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L E G A L  NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, . 

A. 

nor the Commission, nor any person acting an behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with respect to the accurgcg cop- 
pleteness, or usefulness of the informotion contained in this report, or that the use of any informat&, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

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

contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such controctor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 

-. *- 

B. 
.. 

As used in the above, "person acting on behalf of the Commission" includes any employee o r .  
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BUDGETS AND COSTS 

Costs  for  Apri l  were  $1, 893, 000, a dec rease  of $179, 000 f rom March. 
F i sca l  yea r  to  date cos ts  are 7670 of the amounts current ly  authorized 
to  Hanford Laborator ies .  The major  portion of the dec rease  in Apri l  
occur red  in the p rograms  sponsored by IPD and CPD. 

Hanford Laborator ies  r e s e a r c h  and development p rograms  have the 
following cost-budget relationship as of A.pril 30. 

(Dollars in Thousands) c o s t  

HLO P r o g r a m s  
2000 P r o g r a m  
4000 P r o g r a m  
5000 P r o g r a m  
6000 P r o g r a m  

IPD Sponsored 
CPD Sponsored 
F P D  Sponsored 

RESEARCH AND DEVELOPMENT 

1. 

~~ 

$ 447 
5 850 

475 
1 8 3 5  
2 772 
1 5 1 2  

10  

Budget 70 Spent 

Reactor  and Fuels  Research  and Development 

$ 615 7370 - . 
8 208 71 

636 75 
2 200 83 
3 605 77 
1 090 79 

10  100 

The Phase I11 PRTR contractor  is est imated to be about 7970 com- 
pleted ve r sus  a scheduled 9070, based on the official AEC schedule. 
The bottom PRTR shield has  been installed and filled with shot, 
the weld r e p a i r s  on the calandria  have been completed, and a fifth 
valve has  been added to  the moderator  level control sys tem to 
l imit  reactivity addition at low moderator  levels.  
Cr i t ica l  Facil i ty project  has  been approved by the AEC in the 
amount of $360, 000. 

The P R P  

The excessive vibration of the PRTR pumps is being cor rec ted  by 
stiffening the pump supports  which had a c r i t i ca l  vibrating frequency 
close to the pump speed, and by adding heavier  flywheels, installing 
new bearings,  and precision balancing the assembly. 

Comments  received f rom the ACRS af te r  the i r  review of the PRTR 
Final  Safeguards Analysis in January w e r e  concerned with void 
coefficient effects, p r e s s u r e  tube ruptures  , automatic control, 
rate of reactivity increase ,  and cer ta in  sys t em inter locks.  Ad-  
ditional analyses have been made and a supplement to  the Final 
Safeguards Analysis issued in response.  
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The PFPP is est imated to be 92% complete. 
line and the zirconium etch facility were  accepted f rom construction 
during the month. 

The oxide preparation 

Unsatisfactory autoclave f i lms on the Zircaloy cladding of the PRTR 
A1-Pu fuel e lements  a r e  delaying final assembly of the first 30 
c lus te rs .  Fur ther  conditioning of the autoclaves and the availability 
of permanent etching facil i t ies a r e  expected to co r rec t  the present  
difficulties. 

A 19 -rod Zircaloy-clad half-length PRTR spike element successfully 
i r rad ia ted  to high Pu burnout a t  full power in the ETR showed par t ia l  
bonding of the core  and cladding. 

As little as one mole per  cent pU02 in ZrO2 stabil ized the tetragonal 
fo rm a t  room tempera ture  enough to yield dimensionally s table  
pellets.  However, some monoclinic Z r 0 2  pers i s ted  up to 25 mole 
p e r  cent of added Pu02.  

The compound PuAlO3 has  been produced f rom stoichiometr ic  
mixtures  of A1203 and Pu02  in eight hours  at 1500 C in hydrogen. 
Some compound has been formed a t  1100 C under the s a m e  con- 
ditions. The melting point of the compound is 1810 C .  

Prototypical PRTR tubular U02  fuel elements have been fabricated 
by vibrational compaction. 
w i l l  be fabricated by vibrational compaction, using integrally ribbed 
cladding tubes extruded by NMI. 

A full s i ze  tubular PRTR fuel element 

Fue l  rods ,  composed of var ious U 0 2  powders contained in var ious 
cladding mater ia l s ,  were  successfully hot swaged a t  cladding 
tempera tures  up to 1000 C. Significant improvements on densit ies 
obtained by room tempera ture  swaging w e r e  achieved in some  
instances . 

Post- i r radiat ion examination of the second purposely defected 
Zircaloy-2 clad, swaged U02 rod revealed long s t r inge r s  of 
zirconium hydride, in excess  of the original 50 ppm concentration. 
A third defect tes t ,  employing Zircaloy-4 cladding has  just  been 
completed in the MTR. 
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Experiments  performed to  investigate the effects of changes in wire  
wrap  orientation on the coolant tempera tures  throughout a c r o s s -  
section of a 19-rod PRTR fuel element indicate little change in 
mixing efficiency. 

During Apri l  two KER loops operated with enriched tube/tube fuel 
e lements  a t  NPR conditions of heat flux and internal  temperature .  
The exposure of the Loop 2 charge is now 2400 MWD/T. 
tube elements under i r radiat ion in KER Loop 4 at similar thermal  
conditions were  discharged on A.pril 24 a t  1200 MWD/T exposure 
a f t e r  indications of rupture .  

Tube/  

The ruptured 20-mil Zircaloy-2 clad rod f rom the KER Loop 1 
fai lure  of February  8, 1960, received fur ther  examination. A 
section cut through the base of the spl i t  revealed a f ive-mil  wide 
r ad ia l  c rack  in the uranium immediately under the spl i t  in the clad. 
This is the first time a fuel defect has been found to be direct ly  
associated with clad fai lure  in testing of coextruded elements.  

In simulated N P R  fuel rupture  tests of coextruded, unirradiated 
samples  at 400 and 500 C, induction t imes  were  comparable,  but 
the r a t e  of rupturing w a s  about twice as fast as at 300 C. 

In the use  of a beryllium-containing b raze  compound for  c losure 
of coextruded Zircaloy-2 clad uranium fuel elements,  the high 
brazing tempera ture  of 1050 C has been found to 'cause  undesirable 
bond growth and crystallographic t ransformations.  It now appears  
that these effects a r e  much less seve re  using uranium alloyed with 
27" Zr  as core  mater ia l .  

Sheffield s t e e l  per forms sat isfactor i ly  as the bearing sur face  on a 
fuel element support  down to contact a r e a s  between the bearing and 
autoclaved process  tube sur faces  of approximately 1 / 8" diameter .  
However, by adding a lubricant such as water  soluble oil, the con- 
tact  area can be reduced to a point contact and cause no sc ra t ch  
damage to the autoclave fi lm. 

P re l imina ry  radiometal lurgical  examination of the r ema ins  of 15% 
cold worked Zircaloy-2 cladding capsules previously burs t  tes ted 
in-reactor  resul ted in an est imate  of two to three  p e r  cent of 
uniform s t ra in .  Control specimens burst  ex-reactor  showed 1'?'%. 
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Resul ts  of corrosion tests on zirconium show that a l l  heat t rea t -  
ments  in air, helium, or vacuum a t  tempera tures  of 300 to 700 C 
for  t imes  of 1 0  to  1000 minutes improved corrosion behavior over  
the as-worked s ta tes .  
due to heating in air o r  helium previously observed with Zircaloy-2 
and Zircaloy-3. 

This contrasts  with a deleterious effect 

Hydrogen which diffuses slowly through a good, protective ZrO2 
film into the underlying Zircaloy meta l  tends to diffuse uniformly 
through the metal without causing mass ive  local hydriding, as 
long as the rate of entry is slow relat ive to the diffusion r a t e  in 
the meta l  and the solubility l imit  of hydride is not exceeded. 

Neither d ry  nitrogen added to  a d r y  hydrogen atmosphere nor  a 
sur face  plate of chromium successfully prevented hydriding of 
Zircaloy by molecular hydrogen. 

A mathematical  equation w a s  derived to express  the outlet water  
tempera ture  l imits  for  Hanford r eac to r s  as based on thermal  
hydraulic considerations.  
amount of experimental  data  and is expected to save  t ime in 
determining l imits  as compared to the graphical method now in 
use .  

The equation is based on a considerable 

A full-scale test section for  heat t r ans fe r  experiments has  been 
designed to s imulate  the downstream half of a charge of N P R  tube 
and tube fuel e lements .  

The final formal  r epor t  on the shielding propert ies  of ferrophosphorus 
concrete  as a function of tempera ture  has  been writ ten.  
dose r a t e  (due to  both neutrons and gammas)  through four feet of 
this  ma te r i a l  in the as-cured condition was found to be due pr imar i ly  
to gamma leakage. 
at 300 C, the principal contribution came f rom resonance neutrons. 

The total  

After loss of water  through prolonged heating 

2. Chemical Research  and Development 

Design w a s  completed for  a pilot plant facility at 100-KW to study 
r eac to r  effluent decontamination by means of aluminum meta l  beds. 

A promising method was reported for producing s table  uranium (IV) 
suitable fo r  u se  as a partitioning reductant in the Purex  process .  

1 2 4 0 1 b l  
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The method involves straight-forward chemical s t eps  and could 
prove super ior  to the F lurex  process  developed ea r l i e r .  

Two weeks of continuous operation proved flawless the performance 
of the ion exchange equipment in the A ce l l  of the High Level Radio- 
chemistry Facil i ty.  
f iss ion product r a t io s  was sat isfactor i ly  separated and purified 
fract ions recovered.  

A synthetic mixture  of r a r e  ea r ths  typical of 

Twenty p e r  cent of the technetium entering the Purex  Plant  was 
found to follow through with the uranium product and occur  a t  4 ppm 
in the uranium oxide shipped offsite. 

The addition of ferric oxide to the cesium-zinc ferrocyanide s lu r ry  
proved effective in stabilizing following hydrolysis and fi l tration 
s t eps  in the Fiss ion Product  Packaging Prototype. 
a l so  provided the bases  for  rev ised  design of leaching and fi l tering 
equipment . 

These tests 

As one of a number of t e s t s  in a recirculat ing dissolver  prototype, 
s e v e r a l  swaged U 0 2 ,  Zircaloy-2 PRTR fuel rods  were  de-jacketed 
using the conventional Zirflex process .  
decladding solution w a s  0. 03 pe r  cent. 

Uranium loss to the 

The novel incorporation of a hydroclone in a by-pass line to canned 
motor  pump bearings gave encouraging prel iminary resu l t s  and 
may prove to be an innovation which will significantly extend bearing 
life. 

Lowering the Salt Cycle tempera ture  f rom 750 to 700  C during 
electrodeposition of U 0 2  appears  to improve the oxygen to  uranium 
ra t io .  
2. 01; the lowest produced to date (electrochemically).  LiC1-KC1 
eutectic was tested as a lower melting al ternate  to NaC1-KC1 but 
some  expected difficulty was observed because of the hygroscopic 
nature  of the lithium salt. 
to  the LiC1-KC1 melt  at 450 C w a s  a s  rapid a s  a s imi l a r  operation 
in NaC1-KC1 at 725 C. 

The first batch made at the lower tempera ture  had a ra t io  of 

Dissolution of U3O8 on chlorine addition 

Very p rec i se  measurements  showed U 0 2  solubility to be extremely 
small in molten NaC1-KC1; l e s s  than 1 6  ppm. 
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Engineering scale data  f rom a multi-stage agitated-bed ion exchange 
contactor (called MABIE) showed 80 per  cent theoret ical  s tage 
efficiency with excellent sys t em stabil i ty over  wide ranges  of 
aqueous and r e s i n  flow ra t e s .  

No significant change in cesium absorption was noted for  clinoptilolite 
i r rad ia ted  to doses  up to 5. 5 x l o 8  r. 
ported wherein aged Redox high level waste tank supernate  was 
diluted and passed through a clinoptilolite bed with very  encouraging 
ces ium extraction result ing.  
stabil i ty of the bed ma te r i a l  must  awai t  fur ther  tes t s .  

Laboratory s tudies  a r e  r e -  

The question of long t e r m  radiation 

Over 100  basalt  flows were  revealed f rom examination of the dr i l l -  
ing logs acquired f rom the Standard Oil Company t e s t  well  on the 
Rattlesnake Hills. Seventy pe r  cent of the 10, 655 foot section is 
basalt .  

No significant g r o s s  beta activity concentration differences were  
noted between samples  taken at the top and bottom of the ground 
water  aquifer in 19 we l l s  tested.  

3. Physics  and Instrument Research  and Development 

In the NPR program, development and fabrication of the full-scale 
mockup of the dual scanning type fuel fa i lure  monitor is proceeding 
on schedule. 
in te r im status  report ,  HW-64639. Development of s e v e r a l  of the 
NPR building radiation monitoring instruments  is nearing success-  
ful completion. 
good agreement  was obtained between PCTR, exponential piles,  
and theoret ical  calculations for a tube-in-tube type fuel in one 
latt ice.  However, because of the relat ively complex geometry,  
the prediction of neutron capture  during the moderating process  
is not yet generally sat isfactory.  

Development r e su l t s  to date were  reported in an 

Study of latt ice physics pa rame te r s  continued and 

In the automatic control field, analysis of dynamic behavior of 
r eac to r  power levels encountered difficulties when analog computer 
r e su l t s  failed to confirm analytic work. 
is being sought fur ther .  

The source  of the difficulty 

In the nuclear safety program, determination of the maximum safe 
concentration of plutonium in  hydrogenous solvents was the object 
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of a s e r i e s  of experiments  begun in the PCTR. Additional information 
w a s  a lso obtained on the use  of boron to prevent cr i t ical i ty  in dissolv- 
ing enriched uranium. 

The last major  hindrance to completion of the Cr i t ica l  Mass Labo- 
r a to ry  w a s  passed with delivery on Apri l  8 of the control panels 
and instrumentation. Installation of these is under way. 

In the Plutonium Recycle Program,  experiments continued to 
determine react ivi t ies  of --A1 rods  in light w a t e r  with indications 
that the minimum cr i t ica l  m a s s  will  be nea r  1. 5 kg. 
pa rame te r s  were  also obtained for two plutonium fueled graphite 
latt ices.  Development began on instruments  to  make in- reac tor  
measurements  of PRTR process  tube d iameters  and gas gap spac-  
ings between the process  and shroud tubes. 

Reactor  physics 

Our agreed ta rge t  date of April  30 for  obtaining basic latt ice pa ra -  
m e t e r s  of the more  highly enriched (2. 670) Gas Cooled Reactor  latt ice 
w a s  met .  Effects of fuel tempera tures  were  obtained with one slug 
d iameter  up to  750 C. 

Encouraging r e su l t s  were  obtained in two facets of the Nondestructive 
Testing r e sea rch .  The two var iables ,  clad thickness and air gap 
thickness in unbonded fuel elements,  a r e  now being resolved by 
improved broadband eddy cur ren t  methods. 
bonded fuel claddings also were  successfully detected by infrared 
techniques. 

Small  unbonded areas in 

Per formance  of a laboratory model of a personally ca r r i ed  a l a rm-  
ing dosimeter  has  been sat isfactory and design of a packaged proto- 
type for field testing was s tar ted.  Work continued on development 
of a number of other  radiological instruments .  
t rans is tor ized  beta-gamma scintillation dose rate me te r  was com- 
pleted. 
modified for  u se  a t  low (10-150 Kev) energies .  
lation c rys t a l  for  the Biology Total  Body Monitor was received and 
tes ted and is now ready for installation. 

Development of a 

A previaus ly developed portable gamma energy analyzer was 
The la rge  scint i l -  

Instrument development ass i s tance  was provided for  a var ie ty  of 
cus tomer  problems. 
evaluation of l inear motion t ransducers  for in - reac tor  c reep  measure-  
ments  on metal lurgical  specimens.  

One major  new problem is the calibration and 

1 2 4 0 1 1 0  
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In the basic data  field, f ission of U236 and U238 by low energy 
neutrons w a s  determined to  be much lower than predicted by 
cur ren t  s imple  theories ,  in the case  of U236 by a factor  of 100. 

4. Biology 

Contamination of terrestrial life fo rms  went down during the month, 
but it went up in  aquatic forms.  

It was found that f ish gills can excre te  s t ront ium against a con- 
c en t r  ation gradient.  

With the annual survey  of geese  nesting on the Columbia River  
s tar t ing,  it appears  that this  will  be a r eco rd  yea r  for  numbers  
of nests .  

5. Programming 

Information was received that a significant amount of high exposure 
plutonium may be available f rom Canada. Following chemical 
re-processing,  yet to be arranged,  this  ma te r i a l  could be used 
advantageously for  physics testing in  the PCTR. 

Status and recent  p rogres s  in the Plutonium Recycle P r o g r a m  w e r e  
reviewed with D. H. Stewart, Assis tant  Director  for Civilian 
Reactors ,  Division of Reactor  Development, AEC-Washington, 
on Apri l  12, and with C. W. McLaughlin, AEC Division of Reactor 
Development, and H. B. Rahner,  Savannah River  Operations Office, 
on Apri l  26  and 27. 

A group of sen ior  Hanford Laborator ies  personnel visi ted the G e n e r G  
E lec t r i c  Resea rch  Laboratory for  a genera l  review of r e s e a r c h  and 
development programs plus detailed discussions on technical topics 
of spec ia l  interest .  

TECHNICAL AND OTHER SERVICES 

Subject to Commission approval, the use  of minimum variance inventory 
es t imates  to compute book-physical inventory differences w i l l  be inst i -  
tuted within CPD beginning July l, 1960. 

Work in the area, of the s ta t i s t ica l  evaluation for reliabil i ty has  continued 
to  expand. The single branch reliabil i ty mat r ix  technique previously 

1 2 4 0 1 1 1  
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developed has  been found to  be direct ly  applicable to the simplification 
of switching c ir cu it s . 
A document was issued discussing the s ta t is t ical  analysis of the Phase  I 
p r e s s u r e  test of the PRTR containment v e s s e l  and recommending pro-  
cedures  to  be used in designing the Phase  III test. 

Work on eight operations analysis programs continued during the month. 
In addition, s ta t i s t ica l  and mathematical  ass i s tance  on 2 7  problems was 
given within HLO and to other  departments  and operations.  

There  w e r e  five c a s e s  of plutonium deposition confirmed during April. 
The total  number of deposition c a s e s  that have occurred  at H A P 0  is 
254 of which 185 are current ly  employed. 
casep appeared to be minor, involving l e s s  than 10% of the maximum 
permiss ib le  body burden (mpbb). 
nated injury to an HLO employee. 
ing about 33 vc Pu w a s  removed at the 200-W First Aid Station. A 
res idua l  amount of . 04 pc Pu (one mpbb) w a s  subsequently excised 
f r o m  the wound area .  
Pre l iminary  bioassay data  indicated the body deposition probably is f rom 
one-quarter to one mpbb. 

Four  of the recent  deposition 

The other  case  involved a contami- 
A s m a l l  s l i ve r  of plutonium contain- 

Medical t rea tment  with CaDTPA w a s  administered. 

Two reac to r  area employees were  momentarily exposed to high dose 
rates to their  hands when they touched a solid aluminum slug which 
washed out of a p rocess  tube on the front face of the 105-H reac tor .  
The maximum whole body dose as measured  by the f i lm badge for the 
pe r iod  covering the incident w a s  220 m r a d s  including 190 m r .  The 
localized dose to  the hands w a s  estimated to be l e s s  than 5 rads .  

Topics covering the NPR w e r e  incorporated in  the Hanford Classifi-  
cation Guide. Several  other  changes were  also made in the guide to  
bring it up-to-date. A total  of seventy pages w e r e  revised.  

There  are 23 current ly  active HLQ projects  having combined authorized 
funds in the amount of $23, 948, 000. 
projects  is $29, 063, 000. All but 4 of the authorized projects  are on o r  
ahead of schedule. Of the 4 only P ro jec t  CGH-834, "Modifications and 
Additions to High P r e s s u r e  Heat Transfer  Apparatus - 189-D Building'' 
is more  than th ree  pe r  cent behind schedule. 
being prepared  for  this  project. 

The total  estimated cost  of these 

A revised schedule is 

Development work on the pickling of the NPR process  tubes has  been 
initiated using shor t  lengths of tubing s o  that, the existing autoclave 

1 2 4 0 1 1 2  
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installation can be used. 
appears  to  be sat isfactory as a s top bath. 
t ions were  made  up using c rys t a l  chemicals.  
on nine additional Harvey NPR process  tubes received this  month. 

Pre l iminary  data  using liquid ANN solutions 
P r i o r  to this  time the solu- 

Testing has  been s ta r ted  

There  were  53 existing J. A. Jones Company o r d e r s  at the beginning 
of the month with a total  unexpended balance of $262, 004. 
new o r d e r s ,  seven supplements and adjustments fo r  underruns amounted 
to $74,196. Expenditures during the month on HLO work w e r e  $182, 769. 
Total  J. A. Jones backlog at month's end w a s  $153,431. 
o r d e r s  w e r e  closed out during the month. 

Fifty-three 

Fifty-seven 

SUPPORTING FUNCTIONS 

A new authorization of $350, 000 w a s  received to fabr icate  elements for 
DMA. 

Trave l  by Hanford Laborator ies  r ema ins  at approximately the F Y  1959 
level. 
Fo r  the s a m e  period F Y  1960, the t r i p s  s t a r t ed  were  1, 048. 

T r i p s  s t a r t ed  during the first ten months of F Y  1959 w e r e  1, 044. 

Pre l iminary  information indicates that San Franc isco  Operations Office 
is providing $11, 300 for  Pro jec t  Chariot  this  f i sca l  year .  A fur ther  
authorization of $30, 200 will be requested to support  the cost  of this  
work during F Y  1961. 

As of April  30, 1960, the staff of Hanford Laborator ies  totalled 1304 
employees, including 620 exempt and 684 nonexempt. There  were  528 
employees possessing technical degrees ,  including 313 B. S., 114 M. S. 
and 101 Ph.D. 

The medical  t rea tment  frequency for  Apri l  was 1.68 as compared to  
2. 01 last month. 
bringing the total  for the yea r  to  date to  nine. 

There  were  three  secur i ty  violations during the month, 

Three  offers  were  extended to Ph.D. candidates, and one offer was 
accepted by a Ph. D. pharmacologist. Seventy-four acceptances have 
been received f rom candidates for  assignment t.o the Technical Graduate 
P rogram.  There  are current ly  39 Technical Graduates,  including 10 
employees of the Engineering and Science P r o g r a m  assigned to program 
ro l l s .  
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A. J. Nerad, Genera l  Elec t r ic  Research  Laborat.ory, discussed 

Science Colloquium on Apri l  13. 
Superpressure  Resea rch  and Man-Made Diamonds" at a Hanford 11 
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Manager Hanford Laborator ies  OB* 
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPF,FtATION 

TECHNICAT, ACTIVITIES 

A. FISSIONABU MATERIALS - 2000 PROSRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Zircaloy Hy-d r iding bckanism.  
placed i n  pure dry hydrogen, an induction time i s  observed before the 

When an autoclaved Zircaloy-2 coupon i s  

hydriding reaction begins A ser ies  of autoclaved cocpons were placed 
i n  400 m pure dry H2 a t  500 C. 
induction periods, a f t e r  the f i rs t  detectable H2 piclmp m d  during the 
period of rapid hydriding. 
hydroger, i r , i t i a l l y  is  dissolved i n  the m e t a l  phase a d  uriiformlx - d i s -  
t r ibu ted .  The l eve l  of soluble H2 imreased as hydriding progressed. 
Then a very loca l  precipitatior,  of pare zirconium hydride occurred 
jus t  under the oxide surface. This massive hydride phase advanced as 
a sharp front  i n to  the metal with cracking and spall ing cf the hydride 
phase. 

Samples were then removed during the 

hktallography of these samples revealed the 

If the  autoclaved sample i s  scratched t o  break through the oxide fi lm, 
no inductior, fime occurs, the massive hydride diffusion front  forms 
immediately and cracking a d  spallinii; occur. 
fusion bccurs i n  the metal phase ahead of t h i s  f ront ,  and the balance of 
the sample i s  unaffected. This has been observed both a% 400 and 500 C.  

Very lit.',le hydrogen d i f -  

These resu l t s  confirm a proposed hydriding meckanism which s t a t e s  t ha t  
i f  transport  of H2 through the oxide i s  slow, t.he hydTogen leve l  i n  the 
sample builds up uniformly u n t i l  the  so lubi l i ty  limit i s  reached, where- 
upon precipi ta t ion of the secorrd phase materiai breaks up the oxide and 
allows rapid at tack.  However, if the eotry of H2 a t  the m e t a l  surface 
is  rapid, such as a t  a scratch, severe loca l  hydridicg occurs indepen- 
dent of the  hydrogen l eve l  i n  the balance of the sample. 

Rate of Hydriding Studies. 
t o  hydride more readi ly  than etched surfaces, especially when the 
p a r t i a l  pressure of H 2 0  oxidaxt i n  the hydrogen atmosphere i s  quite 
low, say 0.1 mm. This i s  il;terpreted t o  indicate thaf e i the r  it i s  
m r e  d i f f i c u l t  t o  form a protective f i l m  or, the roilgk vapor-blasted 
surface or  tha t  the reactive surface of- the vapcr-blasted sample i s  de- 
plet ing the available water supply, leaving a dry hydrogen atmosphere. 
An experiment unde? f la r ing  conditions t o  assure constant water content 
i s  planned t o  resolve t h i s  point.  

Vapor-blasted Zircaloy-2 surfaces appear 

The additior, cf up t o  60 mm p a r t i a l  pressure of dry N 2  gas was in- 
effect ive i n  stopping the hydridirig of a vapor-klasted Zircdoy-2 
sample at 400 C and 375 mm hydrogen pressure. Or_ the other hand, 
anodizing of a vapor-blasted Zircaloy-2 surface appeared ts reduce 
the hyfirogen pick-up r a t e  i n  preliminary t e s t s  a t  h25 C .  

-I 2 4 0 , I  7 5 
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A chromium pla te  on top of an i ron f lash  coating on Zircaloy-2 fa i led  t o  
prevent hydriding of the Zircaloy at 500 C .  

Fuel Element Rupture Testing. Defected, uranium core, Zircaloy clad, 
coextruded rod elements have been ruptured at  500 C and 200, 1000 and 
2000 p i g ;  and a t  400 C ,  2000 psig. 
i n  a more complete study of rupture behavior i n  steam. Induction times 
varied from16 t o  63 minutes decreasing with increasing temperature and 
pressure. 
tu re  during the i n i t i a l  phases of rupture. After extensive reaction 
(100 grams of uranium), the  ra tes  attained f o r  both 400 and 500 C were 
about 19 grams per minute compared t o  m a x i m  ra tes  of about f ive  t o  
eight grams per minute at  300 C .  
drided and b r i t t l e  a f t e r  every tes t .  

These are the i n i t i a l  experiments 

Rupture ra tes  increased with increasing pressure and tempera- 

The Zircaloy cladding was severely hy- 

Sample Exchange with Harvey Aluminum. 
resolve differences i n  the resu l t s  of corrosion t e s t s  of Zircaloy-2 has 
been in i t i a t ed  with Harvey Aluminum. A se r ies  of 112 samples have been 
prepared consisting of 40 samples of sheet stock Zircaloy-2 and 72 samples 
cut from nine NPR tubes recently received from Harvey Aluminum. 
samples have been divided in to  four p e s  and w i l l  be handled as follows: 

A cooperative t e s t  program, t o  help 

The 

Part A: Etched and aut.oclaved a t  W o r d .  
Part B: Etched and autoclaved a t  Harvey Aluminum. 
Part C: E%ched a t  Hanford, autoclaved a t  Harvey Aluminum. 
Part  D: Etched at  Harvey Aluminum, autoclaved a t  Hanford. 

Weight Gain data and visual appearance of these sanples are  expected t o  
es tabl ish where Hanford and Harvey Aluminum t es t ing  methods d i f f e r .  

Etching of NPR Process Tubes. 
continued t o  evaluate the etching of NPR process tubes by a continuous 
method whereby the tube i s  never out of solution during the etching and 
rinsing cycles. Several samples have been successfully etched and auto- 
claved. In both recent t e s t s  
the etching acid was di luted t o  one-half the normal strength. The etch- 
inz acid used was 13.6$ HNO3 and 0.875% HF. The f i rs t  sample vas rinsed 
i n  25 C deionized water while the second sample was rinsed i n  55 C tap 
water. 
second sample was acid stained on the inside.  

Srnall scale experimental studies have been 

Two more have been recently completed. 

The first sample gave a sat isfactory autoclave f i l m ,  but the 

Studies were made t o  determine the temperature r i s e  when a large Zr-2 
area t o  a c i d  volume r a t i o  i s  used. Seven l i t e r s  of di luted etching 
ac id  were used t o  etch 40 grams of Zircaloy-2 i n  f ive  minutes. The 
d i lu t e  ac id  gave a slower etching r a t e  with less rapid gas evolution and 
roore time t o  diss ipate  the heat.  
r i s e  of 7 C per mil etched. 

The r e su l t  was a measured temperature 
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Room temperature t ens i l e  t e s t s  were made on two i r radiated uranium samples 
tha t  had been cycle annealed f o r  t en  cycles between 100 and 625 C .  Four 
uranium samples from Zr-2 clad c lus te r  rods were dissolved and submitted 
t o  Radiochemistry Operation f o r  '5-235 burnup analysis. 
capsules f romthe t e s t  of in-reactor strength of Zr-2 fue l  element jackets 
have been sectioned and the samples mounted i n  p l a s t i c  f o r  subsequent 
metallography and repl icat ion.  

A transverse section was  removed f romthe  rupture area of the defected rod 
f romthe  th i rd  ETR rupture t e s t  and examined metallographically. 
of the Zr-2 cladding was found t o  range from 50 t o  100 ppm H2 i n  the 
rupture area.  
50 ppm H2 i n  the cladding. 
from a t e s t  on a sample removed fromthe Iiofi-rJptured portion of the de- 
fected rod (RM-564). 

Six ruptured 

Hydriding 

A sample eight inches from the rupture was found. t o  contain 
'Be U-Zr-2 bond strength was found t o  be good 

The first defected rod has been ser,t t o  Coolant Systems Development as 
par t  of t h e i r  study t o  determine the effects  of i r rad ia t ion  on the rupture 
performance of coextruded uranium - Zr-2 fuel  elements. A natural  uranium 
rod clad i n  30-mil Zr-2 and i r radiated t o  1250 MND/T was defected by 
d r i l l i n g  a 25-mil hole 40 mils deep near the center of the rod. 

Four i r radiated thorium t ens i l e  specimens annealed a t  750 C f o r  one hour 
and four specimens annealed a t  750 C f o r  100 hours were tes ted along w i t h  
two control pieces. 

A graphite capsule containing various samples of reactor materials exposed 
t o  reactor atmosphere was disassembled, sorted, and delivered t o  the 
Physical ktallurgy Operation fo r  fur ther  evaluatiorz. 

A 7-rod c lus te r  of 1.6$ enriched uranium clad i n  20-mil Zr-2, which had 
f a i l ed  ir, KER Loop #1, 'was received for  examination. The f a i lu re  was a 
longitudinal crack about one inch long located four inches f romthe  end 
of a peripheral rod. A scratch o r  an extrusion flaw i n  the cladding was 
found extenling one and one-half inches down the ro6 fzom or,e end of the 
f a i lu re .  
of the cladding (RM-562). 

Examination is  continuing t o  determine t5e mechanism of f a i lu re  

Results and conclusions fi-orn the above t e s t s  w i l l  be reported i n  comection 
with the developmect programs of the Fuel Element Desi& %zd Ph.ysical 
b t a l l u r g y  Operations. 

Basic Metallurgy Studies 

Radiation Effects i n  Fissionable Materials. 
elements depends upan some knowledge of the e f fec ts  of irradiatior,  on the 
s ignif icant  mechanical and physical prcpert;ies. A prograr: t o  obtain this 
information f o r  urmium irradiated under PT-3NA was completed during the 
month with the terisi le tes t ing  of two specimens given t en  thermal cycles 

The design of advanced fue l  
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625 C a f t e r  i r rad ia t ion  t o  0.075 and t o  0.1 a/o burnup. 
Both specimens exhibited surface cracking a f t e r  annealing. 
of the 0.075 a/o specimen were as follows: Yield strength - 28,500 psi ,  
t ens i l e  strer-i th - 37,200 ps i ,  and t o t a l  elongation 1.0 percent. 
same properties f o r  the  0.1 a/o burnup specimen were 73,400, 83,700, and 
1.0 percent, respectively. 
w i t h  the as-irradiated value of 0.5 percent and similar increases observed 
a f t e r  600 C anneals of i r radiated uranium i n  e a r l i e r  experiments. 
though both the yield and t ens i l e  strengths of the 0.1 a/o burnup specimen 
agree with as-irradiated values, the strengths f o r  the 0.075 a/o burnup 
specimen are  abnormally low. 
cracks reduced the effect ive cross section. Since the more highly exposed 
specimen exhibited b e t t e r  in tegr i ty ,  the anisotropy and, hence, the mag- 
nitude of thermal s t resses  caused by cycling might have been reduced by the 
higher i r rad ia t ion .  

The properties 

The 

"he t o t a l  elongation of 6@ may be compared 

Al- 

"his suggests t ha t  i n  the l a t t e r  case internal  

Alloys of thorium containing one w/o oralloy (93 percent U-235), four W/O 
oralloy, and 5.4 w/o oralloy have been obtained f o r  high temperature, high 
burnup i r rad ia t ion  t e s t s .  
changes ir, mechanical properties and the extent of swelling i n  an iso- 
t ropic  fissionable material. 
( to ta l ing  nine) were sent t o  the MTR f o r  inser t ion pr ior  t o  cycle 138. 
It i s  planned t o  i r r ad ia t e  the alloys a t  equal power leve ls  (735 F maxi- 
m core temperature) t o  t o t a l  atom burnqs  of 0.2, 0.5, and 1.0 a/o. 

These t e s t s  are  designed t o  determine the 

Three capsules w i t h  specimens of each al loy 

Testing of i r radiated thorium, an isotropic cubic metal, would yield data 
tha t  c8r, be interpreted more simply than tha t  f o r  dimensionally unstable 
uranium, although '00th undergo damage from f a s t  and thermal. neutrons. 
Eight thori-an specimens representing two d i f fe ren t  ingots and two levels  
of exposure were annealed a t  750 C and t ens i l e  tes ted  during the  month. 
Unlike uranium which recovers l i t t l e  d u c t i l i t y  w i t h  post- i r radiat ion 
annealing, thorium specimens i r radiated t o  0.04 a/o burnup underwent 
nearly f u l l  recovery of t o t a l  elongation a f t e r  a 750 C m e a l .  The in- 
crease was from about 10 t o  40 percent elongation f o r  the as-irradiat,ed 
and as-annealed conditions, respectively. compared t o  an unirradiated 
value of approximately 45 percent. 

Recovery i n  strength a t  750 C w a s  independent of time between one and 
100 hours a f t e r  0.011 a/o burnup, but was more extensive a t  100 hours than 
a t  one hour a f t e r  0.04 a/o burnup. 
d i f fe ren t  grades of thorium f e l l  below the curves f o r  the control specimens 
a f t e r  a combined i r rad ia t ion  t o  0.011 a/o b m u p  ar,d anr,eal a t  750 C .  
important e f fec t  of annealing was the recovery of work hardenability which 
was l o s t  due t o  i r rad ia t ion .  
s t r a i n  wa5 substant ia l ly  greater  f o r  the i r radiated and annealed specimens 
than f o r  the unirradiated specimens. 

The s t ress -s t ra in  curves f o r  the two 

An 

The range of easy glide a f t e r  i n i t i a l  p las t ic  

Electron and Optical Microscopy. The study of the microstructure of 
cladding and fuel  materials a f t e r  i r rad ia t ion  is  a d i r ec t  way of de- v 

t ec t ing  radiation damage i n  these materials. Thin films and f o i l s  su i t -  
able f o r  electron microscopy offer advantages, since radioact ivi ty  is  a 
m i n i m .  
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During exposures cf tl;in f i l m  of U02 and ' I ? A O ~ ~  fissior: fl_ragEfit tracks 
a re  observed i n  the f i l m s ;  sa--dwict; f i l m s  of C ar-d ZTO~ coated with U02 
o r  Tho2 a l so  show s c f a c e  f i s s i o c  fragment tracks a f t e r  removal of th s  
fissionable layer .  
ized migration Df the  atoms ir-  i t s  vlcini ty ,  defomacfcr cf t.be w-derlying 
matrix, C o r  Zr02, m y  a l s o  a r t s e .  lzzis goss ib i l i ty  i s  b e i c g  investigated 
by examination of the f r ee  surface of the silbstrate. 
specimens of U02 with C r ,  Ge, B, and Pd have been i r radiated i n  a i r  
f i l l e d  capsules t o  es tabl ish vhether a relat . ively good thermal conductor 
being bonibarded with f i s s ion  fragmfita w i l l  disclose f i s s ion  fragment 
tracks s imilar ly  te C and &02. The i r rad ia t ioz  of such films has 
yielded perplexicg res-Ats .  After exposures as high. as 2.7 x 1017 nvt 
(thermal), aU films irrespective of the exposure, showed that. the  U@ 
f i l m  had formed isolated spocgy droplets on the metall ic substrate.  
During examination i n  the electron microscope, the droplets osci l la ted 
and a f t e r  l o w  temperature vaporization o c c ~ r r e ~ ~  the  droplets became 
s table  she l l s  
fered from the behavior of U02 + C &plex fi lms isradia3ed siaultaneously. 
The phenomenon w i l l  be imes t iga ted  ir, greater d e t a i l .  

