.05. High extraction coeff ic ients  (up t o  
80) were a l so  obttiined with caustic-&justed, tartrate-conplexed 
synthetic 1965 S a l t  Waste (eff luect  fron: D2EHPA recovery of Sr and 
rwe earths). 
t o  0.5 M HNO,, and separstion frcn sod im was very nearly complete 
(sfcgle-stag6 N a  DE" s of - 3000) e 

actual  1 0 3 - A  superns-,e and Purex 1WW showed no detectable extrac- 
tioli of my f i s s ion  product other thtm cesium and no appreciable 
solvent decompositior, a t  least in two weeks of contact. Sol t rol-  
170, which is  used as d i i u e r t  fe r  D2ESPA i n  strcntium p r i f i c a t i o n ,  
w a s  found t o  be an even more effectLve di luent  f o r  BAMBP, yielding 
cesium extract ion coeff ic ients  two- t o  three-fold higher than 
diisopropyl benzene. So l t ro l  di luent  would permit use e i the r  of 
a lower concentration of B M P  o r  a somewhat lower pH. 
acd hst-cell. experirer ta t ion w i t i  3AMEP ar;d re la ted  conipounds i s  
continuing, and a~ d e q a t e  quslcti%y ~f 3AM6P has been ordered 
f o r  3 2 l  Euildilcg ccld seaiworks tests.  The s igr i f icence of the 
discovery of BAMW fs tha t  ~ W G  prac t ica l  cesium solvents are now 
available f o r  pot<en.tiel plar,t Ese e 

Extractsd cesium w a s  readi ly  stripped with 0.05 

Eot-cell  experiments with 

Laboratory 

In-Tacb Scl idif icat . icn 

Resuits of lceasuring the residence tine dis t r ibu t ion  function of 
the in-tank so l id i f ica t ion  model Fndicaze the extect of mixing i s  
ncre nearly complete than i s  predicted by the  ideal-f luid model. 
The same conclusion i s  reached q u d i t a t i v e l y  frcm data obtained 
from gr6b sarrples taker  from twelve posit ions throughout the tank 

These data  show 
7::. .., .. . .> foZ3wg .. .....-e- 

i r t rcduct icn  of a step-functicz input. 
.. .._. . ..-.. < .  
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r- tha t  flow t o  the periphery of the tank I s  very pronounce 
more, large eddy currents-are induced i n  between the regions of 
pronounced flow. These r e su l t s  indicate the flow region is t u r -  
bulent despite the low veloci t ies .  
the flow pattern w i l l  be essent ia l ly  independent of the Reynolds 
number. "Mixing time" o r  the degree of homogeneity of the model 
snd prototype can then be best  compared on the basis  of equal re te  
of momentum transfer  per uni t  mass of the two systems. 
momentum transfer is determined by the circulation r a t e  and 
velocity of issuing stream and consequently can be varied by 
changing circulation dimensions of the model. Thus, one can 
design the model to give both the correct rate of momentum trans- 
f e r  et the circulator  and the correct Froude number throughout 
the r e s t  of the tank. 
probable limits of accuracy of the concept. 

If it is suf f ic ien t ly  turbulent, 

Rate of 

The present model does t h i s  within the 

Leaching of Purex Stored Waste Sludge 

A sample of hard sludge from the Purex 103-A waste tank w a s  leached 
with water, then c i t r i c  acid a d  finally aqua regia. 
percent of tbe cesium and 5 percect of the antimony (Sb-125) were 
removed i n  the water leach. Maximmi concentration of c i t r i c  acid 
used w a s  one molar. 
by the c i t r i c  acid leaching. 
15 percent of the iron, 90 percent of the Zr-Nb-95, 50 percent of 
the Ce-144, 70 percent of the Sb-125, 20 percent of the RU-106 and 
most of the remining Cs-137. 

About 80 

About 82 percent of the strontium w a s  removed 
The c i t r i c  acid leach also removed 

Fission Product snd Waste Packagizlg 

Ins ta l la t ion  and shakedown of equiplcent f o r  studying hot-gas 
throuth-drying of synthetic inorganic ion exchange media was  com- 
pleted. The equipment includes a system fo r  preparing up t o  30 
SCFM of air  at 800 F dry bulb and -120 F wet bulb temperatures, 
a zeol i te  bed 8 inches in diameter and 36 inches high, and pro- 
vision f o r  close tenperatwe m d  pressure control of the drying 
cycle. Gas h d d i t y  instrumentation i s  cur rer t ly  being instal led.  

I n  an i n i t i a l  run With 1/16-inch pel le t ized zeolite,  an air  purge 
a t  25 SCFM w a s  successfully used t o  remove 90 t o  95 percent of 
the i n t e r s t i t i a l  w a t e r  in aboGt two minutes. 
dry air a t  800 to  850 F removed the majority of the bound water 
i n  about 3-1/2 hours. 
mined in t h i s  run. 

A 20 SCFM purge with 

Degree of dryness achieved w a s  not deter-  

A .  sample of Linde 13-X s p t h e t i c  zeol i te  w a s  loaded to  1.96 meq/g 
dry resin (about 50 percent of theoret ical  exchange capacity) w i t h  



c -8 Hw-75127 

i n e r t  cesiun;. 
800 C with varying proportions of LO', Si02 and B20 . 
Several of these combinations appeared t o  form t rue  melts and one 
formed a transparent g l a s s  on cooling. 
zeol i te ,  Lif, Si02 and B 0 
weight. 
and w i l l  be incorporated i r t o  melts similar t o  these f o r  leaching 
studies.  

Portions of t h i s  loaded zeol i te  were then heated t o  
Weight 

f rac t ion  of zeol i te  i n  the mixtures w a s  one-fourth a r one-half. 

T h i s  l a t t e r  contained 
i n  the proportions 1:1/2:1/2:2 by 

Cesium-loaded 15-3 traced w i t h  Cs-137 has been prepared 

Cesium Recovery by Ion Exehssge 

Equilibrium dist.ribution coeff ic ients  (Kd' s ) have been determined 
f o r  several  isotopes i r z  two synthetis waste solutions with Linde 
AW-400 synthetic zeol i te .  These data a r e  shown i n  the following 
table  : 

Equilibriun: KAIs f o r  S e v e r d  Isotopes with Linde AW-400 

Kd, :/:/E sorbent 
c m m l  solution 

Waste - 
103-A T m k  Supernate 91 1.6 4.4 1.8 1.5 
"1965 FTW" (adjusted t o  pH 3.5) 313 1.2 0.6 0.4 2.5 

C01un;r  volunes t o  50 pereenC, breskthrough can be estimated by 
m l t i p l y i n g  the Kd by the bed bulk density of about 0.75 g/ml. 
shown, AW-400 i s  highly select.ive for cesium. q ' s  were a l so  
detemined f o r  cesium i n  FIW 6t various pE l eve is ;  the date indi-  
cated tha t  cesium values were c o n s t a t  down t o  pH 2.4, but the 
Kd decreased s i G i f i c a n t l y  a t  lower pH levels .  
zirconium-niobiun; m y  b e  questionable due t o  the use of t racers  
razher than a c t u d  wasSe zirconim-niobium, 

A:, 

The data f o r  

k eolurfin of AW-LOO has been recycled through a cesium recovery 
flow sheet with synthetic i O 3 - A  supernate waste f i v e  t i m e s  w i t h  no 
rcessur65le l o s s  of capacity. The recycling i s  continuing. 

Optimum concentration of o x d i c  acid f o r  sodium and zirconium- 
nicbium removal from e l i n o p t i l o l i t e  has been stuclied. Dilute 
solutioos are more e f fec t ive  per Eole cf acid f o r  s o d i m  removal. 
Thus, f o r  90 percent s o d i m  removal 23, 14, 9 and 8 colum volumes 
were required f o r  0.05, 0.1, 0.25 and 0.5 M solutions,  respect- 
ively.  
o r  oxalic acids has been folmd t o  be 0.1 M to 0.2 M (NH4)2C0 

An a l te rna te  sclut ion f o r  scdium r&oval in place of n i t r i c  
a t  

emperature. Cesium losses  were the-same o r  iess than z hose 



c -9 m-75127 

w i t h  acids. and sodium was removed to  greater  than 90 pe - ~. ~ 

7 and 4 
respectl 
However, 

coiumn volumes fo r  0.1 and 0.2 M (NHL) 
.vely. Less t a i l i n g  was a l s o  obTerved w i t h  the acids,  

where zirconium-niobium removal is needed, the d i lu t e  
The most ammonium carbonate solutions would not be effect ive.  

u s e m  application would probably be f o r  aged, a lkal ine supernate 
wastes. 

Strontium Packaging 

The results of laboratory column experiments indicate a variat ion 
i n  the strontium loading rate between different  l o t s  of Linde 4A 
synthetic zeol i te .  Strontium breakthrough curves f o r  4A received 
recently were not as steep as the curves f o r  material received 
three years ago. The same par t fc le  size,  temperature, base ion, 
f low rate, and feed solution were used in these experiments. 
difference i n  color w a s  noted betveen the two l o t s  of 4A; t h i s  
may be caused by different  clay binders. 
possible var ia t ions i n  the manufacture of 4A and other zeol i tes  
has been requested from the vendor. 

Observations i n  the la3oratory and p i l o t  plant indicate that  4A 
does not wet readily.  
days or weeks when submerged i n  water. 
be air  from the in t e r s t i ce s  of the bonded 4A. 
treatment on submerged 4A generally removes suf f ic ien t  gas so  
that f e w ,  i f  any, bubbles form during column operation. - 

A 

Information concerning 

The dry 4A w i l l  evolve gas f o r  several  
The gas is believed t o  

A 15 minute vacuum 

TRANSuRAmIC ELEMEXT AND FISSION PRODUCT RECOVERY 

Recovery o f  Np and Pu from Purex Waste 

Neptmium(V) i n  s h u l a t e d  1 W W  o r  PTW solutions reduced t o  Np(N) 
when the  soluticns were -de 0.02 M i n  N 4 and allowed t o  stand 

w a s  not reduced to Pu(II1) in 1WW but s igc i f icant  reduction 
occurred I”, FTW presumably Cue t o  the lower hydrogen and n i t r a t e  
ion conceztratiors.  

30 minutes at  room tenrperature. UEder t i? e same conditions Pu(N) 

Two techniques f o r  extract icn of both neptunium and plutonium 
from FTW i n to  the same D2EHPA-Soltrol phase were developed. I n  
one, pU(IV) I s  extracted first leaving Np(V) i n  the aqueous 
phase. Additicn of ferrous sulfamate and hydrazine to the aqueous 
phase reduces neptunium t o  Np(IV) without serious reduction of 
the extracted plutonium. Extraction of the h’p(IV) occurs on 
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recontact of the organic and a2ueous. 
reduced t o  Np(IV) and p lu tonim t o  Pu(II1) by addition of hydrazine 
acd ferrous sulfhmete t o  the BTW. 
extract.s Np( IV) . Sodium n i t r i t e  i s  added t o  the aqueous to- oxidize 
P U ~ I I I )  t o  Pu(IV). Under proper conditions only a small f ract ion 
of the extracted neptunium i s  oxidized t o  non-extractable Np(V). 
Recontact of aqueous and orgacic results i n  extraction of Pu(IV). 
Extraction of greater than 90 prcent-  of bo;h neptunium and plutonium 
from simulated FIW w a s  achieved w i t h  both techniques. 

Neptunim('IV) w a s  extracted from simulated l W  with t r i - i sooc ty l  
amine ( T I O A )  i n  xylece as di luent  
of the amine are required t o  o3tain sa t i s fac tory  extraction - 0.2 t o  
0 5 M - TIOA w a s  requfred t o  obtain E:? s from 10 t o  40. 

I n  the second, neptunium i s  

Contact with D2EHFA-Soltrol 

Relatively high concentrations 

Recovery of Strontium a d  Rare Earths from Purex K'W 

In one flowsheet for  extraction of strontium and rare ear ths  by 
D2EKPA from Purex FTW, c i t r i c  acid i s  used t o  complex and prevent 
extraction of iron, chrodum, nickel and aluminum. Chromium coni- 
plexes with c i t r a t e  are fomed quite slowly a t  rcom temperature. 
The formation rate i s  increased with increased temperature; one hour 
a t  60 C after addition of c i t r a t e  i s  s d f i c i e n t  t o  reduce the 
chroriun; E: t o  a very low value (0.00008 versus 0.02 a f t e r  one hour 
st 25 C ) .  
"free" c i t r a t e  (excess over t h a t  conplexed) as low as possible con- 
s is t .ent  w i t h  feed s t a b i l i t y .  
ccef f ic ien ts  are reduced markedly as "free" c i t r aze  i s  increased. 

Other experimerts showed the des i r ab i l i t y  of keeping 

Cerium and europiun d is t r ibu t ion  

P d s e  Colurm Performance - DPA-NB System 

Investigation cf the use of 0.02 M dipicrylamine (DPA) t o  ex t rac t  
cesium from synthetic Purex 1955 i?!X (fomaldehyde-tre6ted waste) 
W L S  contlnued. The FTW w s s  f i rs t  butted with about 0.1 M c i t r a t e  
i n  excess of  t ha t  reqL:red t o  complex the n d t i - v a l e n t  cgtions and 
adjusted t o  a pH of 7.3 t o  8.5. 
d i m e t e r  glass  p d s e  ccluxcn w a s  used w i t h  an aquecus-to-organic 
flow r a t i o  of about two. 
stremi w a s  a l s o  added t c  the column, dividing the column in to  e i t h e r  
a three-foot extract ion m d  six-foot scrub sections o r  six-foot 
extract ion and three-foot scrub sect iocs .  

A nine-foot tall, three-inch 

IE several  of the runs, a d i lu t e  acid scrub 

The results of these runs were highly encouraging. 
of 540 gph/ft2 w a s  readi iy  o 3 t a i n a b l ~  w i t h  H.T.U.  s in the range of 

Cesium waste losses were on the order of 0.5 per- 
&&&ith a six-foot extract ion secticn.  

A s ta5 le  capacity 

; . l.,Q:.-to 1 .3  f e e t .  *-- 
There w a s  no evidence of 
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gross iron precipitation, although the feed w a s  quite hazy, 
presumably from col loidal ,  hydrated iron oxides. 

The substi tution of c i t r i c  acid f o r  d i lu te  n i t r i c  acid (0.125 - 
0.5 M) scrub solution improved decontamination from sodium and 
potassium without causing any s igni f icant  cesium reflux. 

Stripping studies with 0.5 M HN03 demonstrated t h a t  the A/O r a t i o  
could be reduced t o  0.15 wizhout exceeding a one percent cesium 
loss  i n  the nine-foot column. 
using 0.125 M HNO . These r e su l t s  suggest t h a t  a higher Cs/l?NO 
r a t i o  can beobta2ned i n  the product by using a more d i lu t e  acia. 

An A/O r a t i o  of 0.25 w a s  required 

I n  conjunction with the DPA-process runs, an attempt w a s  made t o  
operate the column without pulsing it. A i r  a t  0.9 t o  1.8 scfh w a s  
supplied t o  the bottom of the  three-irch diameter column to  pro- 
vide agi ta t ion and the motive power f o r  countercurrent flow of 
the dispersed phase through the 3/16-inch hole, 23 percent free area 
nozzle plates.  The capacity of the column under these conditions 
w a s  approximately half  t h a t  obtained w i t h  the  pulser (310 gph/ft2 
in the extraction column, 370 i n  the  scrub and s t r i p  columns). 
The H.T.U.'s were surprisingly low--1.1 f t .  w a s  obtained i n  the 
extraction column (near flooding) and 1.9 i n  the s t r i p  column, 
using 1.8 scfh of a i r .  

The input of air  a t  modest rstes may make it feasible  t o  consider 
the use of conventional packed colums through the improved s w i r l -  
ing action supplied by the a i r .  

Pulse Colurrm P e r f c m c e  - D2EHPA System 

Previous resuits (MJ-74522 C )  showed t h a t  cerium waste losses of 
one percent o r  less were obtained readi ly  from a c i t r i c  acid- 
complexed feed, usicg a nine-foot extraction section. However, 
recent attempts were o d y  mrg ina i ly  successful. 
ture ,  only 50 perceI;t of the ceriurc w a s  extracted.  
reduced t o  seven percent by In,cressing the operating temperature 
t o  50 C .  

Studies w i t h  the  ten-foot high 1B column (strontium-cerium pa r t i t i on )  
show t h a t  excellent ceriunr DF's (660 t o  greater than 4000) can be 
obtained using 0.03 - M HN03 as the strcntiuni s t r ipping reagent. 

C e r i u m  s t r ipping with 2 M HN03 i n  the ten-foot 1C column has been 
s s t i s f ac  t o r i l y  accomplislied by organic -continuous operation a t  
50 C .  

A t  room tempera- 
This loss  w a s  

The reason f o r  +he discrepancy i s  being investigated. 

Under these conditions, the  c e r i m  waste l o s s  was reduced 

I 2 3 b 8 4 4  



t o  1.7 percent, compared wi th  about. 20 percent. under previous oper- 
a t ing  conditions at lower tenpera tues  with an aqueous continuous 
column. This  value i s  s t i l l  r e l a t ive ly  high from a solvent degrad- 
t i t ion  standpoint and suggests t h a t  a subsequent batch wash, perhaps 
us ing  oxalic acid, may be required f o r  additional solvent cleanup. 

Cesiun: Recovery with Cl inopt i lo l i te  - Scale-up 

Investigations with 20-50 mesh c l i n o p t i l o l i t e  i n  a four-inch diameter 
bed t o  remove cesium from P u e x  ~ l h ~ t  waste were continued. 
ments during t h i s  pericd were confined t o  simulated PTW which had a 
c e s i m  concentration of 1.35 x l C - 3  M. It i s  concluded t h a t  a feed 
flow r a t e  a t  least one gpm/ft2 may bz employed. In addition, the 
tendency of the height of the absorption band t o  increase with flow 
rate indicat;es t h a t  a be8 of given capacity should be made as long 
as practical .  

Experi- 

Data obtairied i n  washing a d  e lu t ing  cesium from a four-inch diameter 
colurcn s u p p r t  the laboratory data which indicstes  t h a t  inproved 
puri ty  froni sodLum and p o t a s s i u  i s  obtai2ed by washing the column 
w i t h  oxalic acid solution. 

Elution of the 23-inch bed w a s  acconplished i n  8 t o  1 2  column volumes 
vith a mixture of 1 N NHI;OS and 3 I? (NH4)$O3 solution a t  a flow 
r a t e  up t o  2 gpi/ft? Typically, the cesium w a s  concentrated more 
t h G  thee- fo ld .  The ammoriium cubonate  may be subsequently removed 
.arid recovered by vaporization and ccndecsation, thus concentrating 
the product stream p r i o r  t o  f i n a l  loadout of ce s im.  

- 

The c l i n c p t i l c l i t e  displsyed good physfcal s t .abi l i ty  t hough  six 
cycles of FTid trestnient with no apparent l o s s  of capacity. 
erosios  of the minerd w a s  estimated t o  be about two percent f o r  
60 to 100 column vclmes  cf FTW processed. 