If the f i ss ion  fragment causes defx6m%ion or local- 

Muitiple layered 

P-is behavicr of UO:, was ce r t a i r ip  not. expec%ecl and d i f -  

The follovinz papers were presented at the 14th AEC Me+,allographic Group 
bketing, held a t  Nuciear Metals, I r x .  (1) An Im- 
proved Metkod of Behifig by Ion Bombardmnt, (21 Novel Uses of Replicas 
and Autoradiography, and (3) Swellin& i n  Uranim as a Function of Post- 
I r radiat ion Annealing. 

Solid State  R$ac+,iom2 The ef fec ts  of i r r a d i a t i m  ; ipn  zircofiium and 
Zircaloy-2 are  beirig investigated t c  a id  i r i  predictioz of behavior under 
reactor service.  P e x e t t  ccld work, inadiaf ior i  r a t e  an3 irAegrate3. 
exposure have beei: chosen as variables. 
radiation i n  the MCR rabbit  f a c i l i t y  have beer, fir,isk:ed %his month. 
These coEtain twelve samples eacn as followE: 
two ten  percent ccld wcrkecl ZircaLoy-2; txc 25 perceLt ccld worked 
Zircaloy-2; two annealed zirco~ium; t vo  TeE psrcerh cold worked zirconium; 
two 50 percent ccld worked zircmium. Pre-irradiatio?= determinations of 
l a t t i c e  spacings and s t r u c t u r e  by x-ray diffrac5ior techniques is  complete. 
Microhardness has beeL measured and typical  micros t rx tures  have been 
photographed. 

April 5 a d  6 :  1960: 

Six saqple assemblies f o r  ir- 

t'we; axmaled Zircdoy-2; 

Studies of the e f fec ts  of p r io r  heat C,rea-F,me,?t. on the corrosion of z i r -  
conium i n  water a+, 680 F were completed l a s t  montk. Resuits show tha t  
a l l  heat treatmer-ts i n  a i s ,  heli.m, o r  v a c u a  at, temper3;tures of 300 t o  
TOO C f o r  times of 10 t o  1000 miriv&es iqroTJed corrosioz behavior over 
the as-wcrked s t a t e s .  From a prac t ica l  starLd$cint these heat treatments 
produced equivaler-t corrosion r e s c c s  . 
due t o  heating i n  a i r  o r  h e l i m  as had been observed with Zircaloy-2 md 
ZircaZoy-3. 
which corrosion resu l t s  (ir- tern= of wei$i,t gair- per m5.t a-ea) were un- 
predictable due t c  flakilzg a d  spal l ing.  
breakaway was calculated ts iess than 0 .1  m i l .  

There was r.0 deleterious e f fec t  

A breakaway 2:int occumed a f t e r  292 days ir: t e s t  a f t e r  

The average penetration a t  

4 2 . 4 0 1 1 4  
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Metallic Fuel Development 

Cluster Fuel Elements. Farther Radiometallurgy e x a n a t i o n  was made on 
the defected rcd of the $bird ETX ruptxt-e t e s t .  The examination showed 
tha t  the uranium w a s  badly cracked i n  the region where the claddicg was 
swollen and cracked. 
elements i n  the ETR was sectio2ed at a point opposite the defect and 
examined f o r  hydrides. 

The Zircaloy-2 basket which enclosed these fue l  

No hydrides were found. 

The ruptured 20-mil Zircaloy-2 c l ad  roc2 from the KER Loop 1 fa i lu re  of 
February 8, 1960, received fur ther  examination. A section cut throw# 
the base of the s p l i t  revealed a five-mil wide rad ia l  crack in  the uranium 
immediately under the s p l i t  ir, the  clad. 
defect has beer, found t o  be d i r ec t ly  associated with the clad f a i lu re .  
The cladding i s  separated f romtbe  core fo r  about 90 degrees on e i the r  
side of the s p l i t .  
uranium i n  t h i s  sectioc.  SectLons m e  i n  the center of the s p l i t  and 
one-haJf inch below the base of the s p l i t  do not show cracking of the 
uran im.  Two sections were made through a longitudinal defect t ha t  was 
thought t o  be a scratch i n  the claddicg. Exanhatior, showed the clad 
t o  be reduced by approximately 50 percent i n  thickness, but no evidence 
could be found t o  indicate t h i s  thinning w a s  caused by mechanical damage. 
In one of these l a t t e r  sections, cracks were also o5served i n  the uranium. 
It is  believed t h a t  uranium cracking caused an iscrease i n  rod diameter 
(betveen two ani! f o u r  nLls i n  the regiop of the locgitudical defect)  
which possibly cawed the  Zircaloy-2 cladding t o  neck down ir, a local ized 
section. 
l e s s  than one mil.  
m i l  clad f r o n t h e  sane charge was  2.9 mils. 

This is  the f irst  time a fue l  

Extensive internal  cracking is  v is ib le  throughout the 

The average diameter increase for a l l  rods cf t h i s  c luster  was 
"Be average diameter increase for all rods of a 30- 

!Tubular Fuel IXLements. 
mine the  effect  of heat. t r ea t ing  variables ox the  behavior of Zircaloy-2 
clad tubular fue l .  Coextruded material, 1.470 inch OD x 0.400 inch ID,  
w i l l  be used as a siI;gle element i r rad ia t ion  with a s ta in less  s t e e l  
sleeve t o  adjust  the water flow. Six separate heat t r ea t i cg  conditions 
have been used with these being cliaracterized f o r  uranlum grain s ize  and 
s t ructure ,  crys5allographic te.xtures, and clad t o  uranium bocds. Nine- 
inch 1 0 ~ g  elements of the same material w i l l  make up the balance of the 
charge. The elements and sleeves have been prepared and autoclaved and 
upon completion of measL-ements, w i l l  be ready f o r  charging. 

A KER loop i r rad ia t ion  is being prepared t o  deter- 

Production Test IP-3OOA consisting of eigh% 20-inch l o ~ g  TIG welded outer 
tubes and het headed ard projection welded inzer tabes was charged in to  
KER Loop 4 on April 25, 1960. They are  fabricated f r m  Zircaloy-2 clad 
natural  uraziium coextruded by both NMI md FPD. Goal exposure i s  2500 
W / T .  

Two KER loops operated with tube/tv;be fue l  elements during April.  
elements a re  KER s ize ,  bat  a re  enriched sc tha t  they operate close t o  NPR 
conditions of neat flu and in te rna l  temperature. 

These 

'%e charge i n  Loop 2 
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i s  made up of four elements, each 18 inches long. 
Zircaloy-2 c l ad  uranium and two are  Zircdoy-2 clad uranium - 2$ z i r -  
conium. The exposure of the  Loop 2 charge i s  now 2400 MWD/T. 
coolant ou t le t  temperature was held at  275 C during equilibrium operation 
of the reactor.  The m a x i m  fue l  temperature i n  the inner tube i s  440 C. 

Two e lemnts  are  

The 

The charge i n  Loop 4 was made up of three tube/tube KER s i z e  elements. 
These elements operated with very nearly the sane thermal conditions as 
those described above fo r  Loop 2. 
following a burst  of delayed neutron ac t iv i ty  i n  the lcop coolant. The 
delayed neutron monitor rose t o  scram l eve l  over a period of teri minutes. 
Previous failures have given more def in i te  and f a s t e r  ra tes  of neutron 
ac t iv i ty  rise. 
No obvious signs of f a i lu re  can be seen or: the outer surfaces of the 
elements. 
charge was 1200 W / T .  

SCX of the ma5erial extruded by FPD a t  N M I  f o r  KER inner tube stock has 
s; &-n by metallographic examination t o  contain zirconium hydride near 
the copper-zircoKiwn interfaces.  

A completed fue l  element w i t h  autoclave f i l m  was made from t h i s  type of 
material and subsequently cut up f o r  hydrogen analyses. 
were taken md varLous sample preparation techriiques were used. Listed 
below are  the averages of these w-alyses: 

They were discharged on April 24, 

The elements have not been examined i n  Radiometallurgy. 

One element has some surface bumping. The exposure a t  dis-  

Several samples 

No. Avg. &tal  
Analyses Samples Removed per 

Sample Preparation Procedure ppm Taken Surface Inch 

1. U r a n i u m  removed by 
machining 78 6 

-- 2. U r a n i u m  removed by HC1 250 6 

3. U r a n i u n  removed by H C l  
followed by vapor b l a s t  93 2 0.0008 

4. Uranium removed by H C 1  
followed by vapor b l a s t  
and bright etching 70 2 0.0013 

If an acid milling procedure i s  used f o r  end closure preparation, it i s  
essent ia l  that. the  acid machining be followed by bright etching and 
possibly by vapor blast ing and bright etchzlng i n  order t o  avoid hydrogen 
pickup iri  the  Zircaloy clad. 

Fuel f o r  Present Reactors. 
i r radiated i n  the MTR as t e s t s  GEH-4-42 and GEH-4-47. 
removed from the reactor during a normal shutdown a f t e r  2-1/2 cycles of 
operation aft.er accumulating approximately 900 W / T .  

Two hot pressed I & E fue l  elements are  being 
These elements were 

Examination 

1 2 4 0 1 8 1  
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revealed no evidence of hot spot operation o r  of p i t t i ng  corrosion. 
These elements w i l l  be reinserted in to  the MFR on May 30, 1960 (cycle 140), 
f o r  another cycle of operation. 
be discharged and returned t o  HAP0 f o r  detailed examination. 
ure a t  t h a t  time w i l l  be agproximately 1350 W / T .  

Component Fabricatioc. 
the tube. 
expanding i s  accomplished by high pressure o i l  t ha t  i s  pumped through the 
draw bar t o  the center of the plug. 
plished by confining the OD expansion t o  predete-mined limits. 

After this  cycle the fue l  elements w i l l  
The expos- 

Tubing has been expanded by drawing a plug through 
In t h i s  case the plug ends are simply hydraulic seals  as the 

Accurate tube sizing may be accom- 

Nm( elements and other s izes  being tes ted require a mult ipl ic i ty  of 
support s izes  and contours. 
tained neoprene type d ie  bed has been bui l t .  
die  1/4" wide and up t o  four inches long. 
die ,  the cost af changing support geometry is  great ly  reduced. 
of Sheffield stud stock suppcrts and one l o t  of Zircaloy-2 supports have 
been formed t o  date with excellent resu l t s .  

To simplify making these supports, a con- 
This w i l l  accept any male 

Since it eliminates the f e d e  
One l o t  

Nine 1 7 - i ~ c h  lengths of KER inner and outer tube stock of enriched (1.6 
percent) uranium - 2 w/o Z r  alloy were heat t rea ted  p r io r  t o  closure f o r  
i r rad ia t ion  t e s t  elements. The heat treatment used was 730 C ,  seven 
minutes i n  N u s a l  salt ,  followed by a water quefich. The treatment was 
selected t o  give optimum acid machining r a t e s .  
warpage were recorded and sections taken fo r  structure examination of 
clad and core. 

Dimensional changes and 

Closure and Joining. 
of a brazed en< closure f o r  coextruded Zircaloy-2 clad uranium fue l  
elements. 
using a ?$ Be - 95% Z r  eutect ic  alloy. Brazing i s  accomplished by vacuum 
induction melting the braze al loy i n  coatact with the  uranium core and the 
Zircaloy end cap, and holding f o r  two minutes a t  1050 C.  Although a cor- 
rosion res i s tan t  braze i s  formed, there are two undesirable qua l i t i es  
w i t h  t h i s  braze al loy.  F i r s t ,  the re la t ive ly  high melting point of 950 C 
necessitafes a brazing temperature of 1050 C t o  produce an adequate braze 
t o  uranium bond. 
undesirable growth i n  the coextruded bond as well as causing crystallo- 
graphic transformation of both the  uranium and Zircaloy. 
desirable feature  i s  the  presence of beryllium i n  the braze, which presents 
concern as a possible health hazard. However, when t h i s  braze technique 
i s  applied i n  the 2$ Z r  alloyed uranium core, the time a t  temperature 
can be halved and the coextruded bond does not show the  dramatic growth. 

The use of ternary braze a l loy  composed of 5s Be - 1 6  Fe - 85$ Z r  
Teduces'the brazing temperature t o  950 C, and the holding t i m e  t o  one 
k n u t e ;  ,,;, This alloy, however, does not have the corrosion resistance of 
the  95%'- - 5% Be eu tec t ic  alloy. As a re su l t ,  a combination of the 
two alloys presents a temporary solution. The ternary braze alloy I s  
placed on t o p  of the cap. 
half and s t i l l  provides a corrosion res i s tan t  brazed closure. 

Experimental work has continued i n  the development 

Both IlER inner and outer  tubular elements have been brazed 

"kis higher temperature causes a very extensive and 

A second un- 

This conibinatiori reduces the brazizg time by 

*'? I z s o r ' a z  
. . , 'eI I ,-,, . .. . . . ,, , 

P -  
I .., e. 
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Several other a l loy syst,ems are  being investigated as possible braze alloy 
cmdidates; f i r s t ,  f romthe  braze standpoint, tce~ f ron  the corrosion 
standpoint. 
as candidates until corrosion data a re  03tairLed. 

Several alloys appear promising but w i l l  s o t  be corsidered 

A l i t e r a t u r e  search has shom tha t  only the  95% Zr - 5$ Be eiltectic alloy 
has both corrosiort resistance and ease cf brazing. 
were rejected on the  basis cf corrosion data ar:d miclear properties.  

Over 150 a l l o y  systems 

The equipmect f o r  hct  headir4 Zircaloy-2 clad urar~iiun KER outer tubes has 
been se t  up i n  a 400-ton ve r t i ca l  hydrad ic  press,  and four enBs of 20-inch 
long tubes have been successfully hot headed. The heading technique i s  
the same as used t o  hot head KER inner tubes. The Zircaloy-2 shoulders on 
the headed end appear suff ic ient ly  th ick  an8 uniform f o r  the projection 
welded f i n a l  closure. 
walled KER outer tube may l imi t  the projection welded closure t o  only  two 
projectlon rings on the closure cap, one an the shoulder each side of the 
heading e x t n s i o n .  
welding studies.  

An infrared serising head was used t o  monitm the temperature 3f the KER 
outer tubes during induction heating t o  insure proper preheating of the 
uranium irLto the high alpha range. This method of con%rolling the tube 
preheat has the advantage over the timed cycle control method previously 
used i n  the KER imier tube preheat i n  t h a t  it allovs the co i l  t o  be moved 
over the tube t o  ins-jre miform heating of the %ube elzd without a l te r ing  
the desired preheat temperature. 

Equipment i s  now being se t  up t o  hot head NPR irz-er tu?xs (1.430 inck, OD 
by 0.520 inch ID). 

Allied Fuel Studies. The Zircaloy-2 capsules f romthe  in-reactor burst 
test were given a preliminary examination i n  the Radiometallurgy c e l l s .  
In t h i s  in-reactor t e s t ,  tubing simulating fue l  elemen% jackets was burst  
under controlled conditions of temperature a d  irkexLa.l pressure. 
timates of the amount of uniform s t r a i n  i n  t t e  f racc-ce3 specimens were 
made frm photographs of the capsules. If these estimates are  correct,  
uniform s t r a i n  i n  the 15 percent cold worked specimens has drcpped from 
17 percent i n  the ex-reactor control specimens t o  an average. of two o r  
three percect i n  the in-reactor specimens. mere was orJy a s l i gh t  re- 
duction ir, uniform elorgatiori i n  the annealed specimens. 
meet of uniform elorigatiori i n  the capsules as w e l l  as rediutior, i n  area a t  
the f racture  w i l l  be available soon. 

Rowever, the narrow shoulders on the hot headed th in  

Several ends w i l l  be headed f o r  use i n  projection 

Es- 

Accurate measure- 

Dies f o r  making p l a t e  extrusions a t  several reductior, ra t ios  were ins ta l led  
i n  the Dynapak. 
and two temperatues as a par t  of a cooperative e f foA with Physical &ta l -  
lurgy Operation t o  study the  e f fec t  of ex tms io r  on crystal2ographic 
texture .  
i c a l  tes t  specimens c a ~  be cut from plates  a+, any angle w i t h  respect t o  
the extrusion direction. 

Zircaloy-2 plates  were ex tnded  a t  three re2uction ra t ios  

Plates were desired instead of tubes and romds  because mecha-  

&chmxical properties of specimens cut from 
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these plates  w i l l  be carrelaced with the x-ray crystallogra2hic texture 
and e x t m i o r ,  parameters. Dyapak extruded rods of a s t e e l  alloy (Fe - 
7% Al - 5$ Cr - 1.7% Nh) could not be fur ther  reduced by hot rol l ing,  
but plates  extruded ox the Dynapak were successfully hot and cold rolled 
t o  a duct i le  sheet 0.030 inch thick.  

Numerous attempts t o  measure, with a commercial acceleromter,  the force 
or pressure exerted by the  Dynapak were unsuccessful because high f r e -  
quency high amplitude resonant noise masked the re la t ive ly  slow deceler- 
a t ion of the Dynapak ram. Direct measurement of the force with resistance 
s t ra i r ,  gages on the punch w a s  successful. Oscillograms of the extrusion 
force as a functior!! of time are  now made routinely with each f i r i n g  of the 
Dynapak. 
s ta in less  s t e e l  capsules was densified with the Dynapak. 
work, conical punches, t ha t  amplify the force on the ram, were used. 
pulses of about f ive  nilliseconds duration reached peaks of over 500,000 
ponds  act-ing or: aboilt or-€ square irlcls. of capsule. 

The force w a s  measured i n  numerous shots ir, which U02 sealed i n  
In some of t h i s  

Force 

Two tube charges of dlTJtn?TjT fue l  elements wlth two different  types of supports 
were prepared. 
re la t ive  resistance t o  coolant flow offered by a suitcase handle se l f -  
support and the f l a t  p la te  type self-support. 
types of support designs and shapes were prepared, and an e f f o r t  t o  rank 
these types according t o  t h e i r  re la t ive  resistance t o  coolant flow i s  
mder way. 

These are  t o  be flow tested a t  1 0 0 - D  t o  determine the 

Sketches of numerous other 

Ex-reaczor t e s t s  show tha t  Zircaloy-2 supports on f u l l  s ize  NPR fue l  
elemerts se-Jerely scratch the autoclaved Zircaloy-2 process tube as the 
f u s l  elements are charged and discharged. These scratches may lead t o  
localized corrosion or  a c t  as regiom of s t r e s s  concentration. Sheffield 
s t e e l  perform sat . isfactor i ly  as the bearing s-azzace on a fue l  elemerit 
supgort down t o  contact areas between the bearing and autoclaved surfaces 
of appmximately 1/8" diameter. 
water soluble o i l ,  tke  contact area can be reduced t o  a point contact and 
cause rm scratck damage t o  the autoclave f i l m .  No scratching of the auto- 
claved Zircaloy-2 occurred wher, ingot iron, a high par i ty  i ron,  was tes ted 
as a possible bearicg surface wit5 a point cogt,act area.  
except water was used ir, t h i s  t e s t .  
ingot i ron t o  t t e  Zircaloy-2 support has yet t o  5e developed. 

Of several types of graphite %ested, an e lec t r i ca l  brush type designated 
as DTS was found t o  wear the  l e a s t  With a contact area of 0.06 in2 the 
decrease i n  thickness is l e s s  than 0.003 i m k  f o r  120 f e e t  of wear distance. 
For a contact area of 0.03 in2, the decrease i n  thickness i s  0.015 inch 
f o r  the same wear d i s t ame .  However, the graphite would be subject t o  
additior,al wear and possible breaking i f  discont inui t ies  ex i s t  along the 
charging path of the fue l  elements. Corrosion t e s t  r e su l t s  have yet t o  be 
obtained or. the ingot i ron ,  but a t  present t h i s  i s  the on ly  material fomd 
tha t  wouLd not require some modificatiocs i n  the charging procedure, such 
as the lubricant addition or charge ir, the process tube connection desigls .  
Further wear t e s t s  w i l l  be made usin3 iron e lec t ro ly t ica l ly  deposited 01: 

However, by adding a lubricant such as 

No 1r;bricant 
Howere?, a method of attaching the 
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Zircaloy-2, chromium plated surfaces, and variolls other o i l  type lubricants.  

Notch fracture  Sond t e s t s  have been made ori wafers f r o m  twc i r radiated co- 
extruded fue l  rods which f a i l e a  in-reactor (2250 aid 2400 IWD/T>. I n  both 
cases, 0.020" and O.O3O" clad thickness, the notched wafers fractured. 
through the uranium and clad without peeling the clad from the fue l .  Tkis 
behavior indicates t ha t  the clad fue l  bond has retained i t s  pre-irradiation 
strength.  
strength may have deteriorated since the f a i l m e  propagaSed readi ly  i n  the 
region of the bond l i n e .  It i s  believed tha t  i r rad ia t ion  induced property 
changes i n  the uranium fuel have made the uranium arid not the U-Zr bond the 
"weak l ink".  

The corrosion behavior of the f a i l ed  rods i n d i c a h s  t h a t  bond 

In-reactor swelling experiments of Zircaloy-2 clad urarzium fue l  rods with 
selected uranium temperatures, cladding thicknesses, and exposures are  
being conduc%ed . Five swelling capsules, GEH-14-97, 14- 98, 14-101, 14-103, 
and 14-10? are presently being irradia5ed ir, the MTR t o  errtend the coverage 
of temperature, exposure, and cladding r e s t r a in t .  
center uranium temperatures of these capsules are,  respectively, 3000, 330, 
147.5, 1700, 1810 W / T ,  and 475, 575, 275, 310, 335 C .  GEE-14-97 w i l l  be 
discharged a t  the end cf the preser;t cycle. The goal exposure of the re- 
maining capsules has 
f o r  opening the aluminum capsules i r radiated i n  Hanford reactors has been 
fabricated and i s  nov being tes ted .  
should begin ear ly  i n  May. 

Ekposmes and average 

been reduced t o  the range 2000-2500 W / T .  Equipment 

Opening and examination of the capsules 

Fac i l i t i e s  and Equipment. 
accurately measwed before loading i n  an irradiatior,  f a c i l i t y .  

Experimental reac+,or fue l  e lemnts  should be 
I f  only 

a fetr mea&rements are made on the fue l  elemezt surface, the complete 
geometry cm-o t  be accurately descri5ed. 
and methods are being developed t o  measure inner and oriter surfaces of fue l  
elements. 
the surface of the fue l  element. 
the sensing element. fo r  measuring the oilter surface while resistance s t r a i n  
gages are used as the sensing element for measuricg the inner surface, The 
fue l  elemen+, is rotated i n  a la-khe and the lor,gitudinal screw feed i s  used 
t o  move the sensing e l e m n t .  The measureinents are  reccrded 012 a Brush 
S t r ip  Recorder. Successful measurements have Seen made of the outer surface. 

The swage feed (our  desigr;) fabricated by Willamette Steel  & Iron Company 
has been s e t  i n  place at the  8F swage i n  314 Bldg. Preliminary t e s t s  in- 
dicate  tha t  the uni t  performs sat isfac%ori ly ,  par t icu lar ly  frcm an operator 
safety standpoint. Some on-site charses are  riecessary t o  improve arid io- 
crease operatin8 convenience. 

EquipmsrA is  being fabricated 

The measurements are continuous and cover a sp i r a l  path along 
Electromagnetic transducers are  used as 

The roll res t ra iner  (cur design) has been received f m m  Harms Tool C h .  
The unit t r i l l  attenrpt to minimize waqing i L  round fuel geomefries during 
a i r  cooling i n  beta heat t rea t ing  a Correctior,a, adjustiiients and s e n i c e  
connectrons are  being made, a d  the uni t  w i l l  be operatiorial the  f i r s t  
week i n  May. 
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The nigh temperature, high pressure autoclave f a c i l i t y  ins ta l la t ion ,  
Project CGH-879, was completed and the project closed out. 
consists of three aQtoclaves capable of 3500 ps i  - 425 C operatioll. 
Their internal  dimensions are:  
6" ID x 20" deep. 
heaters and may be operated with continuous feed and bleed. 

The f a c i l i t y  

12" ID x 50" deep, 10" I D  x 40" deep, and 
The two la rger  vessels are  equipped with feed pre- 

The p l a s t i c  duct work and fume exhauster, purchased under A R - ~ o - H L S - ~ ~ ,  
have been ins ta l led .  
capable of handling corrosive hydrochloric acid fumes created i n  acid 
machining of uracixm. 
laboratory of the exis t ing 306 Building. 

This i n s t a l l a t ion  provides a f a c i l i t y  t h a t  i s  

The f a c i l i t y  i s  located i n  the electroplating 

2. REACTOR F?IOGRAM 

Cool ant Systems De vel opment 

T i t a n i u m  Galvanic Corrosion. 
couples has been completed i n  process water a t  80 C i n  the 1706-KE single- 
pass mockup tubes. 
t es t ing  was  performed t o  measure titanium corrosion character is t ics  under 
NPR control rod cooling conditions, since titanium i s  a candidate materidl 
f o r  NPR control rod thimbles. The maximum titanium corrosion r a t e  was 
0.012 m i l  per ear  Aluminum corrosion rates ,  when i n  contact with titan- 
ium r a g e  from% f~ 0.48 mil per month, w i t h  an average of 0.38 mil per 
month. Measured corrosion ra tes  fo r  uncoupled aluminum a t  comparable t e s t  
conditions are  i n  the raage from 0.21 t o  0.55 mil  per month, with an 
average of 0.34 m i l  per moptn. 
aluminum o r  titanium. 

A 14-week exposure of titanium-aluminum 

Flow ra tes  were three and s i x  f e e t  per second. This 

No p i t t in ,  at tack occurred on e i the r  the 

Heated Slug Rupture Prototype. 
during the month employing a Zircaloy coextrusion clad uranium f u e l  tube 

.A second programaed cool-down run w a s  made 
- - - -  

specimen. 
pirhole.  
16 fps  velocity u n t i l  the  rupture w a s  detected by a resistance-type hydrogen 
detector.  
100 C ,  the resul t ing rupture on the tube consisted of m y  s a l  mounds, 
about 1/4 inch i n  diameter, covering an area about 1-1/2 inches long and 
3/4 inch wide and with a maximum height of 0.130 inch. 
f o r  the tube was 18 grams. 
f irst  tube tes ted which l o s t  95 gram, had a ruptured area about 1-1/2 
inch by two inches, w d  had raised about 0.022 inch. 
hibi ted a small amount of swelling OTS the  inside surface of the fue l  tube. 

The outer jacket on the  tdbe w a s  predefected with a 0.025-inch 
The specimen was exposed i n  hot water a t  300 C, 1650 ps i ,  and 

After the NPR prototypical 10.5-minute cool-down period t o  reach 

Total weight loss 
This rupture was  somewhat l e s s  severe than the 

Both ruptures ex- 

Rupture Test of an Irradiated Fuel Rod. 
a 70-mil Zircaloy-clad rod from a 7-rod c lus te r  which had been i r radiated 

A ruptvire t e s t  was conducted-using 
- 

t o  an exposure of 1200 MWD/T. The defected rod. was exposed i n  300 C re- 
c i rculat ing water ir, the IRP ( I r radiated Rupture Prototype) f o r  one hour 
before any s ig& of ac t iv i ty  yelease was observed, following which it was 
exposed f o r  an additional 80 minutes. 
what cyclic ra ther  than uniforaly increasing, although the r a t e  appeared 
. .  t o  be generally increasing with t i m e .  

%e r a t e  ofac t iv i ty  release was some- 

c 



Following the rupture tes t  the loop was decontaminated using peroxide- 
carbonate, alkaline permaganate and ~urco-4518. 
i t s e l f  decontaminated well, the coupons showed gross cor-tamination with 
a strong beta  emitter.  The s ta in less  s t e e l  coupons were well defilmed, 
but the carbon s t e e l  coupons were covered with a very black adherent 
f i lm such as has been experienced previously. It i s  believed tha t  t h i s  
i s  not the or iginal  magnetite f i l m  but one tha t  is reformed a f t e r  the 
magnetite i s  removed. 
were only about two. 

Althoqh the loop 

Decontamination factors  on the carbon s t e e l  coupons 

Decontamination Studies. A cyclic single-pass decontamination test  was 
made i n  the IRP i n  242-B Building, using alkaline-permanganate a t  100 C 
and Turco-4512 at  90 C .  Three 
cycles were r u n  with water flushes between. A peroxide-carbonate rec i r -  
culation r inse was made p r io r  t o  the single pass t e s t  t o  remove U@ from 
the i r radiated uranium wafers. The results appear quite promising with 
decontamination factors  of 200 on carbon s t e e l  and 60 OE s ta in less  s t e e l .  
The corrosion ra tes  were about 0.06 m i l  and 0.01 m i l ,  respectively. In 
general, the  coupons were defilmed including some which had been exposed 
i n  the KER-3 mockup tube. 
except f o r  an occasional coupon tha t  read high. This was believed t o  be 
due t o  f i s s ion  product bearing UO;! par t i c l e s  lodged under the screw heads 
and not completely dissolved by the peroxide-carbonate r inse .  
was down f o r  several  days t o  replace tubing, i n s t a l l  a flanged carbon 
s t e e l  pipe section, and f o r  genera3 inspection. 

Each solution was used f o r  two minutes. 

The f i n a l  a c t i v i t i e s  were lower than usual 

The loop 

The s ix th  and seventh decontamination cycles were completed i n  CEP-1 
using a Turco-4518 process. 
i s  being modified s l igh t ly  i n  preparation f o r  an eight-cycle t e s t  using 
Turco-4502 and Turco-4518. 
mils a f t e r  seven weekly cycles of alkaline-permanganate and ntrco-4518 
with high temperature water operation w a s  as follows: 
less s t e e l )  sensit ized, 0.10 t o  0.12 m i l ;  type 304 ss nonsensitized, 0.06 
t o  0.10 mil; A-212 Grade B CS (carbon s t e e l )  0.57 t o  0.74; A-212 Grade B 
CS welded t o  type 304 SS (1 t o  1 ra t io ) ,  0.86 t o  0.96; S t e l l i t e  alloy-6, 
0.24 t o  0.27; S t e l l i t e  alloy-12, 0.38 t o  0.42; mechanically coupled CS 
with SS screw, 0.60 t o  0.74; Zircaloy, coupled and uncoupled, 24 ng/dm2 
(0.04 mil) .  
alkaline permanganate-oxalic acid decontamination process did not exhibit  
any excessive at tack due t o  the s t resses  or crevices. 
two cycles, one of the type 304 s ta in less  s t e e l  coupons holders had shown 
galvanic a t tack where it was coupled t o  Zircaloy-2 coupons. There was no 
additional a t tack of t h i s  type up t o  the completion of the  t e s t  a t  seven 
cycles. 

A cyclic Turco-4512 and Turco-4518 run was  made i n  the s ingle  pass f a c i l i t y  
a t  eight gpm using a present reactor s ta in less  s t e e l  p ig t a i l .  m e  decon- 
t e n h a t i o n  fac tor  w a s  approximately 16 a f t e r  24 minutes. A 2.5$ sulfamic 
acid solution was used on a J-1 &Reactor p i g t a i l .  
fac tor  was  approximately 22 a f t e r  20 minutes. The average general corro- 
sion lo s s  on polished carbon s t e e l  coupons was 0.12 m i l  f o r  t h i s  process. 

This t e s t  se r ies  was terminated and the loop 

The t o t a l  accumulated corrosion calculated i n  

type 304 SS (stain- 

Stress-crevice coupons discharged a f t e r  seven cycles i n  the 

L a s t  month, a f t e r  

The decontamination 
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Galvanic Corrosion. 
coupled t o  Zr-2 coupons were exposed t o  f ive  cycles of the alkaline 
permanganate-oxalic acid decoctamination t e s t  i n  CEP-1. 
were exposed four weeks i n  290 C, pH 10 recirculat ing water (ELMO-5) 
as controls. 
reveal any abnormal a t tack a t  the contact points. 
were etched pr ior  t o  exposure and the mechanical couple with the graphite 
was made on the etched surfaces. 
have formed a t i g h t  black oxide f i l m  on a l l  swfaces ,  including the mech- 
anical j o in t .  
of f r e t t i n g  which occurred between the Zr-2 and the  s ta in less  steel 
coupon holders. 

Graphite samples which have been mechanically 

Other samples 

Microscopic examination of both se t s  of samples did not 
The Zr-2 coupons 

After exposure, the Zr-2 was found t o  

Weight change data on the Zr-2 was not applicable because 

Zirconium Oxide Removal. 
acid fluoride from Zircaloy-2 coupons exposed i n  high t e q e r a t u r e  water 
w a s  successful, but metal weight losses were too high t o  be of in te res t  
f o r  most prac t ica l  applications.  
tained on a two-square-inch sample of Zr-2 i n  the molten salt. 

An attempt t o  remove 21'02 w i t h  molten potassium 

Weight losses of 500 mg/minute were ob- 

S t ruc  t u r a l  Materials Develonmnt 

NPR Process rubes. 
test specification f o r  NPR process tubes has been c l a r i f i ed  i n  a l e t t e r  t o  
the vendors. Some confusion and difference of opinion has been apparent 
i n  regard t o  sanple prepara%ion, par t icu lar ly  w i t h  respect t o  the amount 
of metal. t o  be removed from the surface. 
a t  the very surface normally does not react favorably i n  a corrosion t e s t .  
For t h i s  reason about 0.002 inch of metal i s  normally removed f romthe  
tube surface before it i s  placed i n  service, and corrosion t e s t  samples 
f romthe tubes a re  s imilar ly  t reated.  

The W o r d  posit ion on interpretat ion of the corrosiors 

The th in  layer  of disturbed metal 

Zircaloy Retubing Program. 
of the 200 Zircaloy-2 smooth bore tubes f o r  "C" Reactor scheduled f o r  de- 
l i ve ry  by Jme  15. 
the trial of new fabricat ion processes f o r  producing these tubes on subse- 
quent large orders. 

Good progress i s  being made on the fabrication 

Proposals have been received from three vendors f o r  

Developmmt cost w i l l  be borne by the vendors. 

Seventeen Zircaloy-2 BDF intern-ally ribbed tubes meeting all specifications 
have been fabricated under a development contract. 
plans and designs, all fur ther  development and production work on ribbed 
replacement tubes has been terminated. 

Due t o  a change i n  

Nonmetallic BkterLals Development 

Hot Tes t  Hole I r radiat ions.  
radiated i n  the 2C test-hole  at KE t o  determine the contraction charac- 
t e r i s t i c s  of graphite under s t r e s s .  
the hole of one "do-nut" w i t h  the  preferred orientation of the plug 
rotated 90° from tha t  i n  the surrounding "do-nut". 
t h e m  ex-pansioE i s  aboLit twice the expansion pa ra l l e l  t o  the grain a t  
the i r rad ia t ion  teqera t .u re  (-600 C >  s o  tha t  there w a s  a compressive 

Two CSF graphite "do-nuts" have been ir- 

A graphite plug was inserted in to  

The transverse 
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force on the plug in  the transverse direct ion during irrad, ia t ion .  A 
"do-nut" without a plug inserted was a l s o  irradiat.ed f o r  comparison. 

After 1674 MWD/AT the  unstressed "do-nut" had contracted 0.02 percent 
i n  the pa ra l l e l  direct ion with no chanze measured i n  the transverse 
direct ion.  The contractions measured on the stressed "do-nut" were 
0.03 percent i n  both the transverse and para l le l  direct ioos.  
t ract ions measured f o r  the plug were approximately 0.05 percent i n  both 
the transverse and pa ra l l e l  directions.  
of thermal expansion, i r rad ia t ion  contraction, and probably i n i t i a l  
i r rad ia t ion  expansion, the s t resses  are d i f f i cu l t  t o  analyze. 
it i s  apparent t h a t  the coLtraction ra tes  were al tered by the s t ress -  
inducing "do-nut '' arrangement. 

The con- 

Because af the combined ef fec ts  

However, 

Thermal Hydraulic Studies 

Heat Transfer Experiments Pertaicing t o  Present Productior, Reactors. 
Hydraulic demand data f o r  BDF geometry were presented i n  report HW-64560 
f o r  steady s t a t e  operation a t  tube powers of 50, 100, 200, and 300 X W .  
The experiments u t i l i zed  simulated I G: E fuel  charge heated by d . c .  re- 
sistance heating and standard BDF process tube and out le t  f i t t i n g s .  
These data are of value f o r  determining flow requirements t o  provide 
adequate fue l  cooling during steady s t a t e  reactor operation a t  shutdo1.m 
conditions. 

Data have been obtained from the 189-~ low pressure heat t ransfer  appar- 
atus t o  study the time and front  header pressures required t o  recover t o  
single phase flow from a boiling condition caused by a short duration 
flow stoppage i n  a BDF process tube chamel. The data, obtained at  tube 
powers of 15, 25, and 40 XW, w i l l  a l l ~ w  determination of the time which 
flow can be shut off from a process channel and s t i l l  prevent boil ing 
o r  recover from boiling without application of f u l l  r i s e r  pressure t o  the 
process channel. 
cedures during charge-discharge operation. 

These data w i l l  a id  i n  establishing operational pro- 

The experiments were performed i n  the following manner. Tube powers of 
15 KW t o  40 KW were examined a t  header pressures from 40" water t o  100" 
water. The r ea r  header was open t o  atmosphere. 
were established i n  the tube pr ior  t o  the adjustment of valves which shut 
off the header supply and opeaed the tube i n l e t  t o  atmosphere. The water 
was reapplied a t  various times a f t e r  boil ing commenced i n  the tube. The 
tube was considered t o  have recovered if the heater rod surface tempera- 
tu res  did not exceed 450 C and the i n i t i a l  flow was re-established within 
10 minutes a f t e r  application of the front header pressure. Pressures i n  
the tube were measured t o  determine pressure buildup during boiling. 

Steady s t a t e  conditions 

Analysis of the data has not been completed but some i n i t i a l  conclusions 
were apparent. The pressure buildup i n  the process tube due t o  the 
boi l ing was very small and would not be suf f ic ien t  t o  force expulsion of 
fue l  elements. The allowable t i m e  f o r  which flow could be stopped and 
s t i l l  recover without an increase i n  f ront  header pressure varied w i t h  

I 2 4 041 8 9 ''+ 
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tube power. 
stopped for  30 seconds a f t e r  boil ing f irst  commenced and s t i l l  have 
conditions revert  t o  a l l - l iqu id  phase a f t e r  flow blockage was relieved. 
For 15 KW t h i s  was t rue  fo r  flow stoppage times up t o  three or f o w  
minutes a f t e r  i n i t i a l  boil ing.  However, i n  none of the cases could 
recovery t o  a l l - l iqu id  phase be made once the tube had been allowed t o  
b o i l  dry. 

Outlet Water Temperature Limits. Transient experiments were i n i t i a t e d  
on the low pressure heat t ransfer  apparatus t o  check the  va l id i ty  of the 
present method of determining BDF out le t  water temperature limits f o r  BDF 
type reactors f o r  cases of high r ea r  header pressures and low Panel l i t  
pressures. Data were obtained with i n i t i a l  tube powers of 700, 1250, and 
1400 Kw f o r  a var ie ty  of flow reductions a t  rear  header pressures of 25 
and 75 p s i  and Panel l i t  pressures of 125 p s i .  Tentative conclusion of 
the experiments was tha t  the present method of calculating out le t  water 
temperature as specified by A-020 (HW-51659) is  applicable t o  very low 
Panel l i t  pressures and high rear  header pressures. 

A mathematical equation was derived t o  express the out le t  water temperature 
lim2ts based on thermal hydraulic considerations and specifications of 
A-020. The derivation of the equation was based on concepts developed 
fromlaboratory heat t ransfer  data accumulated over the past several years. 
Compared t o  the present graphical method of calculating temperature limits, 
it i s  expected tha t  the use of the equation w i l l  save considerable calcu- 
l a t i n g  time f o r  the la rge  var ie ty  of variables tha t  ex i s t  i n  the eight  
production reactors.  

For e x q l e ,  at a tube power of 25 KW the flow could be 

Hydraulic Studies. Data were obtained i n  the Hydraulics Laboratory con- 
cerning the effect  on pressure drop of attaching "bumpers" t o  f'uel elements. 
("Bumpers" are  a low prof i le  type of self-support r a i l  which is  designed 
t o  prevent contact between f u e l  jacket and process tube due t o  cocking or  
misalignment of the fue l  piece i n  a regular ribbed process tube.)  
study, bumpers were attached onto the outside of so l id  fue l  elements and a 
charge of the so l id  fue l  elements without bwpers  was used f o r  data com- 
parison. 
about 30 percent f o r  t h i s  par t icu lar  s ize  of fue l  element-bunper-process 
tube conibination. The pressure drop increase does not check with t h a t  
which vould be predicted using conventional contraction-expansion lo s s  
coefficients.  

For t h i s  

The data show t h a t  the bumpers increased the pressure drop by 

The data  a re  intended t o  aid fuel element design engineers i n  selecting 
proper s izes  f o r  bumper fue l  elements of I & E type. 
be used t o  imply t h a t  increased pressure drop or  reduced flow ra tes  w i l l  
result from eventnal use of bumper fue l  e lemnts  i n  the ribbed process 
tubes. 

m e  data  should not 

Laboratory Equipment. 
apparatus was resumed upon completion of Phase I of Project CGH-834, 
excessive leakage occurred through the seals  of the recirculat ing pump. 
Leak ra tes  of 50 gallons per hour were measured f romthe  inboard sea l  

When operation of the high pressure heat t ransfer  
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which had ac operating l i fe t ime of only 100 hours. 
the seals ,  the leak ra te  dropped t o  0.065 gal/hr. 
the  short  sea l  l i f e  was caused by foreign material introduced in to  the 
recirculat ing water during Project 834 o r  by inadequate care of the seals  
during the outage. 

After replacement of 
It was concluded tha t  

Engineering discussiocs or, the quick-opening valves t o  be used fo r  
t ransient  experiments on the high pressure heat t ransfer  apparatus were 
held at  the vendor's plant .  
on the electromagnetic release principle f o r  these quick-acting valves, 
the vendor proposed a hydraulic system as an a l te rna te .  
opinion tha t  simultaneous action of the three valves would be l e s s  l i k e l y  
with the electromagnetic method. Other subjects covered included safety,  
valve body design, assembly design, tes t ing ,  and inspection. 

Although the or iginal  quotation was based 

It was the vendor's 

Test Section f o r  NPR Heat Trmsfer  Experiments. 
a ful l -scale ,  eiectrically-heated tes t  section t o  simulate the downstream 
half  of a charge of NPR tube and tube fue l  elements. The cosine heat gen- 
erat ion along the length i s  achieved by charging materials with d i f fe ren t  
e l ec t r i ca l  r e s i s t i v i t i e s .  

Design was completed of 

Ins ta l la t ion  was completed of a short  t e s t  sectior, i n  the high pressure 
heat t ransfer  apparatus f o r  boil ing burnout experiments. 
i s  ident ical  i n  s ize  t o  the outer a n r d u s  of the NPRtube and tube fue l  
element. 
ing burnout conditions f o r  the NPR fue l  elements. 

The t e s t  section 

This t e s t  section i s  one of a se r ies  designed t o  determine boi l -  

Shielding Studies 

Attenuation Measurements. 
Ferrophosphoras Concrete as a Function of Temperature, " HW-64774, has been 
writ ten and w i l l  be dis t r ibuted i n  May. %e measured f a s t  neutron removal 
cross sections at  various temperatures are: 

A formal document on "Shielding Properties of 

As- cured 0.131 cm-1 
100 c 0.121. cm-1 
200 c 0.117 cm-1 
320 c 0.114 cm-1 

By baking the ferrophosphoms concrete a t  these temperatures, the neutron 
flux and gamma dose r a t e  values increased by the following factors  (based 
on 48'' of ferrophosphorus coccrete ) 

Thermal Resonance Fast GaIIlUEi 
Temp. Neutron Flux Neutron Fl-~ix Neutror Flux Dose Rate 

As - cuxed 1.0 1 .o 1 .o 1.0 
100 c 16.c 17.4 3.3 
200 c 70.0 207 a 6.1 
320 c 480 1960 8.4 44.0 
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The measured increase i n  neutron flux values can be calculated (within a 
fac tor  of two), using a combination of age and removal theory. m e  dose 
rate through 48" of ferrophosphorus concrete i n  the as-cured condition 
was primarily due t o  gamma leakage. 
320 C, the  primary dose r a t e  was due t o  the resonance neutron flux. 
i s  because of the water loss t ha t  occurs a t  320 C.  
concrete could be used as a biological shield,  it should be pointed out 
t h a t  more e f f i c i en t  and cheaper concretes are  available.  

An interim report on "Effect of High Temperature on Masonite," HW-64868, 
has been writ ten.  There was no appreciable damage t o  the masonite below 
160 C .  The kindling point i n  a i r  was found t o  be 245-250 C .  

Shielding I n s t m e n t a t i o n .  A single channel gamma ray s c i n t i l l a t i o n  
spectrometer was completed fo r  f o i l  activation analyses. This w i l l  extend 
the  f o i l  act ivat ion technique below the fast neutron energy range in to  the 
resonance energy spectrum i n  the shielding evaluation program. 

After the concrete was baked at  
This 

While ferrophosphorus 

An automatic sansple changer and gas flow counter have been ordered f o r  
the f o i l  analysis counting room. 
increase i n  load f romthe  shielding evaluation program. 

This equipment i s  t o  meet the expected 

The electronics associated with the neutron spectrometer, including the 
Multichannel analyzer, a re  functioning properly, and an i n i t i a l  checkout 
of the new Perlow Chamber i s  under way. 

Design and Component Testing 

I%PR Charging Machine. 
and bu i l t .  
f o r  a prototype magazine tube has been issued. 
cation of the charging machine carriage has been issued. 

One magazine quick disconnect has been developed 

A work order f o r  fabr i -  
Two a l te rna te  designs a re  a l so  being bui l t .  A requis i t ion 

B. WEAPONS - 3000 PROGRAM 

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

Details of these a c t i v i t i e s  are  reported separately via  
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C. REACTOR DEVELOPMENT - 40GO PROGRAM 

1. PLUTONIUM RECYCLF: PROGRAM 

Plutonium Fuels Development 

PRTR Fuel Fabrication. 
the PRTR are  complet,e with the exception of etching, wrapping, and auto- 
claving. 
etching and autoclavirg, and the autoclaved rods show signs of s ta ining.  
Every e f fo r t  i s  being made t o  determine the source of d i f f icu l ty ,  and it 
i s  f e l t  tha3 it is  a combination of the etching cycle and the condition 
of the aztoclaves. The new etching f a c i l i t y  m-d the large capacity de- 
ionizer are  being,put i n to  service i n  the 308 Building t o  help remedy any 
etching problems which may exis t .  
factory result,s whereas the  other does not. 
blasted again in. an e f fo r t  t o  remove any contaminmts which may be present. 

The fue l  rods for the f i rs t  30 Pu-AI. elements f o r  

Comiderable d i f f i c d t y  i s  s t i l l  being experienced with the 

One of the autoclaves produces sa t i s -  
This one i s  now being sand- 

Coincidental w i t h  the cor;tamination of the 12-foot autoclaves, t i e  
Zircaloy-2 etching process s ta r ted  t c  produce substandard surface f inishes .  
The etchirig solution removed approximately two mils on the diameter i n  a 
seven-ainute cycle, m d  the resul tant  siuface firiish was acid stained and 
coated with a dark f i l m .  
due t o  the preserce of "@gar:" tubing used f o r  cooling co i l s .  
been lor,owr,to inh ib i t  various aqueous corrosioc reactioris and organic 
synthesis. 
Experiments a l s o  indicated tha t  the aluminum core material great ly  in- 
fluenced the r a t e  of etching. 
as fast as one with an alumintun core. 
t e q e r a t c r e  during etching. 
coctaicing f c e l  rods has the following conposition: 

lfrse slow etching ra5e was f i r s t  thought t o  be 
"Ty-gon" has 

!Phe removal of the  "mgon" increased the etching r a t e  s l igh t ly .  

A Zircaloy tube without a core etched twice 
The core reduces the metal surface 

The optimum etching solution f o r  Pu-Al 

HF 7 V/O (49% grade) 
H N O ~  40 v/c) (7@ grade) 

Deionized H20 53 v/o (3,OOO,OOO ohms) 

Ari etching time of four minutes i n  a bulk solution temperature of 32-36 C 
removes about four mils on the diameter. 

The stop bath mst be kept a t  room temperature i n  the temporary etch 
f a c i l i t y  now being usea. 
fume hood would pull  aluminm n i t r a t e  vapors in to  the etch bath.  
Zircaloy etchir,g the  aluminam fluoride complex apparently reacts  with 
nitrous acid t o  form aluminum n i t r ide  which i s  suspended ir, the lower 
sect ioa of the s t a t i s  etck, tank. 

It was found t h a t  a t  higher temperatures the 
During 

1 2 4 0 1 9 3  UNCLASSIFIED 
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Final assembly of the Mark I - G  Zircaloy end Srackets i s  under way. 
f i r s t  s e t  of brackets completed through autoclaving were quite good. 
The welding box was not operating sa t i s fac tor i ly ,  and the welds were 
discolored i n  the heat affected zones. 
etching, and autoclaving, the brackets showed GO signs of contaminated 
metal. 
f ix tures  are being fabricated t o  a id  i n  assembly and alignment of par t s .  

The 

However, a f t e r  g r i t  blasting, 

Wl-ile the welding box is  being repaired, additional welding 

Design is  progressing on a wire wrapping machine, a dual electronic tube 
gaging machine and F'RTR fue l  elements. 
f u e l  element f o r  the first PRTR power loading w i l l  be designated the 
Mark I - H .  
exception of 0.495 ID, 35-mi l  w a l l .  Zlrcaloy-4 tubing. 

The newest model 19-rod c lus te r  

This model i s  essent ia l ly  the sane as the  Mark I - G  with the 

Fabrication Development. 
found t o  have flaws i n  the cladding which were not detected i n  pre- 
liminary radiographs. 
0.010 inch deep i n  the Zr jackets so these capsules were rejected. 
Three more castings were made i n  b e t t e r  qual i ty  tubing, and additional 
capsules w i l l  be fabricated f r o m t h i s  material. 

Two inject ion cast  i r rad ia t ion  capsules were 

Ultrasonic t e s t s  revealed cracks greater  than 

Despite the f ac t  t ha t  it i s  d i f f i cu l t  t o  obtain high density, inject ion 
cast  PRTR s i ze  fue l  rods, fue l  elements fabricated by t h i s  process w i l l  
be tested i n  the reactor t o  evaluate the merits of Zircaloy clad, bonded 
Pu-A1 elements. 

Recent development work with a heated reservoir at the top of the bottom- 
fed fue l  tubes has produced castings i n  which the s i ze  of the shrinkage 
cavi t ies  was much smaller and tended more toward a uniformly dis t r ibuted 
pin-hole porosity ra ther  than the larger ,  scattered types of voids. 

Fuel Evaluatioc. 
1/2-inch diameter Al-Ni-Si-& alloy cores has successfully completed 
17.5 full power operating days i n  the GEH-4 loop i n  the MPR. This element 
was fabricated by extruding the  cores and slipping them in to  swage sized 
tubing. There was an average diametral gap betweer, the cores and claddinp; 
on two of the rods of 8.7 mils over t h e i r  11-inch length with maxim gaps 
as  great as nine mils. The core material used i n  t h i s  element i s  the same 
as the corrosion res i s tan t  a l loy  tha t  is being used i n  the PRTR loading 
except t h a t  it contained 3.2 instead of 1.8 w/o Pu. The Zircaloy cladding 
used f o r  these rods has cracks emanating f romthe  inside surface t h a t  are 
nine mils deep o r  greater.  A maximum power generation of 75 KW/ft of 
c lus te r  was calculated f o r  t h i s  Fu concentration and flux; however, the 
element actual ly  generated a maximum of about 60 KbJ/f t  with a surface 
heat flux of 460,000 BTU/hr-ft.*. 

An 11-inch long Zircaloy-clad 3-rod c lus te r  containing 

The m a x i m  calculated core temperature, assuming tha t  good the& 
contact i s  made between the core and cladding, i s  350 C.  One can 
postulate,  however, with average diametral gaps as great as 8.7 mils, 
t h a t  the Pu-A1 core would melt before thermal contact, and hence an 
adequate heat t r a s f e r  pa-& was provided. 
ated f o r  another MCR cycle before examination at  HAPO. 

This element w i l l  be irradi- 

i 2 4 0  I 9 4  uI?cLAsslJ?m 
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Exaslina!Aor, of tke irradia7;ed 19-rod Zircaloy-clad PI-U cluster  i s  
continuing irs  f t e  Radiometallurgy f a c i l i t y .  Eletallographic samples 
were taker- f romtke center section of the center rod, one from the 
&rod r ing m-2 o x  f romthe  12-roa ring. 
the sa~lrples sliov them a U t o  be essent ia l ly  a l ike.  
of" boxding betweer the core a& the Zr-2 cladding. 
not col?;tir,i?o-m, howeTer, and remairs on orJy about orse-third of the 
circumference. 
mittect  zozes wkere bonding had occurred are  vis ible ,  but the bond tore  
away when the  elenect cooled. There i s  no evidence of an extensive 
diffnsior  zorse 3etween the core and cladding f o r  these times and tem- 
peratures.  The eleine2t was i r radiated f o r  18 days at  f u l l  power with 
a caLcUate5 interface temperature of 435 C. Large aluminum grains 
have fomed near the l r te r face  whereas the r e s t  of the &-A1 cross- 
sect icx corsis5s 05 smaLler orres. A ~ s c ,  there i s  evidence of some hy- 
dridiog ir_ t h e  Zircaloy cladding. The concentration of hydrogen, w i t h  
a m a x i m a  eszim5ed t o  be ab0-J.z l,".C ppn, i s  highest a t  the l%-Al  
Zircaloy ir-tel-face with l i t t l e  o r  mae  being observed near the outside 
surface. 
and hardr-ess i iete-mmtions w i l l  be made. 

Preliminary examination of 
There i s  evidence 
The bonding is  

Or, the other two-thirds of the circumference, in te r -  

A mure zkorough metallographic examination i s  being conducted 

Examination of 16 irradia5ed &-E; and Al-12 w/o Si-Pd a l loy  capsules 
(GEH-lL-5 t!irc-d& 12 and GEH-lk-42 tkrough 49) i s  presently being per- 
formed ic the Radiometalkxrgy Laboratory. 
thermal. neut-yor, f lux  a ~ d  eqosilre f o r  these capsules was received from 
R. Neidr,er. 

'I"ne information on the a c t u d  

A br ief  s w a r y  of: corrected calclllations on the operating conditions 
for a l l  of the Al-P.i ar,d Al-12 w/o Si-& al loy capsules i r radiated irr 
the P/IIR and whLch Lave been o r  are  beir,g examined, i s  shown below: 

Maximum Core % Inc- A ease 
Temgeratures* In' Core Volumes Exposures - No A l b p  (@F> f 0 .s  ... (nvt x 10-20) 

4 
2 
2 
2 
2 
4 
2 
2 
2 
n 
L 

~ 1 - 1 . 6 5  PJ 
a - 5  PLi 
Al-10 PL 
M-15 fi 
E - 2 0  PI2 
AL-12 si-1.65 PL 
&-i2 Si-5 Pi 
AL-12 Si-10 €% 
M - i 2  Si-15 P.L 
Al-312 si-20 Pu 

322 - 766 

6L6 - 696 
678 - 712 
825 - 974 
392 - 766 
604 - 866 

580 - 945 

766 - 897 

0.10 - 1.7 2.6 - 11.6 
0.13 - 2.0 3.9 - 5.2 
0.37 - 0.58 1.1 - 2.2 
0.25 - 0.8% 1.4 - 1.9 
0.18 - 1.8 0.8 - 1.2 
0.68 - 1 .2  1 .9  15.3 

2.7 - 3.9 
0.9 - 2.4 
1.1 - 1.7 
0.6 - 1 .3  

*Calculated values; based ox maxim flux as detemined by measuremerts 
on flux-.nor-itorfng wires. 
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Further examination of the 2k i r radiated U O p P u O 2  capsules has been 
delayed since f i s s ion  gas release measurements nust be made before 
the other evaluation work c m  proceed. 
been processed through the f i ss ion  gas collection step. 

To date,  three capsules have 

UO2 Fuel Development 

PRTR Fuel ElemerAt.s. 
incorpcrating special  closures i n  the mid-sections of three fue l  rcds 
w a s  designed t o  contair, f o i l s  f o r  physics measurements i n  the PRTR. 
%is element may be disassenibled and reassembled as often as necessary 
t o  obtain the required xneasurements. 
is being designed. 

A swaged U02 l9-rod c lus te r  PRTR f u e l  element 

A thennocoupled PRTR fue l  assembly 

Twenty-two swaged, s ta in less  s t e e l  clad Uo;! fue l  rods, and approximately 
400 f e e t  of s ta in less  s t e e l  clad, U Q  pe l l e t  fuel  rods were fabricated 
f o r  chemical processing studies t o  be carried out by Chemical Develop- 
ment Operation. 

Fabrication Development. 
Prototypical PRTR tubular fue l  elements have been fabricated.  A f u l l  
s ize  tubular PRTR fue l  element w i l l  be fabricated by vibrational corn- 
pactioc, using in tegra l ly  ribbed cladding tubes extruded by NMI. 
t i ona l  elements, using cladding with Themtool-welded ribs may be 
fabricated i f  the welded ribs are  sat isfactory.  A 7-rcd, three-foot 
long, vibrat iocal ly  compacted f u e l  assembly f o r  proposed i r rad ia t ion  
i n  a high temperature loop has been fabricated.  Two of the rods have 
Zircdoy-lt cladding; the remaining f ive  have Zircaloy-2 cladding. 
two Zircaloy-4 clad rcds md two of the Zircdoy-2 clad rods have in- 
t e n t i o r d  defects.  

Vibrational compaction studies are  continuing. 

Addi- 

The 

The Magnetic Force Resistance Butt Welder was received and i s  being 
ins ta l led  f o r  fabr icat ion of fue l  e lemnt  and closures. 

&proved equipment i s  being fabricated f o r  welding sp i r a l  ribs on tubing 
with the 'Illemt.ool R i b  Welder. Roller contacts are being incorporated 
as a possible solution t o  the problem of excessive contamination of the 
Zircaloy tubes by the s l iding controls heretofore used. 
control of welding pressure a l s o  i s  expected. The new equipment w i l l  
permit welding 09 ribs t c  within two inches of each end of' a cladding 
tube. 

hbre re l iab le  

A special  i ne r t  gas tungsten arc  welding torch. w a s  b u i l t  f o r  welding 
Zircaloy without requiring the conventiond evacuable, helium atmosphere 
chamber. 
i ne r t  gas blanket on the hot m e t a l .  

The Su-bton 30 SI swage i s  being adapted t o  hot swaging. 
spindle, hammerblocks, md adjusting wedges were received. 
dies  a l so  are now oc h a d .  
Garlock o i l  sea ls .  

A f ine mesh screen i s  used t o  provide a uniformly dispersed 

The reworked 
All swaging 

Assenibly of the swage awaits receipt. of 
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Fuel rods, composed of various U02 powders contained i n  various claddinL 
materials, were successfully hot swaged at  cladding temperatures t o  
1000 C.  Significant improvement i n  swaged density over t h a t  obtained 
by room temperature swaging was achieved i n  some instances. 
-100 mesh sintered and crushed U@, contained i n  Inconel-X tubes, was 
swaged a t  room temperature to-81 percent T.D.,  and at 100 C t o  d 9 2  
percent T.D. 
v ibrat ional ly  compacted t o  71 percent T.D. The fue l  rods were resistance 
heated through silver-graphite contacts contacting the cladding jus t  
p r io r  t o  entry of the rods in to  the swage, Local melting of s i l v e r  from 
the  cantacts caused minor contamination of the fue l  rods surfaces a t  the 
highest swagin2 tenperatures and necessitated replacemnt of the s i lver -  
graphite contacts with graphite contacts. 
plakinwn contacts have been ordered and w i l l  be evaluated. 

For example, 

Powdered material of the  same type and pa r t i c l e  s izes  

"ungsten carbide and tungsten- 

Ins ta l la t ion  of the  25 KW, 200 KC induction heater is complete and hot 
swaging experimentation u t i l i z ing  t h i s  heating equipment i s  under way. 

Stainless  s t e e l  tubes containing sintered and crushed, depleted U02 
were swaged t o  0.906 inch OD. The w a l l  thickness of the swaged clad- 
ding w a s  0.033 inch, and the swaged U@ density was 85 - 85.5 percent 
T.D. 
c lus te r  f o r  i r rad ia t ion  tes t ing .  

These large diameter swaged rods w i l l  be assembled in to  7-rod 

A radiant ener,T sensing device was designed and fabricated by personnel 
of Chemical Research Operation and Instrument Research and Development 
Operation f o r  use i n  conjunction with a preccsion tenrperature control ler  
t o  control fue l  rod temperatures during hot swaging. 

A radiographic method f o r  accurately determining thermocouple locations 
i n  UQ fue l  elements was developed by Radiographic Testing Operation. 
This development w i l l  r e su l t  i n  more accurate determination of U02 and 
cladding temperatures during hot swaging of U02 fue l  elements. 

Corrosion Studies 

Fret t ing Corrosion. 
t h a t  the erosion e f fec t  of a loaded Zircaloy-2 rod on a rotat ing 
Zircaloy-2 d i s c  may be quant i ta t ively determined under various conditions 
of temperature, atmosphere, and contact pressure. The only atmosphere 
investigated t o  date has been deionized water a t  1500 ps i ,  and the rota- 
t i ona l  speed of the d i s c  has been fixed a t  75 rpm. The Zircaloy-2 d i s c  
was  run as etched. 

A magnadash s t i r r i n g  autoclave has been modified s o  

Disc  penetration and rod wear both decreased markedly as temperature was 
reduced from 300 C t o  250, 200, and 100 C a t  constant loading. Increase 
of the contact pressure a t  300 C a lso considerably increases d i s c  and 
rod wear. 

Fret t ing corrosion of Zircaloy-2 i s  a l so  being evaluated under flowing 
conditions i n  CEP-2 a t  316 C ,  pEI 10.0 (adjusted w i t h  L i O H ) .  The system 
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simulates the PRTR pzocess tube and fue l  element arrangement on a minia- 
t u re  scale.  Velocities of 1 5  and 30 fps have been studied. After one 
week of testing;, the specimens were examined. Where the PRTR-type end 
support contacted the "process tube," f r e t t i ng  had taken place. This 
f r e t t i n g  had removed the corrosion product f i l m  and some of the metal. 
Original clearances between the supports and tube had been about f ive  
mils - a value selected as the minimum &lowed f o r  the PRTR. The speci- 
mens had been etched but not autoclaved p r io r  t o  exposure. 
a f t e r  two weeks disclosed s l i g h t l y  increased penetration. 
penetration a f t e r  two weeks was i n  the range of one m i l .  

Examination 
The t o t a l  

Varied degrees of clearances w i l l  be evaluated with and without auto- 
claving. 
be performed t o  determine the importance of t h i s  variable. 

Also, vibration of the specimens a t  selected frequencies w i l l  

Effect of Metal Purity on Al-Fe-Ni Alloys. 
employed i n  making l.S$ Fe, 1 .2% N i  a l loy  has now been extended t o  cover 

a l l  produced alloys which corroded the same. 
a l loy  exhibited a penetration i n  10  days which was 5@ higher than pene- 
t ra t ions  measured f o r  the higher puri ty  alloys (0 .3  mil as compared with 
0.2 mil), while the 10-day penetration of the 99.45$ base aluminum al loy 
was 0.50 m i l .  Fromthese data the threshold pur i ty  of the aluminum 
required f o r  the best corrosion resistance i s  between approximately 

The base m e t a l  pur i ty  range 

99.999% 99.995% 99.95% 99.76, and 99.45%. The first three pur i t ies  
The 99.705 aluminum base 

99.95% and 99.70$. 

&. 
Columbia National Sponge have been received from KAPL and corrosion 
tes ted as par t  of a "round robin" t e s t .  
sisted en t i r e ly  of Zircaloy-2 fabricated from Columbia National Sponge. 
The second s e t  of samples consisted of Zircaloy-2 and Zircaloy-4 fabr i -  
cated f ron  Columbia National. Spor,ge but with added amounts of s i l i con .  
Both s e t s  of samples contained coupons fabricated from pla te  and sheet 
stock. 

Two s e t s  of Zircaloy coupons fabricated from 

The f i rs t  s e t  of samples con- 

Except f o r  the material w i t h  added s i l icon,  coupons machined from pla te  
stock showed unacceptable weight gains a f t e r  14 days i n  400 C, 1.500 p s i  
steam. 
added s i l icon  and most of the coupons fabricated from sheet stock showed 
acceptable weight gains. Although the s i l i con  addition appears t o  have 
reduced the  corrosion ra te ,  the surfaces of these coupons s t i l l  exhibit  
a gray, mottled appearance, as did the previous coupons fabricated from 
pla te  stock. 

A l l  of the Zircaloy-2 and Zircaloy-4 coupons which contained 

The unacceptably high corrosion ra tes  occur during the  f i r s t  72 hours 
of exposure t o  400 C,  1500 ps i  steam. 
corrosion ra tes  assume approximately the same slope as the standard 
reference Zircaloy-2 material. 

After t h i s  i n i t i a l  exposure, the 
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&tal lurg ica l  Properties of Zircaloy-2. 
of various percent cold work have been burst tes ted  at  300 C, and the 

PRTR-type process tube sections 

corresponding hoop s t resses  have been calculated. 
ported i n  m-62172 Rev. 
the same tube samples and tes ted at  300 C .  

The hoop strengths of the annealed tubular specimens were about 2576 
greater  than the t ens i l e  strength of the annealed t ens i l e  specimens. 
However, the percent increase i n  strength of the tubular specimens de- 
creased t o  about lO$ as the percent cold work increased t o  17.8%. 
of the strength increase i n  the burst t e s t s  may be a t t r ibu ted  t o  the 
presence of a b iax ia l  stress condition i n  the tubes versus a u n i a x i a l  
stress condition i n  the t e n s i l e  t e s t .  
from the fabrication procedure a l so  contributes t o  the higher strength i n  
the transverse direction. 

These data were re- 
Longitudinal t ens i l e  specimens were cut from 

Part  

The preferred orientation result ing 

Zircaloy Sheath Tube Evaluation. Two short  samples of Zircaloy-2 tubing 
obtained from the  Heraeus Company of Hanau, Germany, exhibited outstand- 
ing capabi l i ty  t o  withstand a free-sink swage t e s t  without wrinkling or  
cracking on the inside surface. This behavior was much superior t o  the 
domestic tubing used as a control. 
difference between the German tubing and the domestic tubing was the 
grain s ize:  
while the grain s ize  of the best domestic tubing ranges from 0.019 mm t o  
0.065 m average grain diameter. 

bktallographically, the most s t r ik ing  

Heraeus tubing i s  about 0.005 mm average grain diameter, 

In an attempt t o  investigate the metallurgical properties of and methods 
f o r  producing f ine  grained Zircaloy-2, a se r ies  of grain refining ex- 
periments have been in i t i a t ed .  

Samples of 46 and 70$ cold worked Zircaloy-2 have been sealed i n  evacu- 
ated Vycor tubes and annealed a t  temperatures ranging from 550 t o  825 C 
f o r  various times. 
by anneding f o r  two hours at 550 C .  

To date, the smallest grains (0.014 rnm) were produced 

Zircaloy-4 PRTR Cladding Order. 
e f fo r t s  t o  produce the 0.680-inch I D  s i ze  tubes on t h i s  order resulted 

m e  vendor's (Wolverine Tube Co.) f i r s t  

i n  a severe cracking problem. The f i rs t  problems occurred when attempts 
were made t o  extrude the tubes at  a 27:l extrusion r a t io .  
cladding stripped and reduced i n  thickness permitting the external copper 
jacket t o  contact the ZircaLoy, resul t ing i n  loca l  alloying between the 
two. 
heavier s t e e l  cladding on the b i l l e t s  resulted i n  successful extrusions. 
It was a l so  reported verbally by the vendor t h a t  the Zr-4 apparently does 
not "work" l i k e  the Zr-2. 

The s t e e l  

However, subsequent reductions i n  extrusion r a t i o  coupled with a 

The vendor a l so  experienced d i f f i c u l t i e s  w i t h  some tubes cracking all 
the  way through the w a l l  during the second and t h i r d  pass on the tube 
reducer. The cracking, apparently caused by loca l  alloying on the inside 

I 2 4 0  1 9 9  



UNcLASsIFm A- 26 HW-6489 

surface, should be al leviated by the reduced extrusion r a t i o  coupled with 
only two passes on the tube reducer. 
promising. 

Preliminary r e su l t s  now appear 

The majority of the 0.SOfS-inch s ize  tubing on t h i s  order has been changed 
from 0.505-inch I D  x O.03O-inch w a l l  t o  0.495-inch I D  x 0.035-inch w a l l ,  
and the ID tolerance has been changed from +0.005-inch - 0 inch t o  0.002- 
inch - 0 inch. To date the vendor has not fabricated the smaller diameter 
tubing. He has fabricated a few pieces of the  0.505-inch s i ze  and reports 
destructive t e s t s  reveal freedom from cracks and good surface f in i sh .  
This tubing w i l l  be fabricated from a small extrusion requiring only two 
passes on the tube reducer. 
tolerance on the I D  and prevent ringing have been completed. 
most recent schedule of delivery of the two s izes  on thSs order i s  100 
tubes per week fo r  the 0.680 s i ze  by 5/9/60, and 100 tubes per week f o r  
the smaller diameter by 5/23/60. 

Changes i n  tooling design t o  hold the closer 
The vendor's 

PRTR Process Tube Monitoring. 
porate means f o r  visual examination and diameter measurement of PRTR 

The Mark I prototype monitor w i l l  incor- 

pressure tubes before s ta r tup  of the mTR. 
be serviceable i n  a gamma radiation environment. 

This un i t  is not intended t o  

For visual examination, closed c i r cu i t  TV is  being given p r i m r y  at tent ion.  
Successful application of closed c i r cu i t  TV techniques would provide 
simultaneously d i r ec t  viewing and a permanent record by mans of video 
tape recording. 
spection techniques, a camera has been rented until a sui table  camera can 
be purchased. 
posit ion of l igh t ing  is  f u l l y  as c r i t i c a l  as with an.opt ical  borescope. 
Experiments with a 12.5 mm focal length wide angle lens  indicate a need 
f o r  a shorter  focal  length leas .  
of 7.5 mm a re  commercially avai lable . )  
promising and offers  a potent ia l  admatage of opt ical  magnification. 
conics mirror arrangement which would permit r i gh t  angle viewing through 
a 360' arc i s  under consideration. 

To provide an ear ly  start i n  the development of TV in- 

Experience w i t h  the  rental  camera shows tha t  the type and 

(Wide angle lenses with a focal length 
Right angle viewing also appears 

A 

Purchase specifications f o r  a closed c i r cu i t  TV caaera have been revised 
t o  assure be t t e r  construction and performance. Bids under t h i s  specif i -  
cation are due April 29. 
ponents needed f o r  ID measurement by means of d i f f e ren t i a l  t ransforwrs .  

Orders have been glaced f o r  the e l ec t r i c  com- 

Design of the Mark I drive and positioning mechanism i s  about 70 percent 
comglete. 
the  intense gamma flux t o  be encountered i n  the PRTR process tubes. 
addition t o  a TV camera and dianeter measuring device, sensing probes t o  
measure the w a l l  thickness, the insulating gas gap, the  hydrogen concen- 
tratiori ,  and the depth of any flaws w i l l  be added as they are developed. 

The Mark I1 b n i t o r i n g  Probe will be designed t o  operate i n  
In 

KER Loop No. 1 Tube. The K E Z  Loop No. 1 Zircaloy-8 process tube w a s  dis-  
charged duriosc the month. This tube contains four defect areas (two p i t s ,  
two &aJl  protrusions, and two areas of scratches 1. Examination -of these 
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defects i n  Radiometallurgy w i l l  be s ta r ted  i n  ear ly  May. In  addltion, 
f i ve  samples of the tube f romthe  front  and rear  edge of the moderator, 
and the 1/4, 1/2, and 3/4 positions i n  the moderator w i l l  be subjected 
t o  f la t ten ing  tests, metallographic examination f o r  grain structure and 
hydride needles and burst t e s t s .  Additional samples w i l l  be available 
f o r  t ens i l e  t e s t s  and other measurements, i f  desired. 

Radiometallurgy Laboratory Studies 

Examination of a 3.1 w/o U-235 enriched and swaged U02 fue l  element 
(24" lon:, 0.568" OD, and clad i n  Zr-2) with a five-mil defect through 
the cladding was s ta r ted  t h i s  month. 
metallographic examination revealed tha t  hydriding of the cladding had 
occurred t o  a maximum concentration of 50 ppm H2. 
1.77 inch OD, Zr-2 clad, tube and rod U02 fue l  element, t ha t  had ruptured 
i n  the ETR as GEH-10-5, w a s  received fo r  examination. The outer cladding 
of the  tube had parted i n  a six-inch longitudinal s p l i t  a t  s i x  inches up- 
stream from t,he center. 
crack appears t o  have been overheated. The tube was sectioned through 
the rupture area and there was no evidence of washing out of the fue l .  

Sectioning through the hole and 

A three-foot long, 

The surface of the cladding surrounding the 

A f i s s ion  gas s q l e  was removed from a low density U02-Pu02 capsules, 
GEH-14-21, and submitted t o  Analytical Operation f o r  mass spectrometer 
analysis.  
t o  three atmospheres pressure i n  the capsule. 

A volume of 1 1 . 3  cc of gas was removed which i s  equivalent 

The resu l t s  and conclusions fromthese t e s t s  w i l l  be reported in  connection 
with the respective development program of Ceramic Fuels and Plutonium 
Metallurgy Operations. 

Thermal Hydraulic Studies 

Problems of a Small Leak Downstream of the Orifice i n  a PRTR Process Tube. 
The flow out of a small leak downstream of the o r i f i ce  of a PRTR process 
tube would come p a r t i d l y  from an increase i n  flow through the supply 
piping and p a r t i a l l y  from a robbing of the flow through the tube. Studies 
have revealed that the flow increase through the supply piping i s  so small 
as t o  make impractical the use of a high flow trLp t o  guard against leaks 
which would reduce the flow through the tube t o  a flow l e s s  than tha t  re- 
quired t o  prevent f i l m  boil ing.  A decision has been made t o  make use of 
the pressurization of spaces outside the tube which small leaks would 
cause t o  guard against such leaks.  An al ternate  method of protection 
against such leaks would be t o  decrease the ring header t o  r ing header 
pressure and t o  provide less pressure drop across the tube o r i f i ce s .  
study was  made of t h i s  a l ternate  t o  provide the  necessary information f o r  
i t s  application, should it be deemed necessary. 
relationship between the high flow t r i p  se t t ing  necessary t o  protect 
against flows resul t ing i n  burnout and the  ring header t o  ring header 
pressure drop: 

A 

The study resulted i n  a 
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FHT = percent of normal flow at  which the  
high t r i p  has t o  function 

&P = r ing header t o  r ing header pressure 
drop. 