However, 

F c e x  StroLtiuo Flcvshee? Studies 

The disappoirting r e s c t s  of B-cell tes ts  of the peroxide-tartrate 
Frccess ( w h c k  was desFgmd t o  separate s t ront iuu from t o t a l  rare 
eartns in fewer s teps  t a m  the present plant process) were reported 
las t  month. 
piI 3 (versus 2 previously) atld the second ( a l s o  a t  pH 3)  with 
hjrbazlne added. 
but the deccnt.&nstion fact.or frcm cerium w a s  only about 2. 
~ L m t  t e s t  gave similar r e sd t s .  
experirnent.s (with s s t h e t i c  1WW) have not f d l y  resolved the f a i l u r e  
of tne process with fu l l - l eve l  l W W ,  3ut do s q g e s t  two plausible 

Two fu r the r  runs were =de t h i s  mcnth, the f i r s t  a t  

Strcntium recovery was excellent in both cases 
A 

Extensive supportiog laboratory 
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explanations: (1) radiation daaage or  destruction of the rare-earth 
complexant (however, hydroxylamine and hydroazine were ineffective 
when used as chemical protection agents i n  hot-cell  experiments), 
o r  (2) catalytic destruction of the complexant by some material 
present I n  actual  1WW but absent i n  the synthetic. It was observed 
that copper i n  concentrations greater than O.O002M_ i s  detrimental, 
and it may well be t h a t  copper o r  some similar ca t a lys t  i s  present 
i n  the plant  waste. Continuing experimentation i s  aimed a t  finding 
the cause of the poor performance and also a t  determining whether 
peroxide-tartrate generated complexants could be employed, a l t e r -  
nately, as a select ive wash t o  remcve rare ear ths  from a strontium 
su l fa te  precipi ta te .  

Hydroxyacetic Acid Complexing of Iror .  

The use of hydroxyacetic sc id  as an inexpensive subs t i tu te  fo r  
t a r t a r i c  acid i n  the Purex strontium process has been suggested by 
an outside vendor and tes ted  successfully with t racer- level  synthetic 
solutions by CPD Process Chemistry Operation who found t h a t  i ron 
w a s  effect ively corcplexed cilia held i n  solution by hydroxyacetate 
and that strontium recovery w a s  not adversely affected. 
with actual  1WW were made at  pE 2 and 3. 
t i u m  precipi ta tes  (and l i t t l e  o r  no iron precipi ta t ion)  were 
observed i n  both cases. 
factory precipi ta t ion of 30th cerium and strontium; however, 
strontium material balances were very low (probably implying 
failure 50 completely dissolve the prec ip i ta te )  ~n additional 
run w i l l  be made at pII 1, t o  determine the e f f ec t  of lower pH and 
t o  determine cocclusively the f s te  o f  the strontium. 

B-cell tests 
Normal appearing stron- 

Analyses of supernatants indicsted satis- 

Aged Promethium Dose Rate Measurements 

Calculations of the gamma dose rate from Pm-147 and Pm-148, and 
the associated shielding reqdren;ects, were reported in the  Ju ly  
report  (HW-74522 C ) .  These showed t h a t  2-year promethium would 
require 1.25 inches cf lead  and 3-year prorcethlum only 0.2 inches 
of lead t o  shield a 250 (thermal) w a t t  source t o  81i allowable 
radiation l eve l  of  200 mr/hr at  one foot  from the source. 
Sr-90 o r  Cs-137 sources would require 4.5 inches of lead. 

Similar 

Because of uncertaint ies  i n  the method o f  calculation, an experi- 
mental measurement w a s  undertaken of the Brehmstrahlung from 25 
curies  of well-aged ORNL promethium (recovered from ARC0 waste). 
The results showed t h a t  the Pm-14'1 Brehmstrahlung calculations 
were, i f  anything, conservative ( i . e . ,  somewhat overestimated the 
required shielding);  however, two low abundance gammas were dis-  
covered whose energfes and in t ens i t i e s  indicate the presence of 
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minute amounts of Pm-146. 
is  very low, the energies a re  suf f ic ien t ly  high (0.75 and 0.45 MeV) 
t .o require some additional shielding f o r  aged Pm-147 sources. 
Abundance of the 0.75 MeV gamia w a s  1.7 x 10-7 per Pm-147 decay 
and of the  0.45 MeV gamma 1 .4  x 10-7 per Fm-147 decay, or a t o t a l  
of 3.1 x 10-7. 
a value of 2.1 x 10-7 calculated from theory. 
f i s s ion  yield i s  uncertain by a t  least  a fac tor  of two.) 
allowing f o r  the detected amount of pm-146, only 0.33 inches of 
l e sd  would be required t o  shield a 250 w a t t  promethium source t o  
a radiation l eve l  of 200 mr/hr a t  one foot.  Therefore, although 
the I%-146 radiation w i l l  l i m i t  some potent ia l  applications of a 
promethium, f o r  many applications t h e  presence of Pm-146 should 
make l i t t l e  or no difference. 

Although the in tens i ty  of these photons 

The la t ter  f igure i s  i n  excel lent  agreement with 
(The predicted 

Even 

EQLTPMENT AND MATERIALS 

Corrosion of Boron Stainless  S tee l  i n  HNO7-HF-A1(NO~), 

Boron-304 s ta in less  s t e e l  contbining one weight percent boron cor- 
roded a t  r a t e s  of less t h m  0.05 mils/mo when exposed a t  50 C t o  
n i t r i c  acid solutions ranging from f ive  t o  60 W/O HNO3. Pyrex 
Raschig rings exposed t o  13  M HNO -1.0 M HF a t  room tenzperature 
corroded a t  a rate of about TOO rmls/mo~ When exposed a t  room 
temperature t o  2 M EIN0--le25 MAl(N03)3-0.25 M HF, Pyrex Raschig 
rings and 1 w/o bzron-304 s t a k e s s  steel  corFoded a t  rates l e s s  
than 0.05 mils/mo. 

3 

PRWESS CONTROL DEVELOPMENT 

Gradient Control System 

A key problem iri  the deveiopneot of the Gradient Control System 
f o r  the CPW Plutonium Reclamtion F a c i l i t y  (PRF) i s  measurement of 
plutonium concentration gradient d o n g  a giveo column length. 
i s  planned t o  measure t h i s  gradient by neutron count ra tes  external  
to the  colurcns. A se r i e s  cf experiments has been completed t o  
determine appropriate geometries and shielding techniques applic- 
&ble TO the  PRB. Eoth vacum tube and t rans is tor ized  instrumentation 
were used i r i  the experiments. The noise pickup problem previously 
encomtered with the t ransis tor ized equipment w a s  solved by the 
use of double shielded c6ble between the pre-amp snd the detector.  
Xeaaureents were made i n  bcth organic and aqueous solutions con- 
kiting up t9 100 gm/liter of plutonium. The geometry of primary 
in t e re s t  w&s two four-inch colurrms, four f e e t  apart .  I n  t h i s  case, 
85 cpn?/gm/liter w a s  ob ta imd from the low concentration (0-10 

It 
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gm/liter) column, when the high concentration column contained 100 
-/liter. 
80 t o  20 cpm by a shield consisting of 3 inches of paraff in  and 
20 mils of cmimium. It is concluded from these tests that neutron 
counting provides a sui table  means of obtaining the required con- 
centration gradients, although a single BF3 tube, as used i n  the 
t e s t s ,  may provide insuf f ic ien t  count r a t e s  f o r  use with the con- 
trol system. ' Means of increasing the count rate such as using 
multiple tubes o r  the more sensit ive helium-3 type detectors are 
being evaluated. 

Backgrourd from the 100 @/liter coluron was reduced from 

T e s t  of Orifice Plow Meter with Linearized Signal 

The appl icabi l i ty  of an or i f i ce  meter i n  flow control loops which 
are a par t  of more complex control systems has been enhanced by 
the ava i l a3 i l i t y  of inexpensive special  purpose analog computing 
units capable of extracting the square root of pneumatic signals.  
A flow metering system composed of an or i f ice ,  d i f f e ren t i a l  pressure 
cell ,  a pneumatic square root  converter hnd recorder were tes ted  
t o  determine the overal l  l i n e a r i t y  of the system. The r e su l t s  
show a l i n e a r i t y  within 1 perces?t, from 15  t o  100 percent of range. 
However, below 15 percent performance w a s  e r r a t i c  due t o  the zero 
d r i f t  of the square root converter. 

C-Column Studies 

The experiment desigr: f o r  the  Eext s e r i e s  of C-column runs has 
beec completed. 
which the e f f ec t s  of s i x  variables upon column performance, 
chuac ter ized  by wasze lcsses and concentration prof i le ,  w i l l  be 

sum of aqueous arid orgsnic flowrates, (b )  flow ra t e  r a t io ,  
( c )  extractant  acid concentration, (d  j extractant  temperature, 
(e  j feed acid concentration, and ( f )  pulse frequency. 

The design consists of 48 experimental runs i n  

' determined. The s l x  variables selected are: (a )  capacity, the 

This design neglects the irfluence of six other  variebles which 
can a f f ec t  the performace o f  the C O ~ I ~ I I L C ,  camely: (1) pulse 
emplitude, ( 2 )  feed uranium ccncertration, ( 3 )  temperature of 
the feed, (L) fixed uranium ir the crganic phase (such as DBP 
complexes), ( 5 )  c s t r i d g e  and colum geonetry, and (6 )  unknown 
fac tors  such as "do Sadders". The e l i d n a t i o n  of these la t te r  
variables f o r  study w a s  j u s t i f i e d  f o r  the following reasons 
(rumbered ES t o  var iable)  : 

1. The iritid block of 20 rum performed previously showed t h a t  
pulse arcplitude e f f ec t s  are negligible a f t e r  al l  e f fec t s  due 
t o  amplitude-frequency preducts are removed, 

\ 
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2. 

3.  

4. 

5 .  

6. 

The feed uranium concentration e f fec ts  can be eliminated by 
using dimensionless variables ([U]/[U 3 )  over the feed concen- 
t r a t ion  range of  in te res t ,  70-95 gms/fiter. 

The temperature of the feed only enters  i n  Its e f f e c t  on the 
temperature prof i le  of the column; hence, t h i s  e f f e c t  w i l l  be 
determined by varying the  extractant  temperature. 

The influence of the non-extractable uranium appears as a re- 
duction of the driving potent ia l  f o r  mass t ransfer  and can be 
factored d i r ec t ly  in to  the model. It w i l l  be determined f o r  
each run. 

The influence of  these macroscopic e f f ec t s  on the form of the  
d i f f e ren t i a l  mass t ransfer  model should be negligible.  

No systematic method of measuring t h i s  vsr iable  i s  known. How- 
ever, a study i s  contemplated by a straightforward extension of 
the  48 runs, which could investigate the Influence of surfactants.  
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REACTOR DEVELOR43NT - 04 PROSRAM 

PLUTONNM RECYCLE PROGRAM 

S a l t  Cycle Process 

Flowsheet Develcpment - To date, 39 grams of black, c rys t s l l ine  
plutonium dioxide have been prepared by precipi ta t ion from molten 
chloride salt solutions.  The Pu02, which is  to be incorporated 
i n  PuO2-UO fue l  elements f o r  i r radiat ion-test ing,  which pre- 
c ip i ta ted  fn  seven gram batches from LiC1-rich L i C 1 - K C 1  melts 
a t  550 C ,  using a 45 percent 0 
Prior  t o  precipitation, the mefts were dr ied by t rea t ing  with 
carbon and chlorine at TOO C. 
of 6.1 g/cc, about 50 percent of theoret ical  density. 
chemical analysis indicated potassium and li thium contents of 1000 
and 500 ppm, respectively. 

- 55 percent C 1 2  gas sparge. 

The Pu02 prodcct had a t ap  density 
Spectro- 

Electrochemistry of Uranium i n  Molten Chloride S a l t  Solutions - 
EMF measurements f o r  the c e l l  reaction 

u02 + c12 = uog12 
were reported last  month for the LiC1-NaC1  salt system. 
endeavor t o  t es t  the  e f f e c t  of  changes i n  chloride ac t iv i ty  upon 
the reaction thermodynamics, t h i s  work has been expanded t o  
include the measurement of EMF ss a function of NaClILiCl r a t i o  
at several  d i f fe ren t  temperatures. 
were t h a t  the data, when p lo t ted  i n  the form of EMF as a function 
of mole percent N a C 1  in the  melt, gave a typical  'IS"-shaped, 
t i t ra t ion-type curve. 
neighborhood of the eutect ic ,  a b u t  25 m/o N a C l  - 75 m/o LiC1. 
A t  850 K, the  ho r i zon td  sections of the curve occur a t  about 
0.50 vol t s ,  i n  the Eelts contkining less than 20 m/o I?aCl (low 
chloride ac t iv i ty ) ,  and a t  about 0.52-0.53 vol t s ,  i n  melts contain- 
irig more than 30 IL/C N a C l  (high chloride s c t i v i t y ) .  
cation i s  t h a t  oc  ireregsing the N a C I / L i C l  r a t i o  i n  the melt, 
one i s  essent ia l ly  "ti t .rating" betweec t w c  corcplex forms of U02Cl2 
i n  the solution. 

In an 

The r e s u l t s  of t h i s  study 

The s teep p a r t  of the curve occurs i n  the  

The impli- 

Cerium Stand-In f c r  Plutociun i n  UC2 Depositioli - The conditions 
vhich are most favorable t o  the  proauction of stoichiometric UOg 
(dry,  oxygen-free melt) are those which suppress the formation 
of Pu( IV) necessary f o r  PuOe *deposition. 
deposited w i t h  con-stoichiometric U02 which can later be hydrogen 
reduced t o  give U02 w i 5 h  sui table  characteris$ics,  Pu02 may 
behcive s in i l a r ly .  Thus, the  behavior of eerium on a semi- 
engineering scale  i s  under study. 

If Ce02 can be co- 

1 2 3 b 6 5 0  
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Electrolyses were carr ied out with graphite electrodes in 2 - l i t e r  
quartz crucibles a t  530 C and 1.5 vol t s  with equimolal LiC1-KC1 
i n i t i d l y  coctaining 20 w/o uranium and 1 w/o cerium 
decontamination factors  of 35 and 25 and oxygen-to-uranium ra t io s  
l e s s  than 2.01 were obtained with chlorine and hydrogen chloride 
sparges during e lec t ro lys i s .  
cycles of one minute on a d  one minute off w a s  conducted with a-' 
chlorine gas sparge. 
f o r  continuous e lec t ro lys i s  under similar conditions, bu t  the 
d e p s i t  surface w a s  much smoother. 

Decontamination factors  i n  the  range 6 t o  io were obtained with 
air-chlorine sparges. Duplicate runs w i t h  air  sparges gave feed- 
to-deposit decontamination factors  f o r  cerium ranging from 1.1 t o  
2.6, with the  lowest values being obtained nearest  the air sparge. 
Oxygen-to-uranium r a t i o s  racged from 2.008 t o  2.078. 
reduction of the UO i s  planned as part of the product evaluation. 
Most cf the cerium 8as unaccounted f o r  i n  material balmces,  
prob&ly due t o  precipi ta t ion.  

Cer ium 

An intermit tent  e l ec t ro lys i s  with 

The decontamination fac tor  w a s  no less than 

Hydrogen 

Irduction Heating Controller - The Pyrcchemical Test  Fac i l i t y  uses 
a 30 KW, 9600 cps generator f o r  induction heating of a 15 KW load. 
An independent control sysCtem t o  u t i l i z e  the excess capacity in 
a second work s ta t ion  has been devised and laboratory tested.  
The new system uses a so l id  state control ler  t o  vary the  f i r i n g  
angie of s i l i con  controlled r e c t i f i e r s  (SCR's) t o  maintain the 
desired temperature of the salt  bath. In the  or ig ina l  c i r c u i t  
design d i f f i c u l t y  w a s  experiecced i n  obtaining f i r i n g  pulses of 
suf f ic ien t  power from the  t r m s i s t o r  pulse c i r cu i t .  It w a s  thus 
necessary t G  m p l i f y  these pulses, and a multi-vibrator using 
smll (one ampere) SCR'E w a s  b u i l t  f o r  t h i s  purpose. The m u l t i -  
v i5rator  adequately f i r e s  the s m d l  SCR's which i n  turn f i r e  the 
l a r g e  power-controlling SCR's ra ted a t  70 mperes. 

Fission Product Release Durizg S a l t  Cycle Reprocessing - Oxidation 
teet.s of U02 fue l  t o  es tab l i sh  reazticn tilres f o r  f i s s ion  product 
re lease s tudies  re la ted  t o  PRTR fue l  reprocessing were completed. 
Eare s intered U02 cylinders 1/2-inch diameter by 3/k-inch long 
were completely oxidized t o  U O8 iL 1-1/2 hours a t  400 and 500 C ,  
23 Fercent oxidized a t  300 C 2 o r  2 hours, and 33 percent oxidized 
e t  600 C i n  2 hours. The slower oxidtition rate a t  600 C is a 
fucction of oxygen diffusion r a t e s  through the  adherent U 0 

icch long sections of camed sFecfnens required 2 hours a t  400 C 
f o r  complete oxidation wkile lying ic a horFzontal pcsit ion.  The 
U3O8 primary pa r t i c l e  s ize  a t  303 C w a s  Gpproximately 2 P diameter 

layer  
prevalent at  tercperstures of - 600 C and above. Three-quar 3! e r -  



x 

c -19 

compared t o  the approximately 4 P diarceter primary par t ic les  
fomed a t  temperatures above 400 C. 
increased the oumber of la rger  agglomerates as w e l l  8 s  t h e i r  
diameters increased. 

Also, as the temperature 

Dissolution of Xrradiated PRTR Pu-A1  Fuel 

A five-inch-long segment of PRTR, Pu-A1 spike fuel ,  i r rad ia ted  t o  
g o a l  exposure (80 MWD/assembly), was declad &d dissolved t o  t es t  
proposed Redox flowsheet conditions. 
Zirflex decladding solutions w a s  0.043 percent. The declad rod I 

activated r e d i l y  i n  1.0 K EN03-0.015 M Hg(N0 )2  and remained 

the dissolver solution t o  6.0 M BNO 
another. 
a t  1.0 M HNO . These res f i t s  pa ra l l e l  results obtained earlier 
with Pu=U d l o y  non-irradiated and i r rad ia ted  t o  60 percent of 
goal. It appears probable thst t h i s  act ivat ion and dissolution 
procedure c&n be used i n  Redox dissolution of the spike fue l s  t o  
achieve a dissolution time cycle m c h  shorter than could be achieved 
with n i t r i c  acid only as dissolvent. 

Plutonium loss  t o  the 

activated (rapid dissolutTon) when 12  HNO3 a as added t o  bring 
i: one cu t  and 4.0 M HN03 i n  

The presence of f ' l u o h e  ?s not necessary f o r  ac t iva t ion  

Dissolution of PRm UO? and PuOp-UO2 Fuels 

Segments of non-irradiated Zr -4  c lad U02 and PuO2-UO2 FRTR f u e l  
rods were declad by the  Zirf lex process. 
fused oxide; the  Pu02-U02 w a s  of the  oxide mixture type. Both 
materials were compacted by swaging. In both cases, the core 
materials disintegrated t o  a "mud" during the  decladding step. 
The U02 mud w a s  readi ly  soluble i n  d i lu t e  (55.0 M) n i t r i c  acid; 
a green-brown residue (not ident i f ied  but presumgd t o  be Pu02) 
remained after prolonged t r e a t m n t  of the PuO2-UO2 mud with 
boi l ing 5 M - m03. 

The U02 w a s  high density 

RADIOACTIVE RESIDt'g FIXATION 

Calc  imtiolz c.f Kadioae tive Wastes 

Two tracer-level spray c a l c k e r  m s  and one t racer- level  pot 
calciner  r u ~  i n  the A-cell calcirzation equipment were completed 
ear ly  i n  the Icorth and were followed by a successful fu l l - l eve l  
run of each t y p e .  
radiant-heat spray calciner ,  operated with continuous melt-down 
i n  the sol ids  receiver, hnd the second was a simple pot calcination 
n m .  The Purex 1WW used i n  the runs, although centrifuged a t  
Purex, conbined gross amowits of f i ne  so l ids  which, however, 
did not cause nozzle pluggirg or  ucdue d i f f i c u l t y  i n  feed control.  