Entering t h i s  at a high flow t r i p  at  116 of normal flow reveals t ha t  the 
r ing header t o  r ing header pressure drop must be 28.2 ps i .  The tube or i -  
f i c e s  would then have t o  be resized t o  provide a 12.1 p s i  pressure drop 
from bottom r ing header t o  tube .inlet. 

Wire Wrap Orientation. 
heat t ransfer  apparatus t o  investigate the e f fec ts  of wire wrap orienta- 
t i on  on the coolant temperatures throughout a cross-section of the 19-rod 
PRTR fue l  element. The t e s t  section was f u l l  s ize  i n  cross-section, but 
24 inches long,  and had uniform heat generation. Two ser ies  of t e s t s  were 
run a t  flows of 127 and 86 gpm, i n l e t  water temperatures of 478, 500, 510, 
and 250 F, and specif ic  powers of 0, 75, 150, and 225 KW/ft. 

The f i r s t  se r ies  of t e s t s  was run with a w i r e  wrap orientation similar t o  
t h a t  being used on the Pu-A1 fue l  elements. 
tests,  the wire wraps were shif ted t o  give different  orientation of the 
wires. 

Experiments were performed i n  the high pressure 

For the second se r i e s  of 

An i n i t i a l  analysis of the results of the experiments indicates t ha t  a 
change i n  orientation of the wraps does not great ly  change the mixing 
efficiency, * 
Phase 111 PRTR Contract. llhe Phase I11 contractor is  estimated t o  be 
about 795 completed versus a scheduled 9 6 ,  based on the o f f i c i a l  AEC 
schedule. 
a scheduled 8846. 

Over-all PRTR Project i s  estimated t o  be 86$ completed versus 

Repairs t o  the calandria weld seams which showed leaks during the con- 
t r a c t o r  ATP's were completed. 
with the exception of the vent l i n e  and found t o  be sound. Ins ta l la t ion  
of the calandria i s  being delayed by procurement of the spirfd. tubes f o r  
the re fe lc tor  vent l i n e  in s t a l l a t ion  by the contractor. The i ron shot was 
ins ta l led  i n  the bottom primary shield and the shot f i l l i n g  holes plugged 
and sea l  welded. 
Sat isfactory shot density was achieved i n  the bottom shield,  and deflection 
of the shield as a result of placing the shot was negligible.  
has been ins ta l led  i n  the core region of the top primary shield.  
annular region w i l l  not be f i l l e d  u n t i l  the shield has been ins ta l led .  

The re f lec tor  vessel was hel iumleak tes ted 

Le& t e s t ing  of these seal  welds has been completed. 

The shot 
The 
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Assembly of the fue l  handler i n  the reactor building is  about completed. 
R a i l  stops and limit switch brackets a re  being made f o r  the f loor  r a i l s .  
It has been necessary t o  r a i se  the cask t o  permit t r ave l  across the 
reactor h a l l  f l oo r  which i s  out of tolerance i n  a number of locations.  

The ATP on bow measurement, hydrostatic and leak tes t ing  of process tubes 
continued during the month. 
nozzles were completed. 

Bow measurements and assembly of tubes and 

Process Piping. 
covering i n l e t  and out le t  jumper stresses and the effect  of overbalancing 
the normal. operating weight of the steam generator were received from 
Elec t r ic  Boat Division of General Dynamics Corporation. 
piping s t resses  are  shown t o  be below allowable l imi t s .  

Primary coolant piping f l e x i b i l i t y  analysis reports 

Thus f a r ,  all 

Instrumentation and Control. 
is  being modified t o  reduce the m a x i m  possible rates of r eac t iv i ty  

The PRTR moderator l eve l  gas balance system 

increase a t  leve ls  between 3.5 and 7.5 f ee t  while maintaining previously 
exis t ing rates i n  the operating range. This is  being accomplished by 
adding a f i f t h  valve which bypasses the gas balance compressor i n  the 
same way as the other l eve l  cont.ro1 valves. 
pressure d i f f e ren t i a l  between the moderator storage tank and the top of 
the calandria. 
l eve l s )  and closes as the pressure d i f f e ren t i a l  (moderator l eve l )  increases + 

The r e su l t  of t h i s  valve action i s  t o  lower the r a t e  of moderator l eve l  
increase which can be obtained a t  low moderator l eve l s .  The valve i s  
closed above 7.5 f e e t  a-d therefore does not a f fec t  the previously exist- 
ing r a t e s  i n  the operating range. 
t o  determine whether any changes must be made i n  it t o  compensate f o r  the 
changes made i n  the gas balance system. 

The valve is operated by the 

The valve i s  open at  low pressure d i f fe ren t ia l s  (moderator 

The PRTR control system i s  being studied 

A l l  submittal data  has been received and reviewed on the rupture monitor 
electronics system. 
a l l  submittal data  had not been received by tha t  date. 
l i ve ry  schedule has not bean received t o  date.  

Delivery was or iginal ly  scheduled fo r  4/19/60, but 
A revised de- 

The Keithley amplifiers f o r  use i n  the containment system were received 
during the month. 
shipped l e s s  these amplifiers. 
between the  amplifiers, the panels, and the specifications were observed 
which w i l l  make ins t a l l a t ion  of the amplifiers d i f f i c u l t .  
amplifiers as delivered w i l l  require the provision of a separate 24-volt 
DC power supply f o r  t h e i r  operation. A c l a im f o r  backcharge against the 
vendor has been forwarded f o r  processing. 

The safety systembypass panel had previously been 
Upon inspection, a number of discrepancies 

Also, the 

Fuel Element Examination Fac i l i ty .  
ing sections have been Sean welded. 

!The jo in ts  between the various shield- 
The v e r t i c a l  shield and the viewer 

support p la te  have been ins ta l led  i n  the c e l l .  
services are currently being ins ta l led .  

The vent i la t ion and 
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The W. F. and John Barnes Company was unsuccessful i n  get t ing a sa t i s -  
factory f in i sh  on the aluminum castings fo r  the primary manipulator. 
An attempt is now being made t o  obtain a sat isfactory f in i sh  by metal- 
l i z i n g  and repolishing . 
The a i r  duct with movable out le t  (zipper), which i s  t o  operate a t  approx- 
imately two psig,  f a i l ed  t o  pass the i n i t i a l  -pressure t e s t  due t o  ex- 
cessive spreading of the t rack  on which the carriage t rave ls .  
has since been strengthened and i s  now sat isfactory fo r  use at  a pressure 
of three psig.  

The duct 

The t e s t ing  of the wide angle viewer has been completed, and the viewer 
i s  ready f o r  ins ta l la t ion .  The profilometer i s  s t i l l  undergoing tests. 

Load-Out Cask. 
changes which have been requested. 
charges was subsequently approved. 

A visi t  was made t o  the Vendor's plant t o  discuss the 
The vendorf!s quotation f o r  additional 

Helium Gas System. The possible relocation of one o r  more of the dia- 
phragm helium compressors i s  being studied. 
requested the change as a means t o  f a c i l i t a t e  maintenance on the unit. 

The operations group has 

PFP C r i t i c a l  Fac i l i t y  (Froject CAH-842). 
$360,000 were approved April 14, 1960. 

Project funds to ta l ing  
The Design Cri ter ia ,  HW-62117, 

has been published. 

Purchase specifications f o r  the fue l  t ransfer  lock were prepared and 
placed f o r  bid on a design and fabricate  bas i s .  

Rough d ra f t  specifications f o r  the reactor instrumentation system were 
issued f o r  comment. 

Development of a drop-type safety rod and a shut.ter-type control rod has 
been i n i t i a t e d  by MEDO. 

Fuel Element Rupture Test Fac i l i t y  (Project CAH-867). 
d e s i m  c r i t e r i a  has been completed and i s  being routed f o r  approval. 

The t ex t  of the 

All scope drawings f o r  the f a c i l i t y  a re  completed and are ready f o r  
approval except water plant ,  equipment annex, and eff luent  holdup tank 
drawings. 
April 29, 1960. 

It i s  expected t h a t  these drawings w i l l  be completed by 

High pressure-high temperature bellows, f o r  use as expansion jo in ts  i n  
the Test Section "B" backup tube-pressure tube complex, are  being pro- 
cured f o r  evaluation. 

Transient studies a re  being conducted by RTDO personnel. 
thermal shock t o  equipment a f t e r  the f a i l u r e  of normal e l e c t r i c  power 
and a f t e r  a regenerative heat exchanger bypass valve malfunction has 
been computed. 

To date,  the 

The data obtained were used t o  s e t  design maximum ra tes  
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of temperature change (350 F/hr) and design temperatures f o r  piping and 
equipment downstream of the regenerative heat exchanger (250 t o  450 F ) .  
Further analyses are  being conducted t o  es tabl ish the required t e s t  
section out le t  temgerature control system character is t ics  (proportional 
band, reset  frequency, and r a t e  action) and t o  determine the effective- 
ness of convective circulat ion i n  cooling the  t e s t  section a f t e r  a t o t a l  
e l e c t r i c  power f a i lu re .  

Desim and Comonent Testinn 

Design Test €3-1 - Discharge Operatinn Mockup. 
w a s  removed f romthe  314 Building by the Phase I11 contractor. 
(HW-64687) has been completed 

The PRTR fueling vehicle 
A report 

Charge-discharge data from a process tube with a m a x i m  bow of 0.12"/ 
length are  summarized below: 

The end brackets of the element chattered against the tube w a l l  
during each charge-discharge trial fromthe tube. 
elemefit w a s  charged and discharged from the tube with the dis- 
charge hook of fse t  0.25" eas t  from the centerline of the nozzle 
and 0.32" west of the nozzle. It was possible t o  discharge but 
not charge the element with the hook 0.38" west and 0.32" east  
of the nozzle. Ten charge-discharge trials were made with the 
centerline of the hook positioned on the east-west centerline 
of the nozzle and of fse t  0.06" south. 
formed by the abrasion between the element and tube were col- 
lected at the  bottom of the  tube and weighed less than one m i l l i -  
gram. 

The U02 

The metal par t ic les  

It was possible t o  charge and discharge the &-A1 element with 
the centerline of the hook of fse t  0.10" eas t  f romthe  centerline 
of the nozzle and 0.24" west from the centerline of the nozzle. 
The hook was offset  0.O5" west and 0.06" south and the element 
charged and discharged t e n  times. 
pa r t i c l e s  collected during the ten  trials was  2.97 milligrams. 
&asurements cf the fue l  element at the completion of the charge- 
discharge tr ials revealed a bar of O.l5" a t  the center. 

Total. wei&t of the metal 

PR-10 - Primary Loop Mockup. 
(#352472), which had 1 .4  mils maximum vibration, was disaseembled on 
March 27, 1960, a f t e r  129 hours of aperation. 
seal face was heat checked a t  the outside diameter of the graphite face.  
The raised face on the graphite member (0.093") instead of the standard 
(0.063") i s  thought t o  have been a contributing fac tor  t o  the overheat- 
ing observed. The wear pat tern indicated tha t  the  higher raised face 
had deformed. "his malfunction had been observed on e a r l i e r  t e s t s  which 
resulted i n  the adaptior, of a lower raised face on all replacemnt sea ls .  
Retesting of the pump previously run during March 1960 (#352473), re- 
vealed the same excess vibration of six mils maximum a f t e r  careful align- 
ment with both the original. impeller and a rebalanced impeller returned 

The second of the three PRTR primary pumps 

The rotat ing mechmical 
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f romthe  factory.  
and direction of vibration. 

Recordings were made t o  show pump speed and magnitude 

The t h i r d  puqp (#352471) was ins ta l led  and operated on April 18, 1960, 
with the rebalanced inpel ler .  The vibration l eve l  was found t o  be s ix  
mils on the pump case. The c r i t i c a l  resonance frequency of the assenibled 
pump and support was  found t o  be 29 CPS. 
closely t o  the pump speed. Stiffening the pump supports moved the c r i t i c a l  
frequency from 29 t o  34 C P S  and reduced the pump vibration t o  1 .4  m i l s .  
A vibration element mounted d i r ec t ly  on the coupling hub above the flywheel 
shuwed a maximum vibration of the rotat ing assembly of eight mils. The 
pump case vibration was reduced t o  0.3 m i l ,  and the vibration at the  coupling 
hub reduced t o  2.8 mils, by the addition of 52 02- in  t o  the flywheel. This 
is  an alaming amount of inibalance. 

Tkis frequency corresponds 

Further corrections are  being planned t o  eliminate excess play found i n  the 
upper rad ia l  bearing. 
reduced by increasing the clearance between the punp case and impeller. 

The vibration imparted by the impeller w i l l  a l so  be 

The weight additioE t o  the flywheels has been ordered and w i l l  be assembled 
and balanced as a uni t  a t  the factory. 

The high pressure sea l  of the prototype pump continues t o  operate sa t i s -  
f ac to r i ly  a f t e r  3685 hours of operation and 64 pump starts. 
i s  s t i l l  approximately 0.1 gph a t  equilibrium conditions. 

The leak r a t e  

Packing t e s t s  were resumed i n  the small capacity Aldrich pump on April 11, 
1960, using R/M Vee-Flex Packing rings,  Style #R/M 1204. 
operated approximately 85 hours without measurable leakage. 

The packinz has 

During the past  month the  single tube prototype has operated 447 hours 
with 1 5  thermal cycles. 
moved on April 20 f o r  inspection. 
operated fo r  2000 hours at simulated reactor conditions. 
spection revealed orily small burnished spots where the fue l  element contacts 
the  w a l l  of the tube. 
a t  l e a s t  an additional 1000 hours. 

The f u e l  element and the process tube were re- 
The process tube No. 6063, has now 

A boroscope in-  

It i s  proposed tha t  t h i s  process %ube be operated 

The nozzle-to-process tube (NTPT) connection of the single tube prototype 
operated without shim 447 hours t h i s  past  month with an average leakage 
r a t e  of 0.2 ml/hr. 
it w a s  broken April 20 f o r  tube inspection. 

This par t icu lar  s e a l  had operated f o r  632 hours when 

The special  nozzle-to-process tube test  piece w a s  operated f o r  500 hours 
with 37 temperature cycles t o  500 F. The shimmed end of t h i s  t e s t  piece 
has been leaking excessively throughout t h i s  period. 
ing and when hot has been from f ive  t o  20 d/hr with leakage s l igh t ly  
higher during the heating portion of the cycle. 
end has been consistently low with average collection l e s s  than 0.2 ml/hr. 

Leakage while heat- 

Le&age a t  the non-shimmed 
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Cap seal leakage on the single tube prototype has been excessive a l l  
month. 
roughness, and the  cap gasket groove has been remachined twice i n  
e f fo r t s  t o  reduce leakage. 
about six ml/hr. 
the metal seating surfaces has s t i l l  been observed. 

The nozzle gasket sea t  has been lapped twice t o  remove surface 

The lowest sustained leakage r a t e  averaged 
Impingement of the inner gasket m e t a l  r ing between 

Similar experience was observed with the cap sea l  being tes ted  on the 
jumper flexure t e s t  loop. 
t o  prevent impingemnt of the gasket between the metal gasket re ta iner  
and sea t .  Preliminary leak  data durins the f i rs t  three thermal. cycles 
has shown leakage t o  be l e s s  than one ml/hr. 

This cap has now been modified i n  an attempt 

Continuous tes t ing  and analysis of the nozzle cap seal ,  which i s  phys- 
i c a l l y  l imited t o  a very narrow gasket, is  being emphasized with new 
and modified seal designs being prepared f o r  evaluation. 

PR-20 - Calandria Characterist ics.  The maximum ra t e  of rise attainable 
i n  the 189-D mockuzr was  0.019 ft/second under t e s t  conditions w i t h  
3-1/2 f ee t  of water i n  the storage tank. 
0.027 t o  0.021 ft/second was reported i n  m-61236 (Safeguards Analysis 
Report ) . 

A theoret ical  r a t e  of r i s e  of 

PR-40 - Shim Control Mockup. 
mockup was s ta r ted  during the  mnth .  

Operation of the prototype corrosion t e s t  

Two motors were received from the vendor f o r  tes t ing .  
hibi ted uneven winding resistance and was returned t o  the vendor. 
second motor is  undergoing e l ec t r i ca l  and mechanical t e s t s .  

One motor ex- 
The 

F'R-70 - Helium Compressor Test. 
have been fabricated f o r  the Hofer high pressure compressor. 

Three check valves of 17-4 PH s ta in less  

Rebuilding of oil pumps f o r  the  high pressure compressors i s  being con- 
tinued. Test evaluation of the  o i l  purrrps is a l so  being continued. 

PR-80 - Air Cooling Duct Tes t .  
t o  prevent deformation of the carriage r a i l  section. Delivery of the 

The high pressure duct has been modified 

cor&essor t o  the reactor contractor-has made it necessary t o  i n s t a l l  a 
temporary portable compressor f o r  tes t ing .  
leakage, and carriage operabi l i ty  have s ta r ted .  

Final t e s t s  of a i r  flow, 

Special Tools. 
completed and tes ted .  
nut f o r  s t a r t i ng .  
25 foot-pounds of torque applied. 
with an extended open end type wrench. 

The horizontal jumper wrench f o r  the reactor has been 
It i s  capable of retaining and positioning the 

The nut can be run in to  posit ion and the i n i t i a l  
The f i n a l  500 foot-pounds i s  applied 

Tongs t o  remove and r e t a in  the shim control e l ec t r i ca l  connection have 
been completed and tes ted .  

I 2 4 0 2 0 1  UNCLASSIFIED 



A- 34 HW- 64898 UNCLASSIFIED 

The design of the load-out cask pin and hanger remover has been completed 
and is  i n  the shop f o r  fabrication. 

Elec t r ica l  Structural  Opening Sealers. 
sealer  EC 1291, have proved t o  be acceptable f o r  sealing the s t ruc tura l  
openings and the wire ends. 
i f i ed  did not provide an acceptable sea l .  

Two sealants,  epoxy cement and 3M 

The s i l icone rubber material which was spec- 

The two acceptable sealants were used t o  f i l l  the top inch of an opening 
with sand used as a f i l l e r  base. A report  has been completed. 

PRTR Process Instrumnts .  
f o r  the fue l  element temperature detector probe of W o r d  design f o r  the 
Fuel Examination Fac i l i ty .  
on the arsenic t r i s u l f i d e  windows, it was discovered that the loss i n  
-f;ransmission efficiency was due t o  surface etching and not t o  radiation 
darkenbg. 
transmission efficiency was found t o  be ident ical  t o  tha t  neasured before 
the windows were i r radiated.  
with s i l i con  monoxide t o  favor transmission a t  the six-micron wavelength, 
are  on order. 

An acceptable bid was received from a vendor 

After completing the accumulated dose of 109 R 

When the surfaces were polished t o  remove the etching, the 

Sil icon and germanium lens,  both coated 

A radiation exposure t e s t  has been authorized f o r  a commercial temperature 
detector u t i l i z ing  small amounts of mineral oxides as a eutect ic  salt. 
The detector i s  a small (0.088 inch) s ta in less  s t e e l  sheathed cable capable 
of operating up t o  900 F. 
monitor OE the  Gas Loop i n  the PRTR. 

Design Analysis 

It i s  a p o t e n t i d  candidate f o r  an in-pile 

PRTR Safeguards Analyses. Analysis and writing f o r  
Fac i l i t y  preliminary hazards report were continued. 

the PRP Cri t ica l  

A summary of hazards and res t r ic t ions  f o r  tne PRTR c r i t i c a l  t e s t s  w a s  
writ ten,  discussed w i t h  the physics Sub-Council cf the Startup Council, 
and submitted t o  the Council. 
associated with the t e s t s ,  procedural res t r ic t ions ,  and special  process 
specifications.  

ACRS Review of PRTR. 
guards resul t ing from t h e i r  review of the PRm on January 28, 1960, were 
received. 
U.  S. Atomic Ehergy Connnission are  as follows: 

The write-up covered special  hazards 

Comments of the  Advisory Committee on Reactor Safe- 

Two recommendations of the Divisioc of Licensing and Regulation, 

1. "The following conditions be posi t ively required by revisions 
i n  

a .  

b. 

the f a c i l i t y ,  ins ta l la t ion  of appropriate interlocks,  e t c  : 

Shim rods and moderator leve l  should not move simultaneously. 

It should be impossible t o  increase reac t iv i ty  through the 
increase of mderator  l eve l  a t  the maximum ra t e  except when 
the high l eve l  flux t . r ip  i s  se t  a t  about one-tenth f u l l  power. 

8 
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c.  There should be a warning signal if the voltage across any 
ionization c h w e r  deviates appreciably from the specified 
value. 

d.  Startup without a posit ive signal from star tup o r  period 
channel should be prohibited. 

Procedures should be adopted t o  insure tha t :  

a. m e  r a t e  of r eac t iv i ty  increase w i l l  be res t r ic ted  t o  leve ls  
substant ia l ly  below the maxirmun u n t i l  after extended oper- 
a t ing experience has beer, gained. 

b. M?mual operatior, should be employed during i n i t i a l  s tar tup 
tests and i n i t i d  f u l l  power t e s t s .  
be used only a f t e r  i n i t i a l  t e s t s .  I' 

Automatic control should 

2. "Prior t o  s tar tup of the reactor,  the following information should be 
submitted : 

a. Analyses should be made of the  consequences of a pressure 
tube rupture, including the  e f fec ts  of possible moderator 
leve l  changes i n  the calandria, which might occur under 
unfavorable operating conditions, e.g. ,  during s ta r tup  
while reac t iv i ty  is  being added a t  a maxim ra te .  

b. Indication of conditions under which posit ive void co- 
e f f i c i en t s  might exist i n  the  PRTR and the  e f fec t  these 
coefficients would have on the  accidents t h a t  have been 
analyzed. 

c. The actual values of void coefficients a re  of considerable 
importance i n  the safety evaluation of t h i s  reactor.  
is  requested therefore t h a t  the procedures be described by 
which these, and other physics parameters, w i l l  be measured 
i n  l a t e r  c r i t i c a l  experiments with the i n i t i a l l y  loaded 
reactor 'I 

It 

A document, HW-61236, SVm, which provides information and describes 
actions taken with respect t o  the above items has been issued and trars- 
mitted t o  the AEC i n  preparation f o r  a further review ear ly  i n  May. 

A l l  of the  recommendations, with one exception, were adopted by making 
revisions i n  the equipment or establishing procedural pract ices .  This 
exception i s  concerned with interlocking the shim rods and moderator 
l eve l  t o  prevent simultaneous movement. Ins ta l la t ion  of a moderator 
leve l  r a t e  control valve w i l l  substant ia l ly  reduce the maximum possible 
reac t iv i ty  changes caused by moderator l eve l  changes i n  the range of 
2.5 t o  7.5 f ee t ,  and it is  believed w i l l  permit simultaneous movement 
of a shim rod and moderator l eve l  without compromising reactor safety.  
A t  the  m i n i m  c r i t i c a l  moderator l eve l  of s ix  feet, the maximum ra te  

I 2 4 0 2 0 9  UNWSIFSED 



UNCLASSIFIED A- 36 HW- 648% 

of reac t iv i ty  addition by simultaneous movement of a shim rod and mod- 
e ra tor  l eve l  could increase reac t iv i ty  from delayed t o  prompt c r i t i c a l  
i n  about 21 seconds. 

Further analyses of the consequences of process tube f a i lu re  a re  pre- 
sented. Process tube ruptures when the primary coolant is  hot result 
i n  formation of such large moderator voids tha t  there i s  no net posi- 
t i v e  reac t iv i ty  addition. 
occurring when the primary coolant is  cold and pressurized i s  there a 
net posit ive reac t iv i ty  effect., and th i s  is  very small, 0.25 mk. 

only i n  the case of a process tube leak 

Analyses of void coefficients f o r  PRTR show tha t  only loss of coolant 
w i l l  give a posit ive void coefficient,  and t h i s  coefficient i s  low, 
resul t ing i n  a maximum reac t iv i ty  increase of about four mk upon t o t a l  
loss of coolant f o r  anticipated core loadings. 

The opportunity afforded by t h i s  communication w a s  taken t o  request 
consideration of rzew limits f o r  the exhaust a i r  ac t iv i ty  t r i p  and a 
new limit f o r  reactor thermal power. The new limits are:  

Exhaust a i r  ac t iv i ty :  Alarm 4.5 x 10-6pc/cc 
Containment t r i p  4.5 x 10-5pc/cc 

Reactor thermal power: Nominal maximum 70 MW 
Actual maximum 75 MW. 

Small PRTR Process Tube Le&. 
was calculated following a process tube rupture of 0.286" equivalent 
diameter. 
50 gpm o r  5.95 Ib/sec . 
7.0 lbs/sec. 
primary coolant system are depressurized l i n e a r l y  i n  10 minutes. 
leak r a t e  drops sharply t o  1.81 lb/sec a t  f ive  minutes as a r e su l t  of the 
depressurization of the  pressurizer,  but then the decrease i s  gradual t o  
1.67 lb/sec a t  15 minutes. 
the  i n i t i a l  mimte, and then the flowrate increases t o  32.0 gpm o r  4.45 
lb/sec. 
ra te ;  however, not until a f t e r  18 minutes does the pressurizer begin t o  
r e f i l l .  
temperature changes. 
432 gal.  
exceed 15 F above normal. 

The pressurizer l i qu id  volume transient  

With the reactor operating at  70 MY the i n i t i a l  leak r a t e  i s  
The leak r a t e  increases i n  30 seconds to about 

Five minutes following the inciderit the  heat exchanger and 
The 

The make-up feed pumps supply 23.3 gpm f o r  

Therefore, a f t e r  f i ve  minutes the feed r a t e  exceeds the leak 

The l a g  is  due t o  contraction of the D20 primary coolant from 

A t  no t i m e  during the  t ransient  do fue l  element temperatures 
The maximum D 2 0  volume change was 57.8 f t 3  or  

Moderator Level Transients. The moderator leve l  t ransient  following 
process tube ruptures during high pressure-high temperature reactor 
operation and during high pressure-low temperature reactor operation 
were calculated. 

In the low teniperature study the process tube was assumed t o  be completeJ-y 
parted. The resul t ing flow r a t e  was 190 lb/sec which was assumed constant 
f o r  the en t i r e  t rans ien t .  A scram was  assumed a f t e r  0.1 second. I n i t i a l l y  
the moderator was a t  6.0 f e e t .  
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The calculation indicated the moderator leve l  increases t o  a maximum 
of about 6.02 f e e t  as the  r e su l t  of such a rupture. 
drop, however, t o  the or iginal  6.0 f ee t  a f t e r  about 0.22 second. 

The leve l  w i l l  

For the high temperature study, two process tube fa i lures  were exam- 
ined. F i r s t ,  the rupture which provides 18.75 lb/sec flow r a t e  (the 
flow necessary t o  rupture the  shroud tube) and, second, a complete 
parting of the process tube which provides a flowrate of 140 lb/sec. 
In each case the flowrates were assuned constant during the en t i r e  
t ransient .  

In t he  18.75 lb/sec case it was assumed tha t  50 percent of the steam 
formed i n  flashing t o  atmospheric pressure was condensed, yielding a 
qual i ty  of 20 percent. 
see. Calculations were made f o r  i n i t i a l  moderator leve ls  of 4, 6.5, 
8.0, and 8.83 feet. In each case a scram was assumed at 0.1 second. 

The volumetric steam flowrate was thus 89 f t3/  

With the moderator i n i t i a l l y  a t  four f ee t ,  the  l iqu id  leve l  continued 
t o  r i s e  during the en t i r e  t rans ien t .  
assmption of trapping all the steam below the surface of the moderator 
is not valid,  and thus a l i qu id  level change of about 1 . 5  f e e t  would be 
about the  maxim value. 
3.3 f ee t  of the calandria. 

However, it is believed the 

The corresponding stem void w i l l  occupy about 

In the  remaining cases examined the  moderator l eve l  was calculated t o  
peak before the calandria becomes f i l l e d  w i t h  20 percent qual i ty  steam. 
The m a x i m  l iqu id  l eve l  increases were 1.08, 0.453, and 0.40 f e e t  which 
corresponded t o  steam voids of 1.05, 0.776, and 0.658 feet. The i n i t i a l  
moderator l eve l s  were 6.5, 8.0, and 8.83 f e e t ,  respectively. 

In the 140 lb/sec case it was assumed tha t  none of the steam in the  
steam-water mixture was  condensed. 
flowrate was 1330 ft3/sec.  Because the steam flowrate was  high, the 
r a t e  of l iquid level r i s e  w a s  equal t o  the rate of steam void formation 
u n t i l  the  moderator l eve l  reached 9.40 f e e t .  
l iqu id  level remained constant while the steam void increased and f i l l e d  
the calandria. 
t o  be less than 0.2 second. 

The qual i ty  was 40 percent and the 

From th is  time on the 

The time t o  completely void the calandria was estimated 

PRTR Rupture Loop Transient. The e f fec ts  of completely bypassing the 
cold l eg  flow t o  the regenerator upon the out le t  primary coolant tem- 
perature f romthe  cooler was determined. 
an 1800 KW fue l  elernent and assuming the reactor is not scrammed. 

The calculation was made w i t h  

The results indicated that the temperature of the primary coolant a t  the 
i n l e t  of the cooler would increase from i ts  normal 180 F t o  about 445 F, 
but the out le t  temperature would increase only from i t s  normal. 130 F t o  
about 220 F. The out le t  temperature would remain i n  excess of 200 F fo r  
about 1.8 minutes. 
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PRTR Physics Analyses. Additional calculations have been carried out 
t o  determine moderator and coolant void effects  on reac t iv i ty  for 
anticipated operating conditions. It was found tha t  the i n i t i a l  moder- 
a to r  void coefficient u t i l i zed  fo r  the safeguards analysis i s  conser- 
vative f o r  voids la rger  than 10 percent. This i s  of importance i n  com- 
pensating the reac t iv i ty  introduced by a t ransient  increase i n  moderator 
l eve l  i f  caused by a major pressure tube f a i l u r e .  

Loss of primary coolant has a more complex ef fec t  and the calculated 
separate e f fec ts  are s m r i z e d  i n  the following table:  

SUMMARY, D20 COOLANT LOSS EFFECTS 

Unif o m  
uo2 m-A1 Enrichment 

0.000 0.000 0.000 A7 /7 
A f / r  +o .002 +o .002 +o. 002 

A P/P -0.003 0.000 -0.002 

+o. 010 0.000 +o. 010 A €/e 
A k, /k, +o .009 +o. 002 +o. 010 

A keff/keff +o ,003 -0.004 +Om 004 

The la rges t  posit ive contribution t o  the coolant void coefficient appears 
t o  be the increase i n  the fast f i s s ion  factor ,  while increased leakage 
represents the la rges t  negative e f f ec t .  

Two dimensional calculations of PRTR flux and power dis t r ibut ions have 
been in i t i a t ed .  
code, ANGLE, which is  being u t i l i zed  f o r  t h i s  study. 
being s e t  up f o r  three neutron groups incorporating a two-region core, 
top, bottom and s ide re f lec tors ,  and the dump chamber. 

A t e s t  case has been run successfully on the IBM-709 
The problem i s  

A study of the mean neutron l i fe t ime i n  the PRTR i s  currently under way, 
and r e su l t s  w i l l  be reported i n  the near future .  

PRP Shielding Analysis. 
fue l  element storage p i t  when the fueling vehicle passes over were made. 
Since t h i s  w i l l  be a t ransient  source, no additional shielding i s  re- 
quired. 

Calculations of sky shine from the a i r  i n  the 

A l i s t  of potent ia l  sources of radiation compiled by the PRTR operating 
group i s  currently being reviewed and a document w i l l  be issued i n  the 
near future .  
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Radiation through the hole i n  the containment vessel f o r  the 14" steam 
l i n e  could present a hazard t o  persons outside. 
ra tes  f o r  t h i s  s i tua t ion  are under way. 

Calcd-atiors of dose 

Computer Codes. The North American S-4 One Group Tramport Cylindrical 
C e l l  Code has been successfully d a p t e d  t o  the Haziiord 709 Fortran 
Monitor System. This code has provision fo r  200 regiom and 400 mesh 
points and requires as input the macroscopic t o t a l  cross section, the 
macroscopic scat ter ing cross section, and the source value of each region. 
A document w i l l  be published shortly.  

The SNG Code i s  now c o q l e t e  and ready t o  run. The code is  a combination 
of the ANL SNG and the North American SNGp w i t h  modifications t o  decrease 
running t i m e .  
future  . 

A documerit on t h i s  code w i l l  be published i n  the near 

PRTR Xenon Tables. The basis fo r  the PRTR Xenon Tables was published 
as HW-64503, "The General Xenon Equation and Their Application t o  the 
PRTR," April 1, 1960, and the tables  themselves have been published as 
Hw-64453, "The PR"R Xenon Tables," April 1, 1960. 

C r i t i c a l  Fac i l i t y  Physics Analyses. Calculation of c r i t i c a l  loadings 
f o r  the PRCF have been completed f o r  the case of operation with heavy 
water as moderator. 
t o  &II e i g h t - k c h  hexagonal l a t t i c e  composed of a cent!ral t e s t  region, a 
buffer region composed of MK-I U02 ce l l s ,  a peripheral dr iver  ring of 
MI-I Pu-A1 ce l l s ,  arAd a heavy water re f lec tor .  Cr i t ica l  loadings varied 
between combinations of 19 U@ c e l l s  with eight Pu-U c e l l s  and 37 U02 
ce l l s  with 12 Pu-A1 ce l l s .  These calculations were made using the FLUX- 
WEIGHT Code, a one-dimensional &ti-group diffusion theory model. 

The general scheme of fue l  dis t r ibut ion was res t r ic ted  

Results i n  addition t o  an effect ive multiplication f o r  each loading were 
also obtained. These include the normaJized radial flux dis t r ibut ion,  
f i s s ion  density dis t r ibut ion,  and multi-group importance function dis- 
t r ibut ions.  
calculation of the re la t ive  radial. effect  of ariy r eac t iv i ty  pelrturbation 
introduced i n  the  core or re f lec tor .  

This f lux  description of the reactor i s  suf'ficient t o  permit 

Plutonium Fabrication P i lo t  Plant 

Construction i s  estimated t o  be 925 complete a t  month end. 

The oxide preparation l i n e  (Room 131) and the zirconium etch f a c i l i t y  
(Room 221) were completed and accepted from construction during the 
month. 'The plaster ing sulwontractor completed construction of the second 
f loo r  partitLorLs at the end of the month. 

Leak t e s t s  were made on the  ammonia, nitroger', arid hydrogen piping at the 
s inter ing furnace ins ta l la t ion .  
Company assis ted i n  stafrtup and acceptance tes t ing  of the  amrmonia dis-  
sociator and nitrogen generator systems. 

A representative of Sargeant and W i l b u r  
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Work on the s inter ing furnaces was completed with the  exception of oper- 
a t ional  adjustments. 
i n  process of negotiation a t  month end. 
were s ta r ted  during the l as t  week of the month. 
painting i n  Room125 were under way. 

A claim f o r  on-site completion of these units is 
Operational acceptance t e s t s  

Preparations f o r  f loo r  

A la rger  water demineralizer uni t  was purchased and delivered during 
the month. 
f a c i l i t y .  

It was ins ta l led  i n  time f o r  s tar tup of the zirconium etch 

The cryol i te  reduction furnace hood ins t a l l a t ion  is  scheduled f o r  com- 
plet ion May 20. 
week i n  May; construction personnel a re  organized t o  complete i t s  ins ta l -  
l a t i o n  soon a f t e r  receipt .  

The 20-inch r o u i n g  m i l l  is scheduled t o  arr ive the  f i r s t  

PRTR Operations Planning 

Pre-Startup Act ivi t ies .  
the month. 

Sixteen operating procedures were issued during 
Copies of the procedures were dis t r ibuted t o  the PRTR Startup 

Council f o r  review and approval. 

The Electr ical  Ma,nual was  completed at  month end. 
w i l l  be issued ear ly  i n  May. 

Copies of t h i s  manual 

A report ,  "PRTR Data Processing Program," HW-64631, was  issued. This 
document, designed primarily f o r  EDPM Operation use, gives def ini t ions 
f o r  data input, calculations required, reports requirements, and an 
estimate of data volume. 

The "PRTR Valve L i s t , "  which ident i f ies  each vdve,  including the function 
and a p r i n t  reference for each, was issued t o  a l l  interested personnel. 

A meeting was held w i t h  the  "Third Party Inspector" t o  discuss procedures 
f o r  assuring tha t  all PRTR vessels and piping meet code requiremnts 
where applicable. 

Spare par t s  were ordered f o r  the inject ion pumps, primary pumps, process 
water pumps, and the de-aerator during the month. 
requirements fo r  bearings, solenoid valves, relays, contactors, and switch- 
gear is  under way. 

A review of spare par ts  

A l i s t  of 35 maintenance procedures which must be prepared p r io r  t o  
reactor s tar tup has been assembled. 
t o  write these procedures. 
Pumps, If i s  presently being circulated f o r  comment. 

FPD Maintenance has been requested 
The f i r s t  procedure, "Repair of the Primary 

The helium compressors must be relocated t o  allow adequate maintenance 
access, as well as eliminate vibration problems i n  the supporting 
s t ructure .  A study t o  determine sui table  a l ternate  locations i s  being 
made. Consideration i s  being given t o  a relocation as suggested by 
PRTR Operation. 
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Results of a noise-level analysis made by Industr ia l  Eledical indicate 
ear  protection devices a re  required f o r  personnel working near the 
diesels when they are  running under load. "Ear muff" type protectors 
w i l l  be ordered. 

kmbers of Operations Research and Synthesis Operation met with PRTR 
Operation personnel t o  discuss heavy water systems measurements and 
accountability problems 

In  meetings with Analytical Laboratory Operation personnel, the PRTR 
Sampling Program was  discussed t o  determine the e f fec t  t h i s  program 
w i l l  have on future  work loads of various ALO components. 

PRTR Training Program. 
Test was prepared. 
operate the  reactor,  w i l l  include a general writ ten examination about 
the  reactor and i t s  systems. In addition, a writ ten examination on the 
reactor automatic controller,  reactor safety systems, and other opera- 
t i ona l  features of the reactor,  an ora l  examination, and a demonstration 
w i l l  be included. 

A ten ta t ive  schedule f o r  the PRTR Qualification 
The t e s t ,  t o  be given t o  all personnel who w i l l  

Classroom t ra in ing  sessions were conducted t o  ins t ruc t  a l l  Engineering 
Assistants with the automatic control ler  theory and operation. 

Design Tests. 
18 t e s t s  during the month. Design Test No. 39, "Flux Monitoring 
System," was reviewed by the PRTR Startup Council. 
special  equipment f o r  performing the design t e s t s  coatinaed. 
with REDO personnel were held t o  discuss detailed scheduling of the 
t e s t s .  

Final operational and design review was completed f o r  

Procurement of 
Metings 

Power Tests. 
prepared. 
Startup Council. 

Detailed scheduling f o r  the proposed power tests were 
The outlines of proposed t e s t s  were reviewed by the PRTR 

Cr i t i ca l  Tests. 
presented t o  the Startup Council. 
and Restrictions" summaries are  presently being reviewed by the  Council. 
The document w i l l  be issued when t h i s  review i s  complete. 

All portions of the PRTR Cr i t i ca l  Test document were 
The "Iustrumeritatior,! and "Hazards 

Design and Construction Liaison. 
vendor of the rupture monitor e lectronic  components were reviewed and 
comments were issued. 

Scanning c i r cu i t  pririts from the  

Information meetings were conducted t o  acquaint PRTR Operations and FPD 
Maintenance personnel with the objectives and design features of the 
PRTR Gas Loop and the C r i t i c a l  Fac i l i t y .  

Extra Act ivi t ies .  
Program a t  Hanfcrd" was presented at the 1960 Nuclear Congress by 

A paper en t i t l ed  "Status of the Plutonium Recycle 

R .  E .  Dunn. 
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2. PLUTOXIUM C M C  RESEARCH 

The UO2-40 w/o Pu02 and the pure Pu02 compositions of a series of pe l l e t s  
which appeared t o  have "flowed" during a hydrogen s inter ing treatment of 
approximately 75 hours between l3GO and 1500 C were examined by x-ray 
d i f f rac t ion  and metallography. The pe l l e t s  were sectioned so tha t  the 
bottom portion which rested on the molybdenum boat md the top portion 
which was exposed only  t o  the hydrogen atmosphere were analyzed independ- 
ent ly .  
Mo presented many l i nes  which were not successfully indexed. 
presently a t t r ibu ted  t o  a b - P u - U  interaction. 
U%-40 w/o Pu02 pe l l e t  w a s  of the cubic so l id  solution s t ructure  as ex- 
pected. The l a t t i c e  arameter was 5.439 ? 0.003 8 as compared t o  the 

2.656 8 which was not indexed. 
Pu2O3 (411) plane, but in tens i ty  considerations seem t o  rule out t h i s  
poss i b i l i t y  . 

Diffraction pa%terns of the areas which were i n  contact with the 

The upper portion of the 
This i s  

theoret ical  of 5.440 F; . There was one plane, however, with a spacing of 
This spacing falls  near t ha t  of the alpha- 

The top of the pure plutonium dioxide s a q l e ,  unfortunately, was very 
small. 
was out of order so the in tens i ty  of a i l  ref lect ions w a s  ra ther  low. 
The (531), (~oo), and (620) planes could be resolved very well, however, 
and the average l a t t i c e  constant w a s  5.395 'I 0.002 8 as compared t o  
5.3960 2 for pure Pu02. 

Metallographic examination of the top of the R.102 sample with polarized 
l i g h t  showed a coarse, mottled matrix which had the appearance of a 
so l id i f ied  eutect ic  a l loy.  
t o  be a second phase. 
a small fractior,  of the t o t a l  sample area. 

In additiorr, the spinner on the diffractometer goniometer.head 

Again, no t race  of a Pu2O3 phase was  present. 

A few small islands were noted which appeared 
These were somewhat segregated and occupied only 

X-ray d i f f rac t ion  studies have been coq le t ed  on 202-hO2 mixtures 
sintered a t  1.500 C f o r  eight hours. 
i n  Zr02 s tab i l ized  a small amount of Zr02 t o  the tetragonal phase and 
made the p e l l e t  s table  dimensionally t o  the thermal s t resses  encountered 
during s inter ing and cooling. Pure Zr02 pe l l e t s  crunibled under the sane 
conditions. 
plus tetragonal Zr@-ho;! so l id  solutions extecding from l e s s  than one 
mole percent Pu02 t o  about 25 mole percent Pu02. 
single tetragonal ZrQ-PuO2 so l id  solution is  encountered. The t e t r a -  
gonal ' c '  axis approaches the 'a '  axis  with increasing Pu02 content 
unti l  a t  about 50 mole percent Pu@ the two axes a re  equal and the so l id  
solution becomes face-centered cubic. 
curve of the ZrOppU02 system have been determine6 using the tungsten- 
ribbon melting-point furnace, 
complete the determination of the l iquidus curve. 

As l i t t l e  as one mole percent Pu02 

X-ray d i f f rac t ion  shows a two-phase region of monoclinic 

Beyond t h i s  point a 

Several points on the l iquidus 

Further experiments a re  under way t o  

A pe l l e t  coEtainine the stoichiometric r a t i c  of A1203 and PuO2 (66 M/o 
h 0 2 )  required t o  obtain W O 3  was pressed and sintered a t  1.500 C f o r  
eight hours i n  hydrogen. 
PuAlO3, t o  be present.  

X-ray d i f f rac t ion  showed a s ingle  phase, 
Another pe l l e t  of the same composition w a s  
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sintered a t  1100 C f o r  eight hours i n  hydrogen; x-ray diffract ion showed 
Al20;1, FuO;l, and PuAI.03, ind-icatirrg t h a t  the reaction s t a r t s  a t  a rela- 
t i v e  y low temperature. The meltirze point of M O 3  was observed i n  the 
tungsten-ribbon f’urnace a t  1810 C .  

A1203 pe l l e t s  containing two and eight w/o At02 have been sintered a t  
1500 C f o r  eight hours i n  hydrogen. 
taking place which has cot  yet been ider;t,ified o r  indexed. 

X-ray diffract ion shows a reaction 

Wre heating runs have been made with mixtures of PuO2 and graphite. 
percentage of graphite added and the reaction temperature were varied i n  
an e f fo r t  t o  obtain pure FuC.  
was  raised high enough t o  reduce the oxide, the predominant carbide formed 
was Pu2C3. 

When four t o  s ix  weight percent graphite was added t o  pl%tonium hydride, 
however, the predominant carbide w a s  PuC. This reaction was carried out 
a t  1400 C f o r  four hours. 
making the monocarbide i s  the f ac t  t h a t  l iqu id  hr i s  formed. Before the 
PU-C reaction temperature (approximately 900 C )  is  reached, the Pu attacks 
the crucibles. 
t o  t h i s  a t tack.  

The 

In all cases, though, when the temperature 

The chief d i f f i cu l ty  with t h i s  method of 

Tantaliun cnicibles have proved t o  be reasonably res i s tan t  

The a0 of the PuC formed by t h i s  technique is  4.968 8. 
w i t h  the values Mulford e t  al report  of 4.959 t o  4.973 R.  
were a t  the carbon-rich end of t h i s  region; however, the monocarbide 
appears over a rather  wide composition range. 
parameter measurements are  being made. 

Chemical analysis of two ”PuC” samples showed 3.2 w/o C .  
than the 4.2 w/o which was added. 
Ana ly t i ca l  Laboratory i n  an attempt t o  resolve t h i s  discrepancy. 

This agrees well 
These samples 

More precise l a t t i c e  

This is lower 
Duplicate samples w i l l  be sent t o  the 

The present gamma absorptometer i s  being modified t o  determine densi t ies  
of f u l l  length oxide fue l  rods. 
and b u i l t  t o  give a more accurate value f o r  the 1/10 r a t i o  which i s  pro- 
portional t o  the density. 
duct ivi ty  apparatus. 

A uranium colliminator has been designed 

Work is a l s o  continuing on the the& con- 

URANIUM DIOXIDE FUELS RESEAXCH 

Fuel Evaluation 

Continued post-irradiation examination of the second, purposely defected 
Zircdoy-2 clad,  swaged U02 rod revealed long s t r ingers  of zirconium 
hydride, i n  excess of the original 50 ppm concentration. A hydride con- 
centration gradient across the 0.030-inch thick cladding w a s  observed 
opposite the defect.  The concentration was greatest  a t  the cooler, out- 
side surface of the Zircaloy-2. Qumti ta t ive analysis has not been 
completed. The examination is  coctinuing. A t h i d  defect t e s t ,  employ- 
ing Zircaloy-4 cladding has ju s t  been completed i n  the MTR. 
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4. 

I r radiat ion of a vibrationally compacted, Zircaloy-2 clad fue l  asseIllbly 
i n  an ETR loop s ta r ted  April 28. 
three f ee t  long. 

The assenibly contains seven rods> 

Swaged U02 capsules attained an estimated exposure greater  than 15,000 
W / T  i n  KPR-ETR. 
cessfully i r radiated t o  2750 MWD/T a t  a surface heat f lux i n  excess of 
1,250,000 BTU/hr/ft2. 
occurred during any i r radiat ions.  

One sintered and two swaged U02 capsules were suc- 

No f a i lu re  of swaged Uo;! fuel  elements has yet 

Basic Studies 

Detailed discussions were conducted with personnel of BMI regarding the 
proposed continuation of the U02 thermal conductivity cooperative re- 
search program. Goals being considered include: (1) completion of 
thermal conductivity measurements t o  600 C of the se r i e s  of i r radiated 
UCQ specimens, (2) evaluatior, of effects  of fabr icat ion methods and com- 
ponent grain s ize  and orientation on the& conductivity (to 600 C ) ,  
and (3 )  measurement of thermal conductivity of one nonirradiated U@ 
specimen ( to  2000 C )  using equipment t o  become available a t  BMI i n  about 
s i x  months. 

The two models of electron microscopes meeting 0 0  requirements were 
examined, operated, and evaluated a t  BKt and at  the  United A i r c r a f t  
Laboratories. Each has advant&ses not offered by the other, but both 
appear t o  be capable of meeting basic performance specifications.  
Evaluation of operational design, reputation i n  technical c i rc les ,  and 
demnstrated capabi l i t i es  of basic instruments and accessories w i l l  be 
conrpleted p r io r  t o  f i n a l  selection. 

Wcronized U0;z w a s  compacted t o  10.90 g/cc (99.4 percent T.D.) i n  the 
Dpapak equipment, using a modified, ultra-high pressure die .  
type" U02 was compacted t o  97.5 percent T.D. mder  s imilar  conditions. 
The s ta in less  s t e e l  capsules containing the Uo;! were heated t o  1200 C 
before they were transferred in to  the die .  The tenperatme of the U02 
a t  the t i m e  of compaction w a s  estimated t o  be 500-800 C .  

"PWR- 

Another study, using a standard Dynapak die ,  revealed that the density 
of compacted, micronized U02 increased with increasing s t a r t i ng  tem- 
perature t o  1100 C .  Further increase i n  temperature, e.g. ,  t o  1200 C ,  
resulted i n  a decrease i n  the density of the compacted U02. 

BASIC SWEUTNG STUDIES 

I r radiat ion F'roaram 

Two types of capsules f o r  i r rad ia t ing  unrestrained uranium a t  a constant 
temperature are  currently being constructed: a metallographic specimen 
swelling capsule f o r  inser t ion in to  e i the r  the MCR or the ETR and a 
general swelling capsule f o r  inser t ion in to  HAP0 reactors .  Four metal- 
lographic specimen capsules and f ive  general swelling capsules have now 
been fabricated.  
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O f  the four metallographic specimen swelling capsules thus f a r  assembled, 
three contain carefully precharacterized uranium specimens while the 
fourth contains a dummy specimen. 
es tabl ish the va l id i ty  of the heat t ransfer  calculations and t o  determine 
the operational character is t ics .  
capsule t o  destruction and the= applying ar, appropriate safety fac tor  t o  
es tabl ish the optimum in-reactor operating conditions. 
containing precharacterized Specimens are scheduled fo r  operation a t  the 
ETR: two t o  be i r radiated and the th i rd  t o  be used as a control f o r  the 
i r radiat ions i n  order t o  evaluate the inf lueme of the er,virorment and 
the thermal h is tory  on the  specimens. 

The fourth capsule has been used t o  

These were determined by t e s t ing  the 

The three capsules 

The ini t ia l .  t e s t s  on the capsule with the dummy specimen revealed t h a t  
large ( 2  50 C )  random temperature f luc tua t iom were occurring within the 
capsule. 
t ions were the r e su l t  of the refluxing of the NaX i n  the highly evacuated 
inner chamber. Above about 250 C the vapor pressure of the NaK exceeded 
the t o t a l  pressure of the system suf f ic ien t ly  t o  create a rapid cycle of 
boil ing and condensing. 
chamber causes the temperature t o  drop suddenly. 
completely eliminated by removing the cooling f i n s  f romthat  portion of 
the chamber extending above the  heaters,  and hence, allowing t h i s  section 
t o  more nearly a t t a i n  the  same temperature as the  bulk of the  NaK. 

Additional t e s t s  indicated t h a t  these severe thermal fluctua- 

The condensate dripping from the cold top of the 
Thermal cycling was 

The laboratory t e s t s  arid calculations have now demonstrated tha t  the  
capsule w i l l  opera$e over the range: 
3 t o  9 x ld-3 n/cm%ec; with gamma heating of 0.5 t o  1 .0  watt/gram. 
Temperature control i n  the order of 'r 3 C on the surface of the specimen 
can be expected. 

%SO t o  630 C i n  a neutron flux, 

General swelling capsule No. 5 containing three uranium spheres of two 
enrichments has successfully undergone bench t e s t ing  and has been shipped 
t o  the reactor s i te  f o r  inser t ion i n  the reactor a t  the ea r l i e s t  oppor- 
tuni ty .  
been completely assellibled and calibrated and shipped t o  the reactor s i t e .  

The necessary coctrol and monitoring instrumentation has d s o  

Fabrication of components f o r  ten  additional general swelling capsules 
of the same design as the first f ive  has begun. 
contain uranium specimens i n  the form of s p l i t ,  hollow cylinders instead 
of spheres. 
temperature gradient across the samples t o  values l e s s  than 10 C when the 
reactor i s  a t  full power. 

These capsules w i l l  

This change i n  specimen geometry i s  intefided t o  reduce the 

Design e f fo r t  i s  a l so  under' way t o  entrain two o r  more capsules so tha t  
b e t t e r  u t i l i za t ion  of the i r radiat ioL t e s t  f a c i l i t i e s  may be realized. 
This requires shortening the over-all  1:Cngth of the capsules t o  about 
nine inches. 

The general swellicg capsule containing four, one centimeter diameter, 
u ran ium spheres tha t  is  being i r radiated i s  continuing t o  perform 
according t o  design expectations. Recalibration of the cont,rol 
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instrumentation has improved the temperature control when the reactor 
i s  at full power from f 5 C t o  ? 2 C.  
of the chromel-alumel thermocouples and the precision temperature con- 
t r o l l e r .  The total .  burnGp tha t  has thus f a r  been accumulated with the 
specimens i n  t h i s  capsule i s  about 0.03 a/o. 

This i s  well within the accuracy 

Fission Product Mobility 

Diffusion of ra re  gases i n  uranium is being studied by introducing 
xenon and kypton in to  a uranium surface by glow discharge (sputtering) 
and ion bombardment and then d e t e d n i n g  the gas distributior,  as a 
function of temperature, time, and system conditions. A portable, CEC 
type 21-620 mass spectrometer has been received t o  f a c i l i t a t e  t h i s  in- 
vestigation and i s  currently being incorporated in to  a glow discharge 
system. 
calibrating, and establishing the l imitat ions of the equipment. 

Work f o r  the next few months w i l l  be involved with se t t ing  up, 

5. IX-REACTOR MEASURBMENTS OF MECHANICAL PROPERTIES 

This program has been i n i t i a t e d  t o  determine the mechanical properties 
of s t ruc tura l  materials during i r rad ia t ion .  
reactor creep properties of Zircaloy-2 is  i n  progress. 
annealed Zircaloy-2, and a duplicate specimen is  being tes ted  i n  the 
laboratory t o  provide a d i rec t  comparison with the in-reactor t e s t .  
t e s t  temperatures for both specimens have been changed since the l a s t  
measured creep ra tes  from 500 F (260 C) t o  550 F (287 C )  a t  a s t r e s s  
l eve l  of 30,000 ps i .  An increase rate i n  the creep of the ex-reactor 
specimen y s  observed, the r a t e  increased from 1 . 5  x 10-7 in/in/hr t o  
1 . 5  x 10- in/in/hr. However, technical d i f f i cu l t i e s  with the associated 
s t r a i n  m a s u i n g  system fo r  the in-reactor t e s t  precluded the measurement 
of the in-reactor r a t e  w i t h  any s t a t i s t i c a l  cer ta inty.  No r a t e  can be 
s ta ted f o r  the in-reactor specimen a t  t h i s  time. 
generator i n  the creep monitor f o r  the in-reactor creep sensors slowly 
lost i t s  output causing the readings t o  become e r r a t i c .  The condition 
of the monitor was analyzed and corrected, but insuPficient time has 
elapsed since the repa i r  t o  obtain s ignif icant  creep data.  

Currently, the study of in- 
The specimen i s  

The 

The ca r r i e r  current 

A progress report f romthe  vendor revealed tha t  the  order f o r  four more 
second generation capsules i s  proceeding on schedule, and delivery should 
be made by the middle of June. 
re l iab le  than the prototype cow being i r radiated.  

These capsules are  expected t o  be more 

6.  GAS-GRAPHITE STUDIES 

G a s  Capsule I r radlat ions.  

Four C02-filled capsules containing graphite were discharged from the 
reactor a f t e r  t en  months of exposure. 
approximately 500 C m d t h e  C02 pressures were 200, 300, 400, and 500 
ps ia  at  temperature. 
reactor a t  500 C .  
and one i s  f i l l e d  with H2 a t  1 4  ps ia .  

The i r rad ia t ion  temperature was 

Five new capsules are  ready t o  charge in to  the 
Four a re  f i l l e d  w i t h  CO a t  85, 185, 270, and 280 psia,  
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COP Oxidation. Slabs of CSF graphite (3" long, 3/4" wide, 1/16" thick)  
are being oxidized i n  flawing C02 a t  650 t o  850 C .  
show weight loss ra tes  and the activation energy are  ident ical  t o  those 
observed i n  e a r l i e r  work on so l id  cylinders, hollow cylicders, and 
spheres. Thus, none of the experiments show evidence of diffusion con- 
t r o l l e d  oxidation since no e f fec t  of surface t o  volume r a t io s  i s  observed. 

Preliminary data 

Oxidation Studies i n  CO-60 I r rad ia t ion  Fac i l i t y  

The radiatfoc-induced reaction of carbon dioxide with graphite i n  a 106 
R/hr gamma flux was neasured a t  temperatures of 520 C, 650 C ,  and 700 C 
with a constarit gas flow r a t e  of 20 cc/min. 
the thermally-induced reaction of graphite with C02 is  not observed below 
temperatures of about 600 C .  A reaction r a t e  on the order of 10-6 g/g-hr 
was measured a t  520 C i n  the cobalt-60 gamma f a c i l i t y .  
the reaction ra tes  were higher but, because of the low weight losses ,  are 
somewhat uncertain. 
an hour is  being ins ta l led  and should increase the accuracy of the mea- 
surement s . 

In the absence of radiatiori 

A t  650 C and 700 C 

An automatic balance which w i l l  re-zero t h e e  times 

Graphite Burning Experiments 

Graphite burning experiments a re  being conducted t o  a id  i n  evaluation of 
potent ia l  hazards t o  the EGCR. 
graphite samples i n  a one inch I D  quartz tube are  being u t i l i zed .  
graphite i s  not heated except by the gas and the combustion. 

In the  preliminary work, 1/2" diameter 
The 

Graphite w a s  found t o  igrLite a t  750 C i n  an oxygen stream of 2.0 cfh and 
burn with a blue f lame.  
termine t.he e f fec t  on the combustion. Cor&ustion cor,tinGed unless the 
oxygen flow dropped t o  0.2 c f s .  
but was insensit ive t o  oxygen temperature variation over the range from 

Oxygen flow and temperatme were varied t o  de- 

The reaction was very flow sensit ive 

500 t o  800 c.  
EGCR Lat t ice  Prototype 

The ful l -scale  prototype EGCR l a t t i ce  u n i t  i n  which the f i n a l  burning 
experimer,ts are t o  be conducted is  nearing completion. Instrumentation 
has been instal led,  and essent ia l ly  all equipment including the needle- 
coke graphite is  on s i t e .  

Radiation Damage h e a l i n g  

SaMples which had contracted i n  the  transverse directior,, during high 
teaperature (600 t o  1200 C )  i r rad ia t ion  continued t o  contract during 
annealing at temperatures of 1500 to 1800 C. WTges  i n  C, were sma,~.l 
both during i r r ad ia t io r  and annealing; however, the L, c r y s t a l l i t e  ai- 
mension decreased s igni f icant ly  during i r rad ia t ion  but recovered dxrine; 
annealing . 
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These property changes are  consistent with the observation reported 
l a s t  month t h a t  the Contraction i n  the pa ra l l e l  direct ion i s  essen- 
t i a l l y  removed (re-expanded) during annealing. A l l  of the data in- 
dicate  a removal of high activation energy l a t t i c e  defects.  Para l le l  
contraction under irradiatiori  i s  apparently explained by shrinkage of 
the c rys t a l l i t e s  i n  the 
i s  counteracted by the accompanying Co expansion and must resu l t  from 
some other mechanism. 

direction, whereas transverse contraction 

EGCR GraDhite I r radiat ion 

Construction of the EGCR graphite i r radiat ion capsule has s ta r ted .  
b c h p  t e s t s  f o r  the assembly configuration and calculation of pre- 
dicted sample temperatures have been completed. These temperatures 
are  estimated t o  vary between 300 and TOO C along the length of the 
capsule. 
mockup t e s t s .  

The t e q e r a t u s e s  were confirmed within 10 percent by the 

Based on the mockup t e s t ,  a configuration s imilar  t o  the GETR H-1  
capsule w i l l  be used. Four one-quarter cyl indrical  samples, one inch 
i n  diameter and 3-7/8 inches long, f i t  in to  graphite sample holders 
which are screwed t igh t ly  in to  molybdenum centerins discs attached t o  
the aluminum cooling rings.  
aluminum can. 
the support rods, and flux monitors of nickel,  iron, and cobalt- 
aluminum are  located i n  holes i n  the cooling rings.  

The cooling rinzs are swaged in to  the 
A cooling tab has been added t o  the center of each of 

Gas Loop Project Management and Design (Project CAH-842). 
specifications f o r  the Phase "C" portion of the gas loop project (in- 
s t a l l a t ion  of services)  were completed and approved during the month. 
Negotiations a re  under way f o r  the performance of t h i s  work by J. A .  Jones. 

Drawings and 

Additional specifications for  Phase "D" - i n s t a l l a t ion  of the loop 
equipment proper - are  i n  preparation. 

Fabrication of the main loop package by Struthers-Wells is  continuing. 
Struthers-Wells has indicated they intend t o  s t a r t  t es t ing  of the 
package on o r  about m y  10. 
t e s t  by Bristol-Siddeley Engines, Ltd. 
May 1 i s  hoped for; the second blower should follow about one week l a t e r .  
Delivery of the t h i r d  blower has been deferred; it w i l l  be shipped 
d i r ec t ly  t o  HAP0 during June. 

The first prirnary gas blower i s  s t i l l  under 
Delivery on or  short ly  a f t e r  

Design of the sample cask is complete, and the drawings have been issued 
f o r  comment. 

Gas Loop Component Testing 

The gimbal bellows type expansion jo in t  was ins ta l led  and cycled i n  the 
furnace a t  1500 F and 500 ps i .  
hours of tes t ing  has delayed the t e s t .  

Failure of the furnace a f t e r  several 
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An i n l e t  nozzle of Hastelloy “XI’ has been coapleted ma is  being used 
t o  t e s t  closures. 
when heated t o  1500 F. 
even though parting dust was applied. 
Hastelloy and asbestos have been ordered. 

A platinum gasket sealed at  1500 p s i  ccld, but leaked 
The platinum gasket welded t o  the Hastelloy face 

Spiral wound type gaskets of 

The dome seal nozzle closure was revised t o  provide additional clearance 
f o r  the s ta in less  s t e e l  par t s .  
assellibly while cold but excessive leakage a f t e r  heating t o  1500 F. 
assembly was removed and the  sea l  faces were lapped. 
been operating a t  a temperature of 1500 F f o r  24 hours. 
0.075 cubic foot per day has been recorded. 

I n i t i a l  t e s t s  showed a leak tight. 
The 

%e assembly has 
Leakage of 

Gas Loop Design Analysis 

Transient temperature calculations were made f o r  the gas loop following 
a t o t a l  loss  of helium shroud coolant. These calculations assumed 
graphite specimens were being tes ted .  
cool-down of the loop with only the C02 primary coolant, it was assumed 
t h a t  the C Q  flow r a t e  was increased from the  nominal 4500 lb/hr  flow 
ra t e  f o r  non-fission specimen i r rad ia t ion  t o  the maximum 15,000 lb/hr 
flow ra t e  and t h a t  the  regenerator was f u l l y  by-pmsed. 
i n  flow and bypassing of the regenerator were ass-med t o  occur instan- 
taneously on loss of helium shroud coolant. 

In  order t o  achieve the most rapid 

Both the increase 

Under these conditions the maxim shroud tube temperature was calculated 
t o  be 805 FI about seven minutes following the incident,. The shroud tube 
texperature wodd remah i n  excess of 600 F f o r  about 12 minutes. 

An investigation of possible nuclear hazards f o r  the f i n a l  hazards eval- 
uation of the gas loop was completed. 
U-238 displaced by the  gas loop w i l l  not s ign i f icant ly  reduce the effec- 
t i v e  negative fue l  coefficient of the core. 

Calculations indicate tha t  the 

Ir radiat ion Effects on Nickel-base Alloys f o r  Gas Cooled Loop Fac i l i t y  

Nickel-base alloys are  being considered f o r  use as in-reactor s t ruc tura l  
materials f o r  the gas cooled loop. 
materials a re  being i r radiated i n  contact with a typical  reactor environ- 
ment. 
with those of unirradiated control pieces w i l l  y ie ld  data or, the behavior 
of these alloys under anticipated loop operating conditions, 
capsule containing th in  washer specimens of candidate materials was 
opened a t  the Radiometallurgy f a c i l i t y  during the month. 
been exposed 30 days t o  reactor atmosphere with the specimens reaching 
500 C i n  the hi& neutron flux. No extrerae deterioration of any of the 
specimens w a s  observed; consequently, they have been t rmsfe r r ed  t o  the 
Physical bktallurgy laboratories f o r  weight and gain and hardness measure- 
ments. 
inconel-702, Hasteloy X, and Hasteloy R-235 have accumulated approximately 
one month of t h e i r  respective three and six-month i r radiat ions.  

Samples of the candidate gaseous 

Comparison of mechanical properties of the i r radiated specimens 

A graphite 

This capsule had 

Two graphite capsules containing t ens i l e  specimens of inconel, 
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D. 

i 2 h 0 2  

RADIATION EZFECTS OF METALS - 5000 PROGRAM 

Radiation danlage recovery i s  being studied f o r  a number of metals; namely, 
copper, nickel,  titanium, zirconium, iron, molybdenum, and type 347 s ta in less  
s t e e l .  Tensile properties,  microhardness, e l ec t r i ca l  resistance,  and x-ray 
d i f f rac t ion  spectra are  being studied t o  determine the character is t ics  of 
recovery mechanisms. 

One hour isochronal annealing treatments a t  25 C increments were extended 
from 475 t o  575 C f o r  molybdenum, zirconium, and high pur i ty  nickel; from 
150 t o  275 C f o r  titanium; and from 150 t o  2 5 C f o r  iron and copper. 

l i n e a r  recovery with temperatures between 350 and 550 C ,  and exhibited a 
sharp decrease i n  hardness between 450 and 500 C .  
i n  hardness of the unirradiated moiybdenum specimen suC;e;ests overaging and 
may be related t o  the same process which caused hardening around 250 C i n  
the sane three specimens. The e l ec t r i ca l  resistance of i r radiated zirconium 
showed no fur ther  decrease above 425 C f o r  the 4.7 x 1018 nvt specimen and 
500 C f o r  the 1 . 5  x 1020 nvt specimen indicating t h a t  recovery of e l ec t r i ca l  
properties is  completed a t  these respective temperatures. 
recovery was greater than 100 percent f o r  both exposures; the lower exposure 
specimen exhibiting the ,g rea t e r  departure from pre- i r radiat ion resistance.  
The 1 . 5  x 1020 nvt specimen softened sharply a t  approximately 525 C, but 
nearly l i nea r  recovery i n  hardness with temperature had occurred t o  t h i s  point.  
A second recovery region above room temperature for  t he  e l e c t r i c a l  resLstance 
of i r radiated nickel was observed a t  approximately 475 C which coincided w i t h  
the f i r s t  region of hardness recovery observed. 

Molybdenum specimens i r radiated t o  4.4 x Id- 6 and 1.5 x 1020 nvt underwent 

A corresponding decrease 

Over-all resistance 

\ 
The e l ec t r i ca l  resistance of i r radiated titanium underwent continuous re- 
covery between 150 and 275 C except f o r  a small plateau near 200 C.  The 
separation of the two resistance curves f o r  the two exposures was constant 
with temperature. 
specimen a t  150 C followed by l i t t l e  additionall change i n  hardness above 
175 C .  
specimen occurred froxi150 t o  275 C.  

A discontinuous softening occurred f o r  the 1.5 x 1020 nvt 

On the other hand, a s l igh t  continuous softening of the 1.1 x 1019 nvt 

Significant recovery i n  the properties of i r radiated i ron below 225 C w a s  
observed only f o r  the 1 .3  x 1020 nvt specimen which exhibited a coinciding 
decrease i n  e l ec t r i ca l  resistance and hardness a t  approximately 175 C. No 
s ignif icant  changes i n  e i the r  the e l ec t r i ca l  resistance or hardness of ir- 
radiated copper was observed below 225 C. 

The i ron specimens provided f o r  the program were fabricated from three ingots 
which varied over wlde limits i n  carbon, nitrogen, and oxygen contents. Con- 
sequently, t ens i l e  t e s t s  have bee= i n i t i a t e d  t o  determine the influence of 
radiation damage on the p l a s t i c  yielding character is t ics  of i ron which are 
peculiar t o  these const i tutents .  As a check on the methods t o  be employed, 
an unirradiated specimen from ingot 3 containing approximately 0.0013 N was 
solution t rea ted  for 2000 minutes a t  200 C ,  p r e s t r aked  four percent a t  room 
temperature and aged 24 hours at  600 C.  Upon subsequent s t ra ining the yield 
s t r e s s  increased 4550 ps i ,  the flow s t r e s s  a t  1 . 5  percent s t r a i n  increased 
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3000 ps i ,  and a 0.86 percent Luders s t r a i n  resulted.  
excellent agreement with published r e su l t s  of studies of s t r a l n  agin,o i n  low 
carbon s t ee l s  caused by the diffusion of i n t e r s t i t i a l  nitrogen atoms t o  f ree  
dislocations.  
b r i t t l eness  of ingot 3 specimens a f t e r  high neutron exposures. 
ingot 1 and 2 specimens which had extremely 1oi.r nitrosen contents were rela-  
t i ve ly  duct i le .  

These resu l t s  are  i n  

It seem cer ta in  tha t  t h i s  phenomenon coritributed t o  the 
Lr, comparison, 

E .  CUSTOMER WORK 

Radiometallurgical Examinations 

1.47% Ehriched I & E Fuel Elements (RM-404). 
were i r radiated under PI?-IF-247-A f o r  approximately 800 MND/T were received 
f o r  examination. 
t i n e  of discharge with a heavy black scale tha t  is  usually found associated 
with hot-spot type corrosion. The black scale had been largely removed by a 
chemical treatment a f t e r  discharge which l e f t  a rough orange peel surface i n  
the aluminum can w a l l .  
aluminum such as was  found on the two non-supported elements examined previously. 
Transverse sections have beeri made through one of" the elements t o  determine the 
amount of can w a l l  l o s t  during i r rad ia t ion .  

Two self-supported elements t ha t  

The en t i r e  outside surface of both pieces was  covered a t  the 

There was no evidence of any accelerated at tack on the 

The bonding layer  on both the outside c w - w a l l  and the inner spire  have been 
found t o  be cracked and separated i n  many places. Micro cracks i n  the uranium 
emanating rad ia l ly  from the inner bore were found. 

Severely Corroded Process Tube From lO5-DR (RM-401). 
aluminum process tube which f a i l ed  i n  1265-B seven months a f t e r  it had re- 
placed an or iginal  tube was submitted t o  Radiometallurgy f o r  examination. 
The tube had been attacked on the upper s ide of the portion containing the 
downstream end of the charge. 

A sample from a 2s 

Visual examination disclosed "groove p i t t i ng"  at tack which penetrated the tube 
va l l  i n  two loca%ions i n  the four-inch long sample. The at tack included about 
two inches of the circumference of the tube.  The tube had been cleaned a f t e r  
discharge t o  remove the scale and some of the netal was removed i n  the process. 
!Be damage incurred during the  cleaning operation made it impossible t o  make a 
metdllurgical evaluation of the mechanism of the or iginal  attack. 
e f fec ts  were noted, and the m e t a l  qual i ty  was consistent with commercial grade 
25 aluminum. 

No heat 

Examination of Cracked Process Tubes (RM-406). 
Reactor were discharged because of leaks.  
appeared as f ine  cracks r m i n g  i n  the  transverse directior,. Samples of two 
of the f a i l e d  tubes were submitted t o  the Radiometallngy Laboratory f o r  ex- 
amination t o  determine, i f  possible, what caused the f a i lu re s  and the mech- 
anism by which they f a i l e d .  

Three process tubes i n  H 
Examination showed the f a i lu re s  

The internal  surface of orie of the samples contained s ix  transverse cracks 
i n  2 one and three-quarter inch length, and three of these penetrated thro-h. 
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the tube w a l l  t o  the outside surface. 
of w a l l  thickness a t  the cracks. 
scaled, coctained a single crack tha t  penetrated the  tube w a l l .  
were divided at  the crack, and the fracture  surface was examined Visually 
with bir-ocular viewers and photographed. 
tube wa.ll at ai angle of 45O. 
served, and no corrosion was evident. 

There was no corrosion or reduction 
The second sample which had not been de- 

The samples 

The crack progressed through the 
No reduction i n  tube w a l l  thickness was ob- 

High Level Examination and Cut-off Cell. 
the High Level Fxamination and Cut-Off Cell during April i s  l i s t e d  below: 

Examinatiori work accomplished i n  

Samples in to  Cell 32 
Conveyor Transfers 22 
Photographs 17 
Length Measurements 9 
Diameter Ikasurements 21 
Plas t ic  Mountings 0 
Sanrples Ground 1 
Samples Sectioned 23 
Number of Cuts* 39 

*l Standard Cut = 1 transverse section on a 
so l id  1-1/2" diameter uranium element. 

Netallog-aphy Laboratories 

Further tes t ing  of the lapping surface p la t e  f o r  the Syntron vibratory 
polishers which was described i n  last  month's report has shown t h a t  it i s  
not feasible  t o  use w i t h  abrasive par t ic les  as large as 600 mesh s ize  
(approximately 25 microns). 
t i ng  m d  chipping of b r i t t l e  inclusions o r  phases i n  the metallographic 
specimens and a l so  t o  become embedded i n  so f t  metals, par t icu lar ly  aluminum. 
Farther work along t h i s  l i n e  w i l l  be dropped since there would be no advantage 
i n  using a f i n e r  abrasive than 600 g r i t  as an intermediate s tep between f ine  
grizding and polishing of specimens. 

The par t ic les  were discovered t o  cause s p l i t -  

A metallographic study i s  i n  progress t o  det,ermine the  nature of inclusions 
and minute foreign material found a t  the uranium-Zircaloy interface i n  co- 
extruded fue l  specimens. This work is  i n  support of FPD and Fuels Develop- 
ment Operation studies t o  evaluate the  effect  of these inclusions on the bond 
resistance t o  corrosion and resul t ing fue l  performance. Op t i ca l  and electron 
micrographs completed during the  month have characterized the s ize  of the 
inclusions i n  a bond rated "NO. 2 (Poor-Minus)" t o  be about f i v e  microns i n  
diameter. This characterizatior, work is  continuing. 

Samples Processed During the Month. 