The f irst  of the  full-level runs w a s  with t'ae 
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Twenty-seven l i t e r s  of feed, equivalent t o  about 0 .1  ton of i r r ad i -  
ated uranium, were used i n  each run and resul ted i n  about one 
l i t e r  of sol idif ied,  calcined melt i n  each case. Operation of 
both calciners and the associated off-gas equipment, instrumentation, 
etc. ,  w b s  smooth and uneventful, and LO detectable radioactive 
contamination was released t o  the atmosphere. 

Although analyt ical  results are  not complete, pre1bInax-y inaications 
are tha t  less than one percent of the feed ruthenium w a s  vo la t i l -  
ized i n  the  spray run and perhaps 3 o r  4 percent i n  the pot 
calcination run. Volat i l izat ion of other f i s s ion  products w a s  
negligible.  
densate from the condenser which const i tutes  the  first un i t  i n  
the  off-gas t ra in .  
caust ic  scrubber, the  e l ec t ros t a t i c  bubble scrubber, s i l ica  ge l  
bed, a d  the Cambridge absolute f i l t e rs ,  f o r  an overal l  decontami- 
nation fac tor  i n  excess of 109 (limit of detection).  Both pots 
were capped and s e t  aside fo r  observation of possible pressure 
build-up. None has been observed t o  date.  Complete de t a i l s  of 
the runs and the r e su l t s  obtained w i l l  be presented i n  the  July- 
September "Radioactive Residue Fixation Quarterly Report," Rw-75290. 

Most of the evclved ruthenium w a s  found i n  the con- 

The remainder w a s  trapped successively i n  the 

Zeolite Properties 

Work on equilibrium loading of cation exchangers continued. 
scdium, and hydrogen loading on c l inop t i lo l i t e  w a s  determined a t  
25 C i n  a ternary system; Sections i n  the ternary system with 1, 
5 ,  15, 30, 60 and 80 percent cesium and various r a t i o s  of sodium 
and hydrogen were used t o  out l ine equilibrium loading relationships.  

Cesium, 

Five-pound samples of c l inop t i l c l i t e ,  pel le t ized by three d i f fe ren t  
techniques, were received from Minerals and Chemicals P h i l l i p  
Corporation. 
boi l ing 20 percent n i t r i c  acid. The cesiurc kinet ics  of the  clinop- 
t i l o l i t e  pe l l e t s  were compared t c  n a t m a l l y  cemented c l i n o p t i l o l i t e  
53- obtaining lcadilig curves on shallow beds of the same grain s ize  
r&nge. Cesium 1cadlr;g rates with a 0.1 N C s C l  inf luent  ranged from 
0 0133 sec- l  f o r  the natural ly  cemen-ced z l i n o p t i l o l i t e  t o  0.0100 
sec-l  f o r  the c l i n o p t i l o l i t e  pe l l e t s  with the slowest cesium load- 
i r g  kinet ics .  
r a t e s  are not s igni f icant ly  different .  
of the various c l i n o p t i l o l i t e  samples were not s ign i f icant ly  
affected by the addition G f  a wetticg agert  (Dupanol o r  Aerosol OT). 

These pellets are s t sb le  i n  boi l ing water and i n  

Withfn the experimentCL e r ro r  the above loading 
The cesium loading kinet ics  
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BIOLOGY AND MEDICINE - 06 PROGRAM 

TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology ma Geology 

Stream functions were derived f o r  general three-dimensional flow 
of f lu ids  through heterogeneous porous media. These expressions 
are a needed s t ep  i n  order t o  deduce t h e  spa t i a l  permeability 
d is t r ibu t ion  beneath the project for use i n  the e l ec t r i ca l  analog 
of ground water flow. 
deduce 
l a t e r  obtained from the analog. 
should a lso  have applicatioc i n  solving unsaturated flow problems. 

Also, the stream function w i l l  be used to 
flow paths and t rave l  tiIces from potent ia l  measurements 

The general stream function 

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Environmental Studies 

During a recent period of re la t ive ly  high 1-131 emission from the 
Redox stack a ser ies  of' air  samples were taken  using the AEC 
aeechcraft airplane.  Samples were taken using IPC f i l t e rs  and an 
activated charcoal backing t o  determine the f rac t ion  of the 1-13 
a c t i v i t y  associated with par t icu la te  material. 
col lect ing flights were flown as suggested by Hanford meteor- 
o logis t s  so  as t o  sample the p l w e  a t  d i s t a x e s  of 1, 3, 5 ,  10 
end 25 rtiles from the stack. 
Othello arid from the Harford f e r r y  t o  the stack i n  ac e f f o r t  t o  
f l y  i n  the plume f o r  locger  periods. 
of the IPC f i l t e r s  fo r  removing par t icuiate  material  i s  not known 
exactly f o r  the conditions under which these samples were taken, 
they are quite e f f i c i en t  and the d8t.a showed that  near the stack 
the 1-13 i s  la rge ly  gaseous but  i s  more completely associated 
with par t icu la te  raterial as it moves fur ther  from the stack. 
Laboratsry studies on the par t icu la te  mterial show t h a t  the 1-131 
i s  generally d i f f i c u l t  t o  rezove e--en i n  d i lu t e  acid solutions.  
This f inding my be inportant i n  explaining the uptake relat ion-  
ship observed w i t h  plaLt m t e r i a l .  

A pat tern of 

In additicn, f l i g h t s  were made from 

Although the efficiency 

Radiation Chemistry 

Erioglaucine dye i n  aqueous solution was found t o  exhibi t  a long- 
l ived  electron sp i r  resoriame si@& following i r radiat ion,  
ind'cating the preserce of f ree  radicals .  The observed signal 
i s  ocly about four times tke nolse level ,  but i s  not present i n  
unirradiated dye. The s l g c a l  appesrs t o  contain f ive  lines. 
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This experiment w i l l  be repeated on highly purif ied dye when obtained 
s o  as t o  affirm tha t  the source of t h i s  s i g n d  is  due t o  the er io-  
glsucine. 
which w i l l  produce on i r radiat ion re la t ive ly  long- l ived  free 
radicals  which w i l l  not rapidly dismutate but which w i l l  react 
with the primary free radicals  formed i n  the water by radiation. 
T h i s  reaction of the compouad w i t h  the  p r i m 2  f r e e  radicals  
i nh ib i t s  t h e i r  reaction w i t h  v i t a l  biological components and hence 
"p:otects" biological sys tem from t h e  harmful e f f ec t s  of radiation. 

This work i s  being performed in  a search f o r  materials 

R A X O I S O T O P E S  AS PARTICUS AND VOLATIIXS 

Par t ic le  Dewsition in Conduits 

Corcputer techniques were used t o  predict  zinc su l f ide  deposition 
f o r  expected experimental conditions f o r  the three tube diameters 
under investigation. Parameters investigated were flow ra tes  and 
tube lengths f o r  one par t ic le  s ize  dis t r ibut ion.  

Experimental equipment w a s  conpletely assembled in 271-U Building 
&Zd i s  being proven f o r  the 1-1/4 inch diameter tube. 
rms a t  low air flow rates were completed t o  determine the reprod- 
u c i b i l i t y  of sample w e i g h t s  f o r  t w c  ssmples simultaneously withdrawn 
from the d is t r ibu t ion  chamber and t o  determine the pressure drop 
ch&rac ter i s t ics  of the system. 
w a s  noted. 

Five i n i t i a l  

Ent i re ly  sa t i s fac tory  performance 

Aerosol Generation, and Characterization 

The spioning disc  generator w a s  operated t o  o3tain control para- 
meters f o r  immediate usage. Primary t e s t ing  w a s  t o  determine the 
e f f ec t s  of ionizer  voltsge, l i qu id  feed rate, and disc  rpm on the 
gecerated pa r t i c l e  character is t ics .  
w i l l  generate adequete quanti$ies of urhnine-methylene blue 
particles ir the s ize  range 2 t o  10 microns. 

It appears t h a t  the device 

An 60 percent EtCH-20 percent H20 dye solution containing 0.3 g / l  
methylene klue and 0.6 g / l  uranine w a s  found t o  give nearly uniform 
prirticies a t  disc speeds of 30,000 - 50,000 rpm. Par t ic le  s ize  
i s  roughly inversely proportional t o  disc  rpm. 
below inhomogeneity resulted,  possibly due t o  i n s t a b i l i t y  of the 
disc  ro tor .  
e f f ec t  on the resul t ing pa r t i c l e  s ize .  The sonic j e t  ionizer had 
co  Loticeable effe:t on the shape of pe r t i c l e s  generated i n  the 
Far t icu lar  cases imestFgated. 

A t  20,000 r p m  and 

Liquid feed rates from 1 t o  3 m l  per minute had l i t t l e  
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The recently received Royco 210 par t ic le  counter was calibrated,  
and an attempt was made t o  make s ize  measurements of aerosols 
produced with the spinning disc  generator. 
sizing of 1.17 CL polystyrene spheres was achieved, methylene 
blue-uranine par t ic les  of the order of 3 - 6 microns were not 
correct ly  sized by the instrument. 
par t ic les  appears t o  be necessary. 

Although sa t i s fac tory  

Calibration with la rger  s ize  

Manager 
Chemical Research and Development 

UH Reas:cf 



A .  33~3AXIZATION AYD ?"JPWEL .. .t  

Dr. L. L. Eberhardt w a s  assigned t o  Radioeco1oe;y Operation on August 31, 1942. 

Dr. Bruce 0. Stua r t  was assigned t o  Pharmacology on September 17, 1962. 

Dr. Harvey A. -Ragan was assigned t o  the Experimental Animal Farm on Sept. 19, 1962. 

DaTid 3. I.Jilson hired i n  as a a ic logica l  Sc ien t i s t  i n  t h e  P lan t  Nutrition and 
Microbiology Operation on September 10, 1962. 

Dr. Harold V. Koontz, a sumas professor from the  University of Connecticut, 
assigned t o  Tlant Nutrition and ITicrobioiogy, terminated on Sept. 7, 1962. 

E. TECHNICAL ACTIVITISS 

FISSIONAYLE MATFIIALS - 02 PliXRAM 

Effect of Reactor Effluent on Aquatic Organisms 

Summary of the growth and mortali ty of t he  pooled data f o r  the  period 8/28 
through 9/30 monitoring with rainbow t rod t  is shown i n  t h e  table below: 

Per cent 
e f f luent  Live Total  Mortality Averace weight (g> - h a d  - 

1 0 238 2 38 0 23.6 

2 1 237 2 38 0.4 23 .h 

4 0 119 11 9 0 22.L 

A l l  treatment groups d t h  the  exception of t h e  4 per  cent group were repl icated 
by duplicate troughs with 119 f i s h  each. 
t h i s  time. 

IJo e f f luent  effect  is  apparent a t  

Columnaris 

To obtain data  on the  incidence cf columnaris in fec t ion  a t  a time when no 
disease outbreak exists, f i s h  from the Leavenwcrth h'atchery were sampled. 
From 99 sockeye salmon, 12 pos i t ive  ident i f ica t ions  were made. I n  each case 
t h e  incidence of in fec t icn  was  very s l i r h t  with only 1 t o  4 colonies present 
on p l a t e s  taken from t h e  infected g i l l s .  

Samplings from 12  adu l t  r iver  f i s h  taken from t h e  300 Area showed no infec t ion  
from columnaris. 

UNCLASSIFIED 
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EIOLOSY AND M ~ D I C I I E  - 06 PROGRAM 

IBTAROLTSM, T3XICITY AYJD TRA'JSFEX QF R4DIOACTIVF MATERIALS 

zinc-65 

After a s ing le  o r a l  a d m i ~ s t r a t i o n  of 9 p c  Zn6s t o  year l ing t rout ,  .the blood, 
spleen, l i ve r ,  and kidney showed a sharp increase i n  act ivi ty  within 2h hours 
and decl ine thereafter.  However, the  bone, eye, and g i l l  filament have 
shown increase i n  act ivi ty  with time, and a t  the end of 2 1  days post 
administration, the  bone, eye, and g i l l  fjlament shared 25, 18 and 120 nc/g 
t issue,  respectively. 

Strontium- 90 

The relat ionship between Sr90 i n  the  operculum and body burden i n  t r o u t  can 
be expressed by y = 8oX + L.7 where y equals pc/f ish and x equals pc/opercdum. 
This first approximation i s  based on 6l.4 t r o u t  fed Sr9O daUy  f o r  3 t o  14 weeks. 
Greater r e l i a b i l i t y  may bs ant ic ipated when a t o t a l  of about 150 Sr90 t r o u t  
a r e  complo,tely processed. 
k i l l ed  i n  the  f i sh  incident  l a s t  April 30. 

These results were obtained from fish t h a t  were 

IJsing l i t t e r  s i ze  and b i r t h  weight cf offspring as a measure of reproductive 
performance of fe-nale miniature swine, no differences were found between 
controls  and animals receiving up t o  625 pc Sr9O/day. 
levels  of Sr9O which markedly shorten the  animal's life span do not res t r ic t  
the  early reproductive performance of the  female l a rge  animal. 

It appears t h a t  

Iodine 

The study designed t o  simulate a s ing le  contamination event on forage fc r  
da i ry  ca t t le  was completed. After t h e  cessat ion of feeding, t h e  
effective ha l f - l i f e  i n  th s  t:?jrl.oid was  about f i v e  days. 
l i f e  of I1J1 i n  the  milk w a s  more complex, with an i n i t i a l  ha l f - l i f e  of 
less than a day, followed by a ha l f - l i f e  of about four  days. 

The e f fec t ive  half-  

Reasonable monitoring msthods were develcped f o r  u t i l i z a t i o n  i n  quantifflng 
and different ia t ing 1125 and 1131 deposition i n  t h e  thyroid cf sheep. (The 
dcuble t racer  method will be u t i l i z e d  i n  order t o  de tec t  t he  effectiveness 
of various routes  of administration on 1131 uptake. 
are indicated,  s ince the  uptake and effective ha l f - l i f e  changes with age 
and 'season of the  year.) 

Simultaneous s tudies  

Cerium 

Ten days following intravenous administration of cem chlcr ide i n  a c i t r a t e  
buffer  t o  a two-year-old miniature pig, approximately 40 per  cent  of t h e  
administered dose Pas found i n  
Ce lu  i n  ske le t a l  t issues were 
end of t he  r ibs .  Sof t  tissues 

t h e  skeleton. Highest concentrations of 
found i n  vertebral bodies and t h e  d i s t a l  
are cur ren t ly  being analyzed. 

UNCLASS IF'ISD 
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Promethium 

Promethium-147 chloride i n  a c i t r a t e  buffer  was adninistered intravencusly 
t o  two miniature swine approximately two years old. 
after administration, approximately 85 per  cent of t he  administered dose s t i l l  
remained i n  the  body. 
found i n  t h e  skeleton and one-half i n  t h e  liver, with o n l y  about 1 per cent 
i n  other  s o f t  t issues.  Concentrations within the  skeleton were ra ther  uniform, 
excepting ver tebral  bodies, which were approximately two times the  average 
f o r  skeleton. 

Plasma and milk concentrations of hlt7 were f o l l  
t en  days following a s ingle  intravenous dose of Pm 
buffer. I.!ilk ccncentrations increased rapidly, with peak concentrations 
being observed a t  fcur  t o  seven hours post-injection. 
r a t i o  a t  seven hours post-administration and l a t e r  was approximately five. 

A t  sacrifice, t en  daw= 

Approfimately one-half of ' the  recovered hu7 was 

i n  female sneep f o r  
x i t r a t e  i n  a c i t ra te  

The milk t o  plasma 

YE? 

Neptunium 

Effor t s  continue t o  describe quant i ta t ive ly  the  f a t t y  liver symptoms i n  rats 
induced by Np237. Results are not yet available. 

=for ts  continue t o  determine the  effect of neptunium'vklence state on 
absorption and d is t r ibu t ion  i n  the rat. 
are yet available although thore is an ind ica t ion  t h a t  neptunium secreted 
i n  the  ur ine is predominantly te t ravalent .  

No completely sa t i s fac tory  r e s u l t s  

P lu t  cnium 

Studies of t he  comparative tox ic i ty  of Fu239 and Pu238 are somewhat confused 
by t h e  fac t  t h a t  solut ions of t he  two isotopes may not be s t r ic t ly  comparable 
since they involve such widely d i f fe r ing  concentrations of plutcniuln. 
Citrate containing solut ions prepared i n  thP same manner resu l t  i n  d i f fe ren t  
depositions of the two isotopes with about twice as much Pu2% depositing i n  
the  bone as Pu239 and correspondingly lower deposition of Pu238 i n  the  so f t  
t i s sues ,  Eialysis s tudi5s  Kill be made i n  an a t tempt ' to  solve t h i s  problem. 

A number cf addi t icna l  substances have boen t e s t ed  f o r  t h e i r  a b i l i t y  t o  
promot? the  excretion of plutonium from rats. Wone of th-?se are  as effective 
as DTPA, but several  have ap?reciably increased excretion rates as compared 
with untreated control animalso 8-hydroxyquinoline and B-?lethylumbelliferone, 
which might be expected t o  prec ip i ta te  plutonium i n  bodv f lu ids ,  both decrease 
bone deposition and increase l i v e r  deposition. 
fecal excretion of plutonium by a fac tor  of 2,  
s tudied w a s  Tiron (1,2-dihydroxybenzene-3,S-disulfonic acid)  which reduced 
bone deposition t o  7 per cent of the administered. dose (controls 51 per  cent). 
I n  t h i s  respect, it was  e s sen t i a l ly  equivalent i n  effsct iveness  t o  DTPA; 
however, it l e f t  3.6 per  cent of tile injected dcse i n  the  l iver  (M'?A-treated 
animals 0.6 per  cent) and resul ted i n  an over-all excretion of only 42 per  cent 
of in jec ted  dose as compared with 73 per  cent excreted i n  DTPk-treated animals. 
Vhile these s tud ies  may not  lead d i r e c t l y  t o  a new therapeutic agent 
superior t o  DTPA, they may d i r ec t  a t t en t ion  t o  new types of therapeutic agents 
o r  suggest p o s s i b i l i t i e s  f o r  conbined therapy. 

8-hydroxyquinoline increases 
The most e f fec t ive  new agent 

umfisIx 1 2 3 i A 5 c )  
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Analyses on the  l i ve r ,  regional lymph nodes, femurs, and urine samples from 
pigs injected subcutaneously on each foreleg with 5 p c  of h 2 3 9  reveal t h a t  
a s ingle  I V  inject ion of Na3Ca DTPA effects  a reduced deposition of plutonium 
i n  the  l i v e r  and femur, but no s ignif icant  reduction i n  the regional lymph 
nodes. 
four hours a f t e r  inject ion evidenced a reduction i n  t h e  amount of plutonium 
deposited i n  the  t issues ,  as d i d  the  animals who were surgical ly  t rea ted  and 
e i t h e r  received Na3Ca DTPA o r  had a tourniquet applied. It is  d i f f i c u l t  t o  
evaluate t h e  effects  of these treatments because of t h e  var ia t ion among 
the  animals i n  the amount of plutonium surgical ly  excised. 
observation was the elevated urinary plutonium content seen i n  the pigs 
receiving the  DTPA solution. 

239 External monitoring of the  si tes of subcutaneous inject ions of 5 uc of Pu 
indicate  t h a t  suffusing the t i s s u e  around t h e  s i t e  with Na3Ca DTPA immediately 
after inject ion o r  as long as four  hours l a t e r ,  e i t h e r  alone o r  coupled with 
an 
from the  inject ion si te.  
will reveal whether o r  not more subt le  changes are effected. 

Approximately 80 per  cent of t h e  administered dose of Fu239 w a s  recovered from 
the  t i s sus s  of a male sheep t en  days after a single intravenous dose of Pu239 
n i t r a t ?  i n  a c i t r a t e  buffer. For ty  per cent of the  recovered Pu239was found 
i n  the  skeleton, 58 per cent i n  t h e  l i ve r ,  and the  remaining two per cent i n  
other soft t issues ,  ch ie f ly  kidney, spleen, and lung. A s  previously reported, 

e e f f ec t s  cn liver function were observed i n  t h i s  animal, as measured E; ?'' labeled rose bengal dye plasma clearance. 