Totdl Samples 380 
Carbon Replicas 48 

Photographs . 
Micrographs 290 
I22 c rogra?h s 99 

605 

Electron Micrographs 
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Special Fabrications 

Coextruded fue l  rods containing AL7.35 w/o Pu al loy cores and clad with 
aluminum (x-8001 a l loy)  a re  being fabricated f o r  i r rad ia t ion  i n  the Savannah 
River reactors.  
River Laboratory. 
stream which are  dis t r ibuted as follows: 

To date, 144 f u e l  rods have been shipped t o  the Savannah 
A t  the present time there  are  443 pieces i n  the process 

159 Cast f u e l  cores 
24 Coextrusion b i l l e t s  
79 Extruded and straightened rods 
15 Machined rods 
98 Completed rods - reach f o r  f i n a l  etching - 68 Rods - ready f o r  shipment 

443 Fuel Elements - Total 

Two-hundred and eighty-nine Al-7.35 w/o PLI b i l l e t s  were c a s t  during the month 
f o r  coextrusion cladding in to  high exposure plutonium fue l  elements. Thirty- 
nine b i l le t s  were remelted because of gas pockets. 
both end configurations, thus eliminating machining and scrap generation with 
the exception of saw chips generated i n  cutting-off one end. 
operation was reduced substant ia l ly  by closer control of the mold tolerances. 
It was necessary to  cut off one end of about one-tenth of the b i l l e t s ,  the  
others were assembled as cast .  
removing the abrupt change of contour of the b i l l e t s .  

All b i l l e t s  were cast  with 

The cut-off 

The end-thickening problem was  eliminated by 

The ultrasonic bond test  results for 335 rods indicate tha t  87 percent of the 
pieces were sat isfactory.  
sectional areas of 1/40, 1/8, and l/S square inches was fabricated and used 
t o  evaluate the sens i t i v i ty  of the bond t e s t e r .  
detected. 
square inch. 

A test  rod with non-bond defects which had cross- 

All defects were readi ly  
The current process specification allows non-bond areas up t o  1/8 

During f i n a l  etching operations on finished fue l  rods, s i x  pieces were found 
t o  show indications of mercury contamination. 
areas disclosed tha t  a thermometer had been broken i n  the room adjacent t o  
the etching room. It i s  believed t h a t  gloves were brought from the contamin- 
ated room in to  the etching room and came i n  contact with two of the s i x  rods. 
The investigation is  continuing. 

Inspection of the  processing 

knager ,  Reactor and Fuels Research 
and Development 

FW AlbaGh:kb 
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FISSIONABLE MAkERIALS - 2000 PROGRAM 
STUDIES RELATD TO PRESEnT PRODYCTION REACTORS 

Neutron Temperatare Studies 

The progrm ACE has been used t o  generate the total cross sections of Lrs-175 and 
LU-176 and the f i s s i o n  cross szct ion of A2-239. 
the twelve resonances which contribzte the  most t o  tbe themdl  cross sect ion were 
used i n  the  ca lcda t ions ,  m e  parmeters  f o r  the Pu-239 cross sect ion were the  
same as those used by C. H. Westcott. The cross sections were calculated up t o  
0.75 ev md agree with C,ke available experimental information. The Pu-239 cal- 
culation reproduces the curve i n  BNL.325 and t h e  LU-176 calculation agrees w i t h  
t h e  measurement by V. L. Sa i lor  at BNL. 

A ~u-176m source was obtained frm an i r r ad ia t ion  of ~ ~ 2 0 3  at F reactor.  
manentum dis t r ibu t ion  of t he  electrons emitted by the  source were measured with 
the  beta-ray spectraneter,  
the 3 .7  h r  a c t i v i t y  had decayed showed that the  cadniium capsule i n  wh' &.ch the  
source was irradiated %lad lireifed the  amount of Lu-177 produced t o  6 negligible 
amaunt. The i n t e i s i t y  of the Ld-177 a c t i v i t y  was less than (2.5s of tkt of the 
~u-176m activi%y. 
two l i n e s  frm electrons w2th d i s e m t e  energies were observed. 
caused by L and M electrons from f n t e r d  conversion of the 88-kev t r ans i t i on  
which occuzs i n  t h e  decay of ~ ~ - 1 7 6 n .  
other experimenters. 
previously, 

m e  r e soance  parameters for  

The 

An investigation of t h e  spectrum t h e e  days after 

In addition to an electron d i s t r i b c t i s n  of continuous energies 
These l i n e s  were 

The L electrons P&ve been observed by 
However, no evidence f o r  t he  M eleetron,c has been reported 

An analysis of the continuous d is t r ibu t ion  is  being con&mteed using the program 
FERMI PLOT. 
many of the tedious and t fLe consuming calculat,ions which otl3erwlse wculd be done 

This program WEZS wri3ten by K, R. Birney fo r  %he E M  709 and 6oes 

by hand. 

Wthaxwe1lia.n Grailp Analysis 

The cmputer code FIT-1 has been used t o  obtain a s a t i s f a e t m y  f i t  of calculated 
fluxes t o  the roan temperature flux traverse  data frm the rethermalization 
experiments. This was done by systemtically adjucktfng the various neutron dif- 
fusion parameters u n t i l  t h e  r e s fdud ,  or  the sum of t h e  sqcares of t h e  differences 
between experimental and calculated flux valuec, was minimized f o r  both the. 
thermal and epithemal data. With these adjusted values w e d  i n  t he  calculations, 
t h e  maximm difference betveen experiment and theory is  less than ie6$ i n  e i the r  
energy group, 
improve t h e  agreement between measupec?. and calculated cadmim ratfcs. 

The fas'c-to-themal r a t i o  is now being adjusted i n  an e f fo r t  t o  
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Slaaing Down Spectrum Program 

Work has been s ta r ted  on adapting two codes from General A t d c s  t o  local  use. 
Cmbined, these two programs Faill  cmpute the  i n f i n i t e  med2.m fi-u speG%P.. using 
a f ree  gas model. 
tor between each pair of energies, assuming isotropic scattering, the  kernel 
being normalized t o  the free-atam. scat ter ing cross section. 
kernel are input t o  t3e  second code which cmputes the i n f i n i t e  nedim flux spec- 
t r u m  for  a medi-m consisting of th i s  single moderator and UF t o  20 absorbers. 

The first code calculates the  scat ter ing kernel f o r  $he modera- 

These values of the 

The analysis of the rethernrsLlization experiments on graphite i n  cyl indrical  
gemetry has continued throw# th is  month. m e  primary e f fo r t  has been spent on 
f i t t i n g  the  fast and thermal t raverses  of the  ac t iv i ty  of Au ana CL? f o r  the room 
t a p e r a t m e  experfneat (no temperatme discontinuity).  
provide the beet diff'clsion parameters f o r  use i n  the analysis of experiments x l t h  
temperature discontinuities.  
preparations &re being made t o  analyze the experiments with temperature discontin- 
xit i e s  . 

%is work has been done t o  

This work has been completed sa t i s f ac to r i ly  and 

The emph&sfs i n  the amlys i s  of lutetium data has shif'ted fsam the  determination 
of effect ive neutson temperatures t o  cmpwLson of cmputed and obsenred traverses 
of the a c t i v i t y  of LU-176. The cross section of LU-176 is  non-l/v i n  the region 
of themaJ. neutron energies. 
the analysis of the "l/v" copper traverses.  

931s comparison Frill be made upon the campletion of 

Inskrumentatim and Systems %=dies 

NeT c i r cu i t s  are being developed and evaluated fo r  the  study on s c i n t i l l a t i o n  
pulse shape methods of iiiscriminmting fast neutrons froan gama rays. 

A new m e b h c d  of reactor ir--co,-e neutron detection was stegges5eed. 
based on the  use of nicrcrmves t o  measure tk free electron density i n  an ionized 
gas. 
a waveguide, anC the resdting ionization is  measured with micrmaves. 
calculations indicate t h i s  method. be prac t ica l  f o r  high-flux reactors.  MGre 
extensive survey work and more detai led calculations VU be done. 

An analog cmputer study of l i t h i u m  buildup i n  the  old reactors has been st&ed.. 
This study w i l l  be similar t o  the previous one but w i l l  be covere2 i n  more de ta i l .  

A recomnendation f o r  additions3 instrumentation on the  1706 KER t e s t  loops3 made 
by IPDJ was reviewed. m e  changes and additions t o  the  exfs';ing Qcctal la t ion are  
extensive and are aimed at providing a "two-out-of-threelr log ic  fo r  all safety 
c i r cu i t  instrumentation. A camnent l e t t e r  was sent t o  Instrumentation Design, 
C W O J  i n  which severtzl suggestions fo r  possible improvements of the proposed 
a l te ra t ions  were ma&. It appeared that developmen% vcrk on t3e fol1aai.r-g itulls 
would be advisable: (1) An improved t r i p  indicator or seaming systen, (2) an 
improved boiling point suppression i n s t m e n % ,  and (3 
t i o n  e 

This method is 

BPiefly, a small, chamber of neutron sensi t ive gas f a  placed a t  the  end of 
Preliminary 

systen re l iab i l i$y  evalua- 

4 0 2 2 9  
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STUDIES RELATED * TO XXtWRE PRODUCTION REACTORS 

Exponential P i le  Measurements of Large Diameter ?he1 Elements 

Final buckling vaJues have been determined f o r  a l a t t i c e  with tube-and-rod and 
I and E f i e 1  elements. The r e su l t s  are shown i n  Table I. 

TABLE! I 

hre l  
Rement 

Volume Ratios Lattice Buckling x -6 2 Spacing ( in . )  (10 cm’ ) (inches) A1/U HpO/U C/U 

2.5 x 1.6 with 10 3/8 wet 
1.17 Solid 

2.5 x 1.6 I a E 10 3/8 wet 

+ 7  

-34 

1.7 0.309 0.628 25.03 

1.8 0.378 1.286 34.41 

X is  the  measured side-to-side extrapolation length. 
inches was used. 

An 8 x 8-foot exponentia3 p i l e  with tube-in-tube fue l  elements has been b u i l t  
and measurements have been s tar ted.  

A f’ront-to-rear X of 1.03 
Both measurements were taken i n  4-foot exponential p i les .  

Measurements i n  the  6 x 8-foot p i l e  avith the  sources clustered close t o  the  axis 
as they a re  i n  &-foot p i l e s  have been cmpleted.  The r e su l t s  of the  side-side. 
horizontal traverses are  shown i n  Table I1 and canpared with r e su l t s  previously 
reported f o r  the sources placed at (+- a/4, 0)  SJld (0, f b/4);  ere a i s  the effec- 
t i v e  width and b i s  the  effect ive depth of the p i l e .  

TABLE I1 

Cell Source 
P o s i t  ion Position 

a g e  Clustered 

w e  Clustered 

m3e Spl i t  

=@;e Spl i t  

Number of 
Points 

14 

13 

14* 

13* 

x 
(inches ) 

1.63 f .2 

1.38 f -1 

1.02 j:  *l* 

1.14 f .2* 

* Previausly reporbed. 

It appears that the  measured side-side extrapolation length is a f’unction of the  
source position. 
6 x 8-foot p i l e  i s ’not  cmple te .  

Analysis of the  front-rear horizontal traverses taken i n  the 

The -709 buckling progpam has been corrected f o r  the e r rors  i n  the  calculti- 
t i o n  of the  hannonie corrections t o  the ve r t i ca l  t raverses ,  The d i f f i cu l ty  i n  
obtaining these corrections for the horizontal traverses turned out t o  be an error  
i n  the data input. 
subrout ine  ased f o r  c&lmla.t-,ing th? harmorLic corrections for  a s p l i t  s a u c e  ais- 

!There s t i l l  appears t o  be a, programming error  i n  the specEaJ 

1 1 2 4 0 2 3 0  
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t r ibut ion.  
sub-routine, even though the machine time is s l igh t ly  increased. 

!Be machine program can be used, however, by by-passing this special 

PCTR Measurements of Latt ice Parameters of Large Diameter We1 Elements 

The analysis of the data frm the  2.5 x 2.06 1.66 x 1.12 tube-in-tube experiment 
i n  the  10.5-inch graphite l a t t i c e  has given the folluwing values fo r  the  l a t t i c e  
parameters. 

Wet 

.982 f .003 1.041 f .003 k, 

f' A31 f .003 .923 f .003 

P .867* .006 .815 f .006 

E 1.025 +, .OW 1.036 k .002 

q ( inferred)  1.330 f .OOg 1.335 f .oog 

The p and E anaLysis folluws the  method outlined by W. E. Niemth and R. N i l -  
son. 

Final valses have been detiuced for  the same tu3e-in-tube element i n  an 8 3/8" 
graphite l a t t i c e  with water coolsnt. 
below wtth corresponding values calculated with the  IDIUl!-IEM 709 machine code. 

The r e su l t s  axe compared i n  the  tab le  

IDIOT Ekper iment - 
l/v-thermal u t i l i z a t i o n  0.858 f 0.005 0.856 

k, WTF.) 0,978 +, 0.002 0 999 

k, (exponentfa) 0 979 

m e  resu l t  re fe  
(-64 f 6) x 10' u f 2  fo r  the material  buckling as measwed i n  a small exponen- 
t i a l  p i l e  and a value of 334 cm2 f o r  the  migration area obtained from the  IDIOT 
code. The error  i n  this is f 0.002 if the  migration area is assumed t o  have 
no error.  

ed to as k, (exponential) was calculated using a value r 

The 
l e n t  agreement. Also, the  u t i l i z a t i o n  calculated f'rom the  c d e  agrees well 
with the experimental r e su l t .  
the  experimental e r ror  quoted, which is predcaninantly due t o  unce-ztainty i n  
the  hydrogen absorbtion cross section. ) 

The 24 discrepancy between experimental and calculated values of k, is  indica- 
t i v e  of the  d i f f i cu l ty  of calculating p f o r  the tube-in-fxbe gemetry.  

Lutetium f o i l s  were i r rad ia ted  i n  the  PCTR during the  8 3/8" and 10 1/2" lat- 
t i c e  experiments t p  obtain effect ive neutron temperatures. 

r e su l t s  from PCTR and exponential measurements a re  s e e n t o  be in excel- 

( In  making the  comparison, one should overlook 

A progran has been 
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wri t ten which w i l l  process this data,  

A program f o r  f i t t i n g  6, polynaanfaL, f(x), up t o  ninth order t o  a Eieqpence of points 
has been writ ten.  
f (x)  at i n t e r v d s  c ~ h  as desired. 

It contains a testing sequence which calcillates the function 

Data Correlation and Analysis 

The exponential neamrements on tube-and-tube elements were analyzed t o  determine 
7 by p lo t t ing  I n  ( b / f )  versus the waniun to moderator r a t io .  
( In  QE) and the  E f r a m  the  PCTR measurement were embined t o  f ind = 1.29, This 
is  eonsidera5ly different  than the value 1.33 derived from PCTR measslrements of 
koop f, p0 and E ,  
atfundamental d i f f i c u l t y  of one of the  aethodso 
due t o  the  difference i n  resonance integrals,  derived fran the  slope o f t h e  wonen-  
tial plo t  an& frm t 5 e  p measxremnts. 

P calculations for the fluxes are s l igh t ly  high i n  the  graphite, so the calculated ais low by 005 t o  
ment 

The intercept 

This discrepancy has appeared several times before, indicating 
The difference is &most. ent i re ly  

A neutron temperature correction may give be t te r  agree- 

A small s m c e  theory procedure has recently been developed for calculating the 
effect  of rod replacement on the c r i t i c a l i t y  condition i n  an in f in i t e  l a t t i c e  of 
supercells. At the  present time this  procedure requires a ser ies  of d i g i t a l  can- 
puter caLculations w i t h  several intermediate steps being carried out by hand. T O  

improve the  application of th i s  small source theory procedureJ a comp-ker code i s  
being writ ten t o  eliminate these intermediate steps. 
code has been completed and cheeked out sa t i s fac tc r f ly .  

To date, ti poption of this 

A Program f o r  Analyzing PCTR Data 

APDAC-1 continued i n  l imited production use, 
r a t i o s  were sa t i s f ac to r i ly  ancdyzed. 
pond t o  three cases which have consistently remsed t o  m. 
it was discovered tha-t 'the inpct was not i n  the  eorrect order, 
other errors  apparently l i e  i n  the  code; they have not ye% been lceated. 

Fif ty  or sixty traverses and cadmium 

In one of these cases 
The three errors  mentioned last month corres- 

?%e eaipses of the 

Instnunentation and System Studies 

The ini t fa3 phase of a study of reactor control systems was star%eci wi%h a study 
of reactor equations, 
region i n  the  reactor t o  those i n  anGther region are  t o  be detemfned i n  a manner 
sui table  for  control studies.  
relationships i n  terns of actual behavior of the  prodwtion reactors,  
Will be made t o  develop sui table  netbods for this experimental verif icat ion.  

The flulctions which r e l a t e  the kinet ic  e w a t i o m  of one 

EVentuaUy, it w L l l  be necessary t o  ver i fy  t h k  
Attempts 

The analog study of pressure buildup i n  the  NPR e o n f i n e  follardng vmims types 
of ineidenzs is 85 percent, cmpleted.  The study is  being emdx-bed tlo deternine 
the number cf rupture vents needed i n  the reactor building t o  keep the press-we 
b a l m  a preset l eve l ,  

7 2 4 0 2 3 2  



p1 B-6 

Consiiiel'dble time has bee3 spent t h i s  month obtaining comp-Jter salv-ti3ns t o  the 
reactor kinet ic  eqt;P;tfona f a r  s inusoidd  variations i n  r e w t i v i t y  of vWiouS 
amplitlrdes and freqiiencies. Sane diff ie t r l ty  was encountered i n  obtaining resu l t s  
i n  the regicn of: vwia'rsles whsre the results are of p a r t i z d z r  i n t e re s t  i n  demon- 
strsting the  va l id i ty  sf the  theore+,isal solutions. 
eJdes, &$prcxbnately 2 2 x 10-5 6K3 and log frequencies--a;-amd O.O1/2rr cgs. It 
appears CUbt i n  this  cab ina t ion  of variables the  mpli txde a.?? t h e  scaling of 
the program must be such that the effec+,s of noise and. accaacy  of the potentia- 
ne%er se t t ings  and m:dtiplier do not mask the  s m a l l  e f fec ts  S e i r i  stildied.. Tize 
resTcl5s obtsined a r z  cw.-rerrtly beipa evaluated. 

Tliis region is  fo r  low ampli- 

Fabrication of t h e  detailed fast-slaw scan mechanical nockup f o r  the yroposd 
NPR Fael Element Rupture 2etection System is  proceeding ragidly at the Mnor 
Cons5rw-kion (Wbite Biuffs) shop. 
moved t o  t he  ou;;~loas PxperSnenta3 platform of the 329 Building f o r  testing. 
factory c i r cu i t  de-$e.t_opent continues f o r  the fast-scan Fortian, a i rzcted toward 
refineaerk of the pT9-toS-e c i rcu i t s .  
concerning possible eu.tma5ic c i rcu i t ry  canpensation related t o  sample water f l a w  
changes. Other work 3n t h i s  project, included the  design and start of fabrication 
of a slip-ring a s s a b l y  t o  be used for  the mockup t e s t s .  
assembly was design& f o r  the fast-scan portion a d  i s  being fabricated.  The 
shielding was designed fo r  simgle adjustment t o  provide an optim-un shielding- 
sensitLviQ+- ra-bio. 
t r m s i s t o r  svitc'r..es, md i n i 3 i a l  t e s t s  indicated g o d  appl icabi l i ty  t o  the rup- 
kxre  mor-itor id.en$ifilrl:zit,j.on c i x - c i t r f .  Work t o  date was repo-r-kd i n  an interim 
s-ktus r e p r t  ~14~64.639 

After fabricationp tbe  meckenical un i t  -rrill be 
Satis- 

AdditiomJ investigative w r k  i s  being done 

The detector shielding 

T;r, addition, an indicator lamp c i r cu i t  was devised %sing 

Testa @cntini,zr=d sn t h t  p:-otctype NPR Logarithmic: (5 m/hr t o  5 r/hr) Szint i l la-  
t i o n  Remate Area. Monfto;.. I n  an e f fo r t  t o  recuce the  cos5 L?? the  unit ,  b. new 
hi& vo l tage  s ~ p p l y  syst,em will 3e inccqomtecl,  This, i f  proven satisfactory,  
w i l l  redace t h e  cost per xni t  by $250. In  aadition, a more stable RCA 6655-A 
photo t~he  -v i11 h e  ixed i n  pla,ce of the or iginal  w o n t  6363. The DuMont 6363's 
i n  use axe mt, st.&5le, an& the RCA 6655-A tubes have proven' 50 be w z h  more stable.  
The use of %%e RCP, tube vQ1 also lowe:* the instrument cost (C,.dbe and mu-metal 
shield) by ~ t l l  addi5Lona;l $loG; thmo the t o t a l  cost reductJon w i l l  amount t o  at  
l e s s t  $35C per mi?. 

"he protQtyLe Linear Sc in t i l l a t ion  Area Mordtor for  the NPR project, is presently 
b e i r .  fa%ricat&. A l l  de-aelopient w D r k  is eanpleted. 

Variccs portions of t 3e  c i r rAi t iy  are being tes ted  fc? t he  p?ot,otype NPR Beta- 
G a t m i  "ramiE%rized Air Monitor. 
eu i t s  e e  desigzel, and a r e  being t es te&  t o  be s table  frm. +2TGF t c  +i5C°F. 
XacLining work is being completed on the detector head aesanbly a f t e r  a f w l t y  
lead pouring job w k k k  l e f t  voids i n  the shielding. 
and. finish-ap m&,chining done. 

In  Fin eff0r-b t o  S w o r e  reliability, -&.e ctr- 

The voicjs are  being f i l l ed  

Mechanim of Gmnhite D-e 

'1 

Actual assembly of the beam sweep circ-;-itpy f o r  t he  electrm Van de Graaff is  
now rea3.y t o  s%&, Ple kigh voltage power supply and a fex other minor cm- 
ponen%s have nut y e t  been received, bi?t are expected i n  the very near f'utwt?. 



The beam current s t ab i l i ze r  f o r  the  electron accelerator was received, It w i l l  
be ins ta l led  at the  same time as the  bean sweep. 

A new calorimeter f o r  measuring energy loss i n  t h i n  sections of materials was 
fabricated. Ins ta l la t ion  of cal ibrat ion and control equiment i s  i n  progress. 

S W I E S  RELATED TO SEPAIIATIONS PLANTS 

Plutonium Cr i t ica l  Mass Fac i l i ty  

The current s ta tus  of the project;, as reported 3y the  Construction Engineering 
Operation at the  erii of the month,is as follows: 
cent complete versus a currently scheduled 82 percent; the  work covered by the 
fixed pr ice  contractor is  on scLedule, being 98 percent canplete. 

the  t o t a l  f a c i l i t y  is 84 per- 

The s ignif icant  developnent duping the  month was the  delivery, on April 8, of 
the instrmenkation an3 control system. 
month, but s t i l l  remains a major park of the  work yet t o  be done by the  contrac- 
t o r .  
work of placing equ ipen t  i n  service, and performing acceptance t e s t s  remaining. 

Ins ta l la t ion  has proceeded dming the 

Other construction arid i n s t a l l a t ion  work i s  esser;t ially complete with the 

The primary par t  of the  project not covered by the  fixed pr ice  contractor i s  
concerned with the  in-hood reactor or c r i t i c a l  assembly components and t h e i r  
i n s t a l l a t ion  by plant forces. 
ponents for  t he  i n i t i a l  experiments has indicated a probable delay of three 
weeks i n  t h e i r  cmpletion, or iginal ly  scheduled fo r  June 1. 
d i rec t ly  a f fec t  $he s ta r tup  date birt w i l l  have l i t t l e  e f fec t  on cmplet ion of 
the  contractole's work and i t s  acceptance. 

The outside vendor-fabricator of these can- 

Such a delay w i l l  

During the month, i n  addition t o  continued l i a i son  i n  following the  f a c i l i t y ' s  
progress, work was devoted t o  scoping sane aspects of the  future Stage I1 
design. 

The design of the  s p l i t  half  machine f o r  use i n  the  c r i t i c a i  mass f a c i l i t y  was 
continued. A meeting was held with H. Radow and R.  C.  Ingersoll  of Fac i l i t i e s  
Engineering on April 14, 1960, t o  discuss the  control an2 safety rod design. 
The drawings of the  mechanical par t  of the t ab le  a re  being prepared by draft- 
ing. 

A safety review was nade of the  Thymotrol control un i t  for  t he  DC motor for  the  
movable t ab le  drive.  Several other plants  use similar control units and drives 
for  the  operation of s p l i t  half machines i n  c r i t i c a l  experher-ts. 
of a pax%ial f i e l d  loss a signif icant  increase i n  motor speed results. 

In  the case 

It was fomd tha t  a f i e l d  loss  re lay  could be ins ta l led  as a safety agairist 
a "run-&-way" because of f i e l d  loss; a,lso, a tachmeter  generatorrelay could 
be used t o  shut off the  power i n  case of excessive speed. 

The decision wsls made t o  use the Thymotrol control un i t  with the  DC motor drive. 
The motor w i l l  be equipped with a f i e l d  loss relay.  
motor, whichever i s  least l i k e l y  of uncontrolled speed inci'eases, w i l l  be used. 

A c a b i n a t i o n  o r  shunt 

d 

. 1 2 4 0 2 3 4  
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Measurenient of 1.;t i n  t k e  PCTR fo? A p e o ~ s  Pu Solu%ion 

Experiments t o  determine the l imi t ing  concentration for  which & = 1 for  solu- 
t i ons  contsining Pd-239, U-235 Etnd U-233 canpounds have been proposed fo r  the  
PCTR. The v a h e  of 31 f o r  these mterials will a lso  be determined frcnn these 
eaer iment  s . 
The meas-aremems with pU-239 are  presently undermy; t h e  vessels were f i l l e d  
w i t h  Pu solution an3 -the experiments were begm i n  the PCTR during the  last  
week of April. 

The vessels  consist  of a, l a rge  axnulair buffer tank., whicb has an O.D. of 
19 3/8", and aa 
a 6 1/4l9 ciiameter and are 6 1/2" long, and the  core tank i s  6 1/4" i n  diameter 
and i s  23" lmg. 
s t e e i  of a'; leasf 1/8" -bl.izknesz. All vessels a r e  jacketei i n  1/16" th ick  or 
greeter' polyetkrlene and a re  ecmpleSely sealea i n  th i s  jaclse'c when f i l l e d .  
transpoptat8ian these vessels a r e  contained i n  a second stainless steel vessel  
at least, 1/8" thick.  

The ini.i-,ib;l solrif;ioii ccncentration was a nominal 6.5 gm Pu/l-lter i n  the  buffer 
t a n k s ;  conceatrztions of PI;. i n  the core t w s  were nminaUy, 6,5 w/liter, 
7.5 gn / l i t e r  and 8.5 @/liter. Frau the  initia.l measJrment8, a prediction of 
t he  con@entre,tim fcr which 160 = 1 w i l l  be obtained. E e  huffer tanks w i l l  
t&n be r&i.UeZ vi7321 t X 3  cozcelltration and the  experizents repeated t o  
obtain th ffzaL resAts. 

1.D. of 6 7/811, and i s  33" i n  lengbh; t he  end buffers have 

All  vessels are  constructed aut of cmrosion tea ted  s ta in less  

For 

A e c i e s  of rieasurme2ts were completed for  detemining tk amounts of nectron 
absxbe r  t o  ''safe" a h&exgeneoiis system of 1.007 percent emiche8 uranium 
rods. 
i n  d.iBsolver batches as a secondary safe ty  control agsina3 c r i t i c a l i t y .  

The m e 1  ro3s were 0.%5 inch i n  diameter, and 44 inches i n  lergbh. 
encased i n  aiiuz?it;m tEbes having a, wa. l l  thickness of 0.032 inch. 
of the fuel rods were loaced in to  a stainless s t e e l  tank having a, 1/16" wall 
thickness. 
from the li&% w&ter r e f l e e t a r  by t h i s  stainless s t e e l  tank. 
boric  acid, E;,BO were aided t o  the modeyator u n t i l  the buckling became nega- 
t ive . 

This irXGm-at,ion ctin %e used f o r  dete-rminirg the sn?ovnt~ of poison needed 

They were 
Eighty-five 

Tke l a t t i z e  an3. moderator which contained t h e  poison was separated 
Incrementa of 

2 3  

The following %&le lists t a e  resl i l ts  of a l l  neaswements m d e  i n  this series,  
because the  f i n a l  malysis of t h e  d&a has resul ted i n  some changes frcpn the  
previously reported values. The vahes used f o r  the ex%rapolation lengt3, XI 
were %&en fram. Bpl!irC-7592 ( a d t i p l i e d  by 0.glX 50 correct f o r  the effec'; of 
t L e  stai.rde;c s t e e l  t,mk on the extrapolation len@;tb). 
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BUCKLINGS OF 1.007 PERCENT ENP.ICHED URANIUM WITH P O I S ~ E D  MODEXATOR 

&uantity of 

'2 l i n g  t o  zero 

H3B9in Boron H3B03 (Boric Acid) 
&Cui= t o  reduce Buck- 

Lattice 
Spacing 
(inches) (volume) (@3n/L) (gm/L) (a) .-, 

Moderator Moderator x 

0 0 6 -92 2794 4.0 f 0.3 @/L 
1643* 

1.40 1.37 
1.5" 0.26 
3.0* 0.53 
4.5* 0.79 

663* 
-269* 

1.50 

1.60 

1.74 

2.15 

3.4 k 0.5 m/L 0 0 6.65 3294 
0.26 1502 1.5 
0.53 3 .o 

4 .O 1.06 
97 

-2303 

0 0 6.43 3341 3.2 +, 0.5 W/L 
1.5 o .26 2061 

4.5 0.79 -1162 
3 .o 0.53 -313 

* These measurements were made t h i s  month. 

A set of 18-gr0up cross sections has been prepared fo r  %he Zoom c&e fo r  the  709 
and several. trial cases are being readied from P-11 data. The cross section se t  
is a l s o  being adapted t o  SNG and AIM-5 and AIM-6 inputs. 

The cross section set i s  presently f o r  specif ic  use with p l ~ t o n i m - ~ O  systems; 
f'uture expansion of the  set w i l l  make it more appropriate t o  other systems. 

The DIOT code i s  now i n  w h a t  may be terned a trial production period. 
code is being used on a variety of different  problems. 

The 

An apparent l imitat ion i n  the  code has now been overcane. 
due t o  the  f ac t  t h a t  t he  products of s m e  of the  terms i n  the  P 
exceeded the  f 38 exponent l i m i t  fo r  t he  709. 
the  order of magnitude of sane of t he  columns i n  t he  determinant. 

The l imitat ion was 
deteminant 

mis was bnasse by changing 3 
The Monte Carlo code f o r  t he  hamogeneous system has been cnmpileci fo r  debug- 
ging purposes. Tie work on the  h- idred group cross sections is continuirg. 

The SNG code obtained frm Atagnics International Divisioi? of NAA has been con- 
verted t o  the  Hanford Monitor system ana a sample case given i n  the  rmiteu? 
has been successfully run. 
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Cri t ica l  Razards Specifications 

Nuclear Safety I n  HLO 

The nilclear safety specifications for  Hanford Laboratories, which are being 
prepared i n  accordance with E O  Nuclear Safety Bulletin No. 1, are about 64 
percent complete. A summary of the  s ta tus  is  given below: 

Component 
Suffix 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 

Component 

Reactor Laktice Physics 
Ekperhental  Reactor Operation 
Cr i t ica l  Mass Physics 
Chemical Engineering Developnent 
Chemical Resea-ch Operation 
Fuels Design and Fuels Fabrication 
Ceramic Fuels Development 
Redimetallurgy Operation 
Calibration Operation 
Plxtonium MeSaLlurgy Operat ion 
PRTR Operation 

Approx. No. 
of Speci- 
f icat ions 
Required 

2 
1 
7 
1 
1 
1 
1 

1 
3 

6 
1 

$ Complete 

50 
100 
60 
75 
75 
50 
90 
50 

100 
30 
20 

Comments concerning the  effect  of a plutonium neutron source on c r i t i c a l i t y  
were submitted t o  Process Control Development. 

Nuclear Safetg in C P 3  

Section 11.0 of HW-62847, concerning the  nuclear safety of t he  proposed mechani- 
ca l  processing c e l l  ( ~ ~ 8 3 0 1 ,  was reviewed and comments submitted t o  CPD. 
centration control of UO, f ines  i n  the  shear basin was emphasized. 

Con- 

The nuclear safety of an aJ-uminum bird cage design, proposed ror  shipping 
4.5 kg units of plutonim metal off-si te,  was reviewed. 
i s  cubicdl i n  shape with dimensions of at least 20 inches on a side. The 
plutonium met6.l i n  t h i s  bird cage w i l l  be enclosed inside of three containers 
of which at l e a s t  two w i l l  be water tight. The c r i t i c a l  volume for  4.5 kg of 
plutonium at opthum moderation and f'ull ref lect ion i s  about eight l i ters  (homog- 
eneous system). 
assurance could be obtained by l imit ing the  volume of plutonium m e t a l  and air  
space i n  the  c e n t r d  container t o  six l i t e r s  or  less by the  use of non-hydro- 
Qenous inser t s  such as aluminum. 
could not be m a d e  criticaJ., even i f  flooding with water were t o  occur. 

This new bird cage 

It was pointed out, therefore, that f'urther nuclear safety 

In  a six-liter volume, 4.5 kg of plutonium 

Nuclear Safety Off-Site 

A t  the  request of the PX, a review was made of t he  Bridgeport Brass Company 
operating procedwes for  handling enriched uranium. 
AEC f o r  f'urther t ransmit ta l  t o  t h i s  Company i n  Adrian, Michigan. 

Comments were given t o  the 
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The re;is7 das concerned w i t h  t he  fabrizction of 
Of O.g5$, 1.076, m d  1.6% f o r  ex.perinent,al use at, HmPord. 

elements x i th  errrlchents 

Safety and Edwation 

A talk vas FreeellCed t o  the Plant Fkc i l i t i es  Oper&icnj FpI>:, on the  subJect.s 
of Cr i t i ca l i t y  Accidents and N x l e a r  Safety i n  Fpz; abwt 35 persons attended. 

Annual MepS.irg of" Paclear Safety Cammif+,ee 

The annm-l meeting of t he  Nuclear Safety Camittee was held at L i v ~ m o r e  on 
April 12, 13) a d  14 with several personnel from HLO and CPD i n  axtendance. 
TGose persons frcm Aanford were: 
and R .  L. Stevenson. 

Revievs we-% m&e of nu;cls%? safe-5~ w?rk a t  the various sites and of the  pro- 
posed exper-hen% f o r  the coming year. 
Safety Gcide", Y ~ S  reviewed, 
"Cri t ical  Data fo r  Ntazlear S6fet.y c3ui6a.nce"p was discussed. 
Physics Resemch are par%fcipa+,ing i n  both t he  revision of r i ~ - 7 0 1 6  and the  
preparation of tk propmed supplement. 

Coamnents were n,&e on the  p ropxe i  regulations of t he  mC a2plicable t o  ship- 
ment of i r r ad ia t e5  1 3 ~ 1  elemems e 

The prcposefi s",acd&-c'., ''Saie.';y C.fi.e f o r  Fissionable 
No. 8 of' t 3 e  DSA Sect ion~d Cm.mi.S-,ee ~6~ Reactor Safety S$dards> was reviexed. 

_.c_. 

2. E. Fzdkner, C. 1. Brawn, E. D. Cla;yt;on, 

The revision of TTO-7016, "Ifuclear 
The preparation of a strpplement to TiB-7016? 

Mabers of Nuclear 

by 3dmmmittee 
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Cr i t i ca l  Mass Theory Developnent SI 
HW-6489 

Kinet ice  with Time Dependent Reactivity 

A copy of the  reactor kinet ics  code, AMEK, has recently been obtained from 
Atomics Intermtional .  This code has been assembled on the  Eanford monitor 
system and run using the  sane test  cases employed i n  debugging RKE, the  reactcr 
kinet ics  code which has been under developent here f o r  same time. 
analytic test  case, the AIREX calculations were faund t o  be accurate t o  within 
the  convergence llmits chosen. 
have shown AIREKto be superior t o  RKl3 i n  cdcu la t iona l  speed. I n  view of these 
t e s t s ,  wcrk on RKE has been suspended i n  favor of -"her adapting AIREK t o  Han- 
ford use. 

To f'urther t h i s  adaptation, two new subroutines fo r  AlREK have been wri t ten 
and canpilea. One of these stibrmtines calculates the  r eac t iv i ty  under the 
condition 'ah& t he  geometrical buckling changes with time. 
is  being t e s t ed  using t h i s  subroutine and input corresponding t o  t h e  case of a 
cylinder containing a plutonium solution, the height of which changes l i nea r ly  
with time. 
has not yet been checked art. 
assembled on t ransient  effects  which influence the react ivi ty ,  since AIREK has 
provision f o r  i nchd ing  a large number of such ef fec ts  as feedback equations. 

With the  

Subseqrzent runs with more typ ica l  test  cases 

A t  present the code 

The second subroutine, which provides an al ternat ive output format, 
In  addition, reference material  i s  also being 

IiBUTRON CROSS SECTION PROGRAM 

Slov Neutron Scattering Cross Sections 

An attempt was =de t o  grcw an i;luminm crys ta l  i n  an aluminum oxide crucible 
at a very hi& growt !~  rate. 
grains, none sui table  f o r  neutron d i f f rac t ion  studies. 
studies of single crys ta l  gr&h i n  a lan inum were cmpiled f o r  publication i n  
the  Nuclear Physics Research Quarterly Report. 