An animal which had a portion of t h e  plutonium removed surgical ly  

ne most s ignif icant  

inject ion of the DTPA solution, causes no gross movement of plutonium 
Analyses of t h e  t i s sues  and urine (now underway) 

Radicactive Par t ic les  

Three dogs were exposed t o  CelL402 rosols t o  study t h s  acute radiat ion 
syndrome. Only one curie Ce lkh-P$-t6 was required t o  produce an aerosol 
of suf f ic ien t  concentration t o  cause deposition of 2 m c  i n  each dog i n  a 
half-hour exposure, 

Pluronics (polypropyleneglycolethylene oxide polymer) and, t o  a lesser extent , 
DTPA increased the r a t e  of excretion of plutonium i n  dogs following exposure 
t o  R.123902 aerosols. A t  15 days a f t e r  exposure about 1 per cent of the body 
burden was excreted i n  feces and 0,Os per cent i n  ur ine with Pluronics treat- 
ment compared with 0.1 per  cent i n  feces, and 0.002 per  cent i n  urine without 
treatment. Since the  per cent of the  body burden excreted each day was st i l l  
very small, there w a s  only a small change i n  the  slope of the  whole-body 
retent ion curve. 
(sodium polystyrene sulfonate) , negative ions, sodium diethyldethiocarbamate 
(used i n  nickel carbonyl poisoning), and TTHA were without effect .  
exposed t o  plutonium n i t r a t e  aerosols, both DTPA and TTHA caused a small 
increase i n  whole-body clearance. 

One dog on the long-term Pu23902 experiment w a s  k i l l e d  i n  a dog f ight .  
i n  an adjacent pen crawled through the  fence and provoked the f igh t .  
dogs are  being held i n  'mporary type runs and a re  overcrowded, th ree  dogs 
per run. 
new runs. 

Other agents tes ted  i n  rats exposed t o  Pu23902 were SPSS 

I n  rats 

A dog 
These 

This tragedy i l l u s t r a t e s  the  need f o r  rapid construction of the  
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f 2 3  

Two do s died and two were sacr i f iced two and one-half years after exposure 

the  Table below: 
t o  pU2 'j 90, aerosols. Preliminary t i s s u e  d is t r ibu t ion  data a re  given fi 

Distribution of Pu239 i n  Dogs 

Broncnial lvmph nodes 
Per cent %b of t o t a l  Pu 

9 
cpc 1 Per cent 

of t o t a l  - ~ $ 3 9  Dog - 
182* . 2 O 04 
184s 2 93 001 5 

158 0.04 50 0005 SO 

*Lymphopenia occurred i n  these dogs 

Cel lular  Studies 

The relat ionship between metabolic activity and membrane permeability are 
being studied u t i l i z ing  various ysast s t ra ins ,  
on only cxidative, another only fermentative, and the  t h i r d  car r ies  on both 
oxidative and fermentative metabolic a c t i v i t i e s ,  

One of the s t r a i n s  carries 

Although cellular potassium content of the  three  s t r a ins  was  very similar, 
uptake experiments showed t h a t  influx of potassium i n t o  the  oxidative and 
fermentative s t r a ins  was  nearly zero, whereas t h e  s t r a i n  which u t i l i z e s  
glucose e i ther  way shows a very high influx. 

Ini t ia l  data show 
which is only about a t h i r d  cf the  content f o r  the  other two s t ra ins .  

a ce l lu l a r  phosphate content i n  t h e  oxidative s t r a i n  

The e f f ec t s  of X-rays on potassium and phosphate movaent through the  
c e l l  membranes will be studied as soon as t h e  noma1 movements of these ions 
a r e  known. 

Plant Studies 

Li terature  reports show t h a t  bsnzimedazole enharicsd the  accumulation of ions 
by plants.  Data obtained i n  this laboratory do not  show such enhancement 
but instead show a tox ic i ty  e f f ec t  of the benzimedazole. 
define the  difference between the  r e s u l t s  obtained i n  t h i s  laboratory and 
r e su l t s  reported i n  l i t e r a t u r e ,  the  e f f ec t  of  bsnzimedazole on the  respiratory 
system of barley roots w a s  examined, 

To more fully 

Under the  conditions used, t h i s  drug 
did not a l te r  
e f f ec t  on ion 

Soil from the  
and l a s t  year 

b C b  I 

okgen  uptake. 
uptake even more interest ing.  

Absence of a resp i ra t ion  change makes any 

outdoor p lo ts  contaminated nine years ago with strontium-90 
with cesium-137 w a s  brought i n t o  t h e  laboratory and mixed with 

UNCMS IF I E D  
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a f r e sh  contamination of Sr85. 
placed i n  pots, planted with beans, and successively cropped f o r  four plantings. 
The per cent of cesium taken up by the plants was less by a fac tor  of 100 
than the  strontium. Uptake of a l l  isotopes increased w i t h  each harvest. 
Analysis f o r  the  strontiwn-90 uptake is  incomplete, so no comparison can 
be made between the  presently applied strontium and that which was added 
t o  the soil nine years ago. 

This t r i p l y  contaminated soil was then 
* 

Columbia River Limnology 

Flankton counts were made on samples collected from January t o  June, 1962. 
Among s ixteen common forms enumerated, Asterionella was the dominant genus. 
Tabellaria, I e los i r a ,  and Synedra were a l so  abundant. 

Concentrations of potassium and phosphate increased w h i l e  boron and n i t r a t e  
decreased i n  the  river, 

b56 and Cu64 w e r e  the  most abundant gamma emitters measured i n  plankton, 
being 8.4 x and 2.7 x p c / g  w e t  weight, respectively. 

Rattlesnake Springs Limnology 

Recording thenographs were in s t a l l ed  and placed i n  operation i n  the  stream 
and impoundment. 
impoundment decreased during the  past' two months. The greater  decrease was  
f o r  phosphate which dropped frcm 0.04 ppm t o  0.003 ppm. 

\ Phosphate and nitrate concentrations i n  water from t h e  

HLant Ecolom 

Studies of the  environmental character is t ids  associated with d i f fe ren t  na tura l  
plant  communities o f , t h e  Rattlesnake Springs ecological reserve continued. 
So i l  sodium (soluble, extractable, and exchangeable) w a s  considerably higher 
from greasewood community areas than from sagebrush areas. 

Project Chariot 

On thp, bas i s  of samples analyzed t o  d a t e ,  Cs137 i s  t h e  dominant gamma 
emitting isotope i n  f r e sh  water f i s h  collected during the  past summer i n  
a r c t i c  Alaska. 

Fallout 

1131 concentration 
mximum of 8 x 10-& pc/g w e t  weight during early September and then decreased 
gradually during the  remainder of the mcnth. Maryland deer thyroids showed a 
similar pat tern but  contained about one-half the 1131 concentrations i n  
California deer. 

i n  California deer thyroids increased s t ead i ly  t o  a 

One HAP0 deer thyroid obtained near the  end o f t h e  month 
10-2 pc 1131/g wet weight, about 15 times the  concentration 
dezr thyroids collected on the  same day. 

contained 1 x 
i n  California 

UNCLASSIFIED 
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Radiation Effect  on Insec ts  

Pupae of the  flour moth Ephestia were exposed t o  X-radiation. 
d i d  not increase mortali ty or  i nh ib i t  l i f e  stage development. 
dosages, there  were abnormalities i n  wing morphology and ecdysis. 

Up t o  60 kr 
A t  higher 

HA Kornberg:es 
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C. Lectures 

a. Papers Presented a t  Society Yeetings and Symposiums 

None 

b. Off-Site and Local Seminars 

L. K. Bustad. July 5 and 6, 1962. Physio-pathological 
effects  of radioiodine. 
Biology, University of Washington, Sea t t le ,  Washington. 

Summer I n s t i t u t e  on h d i a t i o n  

C. Seminars (Biology) 

None 

d. Miscellaneous 

None 

D, Publications 

a. Documents (HW) 

None 

b. Open Literature 

Mraz, F. R. 1962. In t e s t ina l  absorption of Ca-45 and Sr-85 
as affected by the  a lka l ine  earths and pH. 
Biol. and Ikd. 110: 273-275. 

Proc. SOC. Escptl. 

NcClellan, R. O., W. J. Clarke, J. R. McKenney, and L. K. Bustad. 
1962. 
Sr90 i n  miniature swine. Am. J. V e t .  Res. 23: 910-912. 

Preliminary observations on the  biolcgic e f f ec t s  of 

Marks, S., L. J. Seigneur, P. L. Hackett, R. J. Korrow, 
V. G. Horstman, and L. K. Bustad. 1962. Effects of the admini- 
s t r a t ion  of s ingle  doses of iodine-131 t o  sheep of various 
ages. Am, J. Vet. Res. 23: 725-730. 
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E. L. kschb5m m s  granted an e&.icational leave ;f absence tc cortinue h i s  
stad ies  t m d  a, master of science degree i n  b i o s t a t i s t i c s  a t  the University 
of Califazris. 
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A s s s l l  a n o u t  of data fram a p i h t  plant t e s t  aimed st develqing a cam-ing 
cycle for  CJII cores was analyzed. 
vere ?he variables under sD!dy. 
cf the quadratic effects  f o r  these two variables. 

Lead preheat and can-sleeve preheat times 
Tne design u t i l i zed  did not permit a separation 

-+A ,from another p i l o t  plant  tes t  a r e  c u r e n t l y  being analyzed. %is t e s t  was  
con&wted t o  determine the e f fec ts  of lead plugging ingot and dingot cores, as 
w e l l  as varying lead preheat time arid als3 time i n  the duplex f'umce, on 
ir_t.ernal bmd quality. The analysis will be coxple-bed shortly. 

As i n i t i a l  analysis WSE performed on NPR inqer tlrbe warp  data in a t t w t i a g  
t3 see if ident i f ied p r x e s s  varisbles izignificantly affected the amamt of 
v a q  abserved. 
are cnmpleted. 

A more cmpleae study will be made when requesttea canputations 

T.rra%a*ion ProceEsing De3araent 

Work continued oa the  pra'clern of estimating defect frequency and s ize  distribu- 
t i x s  i n  connectio:~ w i t h  welded primary piDing fo r  the NPR Project. 
nsthena5icalmodel of t'ne p r x e s s  of dictr ibut ion of defects and t h e i r  lengths 
LrSs been cmstmcted,  acd a dscTment describing the theory ha6 been p a r t i a l l y  
:mFleteb. 

A 

Es t imt i zx  of t ne  permeters of t he  model i s  now u d e r  way. 

3n 
X e  classes of wgrk designated by wDrk order numbers was received? al9ne; w i t h  
t h e  new delineatisE of outage causes fsr the period January 1, lgbl, -LO t h e  
present time. 
rcm_cliance w i t h  these data was 3erfxmcd. Init ial  analyt.ica1 rep9rt.s based 
3n these da3a indicate a lack 3f sufficiezitly detailed recording of manpower 
zszge " ~ 3  permit acc-crate rnodfl tui lding af t h i s  time. Further en l sa t io ; ?  of 
t heze  daTa will be required befcre r e l i ab le  conclusions can be made. 

September 14  the m s t e r  conversioa listirg t o  permit ident i f icat ion of 

Minqr debuggicg ?f f i l e  maintenance and report  program i n  

A docxment, WELE issued presentizg the r e w i l t s  of an extensive -&is of the 
mess-x-ement e z z x  s t ructure  associa5ed with C-Pasin Profilorneter measwements. 
..'=if c z r c l x i m  was reached %hats gos i t ixLng of the fuel element p r io r  t o  
~ ~ t x E r ? g  meamzemects is a maj?r CB'.ISC zf measuremen% errcr .  
wsc msde ';hat i n  &ir . le -aha t  pr=l&Jctior: %ests, fuel elemeats be measnred twice 
-5- red-xe The measurement variance. 
in the c r i t e r i a  used tz classify a h e 1  element by prof i le  type be incorporated 
In  the W 3  Program. 

A preliminary investigation has been made of ledge cclicxicn dats taken fr3m 
%he Visual A+Jtribikes r e p r t  fo r  Qmli ty  Certif ication rnonitsr chargee. 
IXI'C d e k i l e d  malysis of these ds$c i s  mder  way. Cmparisons w i l l  be made 
oetween reactors acd witkin reactcm over "time". 

-. 

A recsmendatim 

Further, it WLS recommeEded that, changes 

A 
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Assistance was provided i n  a determinatioa of what a m w t  of dingot material, 
assumed t o  be "wcrse" than ingot by a factor F, ccruld be accepted such tha t  
:.he prcbabili ty of' incarring t w 9  o r  mere additional ruptures per month i s  

A cmplicated expression ex is t s  t.heoretically re la t ing  "R" values (a measure 
gf temperature imbalaxe i n  a process tube) t o  h e 1  element asd process tube 
eimensions. 
which w i l l  permit ar, easier ident i f icat ion t o  be made 3f the effect  on "R" 
values of changes in  any or a l l  of the dimensions. 

Suggestions were given to a id  is selecting &PI? fuel elemezts a d  charging 
them i n  the K loops ic a msmer best desigxil  30 oktair  a rough evaluatian 
of cer ta in  process varia3les, such as b i l l e t  type, position i n  extrusion, and 
whether or rrct a given piece hae been straightened. 

. kept below a specified level. 

Az attempt is being mafie t o  f i zd  a s-h?ler expression fo r  th i s  

Chemical Pmcessing Department 

h anslysis was made gf the effects  of blending met.31 recoYery feed on 
button and ingot 2ensit.y. 
cmplexix %he f h x i d e  w a s  f x n d  t o  exert the greatest  icfluence 01 density. 

A conpris3n was mde of three d i f fe rec t  gauges used t o  inspect cutt ing tools. 
IT3 signif icant  biases between the gauges were frmd. 
 ai^ increase in the q t i c a l  gauge magnification may lea& tr, greater reproduci- 
k i l i t y  sf resul ts .  

Of the  variables stcdied, the aluminum used i n  

Indications are that 

A canparison was made 3f azl experimea%aL alpha c a n t e r  with those i n  current 
use. %is ccmparisorI W&B made over a wide r a x e  o? c3u.ri-king rates. 

Several general regressim mslyses  vere preformed i n  stadgrin@; the relatioli- 
s h i p  3etwees edge w s l l  t h i c h e c s  md ether part. messuremezlt. 

Work is being doDe i n  preparing the management repar t  conveyiag results of 
the recez%ly coaducted W O  Attituck Survey. 

Comract azi? Acxnmting Op e r a t i m  

Cmsultatiar? eerysices were affcrded personnel conceraerl with inventory 
sampling p l a x  t.3 see if t h e i r  prxed-ares sa t i s f i ed  same of the general 
directions given i n  a cost accomting bul le t in .  The bul le t in  gave some 
rat.he?. srbitrary sampling percezt.ages. Hanfsrd mkes use of a p r i o r i  
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kmwledge about the number of line items In dizferent price strata and thus 
affords a mxe-than-adequate sampling procedure with a smaller percentage of 
items sampled. 
minimize the variance of the dollar discrepancy estimate subject to 6ome 
constraint as to the number of line items sampled. 
little effect on reducing the variance. 

The obdective of the inventory sampling used here is to 

More samples would have 

SW?ISTTCAL A K t  MATHEMATICAL ACTIVITIES WI'IHM HL 

2000 Program 

Pulse Column Facility 

m e  factorial eqeriment to study the extraction characteristics of the pulse 
csolunn as a function of six independent variables, extractant stream temperature, 
extractant stream acid concentration, feed stream concentration, feed stream 
aad extractant stream flow rates The 
&sign is a 1/6 replicate of a 3323 factorial with 12 duplicate runs -- a total 
cf 48 pase column runs. For each ru~l the column is started up at one nominal 
getting af the six Independent varia5les and the aqueous umnium concentration 
monitored at a single port for a period of several hours to obtain a measure of 

F o l l m i n g  this a profile of the column aqueous and organic concentrations is 
taken by sampling the two phases at parts ranging over the entire length of the 
COlUIUl .  

and the pulsing frequency was completed. 

the uranium concentration variability under supposedly equilibrium conditions. \ 

h eqerhent was designed to estimate the organic zero shift of the gamma 
ebsorbtimeter to 5 e  used for azalyzing the feed stream concentrations. 
experiment was coadtlcted and the data are cwrent ly  beizq aoalyzed. 

The 

3300 Program 

hkchiniY4 Development 

A c o i q l e t e  finished exterior contau of a 1251 caponent hes been machined 
by $he m&Se$ic tape controlled ex-perlmelltal 6-Ulathe. 
hse bee3 dimensionally gauged a3d subjected to surface finish measurements, 
m d  has been foma to be well within the reqitired tolerences. 

Tris prototype part 

A tape is cow being prepared to machine the corresponding interior contour. 

Work is ccntinuing on an E E M  Program which will generate the design data 
f o r  ?loturn blenks which are to be shear-spvn into certain prtselected 
mmplicated shapes. 
previous programs which were prepared to generate much simpler geametric con- 
figurations. 

This work represents an extension and generalization of 
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4000 Program 

Nondestructive Testing 

The detailed mathematical analysis d the propagation of ultrasonic waves 
in elastic plates continues. 
discovered which it is hoped will explain some of the puzzling discrepancies 
that have been observed in experiments with nondestructive testing equipment. 

b 

A hitherto unreported phenomenon has been 

Other 

Assistpclce was given in develqing a regression equation for swaging operation 
variables. The formula has been applied in practice with good results. 

Consulting assistance was provided in the sampling of wire which is to be 
tested for uniformity and character of chemical composition after test 
reactor irradiation. - 

Methods used in interpreting round-robin test data from a nested design 
were provided for use in a forthcoming article in which such data are to be 
pre sent e d . 
5000 Program 

Actinide Element Research 

A report was issued which describes the theory and application of a FORTRAN 
language program for calculating cubic cryst.al lattice constants at various 
temperatures. 
orthDrhmbic crystals. 

Work continued on the problem of indexing hexagonal and 

Division of Research 

3.e debugging af the Mont-e Carlc prcgram for testing program GEM appears to 
be c~m-pleted. A number of cases have bee3 run suczessfclly. 
revisions iI; the input routine fgr GEM were made during the month. 

Several 

Pr3gram ZERC) was repragrammed and debugged during the month. 
provides for simpler preparation sf the iqut and has flexibilities not 
present in the former version. 
wing PIC'I"E3 was done to obtain gross data characteristics. 

The new version 

More machine plotting o$ the prcgram data 

A paper, "Qusntitative balysis of Sets of Multicomponent Time Dependent 
Spectra from Decay cf Eadionuclides", was written jointly with Chemical 
Research and Develqment for prese2tation at the Symposium on Application 
of Computers to Nuclear and Radiochemistry at Gatlinburg, Tennessee, 

. 
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October 17-19, 1962. 

Background C or recti ons " . 
%e final report on the search pattern problem was issued as HW-74536, 
"Search Patterns and Detection Grids". 

Work continued on the preparation of tables and graphs 
;'or inclusion in the formal report, "Fixed Time Cwnt Rate Estimation with 

, .  . 

6000 Program 

Biology Operation 

Work continued on a problem of confidence Interval estimation using multichannel 
analyzer data f r a m  an Alaskan fallout study. 

General 

Work continued on the analysis of mass spectrometer d a t a  on three gas standards. 
Thr-ee independent analyses of approximately 50 runs each ere being done using a 
components of variance model ta resolve the total variation into a between run 
cmponent, individual peak components, and experimental error. 