The attempt resulted i n  an aluminum ingot of many 
The results of the 

Additional c rys ta l  r e f l ec t iv i ty  measurements were m a d e  on one aluminum ingot 
which shows scme p r a i s e  as a neutron monochromator i n  order t o  determine the 
best way t o  cut t h e  ingot. Reflect ivi ty  measurements were a lso  made on three 
lead (220) crysts;Ls. One crys ta l  warrants fur ther  measurements after it has 
been sawed. 
reviewed f o r  publication i n  the  Nuclear Physics Research @arter ly  Report. 

The results of crystal r e f l e c t i v i t y  s tudies  obtained t o  date were 

Subthreshold Fission 

Measurements haxe been m de on t k  f i s s ion  cmponent of the  lawest neutron 
energy resonances of $38 and $38. The ob erved f i s s ion  cross section i n  
the v i c in i ty  of t he  5.5 ev resonance i n  $3' is  indistinguishable from th8t  
expected from tne  3.85 p g c e n t  U235 impurity. Analysis indicates that the  
amount of f i s s ion  i n  $ is less than about one-hundredth of that  expected 
f ramthe  simple Hill-Wheeler r i e r  model. N o  f i s s ion  was seen i n  the  v ic in i ty  

f i s s ion  cross section i n  t h i s  resonance was 0.3 barns whlch is about one-half 
of that  calculated from simple theory. 

of the  6.68 ev resonance i n  Uc-3 3 . The upper l i m i t  est&blished f o r  the peak 
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Fast Neutron Spectra 

The new chamber f o r  t he  analyzing magnet of the  Van de Graaff has been cmp- 
1.eted. 
t i o n  at a pressure of 10-7 mm H g .  
assemblies has been ccxnpleted. 

The chamber and drift tubes have undergone outgassing pr ior  t o  ins ta l la -  
Design of t.he associated beam locating s l i t  

REACTOR DEXELOPMENT - 4000 PROGRAM 

P L U T O I ? ~  RECYCLE PROGRAM 

Low Exposure Plutonium Lattices 

Some preliminary values of k, and f for the  8 3/8 and 10 1/2 inch graphite lat-  
t i c e s  have been cmputed. 
a. 
2200 meter/sec cross sections and l / v  fluxes thraughmt and neglecting the change 
i n  effect ive fbe l  cross section upon removing the  copper poison. 

TQe l a t t i c e s  were fueled with 19-rod clusters  of 
The rods were 0.5-inch i n  diameter and contained 1.8 w/o PU. Assuming 

10 1/2 inch - k, = 1.55, f = 0.86 

8 3/8 inch - kdo = 1.62, f = 0.88 

These values w i l l  change considerably when the  t rue  absorption r a t e s  are  fac- 
tored in to  the  160 cmputation. 
uing t o  obtain tbese actual  absorption rates .  

Longitudinal adjoint t raverses  were m a d e  i n  t he  moderator, 3 3/4 inches from 
the  central  c e l l  axis, outside of t he  copper poison position. 
(ml/%) was constant t o  within 5% over the  tes t  c e l l  region. 
same value of 0.91 t o  within 1% f o r  each l a t t i c e .  
t he  adjoint rat.ios was observed upon removing the  poison f r m  the  l a t t i c e s .  

Analysis of t h e  f i s s ion  f o i l  t raverse  is contin- 

The r a t i o  
The r a t i o  had the  

A decrease of about 5O$ i n  

The Cr i t i ca l  Fac i l i ty  of t he  PRP 

The content of an experhenta l  program f o r  t he  Cri t ic& Fac i l i ty  was presented 
at a Technical Progress meeting, 
l ined. The short  range goals which must be at ta ined i n  order t o  solve sane of 
t h e  problems connected with the  long-range goas  were discussed also.  

The long range goals of t he  program were mt- 

Same of t he  i n i t i a l  experiments were outlined at  a PRTRO Infomation Meeting. 
This was done i n  order t o  indicate t o  the  PRTRO personnel t he  teahniqdes which 
w i l l  be used i n  the  Cr i t i ca l  Faci l i ty .  

Addition& c r i t i c a l  approach and exponential experiments were conducted with 
PU-AI a l loy fbel rods containing 5 wt. $ Pu, 
with hexagonal l a t t i c e  spasfngs of 0.85, 1.20 and 1.30 inches. 
were 0.506 inch i n  diameter and 24 inches i n  length.; the  clsflding was Zircaloy-2 
with a w a l l  thickness of 0.03 inch, 

Measurements were m a d e  t h i s  month 
The f i e 1  eleqents 
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The 1.2-inch l a t t i c e  vas measured previously, however, since there  was some ques- 
t i o n  concerning air  bubble formation on the  Lucite tubing i n  the  first experi- 
ment, a re-measurement was made; the results are i n  exact agreement with the  
previous measurement. 
the  c r i t i c a l  mass was observed because of bubble formation over an approximately 
20-hour period. 
l a t t i c e s .  

Preliminary values obtained frm measurements on these l a t t i c e s  are reported 
below: 

U t t i c e  H/PU* $0 Extrapola- Crit icaJ No. of Cr i t ica l  
Spacing (atm t ion 
(inches) r a t i o )  vEie Length ( X )  (Cyl. Gemetry) ca3 Gemnetry) (10 an' ) 

0.85 354 6 7 1.86 7.92 em. 230.2(2.54 Kg &*I 2.07 Kg Pu* 10,838 

1.20 944.0 4.95 7.03 cm. 181.1(1,99 Kg Pu*) 1.73 Kg pu* 8,840 

1.30 1149.3 6.03 6.04 cm. 215.5(2.37 Kg PLX*) 2.12 Kg Pu* 7,681 

In  the case of the 0.85-inch l a t t i c e ,  a 7$ increase i n  

Steps were taken t o  minimize the bubble formation on dl. other 

Es t  -at ed 

24-inch Rods Mass (Spheri- BuckliW3 
v 

-6 2 

* Pu-240 isotopes 5.3 percent. 

Measurements have now been m a d e  at eight different  16 t t i ce  spacings with H/I?LI 
r a t i o s  i n  the  range of 218 t o  24 2. 
i n  l i g h t  wat,er is  ,-, 11,250 x 10' which occurs at an H/Pu r a t i o  of r, 430. 
The minimum c r i t i c a l  mass f o r  spherical geanetry i s  estimated t o  be 1.5 Kg of 
Pu (including Pu-240) which occurs f o r  an H/PU r a t i o  of 

m e  maximum buckling for  these f ie1 elements 2 
660. 

Instrumentation and &stems Studies 

The F'RTR Gas Loop analysis program has been s ta r ted  on the  EASE computer. 
present the  controller settings are being optimized. 

A t  

In  the  Neutron Lifetime Study, prel iminaq tests were made t o  determine the  
frequency spectrum of a Zener diode noise generator, using a newly acqulred low 
frequency bandpass f i l ter .  The tests indicated that special  f i l ters may be 
required t o  l imi t  t he  necessary amplifier dynamic range on low frequency measure- 
ments. Further laboratory tests are planned t o  compare the  bandpass f i l t e r  
method of analysis t o  methods employing autocorrelation techniques. 
tape system w a s  developed t o  record data d i rec t ly  from t he  neutron detectors. 
The system has a l i n e a r i t y  of k 0.25 percent and frequency response of dc t o  
3,000 cps. 
analog computers t o  be used d i rec t ly  fo r  determining the  autocorrelation flux- 
t ions  of t he  measured neutron ac t iv i ty .  

A magnetic 

Use of the  tape as an information storage medium w i l l  allow the  

Plans me being made t o  develop part of the  instrumentation fo r  a probe for  the 
in-reactor inspection of PRTR process tubes. A system, of l i nea r  variable diff-  
e ren t ia l  t ransfomers  was purchased for  inside diameter measurements. Fddy 
current methods are  b e h g  studied f o r  application t o  the measurement of the 
gae.gap spacing between the  process tube and shroud tube. 
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The signal-to-noise rat;io i n  the broaaband electrmagnet ic  t e s t ing  system being 
developed f o r  measEing jacket thi~lsness md j&cket-to-eore gap variations i n  an 
unbonded f'cel elment bas been bproved t c  tbe d e n t  tha-b these tws  vmiables 
are now being resolve&, When displayel on an oscilloscope connected t o  displ&y 
the d i rec t  cxrrent mt7pct of one channel along the  vel-ci?a.l axis and the  acltpt 
of the  other channel along t,he hcrizontal. axis, air gap variLtions frm 1 t o  2 
mile generate b2m spot l c c i  whose direct ion is spproxhstely i n  q u a a t m e  with 
tht due t o  jaeke5 thickness ehmge over a range of 4 m i l s .  
gap var ia t ion for different, Jacket thicknesses w e  not ~ E L Z Y U ~ ~ ~  but some 
control over t h e i r  direct ion is obtsfned by adjustnent of the  time d.amin smp- 
l i n g  titnee. 
and air gap thickness, Data axe being obtained which will be rtsed i n  designing 
read-oGt cir,%itry t o  resd jazkes thickness only on one m&er and gap thicknes6 
only on a sezonii meter, 
range of 27 t o  33 m i l s  and gap -thickness 0 t o  2 m i l s ,  1% is desired to extend 
the jacket thickness range dmward t o  15 m i l s ,  and t o  determine the  mount of 
interact ion at the au tpc t  zmsed by the two variables over this wider range. 

Tne lxi due t o  

The ossfllmcope display can now be cali5rated fo r  jacket thiskness 

The present eq-iipent reads jacket thi.:kness i n  the 

The spot on the sufa: e I-lf t he  t e s t  -pie:€ observe5 by %he d e t e c t  x shofA.d have 
a diame5er less t'r~m 1/8 inch t o  permit sesolu.ticn cf hot  spots :xxnpaxatle t o  
t h i s  s i z e .  Noise ir, %%e m-tp~t .  of the &andEtPd TI;\\-lo during vide band opera- 
t i o n  t o  permit good high frequency respsnse, i s  eq.fiv&.lent t o  t enpe rah re  va-ia- 
*ions of about. 10% on the  surface of the t e s t  pieces, 
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The average surface temperature indicated Over l/2-inch-diameter c i rcu lar  
and 0.4 x 0.8-inch-rectangular voids was about 4OoC higher than that of t he  
sarrotinding w e l l  bonded cladding, c i rcu lar  voids 3/8 inch i n  diameter gave an 
increase of about lgOC, and 1/4-inch-diameter voids could not be detected 
above background noise. Time-temperature t rans ien ts  recorded over a l/2-inch 
c i rcu lar  mica void showed that the equilibrium temperature differences of 40°C 
was reached i n  3/5 second during heating, and that it drops below a detectable 
value within about l / 5  second a f t e r  removal of the  heating power. 
ing rate agreee quite well with an e a r l i e r  estimate. 

Surface emissivi t ies  of X-8001 aluminum a l loy  samplegwhich had been etched 
i n  n i t r i c  acid and midized by autoclaving 20 hours, were determined with 
the model TD-1 radimeter. Emissivities 
of autoclaved 2-S and C-64 aluminum, and vapor blasted X-8004, 2-21, and C-64 
aluminum were a l so  within this range. 

This cool- 

Values varied between 0.3 and 0.6. 

A cmpaxator-difference amplifier f o r  a prototype inductive themanetry instru- 
ment was returned from fabrication, and evaluation t e s t s  indicated that it 
w i l l  adequately perform i ts  flmction. The amplifier has a naminal gain of 
200 and a l i n e a r  frequency response frm 500 cps t o  1 5  F, and w i l l  accept a 
maximm input var ia t ion  of 2V p-p. Variation of t he  reference voltage allows 
t r igger ing  t o  be s e t  at any prac t ica l  value. 

GAS COOLED REACTOR PROGRAM 

Lat t ice  Parameter Measurements 

The PCTR measurement cf & and f f o r  the EGCR l a t t i c e  with 2.6 w/o U% fue l  
has been canpleted. A preliminary rough estimate of k, based upon the  experi- 
mental data indicates that k, i s  i n  the  neighborhood o f  1.25 fo r  th i s  l a t t i c e .  

The reac t iv i ty  e f f ec t s  of subs t i tu t ing  graphite spiders and end caps for  
those of s t a in l e s s  s t e e l  were measured along with t h e  flux peaking i n  the 
graphite spiders. 
r eac t iv i ty  increase, as expectede 

The r,8 power d is t r ibu t ion  was measured, but t h e  resu l t ing  data have not been 
analyzed at the  present time. 
rods i n  t h e  clv.ster t o  determine t h e  f lux depression which results f r o m  the  
presence of stainless s t e e l  spacers 

The subs t i tu t ion  of the  graphite components resul ted i n  a 

In  addition, a flux t raverse  was taken along two 

The analysis of the data taken during the EGCR stainless s t e e l  loop experiment 
i s  continuing. 
remain t o  be derived. 
mined using APDAC-I. 

The corrections f o r  resonance absorptions i n  the copper f o i l s  
The required cadmium r a t i o s  are currently being deter- 

A report has been prepmed on the  PCTR measurement of the t o t a l  control rod 
worth i n  the  EGCR l a t t i c e ,  and w i l l  appear i n  Nuclear Physics Research @ar- 
t e r l y  Report- January, February, March, 1960 e 

The report  f o r  Allis-Chalmers on the measurement of 16p, p, f ,  and E f o r  the  1.8 
w/o U% fie1 has been d is t r ibu ted  t o  the  custmer.  . 
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Variation of Coppler Coefficient. with S/M RaAio 

PCTR experiments on the  1.9'2-inch-diameter sol id  natural  uranium fie1 element i n  
a dry 8 3/8-in$h grapkite l a t t i c e  were cmpleted. 
the m e 1  temperature coefficient, p and 
obtained. 
exanination. 

Data f o r  the  cmpctation of 
and revised vdue,c of k, and f were 

The f o i l  activz52,on data b v z  been processed using ApBrzc-I and await. 
The temperature coefficient dsta are being analyzed. 

Preparations are  continLhg f o r  the  meastlrement of 
temperature coeffieient of an 0.926-inch-diaeter so l id  natwal uranium slug 
i n  a 6-1/2-inch graphite l a5 t i ze  wit.h air  coolant. 
handle the  t.enperat.iure soef f i c i en t  assembly r s a t e l y ,  enabling the insertion of 
the  heated slug i n to  $he reactor while at. power level, and LnereaEing the  range 
of the  measurements t o  IV 900°C. 

f 9  p3 E and the f ie1 

An attempt w i l l  be &e t o  

BIOLOGY AND m~cm - 6000 PROGRAM 

E N V I R O ~ A L  SCIENCES 

Atmospheric. Physics 

CaJibratAon continued on the  Tri-Carb equipent  f o r  assaying the  amount of 
zinc sulf ide on the  membrane f i l t e r s  exposed during the  Summer - 1959 diffusion 
and trans2cr-k experiments a 
ta ining known masses qf zinc si;lfi.de over a coneentrazicn rmge of some six 
orders of magnitrzds. 
which 8 complete sm3ysis of vezriazlce can be m d e  and smrceE of d r i f t  o r  varia- 
t i o n  ident i f ied.  

9% procedare involves preparation of samples con- 

The c a i b r a t i o n  metnod i s  designed t o  provide data from 

One additions early morning field experiment. w a s  c m p l e t d  & a i n g  the  month 
over the  3200 mekr  eampling grid. The vertical density dietrf3ution i n  the  
lmer atmosphere was nearly neutral with moderate wind speeds. A preliminary 
analysis of dosage data indica%,ed tha t  t 5 e  experiment may have been classical  
i n  the sense t h a t  the crosswind distzibutions were essent ia l ly  nomally d i s t r i -  
buted and peak concentration decreases with the inverse -1.75 pcrwer of the dis- 
tance. 
ass&y%ng equflplient e 

Final &nalyeis cf the  de+-& was deferyea mt.11 after c a i b r a t i o n  of the  

Work continued on data compilations and preparation of individual chapters 
for the Geophyslml Research papers) according t o  agreerient with the  Air Force. 
A d d i t i o d  s tab i l i5y  r a t io s  from the  portable mast dats, were completed and trans- 
mitted t o  t he  Air Force f e r  correlation with t he  dispersion data. 
ccrrected summmies of till of %he portable mast data, were Sransll.li-t;ted t o  the  Air 
Force fo r  d i rec t  regrcduetion i n  the  final repcPts. 
presentation of t he  Pacific Northwest m?so-seale analyses and forezast ver i f ica-  
t ions  fo r  each experiment was starbed. 
report were reviewed. 

Edited and 

Revision of the f o m t  far 

Rough drafts o f  other seet.ions cf the 

Work progressed i n  the  engineering s t u a -  of f a c i l i t i e s  t o  hose the Atmospheric 
Physics Opera~fon. At. month design c r i t e r i a  were being fomsjlGed fo r  m e  
i n  making cost estimates. 
of the Meteorology Tower f o r  use i n  studying diffusion p a t h r n s  from elevated 
S ~ U T ' C ~ ~  cant inced. 

Preparation of a new s a p l i n g  grid- t o  +ne Northeast 

http://si;lfi.de
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DOSIMEZRY 

Several people exposed t o  radioisotopes were counted i n  the  whole body counter. 
One showed t r aces  of f i s s i o n  products, one showed t races  of t he  isotopes present 
i n  reactor eff luent  water, one contained plutonium i n  a wound which required 
surgery. 

A newI more substant ia l  chair  was fabricated f o r  the counter. There was d i f f i -  
cu l ty  i n  finding a padding material which was not radioactive,  A removable bed 
was made fo r  the i ron  roan and a screw drive was ins t a l l ed  on the  holder of t he  
counter. 
ing. 

These w i l l  permit studies aimed at a scanning method f o r  rautine count- 

A t h i r d  debug run was completed of t h e  IBM system f o r  s tor ing data  and e d c u l a t -  
ing results f o r  the whole body counter. 
properly and ready t o  accept the counter data on a routine basis. 

Everything is  now judged t o  be working 

The cooperative experiment with D r .  C b  L. Finch of t he  University of Washington 
continued. 
at the  whole body counter, 

TWO more people were given intravenous inject ions of ~ e 5 9  and counted 

As a result of t h e  rea l igment  reported last  month the  posi t ive ion Van de G r a a f f  
i s  now operating better than it ever has before, The alignment methods that 
were developed permit def in i t ion  of the direct ion of t he  undeflected beam. t o  
within O.0lo. 
i n g  w i l l  prevent keeping the beam aligned within these l imi t s ,  

3 appears probable that shifts i n  the  foundaticn of the build- 

Three precision long wmters made independently by three d i f fe ren t  shops are 
now available f o r  interemparison. 
different  neEtron absorption i n  geanetrieally similar metal. tGbes i n  the  dif-  
ferent counters. 
t a i n  t races  of d i f fe ren t  neutron-absorbing impurities. 
placed w i t h  some moTe of a metal having law neutron absorption, 

One discrepancy th&t appeared was traced t o  

Presumably %he metals differ s l i g h t l y  i n  ccwposition or con- 
The tubes a re  being re- 

Equipnent fo r  developing a helium ion source was assembled. 
10 microamp of helium ions was produced, 

A beam of roughly 

The first attempts a t  fabricat ing t issm-equivalent  chambers fo r  neutron measure- 
ments were made. 

The Manager, Radiological. Physics spent two weeks at Geneva, Switzerland attend- 
ing meetings of the A d  Hoe Committee on Quantities and U n i t s  of the  International 
Cammission on Radiological Units and Measurements (ICRU). 
pared a report  containing new and/or improved def in i t ions  of t he  concepts, quan- 
t i t i e s ,  and units that are fundamental t o  radiology, radiobiology, radiat ion pro- 
tect ion,  e t c .  The ICRU i s  now examining the  report .  They w i l l  d i s t r ibu te  it 
when they have approved it. 

The c a m i t t e e  pre- 

A new control system was put on the water bath of the gama ray calorimeter. 
It operates l i k e  demping i n  a mechanical system, 
overshoot i n  the  bcth; now t h e  temperature cycle has a maximum range of 0.00G2°C. 
The effect of t h i s  hproved control on the  calorimeter i s  being evaluated. 

Withoct it there  wa2 a O.O0loC 



Ekcellent developmental progress was obtained on t h e  personally-earried selectable- 
leve l  alarming dosimeter. 
f ac to r i ly  tested during the  montho The c i r c u i t  cmprised all ne2essary par t s  
including ion chamber, dete?Pef;or, amplifier, and the dose-level alarm c i r cu i t .  
In addition, it was determined that the c i r cu i t ry  could be simplified fram the  
bench model. 
and withmt the triggered illuninating l ight.  
increase i n  le&age. 
2 by 1 by 3 inches i n  size. 
aim of having a final prototype un i t  i n  operation within two months. 

A cmple te  bench-model c i r c u i t  was assemble& & satis- 

Leakage tests were conducted with the 10 cc ion chamber both with 
The f lashing l igh t  caiised no 

1% appears that, t h e  final mmplete Unit w i l l  not exceed 
TLis developent  work is  being accelerated with the  

Developnent continued on a data en t ry  system for  the Body Monitor opersted by 
t h e  Radiological Pbysics Operation. 
r i ca t ion  begcn on the  keyboard f o r  manual entry of data  in to  t h e  multichannel 
amlyzler 

The canponent  part^ were received md fab- 

Final adjustment and developnental modification work was done on t h e  alpha air 
monitor using completely t rans is tor ized  c i r cu i t ry  and using coincidence counting 
techniques t o  eliminate radon-t.horon background ef fec ts .  
of t he  uni t  already fabricated continues simultaneously, 

Fabrication continues on the  experiments beta-gamma s c i n t i l l a t i o n  dose-rate 
meter using all t rans is tor ized  c i rcu i t ry .  
cu lm prototype is completed. 

Testing of the portions 

A l l  developent, work f o r  t h i s  pa r t i -  

One of t h e  prev imsly  developed and fabricated s c i n t i l l a t  ion t r m s i s t o r i z e d  
portable gamnia energy analyzers was experfmentally modified using a t h i n  N a I  
C r y 6 t d ,  and it performed sa t i s f ac to r i ly  fo r  gamma energy a m y e i s  work frm 
10 Kev t o  150 Kev over the  fu l l  s an of t he  base-line control. 
m239 photopeak and the  60 Kev An841 photopeak were eas i ly  resolved i n  a mixed 
source. Thus, by using a t h i n  N a I  detector, the 10 Kev t o  150 Kev range can be 
covered; and by using t h e  2 by 2-inch NaI crystal ,  t h e  150 Kev t o  2.0 MeV range 
can be covered for  gamma energy analysis.  

The 17 Kev 

Investigative work continued concerning the new tunnel diode cirzi; i try with 
several. e x p e r h e n t d  osc i l la tors ,  multivibrators,  and amplifiers experimentally 
fabricated and tested.  
t o  date. 

The diodes seem t o  be a b i t  unpredictable i n  opera%ion 

The P-N junction detector work p r a i s e s  a ra ther  fascinat ing range of applics- 
t i o n  p o s s i b i l i t i e s  f o r  alpha, beta, and neutron work, 
v i t y  ingot  of s i l i con  is  scheduled f o r  delivery i n  May. With tfais, a lazge 
number of P-N jwlc5ions can be prepaped f o r  all types of experimental work. 
v i s i t  is  being made t o  ORNL f o r  f irst-hand observation of t he  tezhniqtres f o r  
preparing P-N junction detectors.  

Experbents are continuing in to  the p o s s i b i l i t i e s  of p l a s t i c  casting of t he  
probe housings f o r  the developmental non-gamma sens i t ive  a p h a  s2is l t i l la t ion 
probes. Initial casting work was s;uceessfulo 

A pcrchased high-reeiEti- 

A 
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The experimental prototype t rans is tor ized  alpha monitor (110 VAC-operated ) which 
uses e i ther ,  as desired, an air proportional probe or  t he  new non-gamma sensi- 
t i v e  ( t o  10 r /h) s c i n t i l l a t i o n  probe continues t o  perform sa t i s f ac to r i ly  i n  
demonstration use at the 308 Building. 

The large 5-inch by 9-inch NaI crystQ, using four matched phototube detectors, 
f o r  t he  Biology Total Body Monitor was received and tes ted .  
badg and it was repleced by the manufacturer. Using a Cs137 source, t he  system 
resolut ion fo r  the 661 Kev photopeak was found t o  be nine percent, 
w i t e  acceptable, and the detector head i s  ready f o r  i n s t a l l a t ion ,  

After rather extensive m d t i p l i e r  phototube investigations (similar work was 
done over t he  past two years on other tube types) concerning noise l eve l  versus 
high voltage, signal-to-noise ra t ios ,  s t a b i l i t y  w i t h  time of operation, and stabil- 
i t y  versus temperature changes, it is quite apparent t h a t  RCA phototubes (6199, 
6342, and 6 6 5 5 - ~ )  BPS qrdte s q e r i o r  i n  all measured respects t o  w o n t  tubes 
such as 629l3 6292, arnd 6363;o 
however, i n  general and considering l o t s  of 10 tubes or morep the  RCA tubes were 
found t o  be superior i n  all s t a t ed  measurements. 
poor frm t h e  time s t a b i l i t y  (clrif't) standpoint and from t h e  signal-to-noise r a t i o  
standpoint, 
to-noise r a t i o  t he  RCA tubes are preferable,  

One phototube was 

This i s  

Some selected M o n t  tubes perform sa t i s f ac to r i ly ;  

The W o n t  tubes a re  exceptionally 

For any application requiring long-term s t a b i l i t y  and a good signal- 

WASHINGTON DESIGMTED PROGRAM 

Isotopiz Ans3ysis Reseach and Development 

Ffv@ days of mass spectrameter operation were devoted t o  t h e  acemulation of 
data on experiments designed t o  study possible causes of mass discrimination 
induced by the  ion source focusing conditions. 

Three operating days were l o s t  because of t h e  failure of the  diffusion punp water 
cooling system. Sand i n  the 326 Building water supply plugged various instrument 
valves and f i t t i n g s .  A f i l t e r  and t r a p  were in s t a l l ed  t o  help prevent f'uture 
clogging of the mter l i n e s  and valves, 

Two days were used t o  t r y  a trough-shaped filament of t h e  new design used i n  
t h e  other mass spectrameter. 
was designed f o r  t r i p l e  filament operation, was too  low t o  make p rac t ica l  use 
of t h i s  f i l a e n t  design i n  t h e  source assembly of t h i s  spectrmeter .  

The resu l t ing  eff ic iency of t he  ion sourceb which 

The spectrameter operated rout inely during the  month on t h e  isotopic  analysis of 
program samples, 

TEST REACTOR OPERATIONS 

Operation of t h e  FCTR continued routinely duping t h e  month on a one- and two- 
shif% basis, 
failure and one by f au l ty  bypassing technique, 

The 1.92-inch 0 3 ,  natwdL uranium experiment t o  determine p9 

FGCR experiment with 2.6 percent enriched fue l  f o r  k, and power d is t r ibu t ion  were 
ccanDletea D 

These were three unscheduled shutdowns; two were caused by electronic 

1 dP 
P dT 

md - - and 
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The aqueocs PU-k, = 1 experiment was started during the  month. 

TTR 

The c r i t i c a l  mass experiments u t i l i zed  the  TTR f a c i l i t i e s  during the  month. 

- 

One f o i l  cal ibrat ion i r rad ia t ion  was made fo r  PRTR experiments during off- 
s h i f t  hours. 

CUSTOMER WORK 

Weather Forecasting and Meteorology Service 

The second i n  the se r i e s  of three scheduled reports on prospective 1960 cres t s  
of the  Columbia River flow at Hanford Works was issued on April 15. The water 
content of snow cover i n  the  Columbia River watershed above Hanford Works 
remained substant ia l ly  below normal and the ranoff far above normal as ant ic i -  
pated. Therefore, the  1960 forecast remains unchanged from tha t  given i n  the  
e a r l i e r  report dated February 23. 

m e  of Forecast 

8-Hour Production 
24-Hour General 
Special 

Number Made 

90 
60 

13 5 

$ Rel ia3 i l i ty  

84.9 
83.7 
90.4 

Although there  was a week-long w a r m  spe l l  ear ly  i n  the  month, a ser ies  of cold 
front passages beginning on the  8 t h  kept most of the  remainder of t he  month 
quite normal. 
22nd and 23rd, to ta led  0.53 inch. 
Although there  were a number of windy days, t he  over-all monthly average speed 
(8.8 mph) was exactly equal t o  the  sixteen-year average f o r  April. 

Precipitation, most of which occurred i n  a single s t o m  on the  
This was about 5O$ greater  than normal. 

Ins t  nrment; at ion 

FWther f ie ld  t e s t s  were conducted on the  Sc in t i l l a t i on  Detector Mask Monitor 
designed and fabriea.ted f o r  the  Laundry Operation. 
was achieved i n  all tests, and the  uni t  i s  scheduled t o  be placed i n  routine 
service. 

Satisfactory operation 

Advice and help w a s  rendered t o  RMU at Purex concerning adjustment procedure 
f o r  the  mal Alpha-Bet&-Gmm Monitors. 
s a t i s f ac to r i ly .  

m e r  adjustment, t he  uni t s  performed 

A second canpleted Sc in t i l l a t i on  Transistorized Alpha Hand Co-ater, b u i l t  t o  
our specifications by a Sea t t le  f i r m ,  was received, t e s t ed  sa t i s fac tor i ly ,  and 
placed i n  service i n  the  308 Building. Two more uni t s  are  being fabricated. 

Advice and help was rendered t o  the  Drafting Operation concerning the  drawings 
being made for  the  Sc in t i l l a t i on  Transistorized Combined Alpha, Beta, Gama Hand 
and S3oe Counter. The mechanical layout drawings are completed, and the  elec- 
t roniz  c i r cu i t  drawings are pa r t ly  done. From a received l e t t e r ,  it appears 
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that Dr. Wakefield of Radiation Counter mboratories,  Inc.p is  quite interested 
i n  t h i s  instrument and i s  contemplating the cammercial manufacture and se l l ing  
of it. He 
proposes building and se l l i ng  the uni t  based d i r ec t ly  on our drawings with no 
changes. 

H i s  estimated commercial pr ice  was s ta ted  t o  be less than $4,000. 

A battery-operated alarming s c i n t i l l a t i o n  dose-rate meter was designed, fabri- 
cated> and delivered t o  IpD f o r  use as a stand-in monitor f o r  reactor  elevator 
use. 
detector, a meter-relay, and alarming c i r cu i t s .  
r/hr and 0-10 r/hr with selectable,  s tab le  alarming at  any point from about 
50 mr/kr t o  10 r/br considering both ranges. 
and rechargeable-type ba t t e r i e s  may be used i f  desired. 
and ganrma sens i t ive  and i ts  response i s  essent ia l ly  independent of gamma energies 
from 90 Kev t o  5 Mev. It has provisions f o r  both an external cable-connected 
meter and an external alarmo I3y high-voltage changes and/or by using a different  
phototube, ranges of 0-20 m/hr up t o  0-20 r/hr can be eas i ly  incorporated i n  
other models as desired. 
of 20, t he  cost per un i t  w i l l  be l e s s  than $250. 

The uni t  employs a t r a n s i s t o r  high-voltage supply, phototube, NE-102 
The unit has two ranges of 0-1 

Continuous ba t te ry  l i f e  is  150 hours 
The un i t  is both beta  

The complete uni t  weighs about 3-l/2 pounds. In l o t s  

An in -ce l l  monitoring system and a special  a i r f i l t e r  monitor are being fabri- 
cated f o r  t he  HLO Chemical Research Operation. The c e l l  monitor uses several 
beta-gamma probes of d i f fe ren t  types fo r  dose-rate measurements i n  hot ce l l s .  
The air f i l t e r  monitor uses a gamma s c i n t i l l a t i o n  detector and ala.rming dose- 
r a t e  c i r c u i t s  * 

The modified 614 Building Monitors (30) ju s t  ccanpleted (0-200 mr/hr single 
range l i n e a r  u n i t s )  were cal ibrated a f t e r  employing a long-term aging of t he  
phototubes i n  a 100 mr/hr f ield.  It is  apparent fran the tests that the W o n t  
6363 phototubes drift excessively; i f  they fail,  these tubes should be replaced 
with proven s t a b i l i t y  RCA 6655-A tubes. 
fabricated w i l l  employ the  RCA 6 6 5 5 - ~  tubes,  

A Model LE1 Victoreen Electroneter line-operated instrument was evduated  
at the request of IPD, and it was found t o  have excessive d r i f t  even after a 
five-day wmup .  

The next l o t  of 10 such un i t s  now being 

The d r i f t  exceeded 18 percent per day a f t e r  t h e  warmup. 

Acceptance tests were completed on nine CP-TP portable dose-rate instruments 
b u i l t  o f f s i t e  t o  plant specif icat ions.  

ELeven Model I Scintran t rans is tor ized  s c i n t i l l a t i o n  CRM and laudspeaker alpha 
monitors were received and passed ca l ibra t ion  t e s t s .  Several minor electro- 
mechanical changes are being incorporated before they are placed i n  service.  
These u n i t s  ( fou r  more t o  come) were b u i l t  o f f s i t e  t o  our specif icat ions.  

Equipnent costs were compiled fo r  an instrument t o  measure and indicate  the  
precise  posi t ion of PCTR movable face. 
Experimentdl Reactors Operation (HLO) as Systems Research Memorandum 60-16. 

The canpilation was forwarded t o  

F'PD requested a summary of the  s tudies  made t o  date on the  Autoclave Temperature 
Control problm, f o r  use i n  conferences with several autoclave vendors. 
work has been summarized i n  Systems Research Memorandum 60-12, "Temperature 
Control Characterist ics of Autoclave Vessels" 

The 

The camput.er studies planned 
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fo r  t h i s  problem were dlel?ipd due t o  higher p r i o r i t y  work schefiuled fo r  t he  can- 
puter.  
ever, and t h e  compzer puns sho:?ld be empleted i n  a fe-d days, FP2 has re- 
quested assistance i n  preparing the i n s t m e n t a t i o n  portion of the  c r i t e r i a  
f o r  a nev autoclave installaticn i n  thz 333 Building) bssel! cn %he above studies.  
The computer s%udy w i l l  be cmFletea before these recommenda5fons m e  made. 

Materials EhgLneering Oper&%ion, ED, requested assistance i n  neasuring the  
hydraulic p reosxe  m d  ram veloci ty  versus ram posi t ion on the  large exrtr..tsion 
press i n  the  333 Building. 
Press Instmer-t.&.ion'' WES prep red  describing the  problem, It was determined 
later that Systems Research z o a d  not accept the  assigmens bacaGsa the work 
had t o  be cmpleted i n  a skcr t  time and manpower was not availa'cle. 

The problem is  n m  programed i n t o  the  Goodyear LW3g Compdte-, hw-  

Systems Research Mmorandlva 6c-14, "E%tr%sion 

The resfits of t h e  m a p &  B3rusion Press acceleration tests m a k  t o  date were 
SummaPized i n  Systma ReseEcck Mmcrandm 6 ~ ~ 1 3 ~  "Ameler&Lon Measuements on. 
the Dynap&k Press", a d  S E ~ X .  t o  the cdstmer. Further work on t h i s  problem is  
not expected i n  t h e  new f i i h r e .  

Authorization was received from t h e  RLO mels Developent Operation t o  proceed 
with ca l ibra t ion  aad evaluation of a Shaevitz l i n e a r  motion transducer, indicat-  
ing, a d  recording cystem intended f o r  tiltinate use i n  in-rea&cr creep measure- 
ments. 
15 is  believed t h a t  the qqw-atua w i l l  pennit measuremefits of displacemefit a e s x -  
a t e  t o  2 5 mir:so-inches or  less. Tbe appara.t.us i s  exps:ted t o  inZorporat2 EL 

mechanics amplifix,t;ton of" motion of between 20X &nci l O O X  seer whE& $,he motion 
w i l l  be rea3 lcly w e  of a t r sve l ing  miwcscope azszmte  t o  f 80 micPo-incheE. 
An alterna:ive method employs 811 mititccllimator t o  read $he mt%5ion cf a niirror, 
Tests w i l l  be perfcrmzd a% room tenqerature and ti;t. other temperatna3 a3 t o  
40OoC. 

Preliminary designs of apparatus t o  be used i n  t e s t i n g  have been sketched. 

Optics 

Radiation Ratio Pyxmeter - The pyramieter as first installed demcns%r%ted i%s 
a b i l i t y  t o  m e m u r k  tenp=a%ures i n  t h e  range 5O@OC! t 9  1000°C on ZirZaJoy and 
s t e e l  spe;shems. 9 - e  temperakwe of specimens i n  %he hot stage of %ke me+&- 
lograph was cantrcllefi t:, within f 25% by using %he eignrzl mtp& of the p p o -  
meter as the  i n m t  t-0 t h e  existing control ler .  

D r i f t ,  of t he  lead sUlp3id-e detector makes it necessary t o  remJibra.t,e t he  prome- 
t e r  every t e n  minxbee. 
respect t o  the metallogmpk, 
provide f o r  automatic rezaLikrz.%ion or elinifnBtion of the  &iS-, ard fo r  elimina- 
t i o n  of t he  posi t ion semi% ivi ty ,  

The pyraneter i s  quite sensi t ive t o  posit ioning with.  
A supplemental work order has been received t o  

Scratzh Depth ficrosiope, 105°C - The l o g - C  Fuel Examina;r,inn FacSi5y variable 
power stereomicroscope was converted f o r  use as 8, scratch depth microscope. 
The conversion ~~oneis5ed  of: providing a monocular f i l a r  micrme-.er eyep iex  
which is  interchangeable wL-tkl t@%e stereoscopic eyepiece nsma1l.y u e d  m.e 
scratch depth illm,imtc,r, &signed by t he  Optical ShoEs is exzefed t o  33e on 
s i te  from the fabr.i@&t-.r br the end of April. InsteLla-Lion of t h i s  unit, % T i l l  
make possible the meas-aranem of the depths of s-czfwe defects i n  irradiat,ed 
a e l  elm?nts. Optize f o r  t h i r  mit have been fabricate2 13 t1,e opt ica l  Shcg. 
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PRTR Calandria Displacement Measurement Equipment - Assistance has been given i n  
completing the  design of a camera f o r  use i n  keeping t rack of the displacement 
of the calandria with respect t o  the  shielding i n  the PRTR reactor.  Another 
method of displacement measurement employing a t ravel ing microscope has also 
been discussed. 