Manager 
Applied Mathematics 

CA Bennett: dgl 
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REACTOR DEVELOFMEXC - dr PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Reactor Dimensionality 

NELEAGER is a nondimensional burnup code useful in reactor survey work. 
extend i ts  useArlness a two-group diffusion code has been written and debugged 
which w i l l  take reactor s ize  in to  account and consider interactions of the 
regions of a multiregion reactor. 
and each reglon (up t o  24 regions) i s  t reated as a separate MELEAGER case fo r  
burnup analysis. 
burnup continues so long as the diffusion code fincis the reactor t o  be c r i t i c a l  
regardless of the react ivi ty  of a par t icu lar  region. Therefore, the diffusion 
code has been named ALTECAEA, a f t e r  Meleager's mother i n  Greek mythology, since 
the diffusion code has control over MELEAGER's l i f e  o r  death as did Althaea. 

To 

The diffusion code i s  coupled t o  MELEAGER 

The usual MEIJ3AGER end point controls a re  bypassed and the 

Eriefly MELEAGER-ALTHAEA i s  a chain code system which al ternates  between the 
two codes. A reactor i s  described i n  the MELEAGER input using up t o  twenty- 
four successive NELEAGER cases, each representing a region of the reactor.  
The sequence of events follows: 

Step 1. 
region u t i l i z ing  the thermal flux depression and resonance self-shielding 
corrections provided by KLO. 
sections are  derived for  the region using the Westcott formulation. 
These two-group cross sections are saved on tape along with all the other 
data  necessary t o  continue the MEIlEAGER burnup for  this regior. 

The MELEAGm code computes Westcott cross sections fo r  the 

Thenaal and epithermal macroscopic cross 

Step 2. 
and the  ALTHAEA code i s  called in to  the  computer. 

Step 1 is repeated for  each region of each reactor described 

Step 3. 
a l l  power of the reactor, are  computed fo r  each reglon using two-group 
diffusion equations. 
modified Westcott f l u x  aad epitheHnal index ( r>  for  each region. 
reactor i s  subcri t ical ,  no fur ther  computations are made. 
action is requested i n  the input, control poison is  added u n t i l  the  
reac t iv i ty  i s  reduced to 1 and new values o f  Westcott flux and r are  
obtained. 
then saved on tape so that MEI;EAGER can continue the burnup of each 
regLon. 

Thermal and epithermal fluxes, normalized t o  the desired over- 

The tWo-~otQ fluxes are used t o  compute the 
If  the 

If control rod 

A complete se t  of MELEAGl33 cases describing the  reactor are 

Step 4. I f  no reactors are  c r i t i c a l ,  
the  next chain computation is called (QLXCK, PROTEUS, PLOTIZR, e t c  .) . 
a t  least one is c r i t i ca l ,  the  MELEACER code i s  called in to  the computer. 

Step 3 i s  repeated f o r  each reactor.  
If 

1 2 3 b G l l  UNCLASSIFIED 
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Step 5. 
value of r and using the new flux value computes burxup for  a region. 
h%er. burnup has proceeded for  a time in te rva l  given i n  the input data, 
new two-group cross sections along with a l l  the  other data required t o  
continue the burnup of the region are  saved on tape. 

- Step 6. 
processed. 
i s  repeated beginning with Step 3 above. 

MELEAGER compuCYes new Westcott cross sections based on the new 

Step 5 i s  repeated u n t i l  a l l  regions of each reactor have been 
The AIfltHAEA code i s  called in to  the  computer and the  sequence 

The ALTELAEA code uses the i t e r a t ive  difference equation method t o  solve the  two 
d i f f e ren t i a l  diffusion equations for  the two unknown fluxes i n  the  following 
sequence: 

1. Westcott flux and r values from the  preceding burnup period or  as 
input guesses a re  used t o  compute i n i t i a l  thermal. and epithermal 
fluxes. 

2. Source terms f o r  f iss ion neutroos t o  the  epithermal group are  
computed from the  flux and f lss ion cross section 8s computed by 
MELEAGER i n  each group. 

3 .  Tne epithermal group diffusion equation can now be solved for  the 
epithermal flux. 

4. The thermal group d i f h s i o n  equation can now be solved fo r  the  
thermal flux. 

5 .  The fluxes and f i ss ion  cross sections are used t o  compute a new 
value of  S, the  f i ss ion  source term i n  equation (1). 
i s  the r a t i o  of the present t o  the  previous f i ss ion  source terms. 

The reac t iv i ty  

6 0  If  ary of the new flux values vary f r o m  those of the preceding 
i t e r a t ion  by more than a permissible value given as input, the 
i t e r a t ion  i s  conticued from Step 3 above. 

The Westcott formulation assumes a slowing down ders i ty  independent of energy 
which does not ex is t  i n  any r e a l  system since some epithermal neutrons a re  l o s t .  
?Be value of the flux per m3t lethargy in te rva l  i s  l e s s  at  near thermal energy 
zhm a t  near fission energy. 
spectral  index, but it i s  probable tha t  the  lower value i s  most appropriate 

Either value could be used t o  compute r, the 
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since the low energy resonances are  usually most importmt i n  the calculation 
of the Westcott cross section. 
of the slowing down power per d t  c e l l  volume i s  used t o  compute the removal 
cross section. 
circumstances, a reduced value of slowing down power may be glven as input. 
For example, i f  it is desired t o  use an epithermal index typ ica l  of flw per 
uni t  lethargy in te rva l  near f i ss ion  energy, the slowing down power could be 
multiplied by the resonance escape probabili ty as a correction factor.  
general, a correction factor  closer t o  one should be appropriate. 

!l!he lower value i s  generated i f  the t rue  value 

If harder spectra are  adjudged as more appropriate i n  some 

I n  

The AIEEAEA code also requires input values of the transport cross section fo r  
the thermal and the epithermal groups i n  each region. 
cause a greater spa t ia l  variatioE of the f l u x  (and l e s se r  leakage) than the 
estimated value o f t h e  transport  cross section produces, an increased value may 
be used. Similarly, a reduced value of the transport cross section w i l l  reduce 
flux variation and increase leakage. Like MELEAGEFi, the ALTEN3A code must be 
"calibrated" by a more authoritative source. 

If it is desired t o  

Once calibrated, it appears that the ALTEIAEA code w i l l  provide adequate ccanpar- 
isors of al ternate  fuel  cycles involving various reactor region loadings. 
Examining a seven-region exanrple of the APWR with ALTHAEA indicates that the 
single region zero dimension approximation of the APWR as  evaluated by MELJ3AGIZl 
is  a sat isfactory approximation. 
is a large enough machine t o  have very l i t t l e  leakage and, i n  fact, const i tutes  
several  c r i t i c a l  masses. 
w i l l  require use of a code such as AILCBAEA. For large reactors AL'THAEA can add 
much t o  a fue l  cycle analysis by supplypng detailed data with respect t o  the  
re la t ive  heat generation i n  each region. The usefulness of  a fue l  load i n  a 
large reactor may be limited by mximum heat t ransfer  a d  minimum power geriera- 
t i on  considerations well before a reac t iv i ty  limit i s  reached. Usually, moving 
the fue l  about the reactor w i l l  suffice t o  correct the differences, and MET;EAGER 
presumes tha t  this can be sa t i s fac tor i ly  accomplished. 
for t a t c h  and many, but not all, graded fuel  cycle loads. 
MELEAGm records the variations i n  heat t ransfer  t h s t  would ex i s t  i f  the neutron 
flux were constant over t h e  reactor.  Thus, cycles that merit exmination by 
AL!ZEAEA c m  be ident i f ied.  

T h i s  r e su l t  i s  due t o  the fac t  that the APVR 

Consideration of the reac t iv i ty  of smaller reactors 

T h i s  i s  a good assumption 
For graded cycles, 

Gerieralized Reactor Parameters Study 

A study t o  detennine the effect  of c e r t a b  key reactor design parameters on the 
value of successively recrcled plutonium w a s  begun. 
considered (1) the moderator index, (2) the  paras i t ic  absorption index, and 
(3) the  effective moderator temperature. 
the f ive simulated reactor types i n  the basic plutonium value study.* The 
contribmion of certain second order variables, such es the estimated plutonium 
price required by the  minimization caleulction, must be evaluated, however. 

Three parmeters  a re  

These parameters effect ively characterize 

* 

1 2  

Yaese are APWFt, HWR, BWR, GCE, a d  OMR. For a full description of the study 
see HW-72217. 
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Each experiment w i l l  consist of a u r m i u m  enriched step and one self-produced 
plutonium recycle step, each minimized with respect t o  the t o t a l  fuel  cost so 
that the value calculated w i l l  be a simple indifference value. (That is, the  
PUvE two-step equilibrium solution.) 
t he  seven-step value used i n  the basic study. 
the  computer time of e two-step experiment allows a much greater number of 
experiments and, if the calculated values and fue l  costs  are  interpreted only 
i n  comparison with one another, the inaccuracy of the two-step solution can be 
tolerated.  

T h i s  type of value i s  not as accurate as 
However, since the  reduction i n  

Same prelFminary conclusions obtained from the study are  as follows: 

1. m e r e  is an optimum moderator h d e x  f o r  which the fuel cost is  B 
minimum and the plutonium value is a maximum. The optimum point 
depends on the pa ras i t i c  absorption index. 

Increasing the paras i t ic  absorption index invariably increases the  
fue l  cost but has l i t t l e  e f fec t  on plutonium value. 

2 

3. Varying the moderator temperature has a negligible e f fec t  on the 
fuel  cost but may s ignif icant ly  affect. the  plutonium value. 
Additional experiments are  planned t o  ver i fy  and extend these 
conclusions. 

It i s  important when noting these conclusions t o  recognize that the  method of 
solving f o r  these values involves ccarrparison of two plutonium Ateled modes with 
d i f fe ren t  amounts of U-235 present i n  each mode. The lack of decisiveness i s  
inherent, of course, because u-238 is  the  f e r t i l e  fue l  f o r  both m o d e s  and, 
although the firs-: mode begins with U-235 enrichment, 50 percent of the  heat 
may be generated by -- i n  s i t u  f i ss ion  of the plutonium tha t  is grown i n .  
changfng a reactor variable that adversely a f fec ts  plutonium fuels  w i l l  increase 
the cost of both modes and, yet, the  indifference value of plutonium fo r  these 
two modes may be scarcely al tered.  
U-235 spike fue l  w i t h  plutonium spike fuel, as might be done f o r  a burner 
reactor.  

Thus, 

lhis i s  d i s t inc t ly  d i f fe ren t  from comparing 

Combined CJcles Studies 

Plutonium of three isotopic r a t i o s  has been analyzed i n  three reactor types 
selected t o  show the interact.ions occurring between reactor type and plutorLum 
c o q o s i t i o r .  U r a z i u m  frm the  diffusior, cascade has been analyzed i n  the same 
reactor types i n  order t o  provide a bas is  of comparison. 
(zirconium, st.ainless s tee l ,  and Hastelloy) were used fo r  the  uranium and 
plutonium cases. 
f o r  most of the above combinations of reactom and cladding types. A t o t a l  of 
approximately forty optimizations have been carried out with each optimization 
involving f ive or  six l a t t i c e  spacings and w i t h  each l a t t i c e  spacing requiring 
f ive  t o  eight levels  of  enrichment i n  order t o  obtain minimum fue l  costs.  

Three types of cladding 

TWO specif ic  powers (15 and 30 megawatts per ton) were analyzed 

UNCLASSIFIED 
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The following preliminary ObServaZioR6 are  made: 

1. 

2 .  

3. 

4, 

5 .  

6. 

70 

Flss i le  fuel values are  enhmced when the correct l a t t i c e  spacings 
are chosen t o  best  u t i l i z e  the s s c i f f c  fuel composition. 

Mature plutordum has a higher value (based or; $/gram f i s s i l e )  tharl 
low exposure (95 percent Pu-239, 5 percent Pu-240) plutonium. 
i s  based 011 a comparison of low eqosure  plutonium with plutonium 
containing as much as ten  percent FLI-242. 

Plutonium i s  worth at  l ea s t  $ l O / g r a m  f i s s i l e  i n  almost a l l  instances; 
and is worth considerably more a t  higher specif ic  power in fue l  
elements providing geometrical shielding of  the low lying resonances 
of the neutron cross sections, and in reactors having considerable 
paras i t ic  absorption of thermal neutrons. 

This 

&O moderated reactors can give very low fuel costs  if one i s o r e s  
the capi ta l  expense uniquely associated with . Adding the capi ta l  
expense, w h i c h  amounts t o  as milch as one m i l l  $" kwh, makes the  %O 
machine have re la t ive ly  high h e 1  costs with today's economics and 
fue l  prices.  

Numerous graded cycle fue l  costs  were obtained with optimized t o t a l  
fue l  eosts  of l e s s  than 1.0 mill/kwh, at standard conditions (15 MW/T 
specific power) $30/pound uranium fuel  element fabricating and 
Jacketing (FEFJ) charges, 12.5 percent econodc interest ,  4.75 percent 
AEC use charges, assuned plutonium price $10e24/gram f i s s i l e ,  
$10/pound uranium separations charges, 33.3 percent thermal.-to-electrical 
conversiori efficfency, and natural uranium available at  $9.47/pow-d of 
uranium as a fuel  grade U+. 

The sodium-cooled graphite-moderated reactor gave Satch loading f'uel 
costs of l e s s  than one mtll/kwhe. 
obtained f o r  FU-239 a t  optimum l a t t i c e  spacing and f i e s i l e  enrichment 
i n  this reactor.  u p h a  vahes of 0,58 a re  for  %c. 
moderated reactors a t  optimum coz;ditione. 
the graphite moderated case i s  t o  be expected because of the gemetr ica l  
shielding of the plut.onium resonmces afforded by the large %el lumps. 
f i ture  work should be carried out 50 b e t t e r  define this parmet.er. 

S i i t i a l  alpha values of 0.53 are  

The lower alpha value for  

increasing the  pr ice  of source plutonium i n  plutordum-enriched 
natural  uranium PJels increases the fuel  cycle cos t  UF t o  e point 
where the  fie1 cycle minimum costs  axe obtained w i t h  enrichments close 
t o  Eatural uranium. Increasing the fuel  pr ice  f o r  the plutonium 
f'urther, then, r e su l t s  1 -  6, decrease i n  fue l  c o s t s .  Under those 
conditions more plutonium is beiEg prodnced thm is being consumed. 



8. The data at  hand w i l l  provide insight  i n t o  the e f fec ts  of the  various 
e c o o d c s  parameters on optimum l a t t i c e  spacings and t h e i r  in te r -  
actions with fue l  type. 

9. AdJoint solutions are possible t o  determine the impact of reactor  
s ize  on fue l  costs  and l a t t i c e  optimization. 
be obtained frm the use of  data f i t t e d  with polyn0mia.l~ which were 
stored on magnetic tape f'rom the  i n i t i a l  runs. 
eeoncrmics data presently being analyzed is fo r  very large reactors  
where xenon and samarium plus leakage do not exceed 45 ln i l l i  k. 

These solutions are t o  -_ 
The block of 

These and other r e su l t s  w i l l  be summarized i n  a progress report .  
of this report  it i s  planned to emphasize the  obtaining of comparable data f o r  
thorium enriched w i t h  plutonium of varying compositions, as well as with U-233 
and.with U-235. 
with natural ly  occurring enrichment. 

After completion 

Data w i l l  &lso be obtained w i t h  U-233 as an enrichment fo r  U02 

Phoenix and Reduced Density Fuels 

Work on the  Phoenix Study, Reduced Density Study, and Tailored Phoenix StUay 
continued during September. 

Minimized fue l  costs  have been obtained for  a range of water-to-fuel volume 
r a t i o s  varying frum 1.5 t o  4.0, 

The plutonium was of  a composition "rich" i n  the  Pu-240 isotope. Its composition 
was 45 percent Pu-239, 40 percent Fu-240, 10 percent Pu-241, and 5 percent Pu-242. 
This w a s  d i luted with vaqdng amounts of ta i ls  uranium t o  provlde a range of f u e l  
dens i t ies  f'rom normal oxide density t o  one-tenth normal oxide density.  

Optimum f i e 1  costs were obtained with the lowest moderator-to-fie1 r a t i o s  and 
under coriditions where the  Pu-240 cross sect ion was maximized by using a fue l  
element of U r g e  surface-to-volume r a t i o .  
of normal oxide density. 
&out 1.35 mills/kwh., 

optimum density was about 40 percent 
This combination of conditions yielded a f i e 1  cost  of 

As the  moderator-to-fie1 r a t i o  inereeses, the  spectrum is softened and the  
e f fec t ive  hr-240 cross section decreases. 
s p a t i a l  concentration of the  u-238 i n  order t o  obtain the  most economical amount 
o f  f e r t i l i t y  fo r  tfie system. 
neutron eagture i n  the  moderator ard u-238, and t o  l e s s  effect ive u t i l i z a t i o n  of 
t he  Pu-240 f e r t i l i t y .  
mills/kwh or  about 0.4 mills higher than at optimum conditions. 

It is then necessary t o  increase the 

N e 1  costs  w i l l  be higher due t o  the ixicreased 

Fuel costs  for water-to-fuel r a t io s  of about 4 were 1.75 
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In Si tu  Value Calculat.ions 

& The icvestigstion of the contribution msde by the plutonium bred i n  a thermal 
reactor t o  the performance of the reactor was continued. 
reponed i n  the July monthly report a6 "Premature Discharge Price Calculations." 
I n  this work9 it was assumed that the fuel  cost is a function only of the uranium 
burnup costs, the plutonium credit ,  and the jacketing costs.  
it was shown tha t  an unforeseeo plutonium market pr ice  tha t  would be sufficient 
t o  interrupt  a planned i r rad ia t ion  ic order t o  s e l l  the bred plutonium is i n  the 
limit: 

Previous work was 

With this model, 

'De Do + C - De + E =  

dPe 
P e - E - -  dE 

X -  

where : 

x = plutonium price $/gram 

D = urmim price, $/cm3 fue l  

C = jacketing costs, $/an3 fuel  

E = exposure, m / T o n  

P = plutocium concentratioc, grams/cm 3 

(3) 

All of the above, wi th  the exceptior of the jacketing cost, a re  considered t o  
be f'uactQoas of the  exposure and, hence, are subscripted e or 0. The l a t t e r  
denotes an initial property. 

Zhe plutooiun pr ice  given by this equation, which has been termed a prexiature 
discharge p i c e ,  does not represent the value of the plutonium; but, rather, 
t h e  value o f  the additioaal exposure. 
an extremely i n f h t e d  market pr ice  f o r  p lu toz im could induce the reactor 
operator t o  premarxrely discharge the fue l  elements from his reactor i n  order 
t o  recover the plu-~orrfum. This cmqot  be construed as uniquely enhancing the  
value o f  pl-dtozlium as a sFmilar "value" could be allocated t o  the pa r t i a l ly  
sperrt xratrfum o r  t o  special  fiss5on products. 

31 the vast  majority of  si tuations,  ozly 

An expressioL tha t  d i r ec t ly  r e f l ec t s  the comr5bution of the bred plutonium 
C M  be derived by considering the hypothetical s i tuat ion wherein micute amounts 
of  plutociurn c m  be acided to the fuel.  If this  plutonium has the same composi- 
t i o r  as that e x i s t i r e  i n  the reactor, the value of the plutonium w i l l  be 
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proportional t o  the additional exposure so  obtained. 
of the additional exposure i s  proportional t o  the fue l  cost and the depletion 
of the uranium during the extended exposure I s  taken in to  sccount then, the -- i n  s i t u  value of the plutonium is  i n  the 1 F m i t :  

Furthermore, i f  the worth 

ma 

(4) 
z Do + C - De + E -  dE V =  

-e P e + E -  dE 

Note that 'this expression i s  ident ica l  w i t h  that obtained fo r  the premature 
discharge pr ice  except for the sign of the second term in the denominator. 
resu l t s  calculated w i t h  this expression a re  sanewhat higher than the values given 
by the PWE solution. 
much higher than the PrJvE solution values. 

The 

The premature discharge pr ices  for  the same cases are  

Vranium Price Schedules 

Different versions of a comput,er code designed t o  calculate uranium price 
schedules have been combined in to  one progrem. 
UCOST. 
t o  simplify the required k p u t  data, and t o  generalize the calcularion. 
a l  generality was obtained by removing the res t r ic t ions  i n  the previous codes 
of natural  uranium feed, of the optimum ta i ls  composition, and of nonzero u n i t  
feed and separative duty costs. It i s  recognized t h a t  most cases of i n t e re s t  
w i l l  r e t a in  these res t r ic t ions  s o  that, fo r  simplicity, the program will impose 
them unless specif ical ly  directed otherwise. 

This program has been named 
A n-er of changes were sade i n  order t o  make the program more e f f ic ien t ,  

Addition- 

Ezfefly, the  program can 3e operated with m y  reasonable feed composition by 
specifying any % b e e  of the four schedule parameters (1) the  cost  of separative 
duty, (2) the cost of the feed, (3) the optimum ta i ls  composition, and (4) the 
value of the tail.5 composition. In addition, a l l  of these can be specified at 
once, but the t a i l s  camposition will then not necessarily be the optimum 
composition. The printout includes, for  each ellricbment specified, the  cost of 
the  uranium per kilogram, per pound, and per gram of contained U-235; the  flow 
ra t e s  of feed and of separative work required t o  produce a uni t  weight o f t h e  
enriched uranim; and the feed and separative work portions of the  t o t a l  cost 
in $/kg of uranim. 

A descriptfon of this program will be published 8s IIW-74762, "UCOST. - A Computer 
Code t o  Calculate U r a r l u m  Price Schedules Based on the Diffusion Cascade." 

Code Development 

C E D I I Z E R .  
agsinst  
used daily. 

A new code called OFT'IMLZER which w i l l  optimize costs  from MINIMIZER 
ir;dependeEt varia3le has been writ ten and debugged, and is being 
MINIMIZEFi i s  used t o  choose the erzichment t h a t  w i l l  y ie ld  minimum 
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fue l  cost i n  a given reactor.  
group of reactors with a single property (say l a t t i c e  spacing) varied t o  calculate 
the optimum value of t ha t  independent variable t o  achieve minimum fue l  cost .  

PIMT. 
This code uses curve f i t s  of data from OFTPITTZER, chooses a s e t  of coordinates, 
and p lo t s  the f i t t e d  data curve. 
reactor paremeter. 

MINIMIZER. 
when operating on natural u r d u m  from U 0 may be cheaper than the cascade 
uranfum at some low enrichment. The use 3 8  o natural  uranium from ore w i l l  eliminate 
%he cocversion to, and from, L?6 as the AEC pricing regulatiozls s t ipulates .  
saves about $8/kg on n a t u r a l  uranium cost.  (Natural uranium as m6 is $23.50/kg 
d n u s  $3 credi t  for  reclaimicg fluorine minus $13.25 for  natural  uranium as U308 
leaves a balance of $8.25/&.) 

OPTIMIZER then uses the  MINplIZER resu l t s  from a 

t 

A generalized data p lo t t e r  writ ten i n  conjunction with the O€TlX?ZER code. - 
The coordinates usually m e  fue l  cost and some 

An additional calculation is  now being made i n  MDIMIZER t o  detect 

This 

PROTE'JS. 
by MEf;EAGER ( w i t h  respect t o  in-reactor time with importance weighting) t o  
represent graded i r radiat ion.  
code as an al ternat ive t o  the "graded kOot1 calculated by MELEAGn. 
calculation was programmed t o  f a c i l i t a t e  a flux-volume weighting modification 
when results become available f r a n  codes accounting for  reactor dimensionality 
such as &!X€AEA. 

MJ3IXAGER. 
s k g l e  deck. These versions follow: 

A roctine w a s  programmed t o  integrate the  instantaneous bo calculated 

The routine has been Incorporated in to  the PROTEUS 
T h i s  optional 

_ -  - 
The several exis t ing versions of  MELEAGEZ are being consolidated i n  a 

1. Standard MELEAGR? 4. Diffusion MELEAGEZ 

2. Burnable poison KFL!ZAGER 5. REcYcm CHAINME- 

3e- Zoned Spectrum MEIIEAGER 

ZLut onium Self-Shielding Studies 

C ~ ~ ~ ; E ~ . Z ~ S O R  of plctollium and U-235 fueling systems is  complicated by the unique 
low energy plutonium resonances. The 0.3 ev Pu-239 and the 1.0 ev Pu-240 
resonames are par t icu lar ly  ixuportant. 
eaFtu,-e resocasce and the corresponding alpha value i s  approximately 0.75, aad 
the value of e t a  is 1.67; while the alpha value for  2200 meter per second 
=leutrons i s  about 0-39 and the value of e t a  i s  2.08 -- the  same as U-235's. 
It would appear t h a t  as the  thermal f lux  i s  hardened or  elevated i n  temperature, 
the effecti-fe alpha value for  Pu-239 would increase well beyond the  2200 meter 
figure, and the  associated fue l  value would decrease. It is of extreme impor- 
t a m e  t o  cote tnat the resonance self-slzields so tha t  as the cozicentration o f  

The Pu-239 resonance i s  predonirazitly a 

- 



plutonium is  increased, the 0.3 resooance absorptiocs tend t o  decrease per atom 
of  Pu-239 present. This effect i s  often encountered, but it i s  usually over- 
shadowed by the  corresponding spectral  hardening due to the increased blackness 
of the f i e 1  as the plutonium concentration i s  increased. T h i s  effect  c lear ly  
shown by considering addition of increasing amounts of plutonium t o  a l a t t i c e  
c e l l  d ready  well hardened by a l /v absorber. 

Such computations have been done with two models. 
coxsiders the reactor t o  be homogeaeous, w i t h  the fue l  and moderator intimately 
mixed. The second and more complex model considers the reactor t o  be heteroge- 
neous vUch involves a moderator media in which lumped fue l  is  placed. 
heterogeDeous case, the  self-shielding of the  resonarces i s  increased. 

The first and simpler model 

In the 

Ear l ie r  work using SPECTRUM V (RW-71953) code had indicated tha t  the alpha values 
f o r  Pu-239 decreased 
i n  homogeneous fue l  moderator mixtures. 
neous reactors would a t t a i n  this degree of self-shielding a t  lower concentrations 
due t o  the  fac t  that  resonance shielding effects  are  accentuated by heterogeneous 
fuel  geometries. 

at  higher plutonium concentrations due t o  self-shielding 
It was considered l i ke ly  that heteroge- 

Aecordir-gly, SPECTRUM V, which i s  a multigroup zero dimensional slowing down 
model, we6 al tered so tha t  shtelding factors Sased upon the geometrical configura- 
t i o n  could be applied t o  the cross sections a t  each energy. 

A two-dimemional array of the shielding faczors was supplied t o  SPECTRUM V from 
an external source for  each specif ic  geometry t o  be considered. 
supplied as a fuzction of  Ca aed ss fo r  a homogeneous equivalent of the c e l l  
b e i q  asah-zed. The factors  are derived by a transport  code fo r  each neutron 
erergy considered in SECTR'JM a3d the  specific geometry being considered and i s  
defined ES the  r a t l o  of the average effect ive fuel cross section w i t h  flux 
depessioll  divided by zlie total cross section which would be escomtered without 
f l u x  depression, 
the  two-dimensional array i n  nemory by mems of an interpolation extrapolation 
subroutine. 
as  though h homogereous case were beir.g m. 
shown i n  the following table  for oee-helf-inch diameter fue l  rods f r 'om the 
heTerogeneous case (iri parenthesis) as eozpared t o  a homogeneous reactor.  
alphe value o f  0.473 corres2onde t o  an e t a  of 1.96 computed by the  relationship: 

They are  

The app-opriate skielding factor  is selected i n  spectrum from 

The SFE',TEUv! code then develops the f l u x  a d  effective cross sections 
The r e su l t s  of such s tudies  are 

An 

neutrons ?= ( 1 + o c  ) (2*88) neatron absorbed 
An alpha \ d u e  of 0.575 corresponds t o  an eta of 1.82. 
of 2.25 x 1019/cc of fue l  i s  used to approximate the pa ras i t i c  absorptions 
encountered i n  a s ta in less  s t e e l  jacketed water moderated reactor.  

The boron concentration 
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TAB= I 

I FU-239 ALPHAS AS A FUNCTION OF Fu-239 AND l / v  ABSORBER 
Bin CONCENTRATION COMPARED HIR HOMOGENZOUS AND HE!lEXiOGENEOUS CASES 

Grams of Pu-239/~~ 0.04 0.20 0.40 1 .oo 2.00 

Note: The heterogeneous alphas a re  designated within the parentheses. 

Power Reactor Fuel Reprocessing Economic Studies 

Checking and debugging of the  Conventional Reprocessing Code was continued during 
the m n t h  and i s  now essent ia l ly  complete. 
Conventional Reprocessing Code now appear ready for  use. 
necessary t o  define the  "best values" fo r  the  numerous cost  variables i n  these 
codes before realistic evaluation of the  Salt Cycle Reprocessing economic 
advantages f o r  specif ic  reactor cases can be started. 

Both the  Salt Cycle Code and the  
Some e f fo r t  w i l l  be 

WK Woods: jm 
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4 

RADIATION PROTEC!ITON OPERAEON 
REPORT FOR TBE MONTH OF SEPTEMBER 1962 

A. ORGANIZATION AND PERSONNEL 

Transfers within the Section during the month included John M. Selby 
t ransferr ing from Radiological Development and Calibrations t o  Composite 
Dose Studies and Records, and Bernhardt V. Andersen t ransferr ing from Compo- 
s i t e  Dose Studies and Records t o  Radiological Development and Calibrations. 
Charles I?. Anderson transferred from the X-ray Department, Pinel las  Plant, t o  
External Dosimetry. Lee A .  Bond t ransferred from In terna l  Dosimetry t o  the 
Analytical Laboratories. The following temporary summer employees resigned 
from the Company: Harold E. Ransom and James L. Beecroft (teachers), P. 0. 
Anderson, D. R. Naught, D.  F. Adams,  G. M. Stephens, E.  D. Britch and L. R .  
Kincheloe . 

B. ACTIVITIES 

Occupational Exposure Experience 

'Two new cases of plutonium deposition were confirmed by bioassay analyses 
during September. 
occurred a t  Hanford i s  299 of which 216 are currently employed. 
plutonium deposition cases were both CPD employees. 
mated t o  be less than f ive  percent of the  permissible body burden and resul ted 
from a scratch accidentally se l f - inf l ic ted  with a contaminated s ta in less  s t e e l  
wire. 
s i b l e  body burden and was the  result of accidental  exposure t o  a i r  contami- 
nated because of e hood glove rupture. 

The t o t a l  nunber of plutonium deposition cases that have 
The two new 

The first case was est i -  

The second case was estimated as l e s s  than one percent of the  permis- 

Two employees were ewmined with the wound counter i n  the  Whole Body 
Counter laboratory as a result of a contamination incident and a contaminated 
:',njury. 
skin contamination amounting t o  2.9 x 10-3 pc. 
Decontamination w a s  affected by conventional procedures. The second, a CPD 
process operator, received a contaminated puncture wound w h i l e  working i n  a 
234-5 hood. Wound counter examination detected 2 x pc of plutonium i n  
the  employee's f inger.  Urine sampling f o r  
bioassay w a s  ordered f o r  each of these cases. 

The first, 8, J. A. Jones craftsman, was found t o  have plutonium 
The skin area w a s  i n t ac t .  

No medical action was required. 

There w e r e  f i v e  incidents a t  the 234-5 Building and one incident i n  HLO 
f a c i l i t i e s  which required special  plutonium bioassay sampling f o r  16 employees. 

A Hanford  Laboratories PRTR employee w a s  found t o  have nasal contamination 
amounting t o  10,000 counts per  minute during a personal survey. 
i n  the  Whole Body Counter showed a t rans ien t  i n t e rna l  deposition of Ru103-106 
equivalent t o  approximately two percent of the maximum permissible body burden. 

Examination 

UNCLASSIFIED 
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A radiation incident which occurred near the end of August bas invest i -  
. gated with the following resu l t s .  The hand of an IFD employee received radi- 

a t ion dose exceeding the Hanford operational control f o r  a four-week period. 
The radiation exposure resulted when an employee disconnected a f lexible  hose 
from a vacuum l ine .  
i n  a surface dose r a t e  of 60 rads/hour measured by a CP-Tp survey instrument 
and 2 r/hour a t  18 inches. 
the radiation dose t o  the hands may have been as great  as  9 rads. The whole 
body dose estimated from the f i l m  dosimeter was 0.7 rad including 0.2 r. 

Contamination which had accumulated a t  the j o i n t  resulted . 

Evaluation of the radiation exposure indicates 

Tubing decontamination a t  the 242-B Building involved radiation levels  t o  
60 r/hour and radiation dose ra tes  t o  personnel t o  4 r/hour. 

The maximum dose ra te  encountered during two simulated waste ca lc imt ion  
runs conducted i n  A c e l l  of the High Level Radiation Fac i l i ty  was 250 &s/ 
hour. 
trial. Two subsequent "hot" runs were completed without d i f f icu l ty .  

One m i l l i l i t e r  of 1 W W  solution diluted t o  33 l i t e r s  was used f o r  the 

The hands of sixteen employees with plutonium body burdens estimated as 
greater than f ive  percent of the permissible acquired through circumstances 
unknown were emmined with the wound counter. No p l ~ ~ , o n i u m  was detected i n  
any of these enployees' hands. 

knrironmental Experience 

k comparatively heavy influx of f a l lou t  materials occurred during the 
week ending September 7, when the average concentration i n  a i r  as measured on 
f i l t e r  samples of our Pacific Northwest network reached 11 ppc beta/m3. This 
i s  essent ia l ly  the same as the highest value of 1 2  ppc beta/m3 obsexved follow- 
ing USSR tes t ing  i n  the f a l l  o f  1961. 
increased concentrations of 113 i n  pasture grass, c a t t l e  thyroids, atla m i l k .  
The peak leve l  i n  loca l  milk w a s  about 90 ppc/l on September 19. 

The f a l lou t  was a l so  evidenced by 

High concentrations of radioactive material were observed i n  the exhaust 
duct from the 325-A hot c e l l  during a waste calcination run. 
a t  the base of the stack and i n  the 3OOArea revealed no detectable amounts of 
contadnation. 

Surveys conducted 

A t o t a l  of 225 biological and produce samples were obtained f o r  radio- 
chemical analysis. They include: 63 samples of milk, 3 samples of pasture 
grass,  2 samples of meat, 39 s e t s  of beef thyroids, 2 samples of W i l l a p a  Bay 
oysters, 80 samples of Columbia River f ish,  and 8 samples of baby food. 

Two a e r i a l  surveys were made; one confirmed that s l igh t ly  higher radiation 
readings ex i s t  over the mud and sand bars near the mouth of the Columbia River 
than a re  character is t ic  of the lower section of the r ive r  a s  a whole. The 
other survey was associated with special  t e s t s  a t  Redox. 
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Studies and Iqrovements 

Sampling equipment was s e t  up a t  the 100-H, DR, B and C Areas fo r  the 

This program i s  t o  be extended t o  a l l  of the 107 basins i n  order 
continuous collection of eff luent  samples from the out le t s  of the retention 
basins. 
t o  improve estimates of t o t a l  quant i t ies  of radionuclides discharged t o  the 
river.  

The 308 Building vent i la t ion system review w a s  completed. The vent i la-  
t ion  system performed exceptionally well and does, i n  f ac t ,  operate as 
designed. Two deficiencies were discovered as a result o f  t e s t s  performed 
on A u g u s t  25. Tnese were: 
extreme emergency conditions the supply plenums would rupture; and ( 2 )  the 
atmospheric reference l i nes  a re  undersized f o r  the length of l i n e  needed. 
The following recommendations were made: (1) i n s t a u  backflow dampers i n  
the supply and exhaust plenums (these dampers i n  the supply w i l l  allow a i r  
t o  be pulled through them with the supply fans of f ) ;  ( 2 )  disconnect the 
motor-operated dampers i n  the supply but not remove them; and (3) i n s t a l l  
larger  l i nes  between the reference sensor and the flow regulators. 

(1) the exhaust capacity is s o  great that under 

Two features were added t o  the f i l m  dosimeter processing machine. 
system used t o  actuate a buzzer was modified t o  shut off the sequence timer 
of the machine i f  the X-ray does not go on or  i f  the anode current of the 
X-ray tube does not come up t o  9 milliamperes or  greater.  

The 

Ten BF3 tubes were received and evaluated, These tubes a re  constructed 
The sens i t iv i ty  of the 

Very l i t t l e  var ia t ion w a s  
from extruded copper ra ther  than machined brass. 
new tubes i s  the  same as those made of brass. 
found between tubes. 

It was determined t h a t  multiple co l l i s ion  theory should have been used 
t o  determine the dose, and thus the fast scale cal ibrat ion of  the new EFQ 
instruments. The meter scales were redrawn t o  r e f l e c t  the change i n  dose. 

Two 0.075 inch s i l icon  diodes were exposed t o  plutonium fluoride 
neutrons i n  the 234-5 Building f o r  a two-week period. Both &iodes detected 
a dose from these neutrons. Positive ion accelerator i r radiat ions a re  con- 
tinuing i n  an e f f o r t  t o  determine the ergy dependence of each diode. 
the constant voltage readout technique, it appears tha t  there may be some 
energy dependence. 
wich sol id  s t a t e  spectrometer was exposed f o r  the purpose of determining 
the l i nea r i ty  and sens i t iv i ty  of the spectrometer t o  monoergic neutrons. 

Using 

With the diode neutron irradiazions,  a lithium-6 sand- 

Calibration data fo r  the alpha-beta-gamma a i r  sample counters was 
examined by an IBM 7090 computer program. !The program indicated the ca l i -  
bration could be done with a one-point f i t .  When t r i ed ,  the slopes of the 
curves varied between instruments. It i s ,  therefore, necessary that each 
instrument has i t s  own cal ibrat ion obtained by the one-point fit. 

uI?C~SSIFIED 
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A new radiation protection regulation issued by the Department of Labor 
(as 41 CFR 50-204) w a s  reviewed, and comments provided. 

A compilation of background material on occupational exposure standards, 
working l imi t s  and administrative control practices was completed. 
material was prepared for  the use of Union Relations personnel. 

This 

Eight members of the Radiological Emergency staff participated i n  the 
1962 Civi l  Defense exercise, SPADE FORK, t o  the s ta ted sa t i s fac t ion  of  HOO- 
kEC. Three shifts participated during the four-day exercise. 

1131 studies continued i n  the Whole B o 4  Counter laboratory during Sep- 
t e m b e r .  
mum quantity measured i n  a thyroid w a s  90 ppc 113. 

The counting efficiency of the method was determined t o  be 41 percent. 
volume w a s  c r i t i c a l  because of quenching ef fec ts  of quant i t ies  o f  water 
greater  than one m i l l i l i t e r .  
ciency was studied and found t o  be negligible. 

Twenty-three children were examined a t o t a l  of 27 times. The maxi- 

A l iquid sc in t i l l a t i on  technique f o r  determining C 1 4  i n  urine w a s  studied. 
Sample 

The e f f ec t  of carbonate ion on counting e f f i -  

Procurement and assembly of components f o r  the mobile Whole Body Counter 
continued during the month. 
bution panel ins ta l led ,  and the s l i de  door in s t a l l a t ion  w a s  completed. 

The e l e c t r i c a l  system w a s  rewired, a new distri- 

C. VISITS AND VISITORS 

Visi tors  consulting with m e m b e r s  o f  the Radiation Protection Operation 
during the month included: 

’* Auerback) - Oak Ridge National Iaboratory, Oak Ridge, Tennessee J. S. Olson) 

Lt’ cO1* R *  mer) - Division of Biology and Medicine, AEC-Washington, D.C. D r .  M. Schulmzn ) 
Prof. M. A .  Roll ier  - University of  I t a l y  
N. Ketzlack - Atomics International,  Canoga Park, California 
J. P. Vanne - EURATOM Transuranium Ins t i t u t e ,  Karlsruhe, Germany 
J. M. Grlrnlre - Department of Agriculture, Boise, Idaho 
D r .  D. Ferret  - United mngdom Atomic Energy Authority, Harwell, England 

Members of the Radiation b o t e c t i o n  Operation v i s i t i n g  of f -s i te  during the 
’ month included: 

F. Swanberg - Attended symposium on Radioactivity i n  Man a t  Northwestern 
University, Chicago, I l l i n o i s .  Consulted with Argonne 
National Laboratory. 

UNCLASSIFIED 
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E. C. Watson - Attended Fallout Symposium sponsored by Defense Atomic 
Support Agency i n  SanFrsncisco, California. 

L. C .  Rouse - Consulted with Pacific Gas a d  Electr ic  Combny,  San 
Francisco, California, on radiation records systems: 

A. R. Keene - Conducted ASA N2.2 Subcorrnnlttee meeting i n  S a n  Francisco, 
California 

D. RELATIONS 

Three suggestions were submitted by personnel of the Radiation Protec- 
t i on  Operation during September. 
rejected. 

One suggestion was adopted; f ive  were 
Five suggestions a re  pending evaluation. 

Safety meetings were held throughout the Section during the month of 
September. A safety and housekeeping inspection was a lso  conducted. 

Six radiation protection orientation lectures  were presented t o  Biology 
Fif ty  IPD personnel attended Disaster Level Monitoring Research employees. 

courses presented a t  1760-~ Building. 
attended the course. 

To date a t o t a l  of  303 persons have 

E. SIGNIFICANT REPORTS 

HW-74307 8 - 'Badiological Status  of the Hanford Environs f o r  August, 1962" 
by R .  F, Foster. 

HW-74398 - - %valuation of Radiological Conditions in the Vicinity of Han- 
ford, April-June 1962" by Emironmental Studies and Evaluation 
S taf f .  

HW-75008 - - "Dose Versus Shield Material and Thickness from a Nuclear Excur- 
sion" by Lo G. Faust and I;. L. Carter. 

Bw-75108 - - '?4onthly Report f o r  September 1962 - Radiation Monitoring 
Operation" by A .  J. Stevens. 

UNCLASSIFIED 
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PERsONhTL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permissible Limits 
Whole Body Penetrating 
Whole Body Skin 
Extremity 

p n f o r d  Pocket Dosimeters 
Dosimeters Processed 
Paired Results - 100-280 mr 

Lost Results 
- Over 280 m r  

Hanford Beta-Gama Film Badge Dosimeters 
Film Processed 
Results - loo-300 mrads - 300-500 m d S  - Over 500 mrads 
Lost Results 
Average Dose Per Film Packet - mrad (OW) - mr (4 

Hanford Neutron F i l m  mdge Dosimeters 
Slow Neutron 

Film Processed 
Results - 50-100 m r e m  - loo-300 mem - Over 300 mrem 
Lost Results 

Film Read 
Results - 50-100 mrem 

Fast Neutron 

- loo-300 mrem 
- Over 300 mrem 

Lost Results 

Hand Checks 
Checks Taken - Alpha 

- Beta-Gamma 
Skin Contamination 

Plutonium 
Fission Products 
Uranium 
T r i t i u m  

IIW-75127 

September 1962 t o  Date 
0 3 
0 
1 

2,867 
16 
2 
0 

9,521 
160 
18 
10 
31 
13.28 
43 77 

3 
3 

26,336 
83 
10 
0 

242 

241 
96 

13-50 
29.18 

3, 104 
15 
12 41 

14,427 
25 

0 
19 

2 
80 

778 3,730 
50 422 

659 
66 

171 
55 
9 31. 

- 30 
66 
0 
0 

223 
435 
12 
0 

UNCLASSIFIED 
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. 

Whole Body Counter 
GE Employees 

Routine 

Termina l  
Non-Routine 

special 

Non-Employee s 
Pre-Employment 

Male - 
0 
4 
5 

10 
16  

0 
35 
- 

Female 

0 
0 
0 
2 

18 
0 

20 
- 

Bioassay 
Confirmed Plutonium Deposition Cases 
Plutonium - Samples Assayed 
Fission Product - Samples Assayed - Results Above 2.2x10'8 pc/Sa&ie 

Results Above 3.M0-5 
pc/Sample 

Uranium - Samples Assayed 
Biological - Samples Assayed 
Strontium - Samples Assayed 

Tritium Samples 
Urine Samples > 5 .O pc/l 

1.0 pc/l 
Samples Assayed 

Moderator 

Reflector 
Samples Assayed 

Other Water Samples 

D20 Samples 

Primary Coolant 

NO. 185 EFD 

Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
A u d i t s  

September 

0 
4 
5 

1 2  
34 
0 

55 

2 
179 

20 
122 

0 
114 

0 
0 

1962 to Date 

15 
1,414 

247 
299 

Maximum count September Total 
17.3 25 . -  

79 
224 

'182.3 4 
5-50 2 

768.4 pc/ml 2 
8 

56 m 
Number of Units Calibrated 

1962 to Date September 

9 a  9,050 
269 2 3 494 
503 4,976 
164 1,674 

939 
19,133 

*me total number of plutonium deposition cases which have occurred at Han- 
ford is now 299, of which 216 are currently employed. 

U N C L A S S m D  
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Personnel Meters 
Badge F i l m  
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

G-8 Hw-75127 

N u m b e r  o f  Units Calibrated 
September 1962 t o  Date 

1,158 14,182 - 12,670 

& 
229 8,813 

3,816 58,584 

f o r  the Manager 
RADIATION PROTECTION 

AR Keene : FS : 1 j w  
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Cost Ac c o u t  in& 

* A teqtative financial plan from HOO-AEC covering the 04 Propun indicates 
a substantial reduction from the Hanford Laboratories Fy 1963 request. 
comparative sumnary follows: 

A- 

FY 1963 DRD Increase 
(Amounts in thousands) Request Planniq (Decrease) 

Research and Development $11 182 $ 9 068 $(2 114) 
Test Reactor Operation 2 340 2 350 10 
Equfpment 1 245 1041 (204) 
Irradiation Units 2 673 2 020 (653) 

T o t a l  $17 440 $479 $& 961) 

At the end of the first quarter, 254 of currently available f'unds has been 
spent. 
have been overspent. 
Development, mutonium Ceramics Research) will be curtailed or discontinued 
in the near future i n  order to stay Kithin allotted funds. 

Available funds on the Ecperimental Gas Cooled Reactor subprogram 
Other subprogrsms (Gas Loop Project, Uranium Fuels 

A request for preparation of the M 1963 Midyear Budget Revlew was received 
f r o m  Contract Accounting, indicating a full-scale reeew with completion 
scheduled in November. 
been requested by letter to supply needed information in accordance with a 
time schedule provided. 

Section managers -thin Hanford Laboratories have 

Activities for  which special accounting codes were established during the 
month are described below: 

Accounting 
Code Activity 

.6E Perform PuC, Pu2C3 Synthesis f o r  United Nuclear Corpora- 
tion - estimated costs of $500 cover sample weparation, 
chemical analysis and X - r a y  anslysis. 

.6G University of Washington use of Laboratory Facilities - 
the University wil l  be billed for materials and supplies 
in connection with the use of facilities in 306 and 326 
Buildings 



Trie operating cost reports for  all Hanford Lsboratories' compoaents were 
prepared by EDP equipment for  the first time in September covering August 
businesb. This represents a major milestone i n  t he  mechanization of cost 
accounting fo r  Hanford Laboratories. 

An aQdit was made of signature authorizations on store  withdrawals fo r  the 
week ending September 2, 1962 for  Finance and Administration, 'PTograuming~, 
Test Reactor & A u x i l i a r i e s ,  Radiation Protection and Appiied Mathematics 
Operations. 

One suggestion award wtth over $500 annual savings w a s  revlewed d w i r g  the 
mnth  a d  granted financial appro-ml. 

Discrepancies were reported t o  ma.nagc.rs concerned; 

V i s u a l  a i d  data were prepared for  the  Manager of the Biology Meration for  
use during a recent v i s i t  of personnel from the  Division of Biology and 
MecZicine, Washington, D. C. 

Assistance i s  being given Mr. B. B. Meld of Applied Mathematics Operation 
un a ~ t u d y  of the economic impact of HAP0 011 t he  Wi-Cit.ies Area. 

An annual report  on HAP0 T s c W c a l  Personnel Recruitment r e s u l t s  far FY 
1962 KBS prepared a.c the request of EOO-AEC. 
flimmarized below: 

Pertinelzt information i s  

Per some1 Applicants Off el. B 
Stat.us Int ertrleved &de Hires 

Professional 
CcUege Recruitmezrk 

Total 

3433 
902 

168 
202 - 

86 
- 95 

181 - 370 - 1 205 - 
General A c c o u t i n g  

AT-256 Par t ic ipTlor?  en St,anderdfzing 
A c x i v i t i e s  - (S. H. Bush) 

AT-262 Washingcon State  Sc ien t i f ic  and Ad- 
visory Committee - Selective Service 
system - (I. H. Dearniey) 
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Travel activity this fiscal yeax is 
1962, but somewhat lower than in FY 

< 

- . 

running slightly higher than in FY 
1961, as shown below: 

Number of %ips Started - 1st -ter 
FX 1961 314 
FY 1962 258 
FY 1963 29w 

* FY 1963 statistics do not include the attendance of 43 
- Hanford Laboratories' people at the AmS meeting in 
Richland in September. 

During the month of September, billings to completed plant from Work In 
Progress accounts amounted to $182,759. 

Hanford Laboratories' material Investment at September 1, 1962 totaled 
$25.1 million as detailed below: 

(In thousands) 

SS Materials $23 830 
Reactor and Other Special Materials 933 
Spare Parts 333 -1) 

(1- Includes a reserve established at September 1, 1962 
amounting to $80,319. 

Nuclear materials consumed in research during the fiscal year to date totaled 
$2.07 million of which $2.00 million are applicable to W o r d  Laboratories, 
and $ .O7 million to libels Preparation Department. The following is a detail 
by program for the Hanford Laboratories' portion: 

2000 Program 

4000 Program 
3000 E Y O ~ ~ ~ X U I  

(In thousands) 
$ 604 

314 a 
$2 001 

The a.nuual physical inventory of Reactor and Other Special Materials in the 
custody of 97 holders was taken on September 26, 2'7, and 28, 1962. 
accordance with established practice, this inventory was witnessed by 
financial personnel. 
and upon completion a report of results will  be issued. 

In 

Reconciliation of the inventory findings is in progress, 

UNCLASSIFIED 
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Survey 20 - P a r t  I, witnessed ver i f icat ion of W O  inventories of nOrmal 
wanim, thorium, and U-233 as of the  end of September 1962 by a team of 
€190-AEC personnel accompanied by a member of t he  Nuclear Materials opera- 
t i o n ,  was i n  progress a t  month's end. 

An inventory of unused One Trip Property Passes i n  the possession of 53 
authorized holders accounted fo r  a l l  except two passes which had been 
Inadvertently destroyed. 
inventory, indicating that pass control kas improved. Two missing passes 
represents a minor *action of the 2,197 passes procesbed since March 31, 
1951, the  date of the previous inventory. 

Leboratory Storage Pool ac t iv i ty  fo r  the  month of September 1962 I s  sun- 
marlzed below: 

Nine passes were not ioca%ed during the previous 

Current Month M t o  Date 
Value Quantity Value Equipment Qant i ty  - 

Items receitred 63 $66 493 243 $182 796 

custodians 6 3 016 28 19 175 

(purchase eliminated) 7 1 gsg 52 26 658 

Items withdrawn by 

Equipment reassigned 

Items disposed of by 

Eqxipment on hand a% 
excess 6 434 6 L34 

9-30-62 1 251 703 107 -1) 

(1- Includes 140 items valued a t  $58,181 vhich weye 03 loan a t  
9-30-62. 

The material iaventory i n  the  Isboratory Pool tit month end was ecnprised 
of t he  foUowing: 

aeryllium 
Gola 
Palladium 
Platinum 

Clean scrap 
Contaminated 

Silver 
Hafnium 
Zil.@OIl',um 

Additional material held fo r  
convenience of  others 

Total material held a t  the  Pool 

(2- Reflects pr ice  change gpplied this m n t h  

1 2 3 b E 9 3  

Total Vahe 

io4 706 

148 758 

$284 318 

I%CLASSIFIED 
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September heavy water inventory disclosed a loss of  2,227 pounds valued 
at  $30,716. 
8,868 pounds due primarily t o  the  c lass i f ica t ion  of all moderator in the  
primary loop as scrap. 
September ($20,793) and loss ($30,716) totaled $51,509. 

Scrap material increased during the month an estimated 
< 

The charge t o  cost fo r  scrap generated during 
- 

Action during the month on pro3ects i s  indicated below: 

New Money t o  HL 

CAH-977 Fac i l i t i e s  for  Radioactive Inhalation Studies $3,000 

Physical Completion Notice Issued 

CAH-888 Biology Fhci l i ty  Improvements, 108-F Building 
(AEM M c e s  o w )  

Construction Completion and Cost Closing Statement Issued 

CAH-842 Cr i t i ca l  Fac i l i ty  (AEM Services o w )  

Contracts processed during the  month included: 

CA-350 Lewis W. Seagondollar 
DIR-U.0 Bat te l le  Memoria l  Institute 
~m-138 Battel le  Memorial Institute 
~m-160 Battelle Memor ia l  I n s t i t u t e  

OPGs issued i n  September -are shown below: 

OPG NO. 

7.14 Foreign Travel 
55.6.2 Membership in Trade & Professional Societies and 

Associations 
5.2 Supplement - Automatic h t a  Processing Equipment 

T e s t  Reactor and Auxiliaries Organization 22.1.12 

Personnel Accounting 

During September, 131 nonexempt and 10 exempt employees of FPD Plant F'acili- 
t ies  Operation w e r e  transferred t o  W o r d  Laboratories. O f  these, 122 were 
assigned t o  T e s t  Reactor and Auxiliaries and 19 t o  Finance and Administration, 
h c i l i t i e s  Engineering Operation. . 

u 

UNCLASSIFIED 
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TECHNICAL ADMINISrnrnON 

m l o y e e  Relations 

Twenty-three nonexempt employment requisit ions were f i l l e d  during Septem- 
ber with twelve remaining t o  be f i l l e d .  

Professional Placement 

Advanced Degree - Six Ph.D. applicants visited HAP0 for  employment interviews. 
Two offers were extended; one acceptance and two rejections were received. 
One offer i s  currently open. 

BS/MS - Six Program offers  and three direct  placement offers  were extezded. 
Offers accepted: one Program and one di rec t  placement. Offers rejected: 
four Program and three direct  placement. 
and two direct  placement. 

Current open offers: four Program 

Technical Graduate F'rogram - No permanent assignments were effect.ed. 
new members were added t o  the rolls and one terminated. 

Four 
Current program 

members t o t a l  59. 

Technical Informatioll 

The first Qurterly Progress Report: 
t u r a l  Material was published th i s  month. 

Irradi'ation Effects on Reactor Si;ruc- 

ECONOMIC EVALUATIONS 

A cursory review and evaluation was made of actual  cost  data reported or 
otherwise avhilable on the  conplete fuel cycle for plutoAua enriched fie1 
elements a 

FACILITIES ENCIlJEERING 

A t  month's end Fac i l i t i es  Ehgineering Operation was responsible for  13 act ive 
projects b v i q  total autkorizea funds in the  emount of $2,338,130. 
t o t a l  estimateti cost of those projects i s  $8,732,000. 
through Augwt 31, 1962 were $1,329,000 

The 
Eqenditures on theem 

The following summarizes project ac t iv i ty  i n  September: 

UNCLASSIFIED 
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. 

New projects submitted t o  the ................................. 
~AH-982, Addition t o  the Radionuclide Fac i l i t i e s  

CGH-974, Analog SlrmiLation Faci l i ty  (transferred from IPD) 
CAH-982, Addition t o  the Radionuclide Fac i l i t i e s  

CAH-985, Addition t o  the 222-U Building 
CAH-986, 300 Area Retention Waste System Expansion 

New Projects awaiting AEC authorization ........................... 

Project proposals complete or nearing completion ------------------ 

Neutron Calibration Faci l i ty  - 3745-A Building 
Graphite Machining Shop 

Pages appended t o  t h i s  report  provide 

Services 

Satisfactory progress was made i n  the 
following jobs: 

detailed project status information. 

engineering services provided on the  

Equipment procurement valued a t  $3lO,OOO including the  issuance 
Material and equipment of two requis i t ions to ta l ing  $33,000. 

l i s t s  for  two projects  were revised. 
3U Tank Farm alarm system 
340 Emergency valving sequence study 
1 0 8 - ~  source handling f a c i l i t y  
1 4 1 - M  proposed building addition 
300 Area process sirmrlation f a c i l i t y  
Spl i t  -half machine 
Controlled environment f a c i l i t y  
Ei rd-par ty  inspections of three elevators 

Pressure system assistance was provided on: 

D p m i c  materials t e s t  apperatus 
a a r t z  glass U02 test. section 
TF-23 t e s t  loop 
C-25 Building autoclaves 
DEL-1 loop 
PRTR ion-exchange vessel 
1 8 9 - ~  hydraulics laboratory 
1 8 9 - ~  e l ec t r i ca l  preheaters 
Third-party inspections of th i r teen  pressure vessels 

Plant engineering e f fo r t  was expended on: 

325 vacuum pump replacement 
308 vent studies 
3702 vent i la t ion modification 

UNCLASSIFIED 
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325 Analytical laboratory modifications 
321-A c i r cu i t  breaker panel i n s t a l l a t ion  
3705 e lec t r i ca l  service panel i n s t a l l a t ion  
231-2 d a r m  system standardization 
108-F increased transformer capacity and bus duct s p l i t  

h c i l i t i e s  Operation 

Lgndlord costs for August were $=8,240 which represented 77$ of the  ant.ici- 
pated expenditure. 

Waste disposal operations are summarized below: 

Improvement maintenance costs were $8,128. 

Concrete Barrels 
hadlugger s 
Crib Waste 

July August 

2 2 
2 2 

270,000 gal. 270,000 gal. 

Building Op eration duririg September included continuation of the f l l t e r  
plant (315 Building) "run in." 
pleted. 
21, 1962. 

Basic t ra in ing  of the  operators w a s  com- 
The plant was  physically t i e d  in to  the 309 Building on September 

Minor revisions i n  the  system are being made. 

Drafting 

The equivalent of 135 kawings were produced during the m n t h  for  an average 
of 24.1 man-hours per drawing. 

M j o r  jobs i n  progress are: 
r e s i s t i v i t y  sample holder, claadlng cu t te r  assembly for PRTR, glove box and 
vacuum system, high temperature furnace, 'IC" C e l l  Equipment-327 W l d i n g ,  
process tube and f u e l  handling carriage, fue l  element spacer former and PR'IR 
corrosion test f a c i l i t y .  

PR?R as-bui l ts ,  PRTR shim rod coztrol, e l ec t r i ca l  

Construct i o n  Supervision 

Activity during the month 0x1 construction vork (J. A .  Jones Company) being 
performed fo r  Ranford Laboratcries components i s  given below: 

UNCLASSIFIED 
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Unexpended 
Balance 

Orders outstanding at beginning of month $205 686 
Issued during the month (inc. 5 supple and ad.?. ) 50 268 
J. A. Jokes Expenditures during month 

Balance at month's end 
Orders closed during month 

$42,122. 

(incl. C.O. Costs) 126 231 

129 723 
87 745 

Maintenance work orders total seven with face value totaling 

Construction and maintenance activities completed during September included: 

108-F Electrical service change 
108-F Repair fire damage in rooms 2202 and 2202-A 
Rattlesnake Spring Radioecology facility - install laboratory 
309 Critical facility startup items 
309 Rupture loop electrical and mechanical modifications 
309 Gas loop electrical and mechanical modifications 
328 First floor office revisions 
3718 Office addition 
307 Retention basin VCP line repair 

tables and electric recorders 

W Sale:whm 
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9-70-62 DATE G E N E R A L  E L E C T R I C  CO. - H&Iforb Lsboratories 
F U N  D I N  G PROJ.NO. 1 T I T L E  

A V E R A G E  H ANPOW E R A C C W  M A N D A Y S  GE-T'T*l I 

F I X E D  P R I C E  

C O S T  P L U S  - 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  FlELD E N G I N E E R I N G  

97 92 
PF 1.4 0 3 
CPFF 22.1 97 91 
FP 6 .6  101: 163 
Oov.Ea.69.? 100 W 

CONST. 100 

PROJ.  NO. F U N D I N G  T I T L E  

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 G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

T A R T ' N C  D E S I G N  DATE AUTHORIZED ~z*:;. 'D Esi  O N  

C O N S T .  IDIR. COMP. DATE D A T E S  CONST.  

EN G I N E E R  

S C O P E .  P U R P O S E .  S T A T U S  P R O G R E S S  

P E R C E N T  C O M P L E T E  

W T ' D .  S C H E D .  A C T U A L  

DESIGN I I 

A V E R A G E  ACCUM M A N D A Y S  

-TITLE I I 
GE-TIT. I I 

AE- TIT. I I 

I 



F I X E D  P R I C E  

C O S T  P L U S  P l X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N O I N C 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  

OE W E L D  E N G I N E E R I N G  

This pmJezt  w i l l p m v i d e  f a c i l i t i e s  f o r  detenaicing physical and mechanical properties 
cf i r r sd ia ted  materials, and involves the in s t a l l a t ion  of a c e l l  i n  the 327 Building. 

AE- TIT. I I 

4 6 4 8  

800 C P F F  10 50 50 

Equip. 82 45 48 

CONST. 100 

PF 

7 310 

- 5  
.4 30 FP 

Nlm3er of purchase orders required 19 Value (Es t . )  $253,00P 
Nmber of purchase orders placed 19 Value 206,345 

F b d -  shipment of c e l l  w a s  received September 18, 1962. 

1nnt.allation ~f the c e l l  i s  in progress. 
b o r  have been plare5. 

All c e l l  casting exclusive of plugs an2 

Fabricat.ion of storage rack is i n  progress. 

Fabrication cf vent i la t ion exhaust f i l t e r  holder has been delayed pending receipt  
cf materials. 

* O r f g h a l  authorization fer design w a s  Cctoker 1, 1959. 

* Lzxlxdes delivery charges , inspection marl m n t b g e n c y .  

1 2 3 b 9 0 0  
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I SEMi -MONTHLY PROJECT STATUS REPORT 

]STARTING  DESIGN 9-5-59 1 DATE A U T ~ O  

FEO - Rw Dascelrzo 
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  I O R C C S  

A R C U I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

S C O P E .  P U R P O S E .  S T A T U S  L P R O G R E S S  

This project  w i l l  allow greater capacity for  analyt ical  work invo1vb.g tosay's m r e  
highly radioactive solutions an2 consists cf adding a shieldea laboratory to the 
325 EuildAng. 

F i r a l  inspection a d  acceptance cf the Contracbr:s  work was  performed on 9-2l-62. 
Several &cr it-ems were cleaned up by the Ccntractor on 9-26-62. 
remain fo r  the Contractnr - 1) subst i tc t ing s i x  vacuum gauges fcr six l c w  pEssure 
gaxges on the A i r  Scmplkg Lines, ar,d 2) cleaning LZ a st.& between the zwer  glass 
a G  lead glass on Viewing W"2nd~w No. 3. 

Z. A. &3es f-crces w i l l  make the t i e - in  of a l ist . iLled whter l ine ,  shcrter. all h3ige9 
c e l l  treys,  ir,sta31 d n i p u l e t o r s  pmzhased 'by G .E., replaae a rhwstat, an3 sever& 
-or items of work. 

The Contraztcr w a s  s-Aed-de2 t o  complete h i s  w r k  on 9-7-62. 

* O r l g b a l  authorization f c r  prelimhsry d e s a  was August 12, 1959. 

Only two exzept.ims 



F I X E D  P R I  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

(1) G. A. G r e a t .  Compbny 
(2) LewiE Hclpkizis Construction Corcpa'ly 

Tkis f a c i l i t y  is tz be used fo r  fue l  rupture behavior s tu f i e s  with respect to 
physical aAstortion and ra te  cf f i ss ion  pmcluct release. 

Constxct iorA wxk has been suspended for Locp Desim Tests. 

* I 2 2 t i s l  aut.horization was on 10-1-59. 

C O S T  P L U S  F I X E D  PEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

I I 
S C O P E ,  P U R P O S E ,  S T A T U S  h P R O G R E S S  

prc provices a2aLtlorKL space f o r  t i c log5za l  
e& hvc lves  811 a d a t i o n  tc the  108-~ E:ila5ng. 

research 

, &I I -,- li FP 1 89 I 
I 

1 + Cr2g-d authorizaT5on for  & s i p  w a s  May 3, 196'3. ' * G e r - e d  Eicc t r ic  has been &vised by the plEC t ha t  the vinyl f loor  zoverkig replace- 
~ e z l t .  vi11 be sh!,ppe& on September 24 a 2  shcu2.d arr ive by Ccfcber 1, LS2. k i s c ,  
Lt. ehollld be complete5 by the end cf the week cf October 1, 1962. As-built vcrk i s  i pm&ressing. The physical colrrpletim notice w a s  c o q l e t e d  and pxblisheb sho%c!ag 
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F I X E D  P R I  

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  

a d  pilot p i a r t  studies associated w2t.h f ie1 reproeessbg csncepts. 

325 a f  the 3 3  drawiags have been issued f o r  comment, 2?0 f 2 r  appmval and 175 appxze5 
fzr cocstructicx. 

k zew pk, jec t  proposal revfsicn, t o  p e d t  demonstrsticr o f  t.Ce w s t e  n,al-,kstZc.c 
p r c g r a  I s  FET has been subnitteb to the General Manager's @ff?.ce fo r  appmvd.  
* EstLna%e? construction s t a r t i ng  date f o r  remval cf bur2al groune f i l l .  

+!e O r i g h a l  autharizat.ion fm b i t i s t i o n  of design w a s  F~'t?z'isr-y 9, 1961. 
1362 is the euthcrizatioz h t e  fo r  the last des25 s u p ~ h p , t .  
I x h J l n ~  +,ransferred capital pmperty value2 a t  100, r? 

The specifications are 8 6  c o q l e t e .  

*- > & ~ e  cy, 

, 
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F I X E D  P R I  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  0 P E R  A T I O N  

GE F3ELD E N G I N E E R I N G  

S C O P E .  P U R P O S E ,  S T A T U S  b P R O G R E S S  

Z E E  p-rcJect p x v i & e  facilities for  p i l o t  plant develcpnenf cf A +;-' = rcr -&, * ~idb5-k br- 

to the plmt env%mns. 

S 5 . f ~  gra-ag,  f b c r  pdai.n instal la t icn cd miszellanecus c 1 e m - q  r e a - 3  t o  be per- 
f o r m &  37 CFFF C m s t r c t i m  ServLces Corit,ractor. 

przcesses f c r  ir=t=mCs%e level  c h e d s a l  processkg pla i t ,  VS%E f'cr safe i.l< -LL 4hwg. 

Desig- was sccomplisbed by zhe Bovay Eng4,?eers. 

F I X E D  P R I C E  

C O S T  P L U S  F I X E C  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  ' 5  
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F U N D I N G  

F I X E D  PRI 

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  ERl  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  

This  project  w i l l  provide a closely i.nt.egrate2 "A" C o i m  h seriee with %Ye re- 
Iczated "C" Columo t o  permit, the 5evelopment. of a rnathenzatisal m&l for t h e  mass 
transfer cf xranium, as well as the exploration of the poss ib i i i f ies  cf computer 
o p t h h a t i c n  of a conbine9 "A-C" e*racticn t s t t e r y .  

Z e l x s t i c n  of "C" Column is colrplete. 
M ~ S C ~ L ~ E O U S  intercJmec3ir;g piping vork 16 rlonzFcuLrg. 
Ics:a.Lla-cion work is ccntinub-g. 

E 5 3  'taxre 5eeE rwiewed m d  aczepte.9 far process stresn! t.ezrpera5ure c3~5ml,  flow 

Inst .ment  l i2e  gi2ters w a  isstallee. 
"A" C c i u s r ,  f&rlcatio?l ar6 

I --p - L - - L ~ L 3  - pH control 6-'sd variable speed 2rive speei ecritrcl b i s t m e n t a t i m  syatam . 

TARTING !+-15-62 11 DATE AUTHORIZED 3-29-62 EST 'D .  11 C O M  PL. 'DES'GN 
C O N S T .  IDIR. COMP. DATE D A T E S  CONST.  

E N G I N E E R  

m9 - m Lys3  
M A N  POW E R A V E R A G E  ACCUM M A N D A Y S  

1 P E R C E N T  C O M P L E T E  

WT*D. SCCILD. A C T U A L  

DESIGN loo 

TITLE I 1 1  
3 7  

6 E - T I T . I I  
t 

CONST. J- 
I I I 1  I I I S C O P E .  P U R P O S E ,  S T A T U S  b P R O G R E S S  

The $2614 ir; charges which were hcurred Zcr prel4iminax-y scopfng have been 5ras- 
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TEST REACTOR AND AUXILIARIES OPERATION 
C 

P r n N I u M  RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Hw-75127 

Reactor output for  Septeniber was 0. 
s y s t e m  continued throughout September. 
primary system B O  drained. 
was removed by f i l t r a t i o n  and ion exchange. 

Efforts t o  decontaminate the primary 
The reactor was discharged and the 

During the drain, foreign Illatter in the %O 
. 

Various mans of decontaminating the s y s t e m  without the use of chemicals 
were t r i e d  with l i t t l e  or no success, and ef for t s  were then directed to-  
wards chemical decontamination. Principlematerials planned f o r  use are 
oxalic acid and caustic permanganate, 
ations, systems preparations, and t r ia l  runs of the procedures using 
demineralized water were i n  progress a t  month-end. 
t o  truck a l l  waste t o  a cr ib south of 200-East Area. 
received on s i t e .  

Hazards reviews, procedure prepar- 

Plans were completed 
All chemicals were 

A f a c i l i t y  was s e t  up i n  t h e  discharge water p i t  t o  decontaminste the 
fuel elements. 
Nine fuel elements were cleaned i n  t h i s  fashion unt i l  the program was 
deferred because of interference with primary s y s t e m  decontamination 
preparations. 

Ultrasonic vibration with a detergent solution was used. 

Equipment Expe rience 

Three out le t  jumpers were replaced t o  provide test nmsterial f o r  decontam- 
ination work. 
threaded f i t t i ngs .  

Considerable gall ing occurred between s ta inless  s t e e l  
Two of three required refabrication. 

Extensive e f fo r t  i n  improving and marking flux monitor wiring c i rcu i t s  
was initiated trhile the reactor was discharged. The work was 90% com- 
plete.  Similar work on other systems was outlined. 

One r iver  pump was using excessive mounts of o i l .  
were referred t o  the vendor. 

Pump characterist ics 

Preventive maintenance required 494 nminours or 9.5% of t o t a l .  

Improvement Work Status (Significant Items ) 

Maintenance and Engineering personnel worked extensively on decontamination 
f a c i l i t i e s  and system preparations and very l i t t l e  progress was made on 
improvemnt ac t iv i t i e s .  

1 2 3 b 9 1 0  UNCLASSIFIED 
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Work Completed : 

Outlet nozzle cap modification 

Work Par t i a l ly  Completed: 

Safety c i r cu i t  ground and low voltage deCector 
Fueling vehicle hois t  modification 
Primary oxygen analyzer i n s t a l l a t ion  
Flanges for  safety r e l i e f  valves in’ helium system - 855 
Position indicating lights f o r  comection cooling assist valve 
Decontamination f a c i l i t y  
Third exhaust a i r  a c t i v i t y  channel 
Design Work Completedt 
Enlarge chemical feed s y s t e m  
Primary pump recording ammeters 
High pressure helium compressor in te r -a f te r  cooler r e l i e f  
Outlet nozzle bracing 
Interlock between charge-discharge machine, shroud seat and discharge 

hois t  
Control room vent i la t ion scope 
Fuel t ransfer  system modifications 
Modification t o  temperature alarm and data reduction s y s t e m  
Compressed a i r  supply revisions 

Desi- Work Partially CorqiLete 

Additional f u e l  storage and examination 
O i l  storage building 
Boiler feed pump seal6 

Process Engineering and Reactor Physics 

Computational studies of the change i n  Kerf of the PRTR with change i n  the 
primary coolant puri ty  have been completed. 
increase i n  the %O purity,  i n  the range from 90% t o  lOO$ w i l l  increase 
Qff by 0.15. 
from the current nominal 94.5% t o  about 99.5s w i l l  increase Keff of the 
PRTR by about 5 milli-k. 

A technique has been devised f o r  the computation of the r a t e  of r eac t iv i ty  
burnup i n  the PRTR. 
agreement with observed burnup rates .  
e f fo r t  t o  imprave t h i s  agreement. 

!he results are t h a t  a 1-4 
Therefore, improving the quali ty of the primary coolant 

Tne results of the calculations are i n  qual i ta t ive 
-her work is planned i n  an 

UNcLAssIFm 
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Procedures 

1-3 

Revised Operating Procedures issued 
Revised Operating Standards issued 
Temporary Deviations t o  Operating Standards issued 
Revised Process Specifications accepted f o r  use 
Maintenance Manuals issued 
Maintenance Inspection Sheets issued 
Drawing As -bui l t  status 

Approved f o r  as-bui l t  
Ready f o r  approval 
In  draf t ing 
Voided 

Scheduled fo r  review 

Hw-75127 

30 
32 
3 

972 (corrected) 
325 
1299 (corrected) 

Fersonnel Training 
Qualification subjects 460 manhours 

Maintenance Procedures 41 

Specifications, Standards, Procedures 107 
Fueling Vehicle . o  

8 s  nranhours 

Status of Qualified Personnel a t  Month End 
Qualified Reactor Engineers 8 
Provisionally Qualified Reactor Engineers 1 

6 Qualified Technicians 
blif ied Technologists 17 
Provisionally Qwlified Technologists 2 

Plutonium Recycle Cr i t i ca l  Fac i l i ty  

Work on procedural matters was emphasized i n  ant ic ipat ion of AEC approval 
t o  operate. Revision of the safe ty  rods t o  permit maintenance without 
requiring c e l l  cover*block removal was star ted.  Work was completed t o  
permit individual rod drops as needed fo r  f’uture physics t e s t s .  
r e l i e f  was provided t o  the auxiliary moderator storage tank t o  prevent 
overpressurization. 
galvanometer was 505 complete. 
s ignify safety c i r cu i t  t r i p  causes was completed. 
removed which will now permit moderator pumping without on-scale 
indication from instruments. 
and c i r cu i t  relays from excessive voltage. 

A t o t a l  of 62 operator and mintenance manhours were devoted t o  t ra ining.  

Additional 

V i i f i c a t i o n s  t o  improve readabi l i ty  of the 
Ins ta l la t ion  of indicating lights t o  

An interlock was 

Work was completed t o  protect rod magnets 

UNCLASSIFIED 
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Fuel Element RuFture Test Fac i l i ty  

Project Status (Project CM-862) - 
Construction is 99% complete. 
Rupture Loop services are being supplied from it. 
chemicelly cleaned. 
par t ic les  and cuttings were recovered. 
encouitared with osci l la t ions of pressure under automatic control. 
progress was delayed by diversion of personnel t o  PRTR decontamination 
a c t i v i t i e s  and by the fact t ha t  the loop demineralized water system WBS 
being used by PRTR. 

me water plant was t ied- in  and PRTR and 
?he main loop was 

Substantial amounts of grinding wheel abrasive 
During design t e s t s  problems were 

A.oject 

Ope rat ion 

Operation of the f i l t e r  plant was sat isfactory i n  a l l  respects. 

Operating procedure issuance was 153 complete. 
Manual Chapter was issued. 

The rupture loop !kchnical 
Total t ra in ing  time was 74 manhaurs. 

GAS COOIXD POWER REACTOR PROGRAM 

Ges Cooled Loo2 

ProJect Status (Project CAH-822) 

Project completion was 92$. 
i n s t a l l a t ion  work was hindered by PRTR decontamination a c t i v i t i e s  i n  B Cell. 
One of the gas blowers successf’ully passed preliminary tests. Several punch 
l is t  items *re completed. 

The replacement heater was received, but 

Operat ion 

Issuance of operating procedures is 83s complete. 
and job hazards breakdowns were completed and issued. 
time was 16 r~~nhours. 

All operating tests 
Total t ra ining 

mm1cAL SHOPS OPERATIOIT 

Total productive t i m e  fo r  the period was 18,286 hours. 
hours performed i n  the Technical Shops, 3,617 hours assigned t o  Minor Con- 
s t ruct ion,  930 hours assigned t o  of f - s i te  vendors, and 57 hours t o  other 
project shops. 
i n  the current month with the remainder-distributed over a three-nonth 
period. Overtime hours worked during the month was 4.2$ (779) of the t o t a l  
available hours. 

This includes 13,682 

Total shop backlog is 20,031 hours, of which 70% i s  required 

UNC LASS IF I E D  
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. Distribution of time was as follows: 

r 
Fuels Reparat ion lkpartment 
I r radiat ion Processing DepartEnt 
Chemical Processing Department 
Ranford Laboratories Operation 

4 of 
Total Manhours - 

4,255 23 27% 
2,554 13 9 97% 

11,080 60 59% 
397 2 17% 

LABOWORY MAINTEXANCE OPERATION 

Most FPD xraintenance functions performed as a service t o  HI0 were t rans-  
ferred t o  Test Reactor and Auxiliaries Operation on September 1, 1962. 
This organization performs routine maintenance f o r  H I 0  f a c i l i t i e s  and 
provides c ra f t  assistance t o  special  fabrications i n  support of research 
and developEnt work. Act ivi t ies  f o r  the month were essent ia l ly  routine. 

-6- 
Test Reactor and Auxiliaries 

WD Richmond:bk 
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INVENTIONS OR DISCOVERIES 

HW-75127 

L . A l l  persons engaged in work that might reasonably be expected to  

resu l t  in inventions or discoveries advise that, to  the best  of their  knowledge 
and belief, no inventions o r  discoveries  were  made in the course  of their  
work during the period covered by this  r epor t  except as l is ted below. 

persons  fur ther  advise that, for the period therein covered by this repor t ,  
notebook records ,  if any, kept in the course  of the i r  work have been 
examined f o r  possible inventions or discoveries .  

Such 

INVENTOR 

C. A. Ratcliffe 

D. E. Wood 

J. J. Cadwell 
J. J. Cadwell 

TITLE OF INVENTION OR DISCOVERY 

Remote Depth Measurement of Compac- 
able Materials, HWIR- 1552 
A Directional The rma l  Neutron Detector 

Quick Disconnects for Tubing 
Opening Mechanism fo r  Sealed Containers  

Manager , Hanford Labora tor ies  

UNC LASS IFIE D 