During the four-week period (April 3 t o  May 1) a t o t d  of 480 manhours optics 
shop work was done, of which 14,5$ was f o r  Stores (Spare Parts), 11$ for  IPD, 
1'7% f o r  CPD, 50.55 f o r  HLO, and 746 fo r  CEO. 

Three borescopes were repaired fo r  I r radiat ion Testing Operation, E D .  

Two p la s t i c  cylinders were machined and polished. 

Four pump seal faces were lapped for  Mechanical Development Operation, RLO, 

Twenty glass bearings were fabricated f o r  CPD and Stores. 

The diameter measurement unit was mounted i n  the  upper housing of t he  
PRTR prof ilcimeter. 

Five hemispheres of mlar were formed and coated w i t h  aluminum u n t i l  
l ight  tight f o r  Radiological Instruments. 

Twelve alundum "0" rings wereground t o  s ize  fo r  Wiley Cole of RLO. 

Analog Ccmputer Fac i l i ty  Operations 

The major problems on the analog cmputers t h i s  month included studies of the  
reactor kinet ic  equations, t he  F'RTR gas loop, and an autoclave control system. 

The EASE was placed i n  use on April 11, and aut of 88 hours of possible use 
t h e ,  the  unscheduled down time was four hours, or about 4.5 percent. Out of 
168 hours of possible operating time f o r  the GEDA, there  were four hours of 
scheduled down time, and 52 hours of unscheduled down time, or  31 percent due 
t o  unscheduled down time. 

The EASE acceptance tests were essent ia l ly  caapleted, except for  minor tests 
which w i l l  be completed when the computer i s  not i n  use. There i s  s t i l l  
t r k b l e  with the d ig i t a l  voltmeter, t he  pr in te r  o r  scanner, t he  potentiometer 
servo-setting mechanism, and four of t he  time delay units. 
d i f f i cu l t i e s  is being discussed w i t h  the vendor. 

Resolution of these 

The shielded wire t o  be used f o r  trunk l i n e s  between the  two cmputers has been 
received. 
require amajor  shutdown. 

Making the necessary patchbay connections t o  the GEDA computer w i l l  
This has been scheduled fo r  ear ly  i n  May. 

1 2 4 0 2 5  1 PF Gast  :mcs 
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Urariiw Oxidatim & Fission Profiuct Volati l ization Studies 

RevieLclzs t o  the shielded ce l l  f o r  f i s s ion  product release experin?ents wi th  highly 
i r rad ia ted  uranium were conpleted. 
f o r  24 mirutes ir. air  gave a mean degree of oxidation of 68.7$ f 306$ standard 
devi&t*fon. One tes t  with s l i g h t l y  i r rad ia ted  uranium m s  made t o  evaluate the 
performice of the equipEent. 
Z w e L  exTariheLLe e 

Six tests with unirradiated uranium a t  1215OC 

The tes t  f a c i l i t y  i s  considered ready f o r  higher 

MPR Efflue@%s 

Laboratcqr research ecLcerAtrat.ed on a study of the scavenging of cobalt and zinc 
frcrn reac tor  decorstaeiLatkc waste" The presence of cer ta in  constituents i n  the 
waste aixture  ajqecrs t o  grevect scavenging of cobalt isotopes by the  precipi- 
t a t z s  f r o =  pemacgtirzatc reductior;. Mixtures of solutions from the use of three- 
step decoctmicat ion Illethok give poor c o b a t  scavenging; slich solutions contain 
fke F ~ r o x i ~ ~ - c a r S c L a t r - E ~ ~ ~ ~ ~ A ~  rcixture used fer a preliminary decoctminatioL. 
I n  hddetim, tk-c-Etsg bccntaxinat icn syst,ems u t i l i z i n g  &I: ammnium citrate-E .D.T.A.  
mixture fc r  6. e e c o ~ d  ~ t e p  result iz; poor cobalt scavengirg. The work indicated 
-tk&t the  E.D.T.A. is  par t ly  rzsponsiblc fo r  t h i s  poor scsvecgirg but both peroxide 
arZ cirr&% contri3-ut.e t o  ito It i s  gostulated that  strong complexing agents and 
strctg cxidizir;g agc,Lts may prevent c c b a l t  scavenging because of the high s+ab i l i t y  
cf co5al t  [PIT.) ccniFlexes. R e  sc&vengirig of zinc was no t  affected by the presence 
of tkeae agents, 

Reac t.m E f f l u e n t  Treat>n;ert 

Design. cf ~ k s  t e s t  f a c i l i t y  f o r  studying reactor eff luent  decont.amination wi th  
duaira beas was esaeLt2ally ccmpleted and estimates were made f o r  i t s  construct- 
ioli ac3. i E & % i i h t f c n  a t  %GO-KW. 
32' long, 7 !  daep a:d 3' wide. 
hot reac tc r  effltient throxgh the  tank ic which aluminum turnings w i l l  be supported. 

The f a c i l i t y  w i l l  cocs i s t  of a s t e e l  talik some 
Provision i s  made f o r  passing up t o  2000 gal/min 

The spec:iica%?cr, for i n i t i a l  aluminum tmning  configuration was revised t o  permit 
a grea+,er surface area per wit volume of bed. 
reqcired mt?rf&ily but ifkewise rad~ces the bed l i f e  t o  & - 5 years, rather than 
',ze 10 years earL,fer epecified. 
turzLngs qpears  tc %e frivcre-zle f " ~ r  f u l l  sca le  i n s t a l h t i o n s .  

%is  re*~ces the length of bed 

E~t,fmt,es received f o r  mill ing bar stock in to  

SEPi\RkTIC?X PROCESSES 

q ~ ~ s t z o r .  of adeqclateby mxi tor ing  the water i n  ac aquifer by sampling the  
As mczitcricg wells generally a re  c o r t q t z  c,? EL perforate4 well  was s*,-&died. 
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perforated t?lroughcau; t h i r  depth belcw the  water t&le they may fern low resist- 
ance flow pat.hs between aqrtffers having different p i ezcwt r i c  heads. 
b i l i t y  of such differerices occurring IC regiccs of growd w&ter recharge, such as 
the v i c i n i t y  of swaEiFsp is quite high, 
conditions l ini i t ing the flow i n to  a we31 f r o 3  a specif ic  zone having ra ther  
ty-pical Ea~for5 aquifer ch&racterfsties.  
mc%ric head difference of only a few thousacdths of ari i r ch  between aquifers 
peoetreted by a c c q l e t e l y  perforate5 w e l l  w i l l  prevent water from the low-head 
aqcifer  from enteritlg the well. 
aquifer zones t h a t  c m o t  be monitored by mews of well smples because of such 
head differences. 

Tk?e proba- 

An e f fo r t  was made t o  estiroate the 

These e s t i m t e s  irzdicafe $hat a piezo- 

It i s  plamed t o  study rrethcds of identifying 

mere were no sigaificmt chmges i n  ground water contamination patterns i n  the 
v i c in i ty  cf t3e 290 Areas over t-he ps t .  month. 

Raceit. r e&z t ims  i n  %hc v o 2 m  cf waste and q u w t i t p  of radioactive material. 
discharged t o  tho &rex tmk-ferni coderrsate crib are qrrite evident i n  wells 
monitcririg this sire. 
now contain concentrations of radioisotopes exceedirg 10-4 u c ~ / c c  
twelve of the th i r t een  wells cortained concentratioos of radioactive mterial 
exceeding LOS4 ueB/cc ., 

Samples fron only %wc of the th i r teen  wells i n  the v i c in i ty  
One year ago, 

Ter feet of w e l l  293W-2E-2 mooftoring the a'tjardoced 226-s-1 and 2 Redox process 
condecslite cr ibs  w a s  r ep r fc ra t ed .  Sac  le^ fro= tfiis w e l l  have contained a low 

years Yqc marby webla  t e e m e  cmple te ly  f i l l e d  and t h i s  w e l l  p a r t i a l l y  f i l l e d  
(ir, tkc grsurd water zc.r,r) v:Yc sa-,& as8 si l t .  
oY5airxd ~ r i o r  *c, azd fc.l:c;.'ks repsrforat ios  a 9  bai l isg,  alocg with future  
ervircmecta2 mcr.it.cring S U F ~  reaa t .a  stclitd provide a basis f o r  determining if 
Srgo is still dr&iLfr,g fro'?; tke  cr25 inta the  groucd water. An iccrease i n  the 
gross beza actfviYJ* 'b;y a f a c ~ o r  of bel ; fy  following reccnditloLiag was an iridi- 
catior, that p r e v i c ~ s  seqd.es f r o b  t k f s  w e l l  may n o t  have beera represertative of 

but f a f r l y  cors:.ar_t. cc~,eear.rsSior cf Sr $9 for tSe past, t h r e e  years. Over *he 

Analyses of l i q u i a  aud md samples 

522%. gr0LlIld Wa%C?Z LL&r ';kiS dCSPCS& f & C % l i e d r o  

Prccessitg B i ~ k s l - G c e ~ ~ s C  Aludzm-Clad FLlels 

Decladding arLl ccre ~ ; E E , C C ~ L T ~ C . I ?  sta9ies were m.3~ CE fi171 s ize  noc-irradiated I 
acd E fueL piecef wi- i .2  u . 2  withcut. nickel ccatlag or. bc.tk surfaces of the  aluminum 
cladding. 
s tep  during fabr ice t ioc .  
s e c t i m s  cF f u e l  pieces. 
- 1.5 M 1~02. 
aluuiin; c l a9dhg  ir. NaCK-NtiF03 sc2utiors.  
lorged Clgefticfi : I= t.k 2.eclaa2irg s c l ~ t i o c .  
nickel. coetiing ( u . 5  u d e r - l y k g  AL-Si l ayer )  l e f t  oc the f u e l  a f t e r  jacket removal 
w a  not readily 3 i ~ s o l v t i l  I-- ,L hcat 13 E WCh0 
Tne r e s u l t i r g  Z-isscLvsr solu?:tor. had nc.c.re-sc.lid residue prr;sert: thanl dz dissclver 
soluticLs prepaeii s i r f l a r l y  f r c x  Lcc-,nfckel-ccat.e$ fuels 

c:ckel-coeSEc5 f u e i  C a a  'tees heai,ed a t  590 C fer 45 seconds a t  one 
n e s e  studies ccnfimed earlier observations on small *=E? mter  L i c k e l  coatirig ~ ~ S S G ~ V &  r ap i f iy  i n  1.5 M UNE 

me i ~ ~ e r  I ; f c k d  coatiLg was Lot dzssclved d w + n g  disaolu5iorof  
It w a s  mdercut  slowly durhig pro- 

D u r h g  Core dFssclut.ion, t k x  

It. ?,id u3ercu-t &z,6 f l e e  amy.  

, 1 2 4 0 2 5 3  
?' 
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i n s t a b i l i t y  threshold of t h i s  cclumn. 
gal/hr-sq.ft . ,  one inch pulse amplitude, 60 C) ,  the  following i n s t a b i l i t y  
thresholds were obtafred: 

A t  t he  standard tes t  conditions (1270 

Source of Water 
f o r  1 C X  Makeup 

I n s t a b i l i t y  Frequency 
Cycles/Min. 

Dis t i l l ed  water 57 f 4 

Effluent water from cation 426 
aad anion demineralization 
immediately after cation 
r e s in  regeneratfcn 

Water from the cation 
exch6nger one day after 
regeneration 

ca. 45 

For comparison, the use of very pure demineralized water from KE Area (lo7 ohm-cm 
specif ic  res is tance compared t o  105 ohm-cm f o r  Purex water) as 1 C X  gave an 
i n s t a % i l i t y  threshold frequency of 46 k 5 cycles/min., about the  same as with 
Purex demineralized water a t  i t s  best. 

Tests were made to determine if Purex cation exchanger water taken r igh t  a f t e r  
res in  regeneration could be imgroved i n  qual i ty  by passing it through a strong- 
base resin,  Amberlite IRA-401. 
i n s t a b i l i t y  threshold of 47 f 4 cycles/min.; but after 13 resin-bed throughputs 
the  instabil i t jy threshold decreased t o  ca. 30 cycles/min., about the same as 
untrea%ed cation-bed water. 

The i n i t i a l  water from t h i s  bed produced an 

Additional p i l o t  p lan t  tests have indicated t h a t  each of the following materials 
added ic moderate amounts decreased the i n s t a b i l i t y  threshold of" d i s t i l l e d  water 
1 C X  by 5 t u  10 cyeles/nic. : 

1. S i l i c a  added a t  5 t o  20 ppm as sodium s i l i c a t e .  

2. A d i l u t e  suspension ( /1Q ppm) of f ine ly  ground Dowex 50W resin.  

3 .  Purex cation regenerant su l fur ic  acid, e i the r  f i l t e r e d  and added 
d i r ec t ly  t o  the 1 C X  a t  0.01 E, o r  used a t  1 M concentration t o  treat  
cation r e s in  which w a s  then eluted with the & t i l l e d  water used as 
1cx. 

Disengaging t i m e  s tudies  with Purex demineralized wat.er indicated the presence 
of an impurity which decreased the  disengaging t i m e .  
water adjusted +,o 0.02 M RNQ was  passed through an ag i ta ted  vessel  cont.aining 

The 
disengaging time decreased from 50 seconds i n i t i a l l y  t o  38 seconds after two 
l i t e r s  of  water had A control experiment with 
d i s t i l l e d  water (0,W M - m03) gave a ccnsis tent  disengaging t i m e  of 66 f 4 
secorias e 

I n  t h i s  tes t ,  the Purex 

60 m l  of 30 percent TBP-and 2 he disengaging t i m e  periodically measured. 

passed through the vessel.  

The,se.p$l~t pLar_T. a ~ d  laboratory stcdies seem t o  indicate t h a t  there are a t  
..kqst:++gy j rp- r$?:es io mrex demineralized water t h a t  a f fec t  column performance: - ?; . i $  - .. a .  

1315R254  
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One which should have a C,el;dency t o  ir-crease the  i n s t ab i l i t y  threshold (perhaps 
an insoluble s i l i ca se  such a& t a l c ) ,  one which consistently lowers the ins tab i l -  
i t y  thresh013 by about. 10  cycles/mino (perhaps s i l i c a ) ,  and one which shows up 
only aft.er the catior, res in  bed has been regenerated (perhaps res in  f ines  or  
res idual  impuritirss frcn; ';he su l fur ic  acid)  and which reduces the in s t ab i l i t y  
threshold Sy 30 cycies/&in. o r  more. 

Preparation of Uracim( IV) Nitrate 

Several scnemes f o r  tke  preparation of uraniun(1V) n i t r a t e  f o r  use as par t i t ion-  
ing agent i n  tB? Purex process were investigated. 
uranium(V1) ir, su l fa te  o r  n i t r a t e  solution with amalgamated aluminum or  zinc. 
Separation of t k e  Liraniu<IV) from unwarted cations o r  anions was by precipita- 
t ion  o r  soiver,t extract iono 
oxide i s  dissolved i n  su i fur ic  acid. 
amlganat.ed zinc. The solutioc i s  mde alkal ine w i t h  sodium hydroxide t o  pre- 
c i p i t a t e  urar;iux( IV 1 hydroxfte Zinc remains i n  solution A f t e r  washing w i t h  
d i lu t e  sodium hydroxide and water, t h e  uranium(1V) hydroxide i s  dissolved in 
n i t r i c  acid conta inhg  sulfmic ac id  or  hydrazine t o  prevent reoxidation of 
uraniura. 
335 g/l j have been prepared m.d have r emi red  s table  t.oward oxidation of uranium 
fo r  over three weeks, 
t o  uraniun(1V) ir, su l fkr ic  acid solution i s  67.27 Kcal/mole of urazlium reduced 
w i t h  zinc ar,d 115.5 K c d x o L e  with aluminum. 

These involved reduction of 

I n  the current.ly most promising procedure, uranium(V1) 
Uraniurc(V1) i s  reduced t o  uraniw(IV) w i t h  

Product solutions contair,iog as high as 275 g / l  U(IV) ( t o t a l  uranium 

The calculated heat of reaction fo r  reduction of uranium(V1) 

WASTE TREATMEKT 

Seniworks Wast~ Calcioer Prct.o*ype 

Eigh+, runs were coicpleted during the month u t i l i z ing  a sfmuLated high acid Furex 
waste as feed. These studies were directed towards tes t ing  of addi t iota1 feed 
cozzle desigm which would hopefully hold nozzle agglomerates t.0 an acceptable 
low l eve l  while maio'taining adequate bed pa r t i c l e  s ize  control.  

Two commercially avafi&c;e nozzles (Spraying Systems Ccmpany Set-ups F4B and 30) 
both internal-mixfcg types, were tes ted and found less suit,able than the standard 
nozzle. (Previously, orly external  mixing rozzles had been tes ted.)  Use of the 
internal-m:xicg cozzles resclted i n  severe agglomeratior at. the nczzle and a 
rapid build-up i~ t6be bed of excessively large par t ic les  wi th  a subsequent l o s s  
of f lufdizatfon. 

The e f fec t  of bed temperaxre on nozzle agglomeration w i t h  simulated high-acid 
hrrex feed w a s  cested a t  400 C and 500 C .  
~ n i s  noted. 
Three-fold coccec4xated feed.) 

L i t t l e ,  i f  any s ignif icant  difference 
(Similar resiLts were previously reported f o r  fo,-maldehyde-t.reated, 

TRANSURANIC E m R T  A N I  FISSLON PRODUCT RSCOVERY 

Promethim Purif lcat:on 

Ins t a l l a t ioc  of i m  exchenge eqclpzner;t ir A-Cell w a s  completed, and a ser ies  of 
cold -TLS have beer icLziate6 pr ior  t o  i r t rcduct ion of  radioactive feed. 
of the 2213 runs i s  t c  be t t e r  ae f ine  fiowsheet parameters, t es t  the equiprcent, 

Purpose 
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8 ~ 4  %rak cgerei&rs (bcth with reepecr t o  the equipmerit acd tke process). 
us w e  s2ngular;y meveat fu l  =& free of d i f f i c u l t i e s  with a l l  equipmer;t 
f lzc t iou ing  perfectly.  
of rcund-the-clock C x r a Z i O L ,  
in.  the  sane r a t i o  they  uccur i n  fission was used as feed. 
with 40-60 mesh Dowetx ~ C W - X ~  resin i~ the &xed copper-hydrogen cycle. 
COL~$II??E were opera ts t  a t  63 6, and t.ke elutriarit solut icn contaioed 4.5 g / l  EDTA 
bdfered tc FH 8.83 wf%h ti.rrz.~~~pil~: hydroxide. 
Ni.xbere are riot yet  &vsTla%la, bui; p r i f f c a t i o r .  achieved 6ppeared visual ly  t o  be 
excel lente  

S tar t -  

The firLet I-UE was ccmpleteb at month end af%er two weeks 
A s3zthet ic  d x t u r e  of rare earths (less promethium) 

The columns were f i l l e d  
The 

FIOW r a t e  was 3.5 d /n ic9cm20 

S t r o u t  fun Recovery 

Tr;&re is  much currect  k t e r e s t  ir, the conzosi*ioc cf the  bci l ing  supernate in the 
W e x  103-A waste etcrage tack since the c o n t e ~ t s  of t h i s  tack d g h t  serve as a 
ecnveniect s c m c e  cf we:l-agab cesium-137 m d  ~ t r o n t i m - 9 0 .  
wae accordkg2y cheics9 for; azh-lysis a-,?. precess stziiies. 
i n  the f i l t e red  s l rpenate  was fcun3 t o  be 13.3 curies/gal; however, the  strontium- 
yo contezt was o ~ l y  0.02 cuies;/gal,  too low t o  ke 
a recovery staaZ,dpc?ir%. 
phcsphate (0.0’; MI, a& car5ciats (1.0 ha). 
the  strozrtful iL-t.he sLjerLe+,e i s  a c c o r h g l y  not surprising . 

A ope galloc s a q l e  
Cesium-137 content 

prac t ica l  importame from 

Fai lure  tc  filzd & lzrge fractiGn of 
MaJcr compocents included c i t r a t e  (2.6 M), n i t r i t e  (4.2 $1, 

IC other wcrk, i n  support of a recect. p l w t  test,, autcclaviaq ceriw-rsre earth 
dou5le sdfatr ,  precipfs&tes at, terrpera5ures of 130 t o  300 C was fcund t o  have only 
a s m L P  effect ,  on ease cf dlssclu+ior~ in d i lu t e  ~ i i t r f c  acid, i n  contradictlion t o  
the results of a p r f 3 1 i 1 ~ b ~ ~ y  experim~rA. 
f c u d  t o  deFress pH i n  %?,e Tercxy-acetafe process (as  dc i ron ,  &11;1~-ioum, chromium, 
a d  excess s ~ ~ f a t ~ ) .  
prroxy ace*&te prec ip i ta te  i l z  t h  pl&zt, i t s  effect, C&E prob&bly be Overcome by 
use of a nizr i te  scpFressor, such as urea. 

Nitr i te ,  a product of radiolysis, was 

If rzf-,ri+,e is ttx cause of f a i l u r e  to oj ta i r ,  a ce-iula 

Excellect, e x  inch diaz.F:er, h%g3-decsity sfrontiuu; t i tanst ,e  ?e l le t s  were finally 
produced, after sc lv l tg  cert..afn Lenperbture measure~ert-, azd c o c t x l  pro3lem and 
au tomt ing  the fl3nace. 
p e l l s t s .  A homQgeceous ~5rm52um tit,anat;e process, whkh elindLatss b a l l  milling, 
also shows prczise. 
s t roz t iun  citrate are 72sc;d as s$art.ing materials.  
d i f f rac t ion  pFLftern ideL”,$cal 00 t h a t  of cammercial strontium t i t ana te .  
f i c i e n t  q\is;ntity i s  k e k g  mE.e fcr  pe l le t  pressing t e s t s .  

Attempts are EOV Seiag mde t c  produce 2-1/2 icch 

Sc;ut.icrs of t i tanous sulfate ( c o m r c  ia3.i.y available ard 

A suf- 
The prodxct exhibi ts  az; X-ray 

Technetium Reccvezy 

Work continues cc f$e devePcg?lzsnt. of ana ly t ica l  methods fcr t k e  de tenckat icn  of 
technetfun ir Hmford separe+ions process solut iocs  azd waste stream. A sample 
of Purex K - 6  so>~t.icr, (fir& uraziw strean) was fcmd t c  co-,tafr, 2.Q5 ppn 
3 e c h e t i u z .   hie f a  eqaivalez-r t~ 4 PFEI i n  the w a o i u  ~ h i p p e 3  ana implies t k a t  
a b u t  20 percent cf the tz.cket:un in i t fa lPy  present is leavizg ?&e plarlt by 
this rou te .  
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Arialytical res f i t s  are now complete cn the two 3A c o l m  entrainment runs reported 
last molzth. Ir: t h ~  f i r s t  of these runs, a t  a scrub section volume velocity of 
900 g.E.h/sq.ft., the aqueous entrairment i n  the product was 0.25 volume percent 
and the sod".m t racer  decoctamination factor  was 4400. 
scrub section velocity of 1850 gal/hr . -sq.f t. resulted i n  0.22 percent entrainment 
and a s o a i m  D.F. of' 2 l O O .  
%he orgacic phase i n  a glass wool coalescer-separator. 

The 3 c c l m a  studies which a re  now mderway have indicated the necessity of a 
graded cartridge 50 c3taira a unifom dispersion throughout. 
t h i s  cclumn i s  sb i l ap  t o  tha t  of the 1 C  c a l m  except the low aqueous flow ra t io  
1iz:'c.E urarziw transfer  in to  the aqueous phase t o  l e s s  thar; 50 percent of the 
u r a a i m  i n  the 0rgar;i.c feed. 
greatly iccreasEd sL,&Gili%y i n  th% lower two-thirds of the column. Tent.atively, 
the UEF, of 23 percent f r ee  area cozzle g1at;es (3/16-inch holes) i n  the top three 
t o  f ive  f e e t  a d  13 percent area nozzle plates  (l/a-inch holes) i n  the remainder, 
a l l  on four-irch spacing, appears t o  give a reasonably uniform dispersion prcf i le  
together with aii adeq%%e capacity of 1200 t o  1500 gal/hr.sq.ft.  
pulse a q l i t u d e  an2 p la te  siaciog must s t i l l  be established. 

The second run, a t  a 

Virtually a l l  of the sodium t racer  was removed from 

The flowsheet fo r  

The ensuing "pinch" e f f ec t  seem t o  r e su l t  i n  

The optimum 

Fission Product Packaging Prctotype 

The t e s t s  on the ccrwersior cf Cs$I;Fe(CN)6 to  the d x e d  oxides i n  the hydrolyzer 
were coq le t ed .  
oxide needs t o  be s&ed t c  the feed s lur ry  i n  excess of 0.3 pomd Pe20 

E e  resu l t s  showed t h a t  t o  make the process practical ,  f e r r i c  
per 

pomd Cs2ZnPe(CN) (a  1:l. I E O ~  r a t io ) .  Tests with excess Fez03 (up to  ;1 .32 pounds 
per pound Cs2ZSe showed no deleterious e f fec ts .  

The complet.iora of the hjrdrolysis studies defined the character is t ics  of the sol id  
products discharged from tke hydrolyzer f o r  subsequent leaching and f i l t e r i n g  
cesium. is:ola%ion operations. 
t ha t  Fez0 added t o  t l a  kydrolyzer feed s ignif icant ly  improved f i l t e r a b i l i t y .  

adequate. From the ffl . tratfon studies suf f ic ien t  basic design information was 
obtained t o  permit spkcif ics t iob of a firm workable leach- f i l t ra t ion  system. 

F i l t r a t ion  studies were comple+,ecl with the conclusion 

These t e s  P s indicate6 that tLe present leaching and f i l t e r i n g  equipment i s  in-  

ANALYTICAL ANP I N S m X W  CHEMISTRY 

DetermiLstion of Al, B, Ca, Fe, Si, T i ,  and V IL Reactor Graphite 

An emission spectrogr&pLlc method w a s  established t o  deternine a l d n i m ,  boron, 
calcium, iron, s i l i con ,  titanium, and van&dium i n  reactor grade graphite. A l l  
except boron were detemLned Sy direct-current arcing a mixture of sample and 
copper fluoride.  L i m i t s  of detection were 1 t o  10 ppm except for  a 50 ppm calcium 
limit. 
the residue fronz the i e i t i o n  of 1 gram of sample mixed with copper carbonate. 
A11 measuremeats were sgb,ject fo 50 percent e r ror  which was permissible. 

A boron l i m i t  of 0.02 FPE w a s  needed. It w a s  met by analyzing (as above) 

Ccloriaetric DeterIdriatioG of Mslybden-an in Urarzim Alloy 

A d i t k i c l  (tcluene;3,4-d.lthicl) colorimetric method w a s  placed i n  rsgular use for  
t,ke i i z : . ~ r ~ ~ a a t i a n  of m l y b d e a x  i r i  L i t r i c  acid solutlocs ~f ursnim-molybdenum 
alloy. TIS y?p-=r_ 3:t-:+rl c e q l a x  w a s  read a t  630 mp i n  5 cm c e l l s  by means of a 
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w i t h  hydrocbJoric acf9. 
a s  fast as the  alpha-benzcin o x h e  gravfIlcetric niethod which had yielded low 
results 

The metkc5, su3ject t o  about 5 percent error ,  was twice 

Imprcved Mass S p c t r c w t e r  Md2eular Leak 

A LEY w l e c u l a r  leak constructed of a brass housing with a demountable gold f o i l  
having a 2 a i l  o r i f i c e  vaf in s t a l l ed  i n  the  low mss spectmrceter f o r  analysis 
of low presstrre gas samples such as vacuum fusion gas evolutions, 
was unit-designed a d  f a k i c a t e d  here. 
a l l -g lass  mlec;zlar leak, i n s t a l l ed  two years ago, had caused many l o s t  acalyses. 

The new leak 
Repeated plugging of the o r i f i c e  on the 

EQVIPMENT AND MATERIALS 

P u r a  Orgariic Treatment, Pmp Mixer 

Rw-64733 en'citi.e9 "7mprovee Metlied of' Organic-Aqueous Contact During Treatnent of 
Purex 1CW Streaz," was issced. 
w i t h  the modifies Purex G-1 T&nk system i n  which organic i s  introduced (along 
with aqueous tre6,tmert scluzions) d i rec t ly  i n t o  the  suction of a deepwell turbine 
F m P  0 

This document describes the s tudies  associated 

Canned Motor R . ~ E  &velomuen+, 

Or. the Sssic  prezise t h a t  par t icu la te  matter i n  the solution f ed  t o  canned-motor 
p1-m~ "Jarings is tke major confrihutcr t o  t h e i r  premture f a i l u r e  i n  our plant  
appiicstioss, s9,dies have been mafie w i t h  a hydroclone in s t a l l ed  i n  the bearing 
lu3ricaticr:  lite ef a c w e d  xactcr pmp. Clear overflow f r a n  the  hydroclane i s  
f ed  5c she p u p  teerircgs while %he "mddy" underflow i s  fed  back t o  the pump 
suc t fori D 

W i t k ,  ari availa3le 3.-1/2 i r x n  dime't;er hydroclone coupled w i t h  an available 
c3Ernpq aL3 eq logfcg  20 ts 40 II;fcroz S i m e t e r  glass  beads (specif ic  gravi ty  of 
2.3) as simulated a k a s i v e  C i r t  97.5 percent of the beads were carr ied out i L  
the hydroclone m3erf;cw. 
design. 
be mre dwmging t o  p u p  bearings. 

EZlr5her improveroerzt i s  expected with an optdmized 
Tfie hydrocloce would ne rnore e f f i c i en t  oc l a rge r  pazticula-te which would 

Metwing Eurv Developmnt 

Assfstarce has Sseq given the Engineering Operatfon of FPD i n  the development ard 
salecfion cf p o c e z s  eqcipmLt f o r  use io  an experimental plat ing 'I-at.h system. A 
metering pums has been designed f o r  Selivering smll flows (approxima.b,ely 10 cc/min) 
of t.hree differer;t  makeup c h e d c a l s  to t he  pla t ing  bath. 
sists of th re t  ArcS=ln.s3e;a screvs (bect tubes) which dip f ~ t n  t h r e e  cozstact  l eve l  
reservoirs  deliver f ixed incremer;%a of solution w i t h  each ro t a t io r .  The 
$pee3 cf ru.&a+,ioL cf t k e  ~m-g is cccC,rcLLed by a pH control systerr i c a t d l e d  i n  
the  plat-i rg bath 

Basically, the pump COR- 

C G P ~ O S ~ C ~ D  Studies 

Comparison cf 309 SCb a d  309-2, StaLrlsss Steels - Corrclsioa behavior of weld- 
mems fa 'k ica te l  f ron  303 SCS stai r -ess  s t e e l  welderl with 309 SCb w a s  compared 
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with t h a t  of weldments fabricated from 309-L s t a in l e s s  steel  welded with 309-Le 
Sanples of each type of" welckcent i n  the as-welded condition and heat treated a t  
1300, 1500, 1800, 1900, 2000, 2 l O O  acd 2 3 0  F were used. I n  the standard Huey 
tes t ,  €ill samples had eorrosicc r a t e s  less than one mil/mo; m a x i m u m  r a t e s  were 
obtained f o r  bot2 types of weldnents when heat t reated a t  1300 and 1500 F. When 
the t e s t  t i m e  was extended, r a t e s  f o r  samples heat t rea ted  a t  these temperatures 
approached three m i l s / m c .  
s,ll samples were about 100 mils/mo. HoweTer, the 309-SCb weld metal w a s  attacked 
preferent ia l ly  a t  r a t e s  as high as 1000 mils/mo. The 309-L samples showed severe 
end-grain at tack;  those heat t rea ted  a t  1300 and 1500 F showed heat-affected zone 
at tack and sens i t iza t ion ,  In te rpre ta t ioc  of these data should be tempered by the 
f a c t  t h a t  o r l y  one heat of  each metal i s  represented by the samples. 
309 SCb welded with 309-L w i l l  be tes ted  i n  I-INO3-W solutions. 

Corrosiorz i n  the Furex E-H4 Back-Cycle Concentrator - Corrosion rates of 304-L 
s t a in l e s s  s t e e l  i n  boiling synthetic E-H4 solution were s igoif icaot ly  reduced 
by keepicg the cf.;rolciu present i n  the reduced, or tervalent ,  oxidation a t a t e .  
Chromium(V1) i n i t i a l l y  present w a s  reduced by the addition of sodium n i t r i t e  
To prevent oxidation of chromium during the tes t ,  sodium n i t r i t e  w a s  added a t  
a rate of 0.001 moles/fir.-liter. 
a f ac to r  of four lower thac i n  a control solutior; t o  which sodium n i t r a t e  ra ther  
than s o d i m  n i t r i t e  w a s  added. 

In  boiling 12 M HNO3-0.25 M HI?, corrosion r a t e s  for  
. 

Coupons of 

Corrosion r a t e s  f o r  304-L i n  t h i s  solution were 

Corrosion of  304-L Sta in less  S tee l  by Alkaline Purex IWW - Coupons of 304-L s ta in-  
less s t e e l  showed no detectable weight l o s s  o r  p i t t i n g  a t tack  during 400 hours 
exposure (vapor and l i q u i d  phases)' t o  boiling synthetic alkaline (pH 10.5) Purex 
IWWo The t e s t  i s  conthuing t.0 acclunulate locger exposure times. 

234-5 Hood Rod Seal 

A "low-frictiori" seal has been developed for use with a 234-5 aut.omatic weighing 
end recording device. 
pan rod extends through the bottom of a hood t o  the connected weighing mechanism. 
A low f r i c t i o n  seal w a s  required f o r  the rod t o  effect ively seal the "contaminated" 
hood environment from the  clean outside area. mer, seals of  t h in  rubber sheeting 
were foucd t o  adversely a f f ec t  the weighing sensit ivit .y,  a special  double l i qu id  
s e a l  w a s  developed which had e s sen t i a l ly  no a f f e c t  on weighing sens i t i v i ty  even 
with expected fluc-kuatfons i n  the hood vacuum. 

The scdle pan i s  in s t a l l ed  io  a 234-5 hood and the attached 

PROCESS CONTROL DEVELOFN3NT 

C C o l m  Studies and Fac f l i t v  

A scope document describing the research program t o  D e  pursued i n  developing a model 
of the C-column was issued t h i s  month, HW-64623. 

Operatfng conditions ana  procedures f o r  preliminary runs on the C-column have been 
established, 
i s  presently being debugged and refined. 
obtained from e i t h e r  the new o r  present data scanner. 

The Data Reduction code w a s  rewritten in FORTRAN-MONITOR language and 
It. w i l l  be usable with the  printed output 

The E X ,  lCF, end f i v e  mid-column tenperature indicating therniohms, the 1 C X  pH 
recorder-controller, the pulser speed reccrder-coctroller, and the car t r idge pos- 
i t i o n  izzdfcstor have been cal ibrated.  Data o3tained from these instrument cal ibra-  
t i o m  were rd-ze i !  5y l e a s t  squares XeckaiqGes f o r  use ic the Data Reduction code. 
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A 1 / 2 - k .  5ail valve w a s  i r s r s l l e d  or. iYe u p p r  sect icn cf the cclurcr,. 
valve w Q l L  be use5 :Q t.est the  f e s s i> i l i t , y  of t h i s  tyFe device f o r  ioser t ing 3/8-in0 
dfarceter pc32s  :G+-c she coluul f o r  various =id-colurrr; analyses. 

The 

Qcick d i s c o m e e t  type sm~ple ports were a l so  added t o  the  l C X  &Ed 1 C U  streams t o  
~ e n l : ?  calif-,.raflon cf  tkc r a i d - c o l u ~  photometer arid analysis of the 1 C U  f o r  
urariim conceotraticn 

POlyv.fnyltoluera PhOeFkrS f o r  Comtiag Plutcreiu Alpha Par t ic les  i n  Solution 

Recently completed decclzta~in6tion tests 05 a terphenyl- i~-polyvinyl tolueae phos- 
phor indicate  t h a t  f%s usefulness f o r  alpha nonitcring o f  plutonium solutions is  
l i d $ e B  t o  solutions having a plutoreiun: concentration greater  t b n  about, 0.1 g / l i t e r .  
This is  due primarily t o  the buildup of p lu ton im on the  phosphor surface. 
example, after exposure t o  a 0.56 gram/liter plutonium solution the background 
could not be reduced 1-,cLcw the  eqaivalent of 0.06 g r m / l i t e r .  

For 

10s Chamber for Purex HSP Jmper Ins t a l l a t ion  

Design and drawiigs hay? beerr coEpleted f o r  an ion chanckr fc r  i c s t a l l a t ion  on the 
Purex HSF strean jmper. 

Tactalum, stairalrss s teel  fho ro thene  were evaluated as materials f o r  f ab r i -  
ca%ing the section of the Jum~er that, the $03 charber "sees." 
exposed t c  plant ESP sciut:or;s exLibfDed iricreasicg f i s s ion  product kuildup from 
fluorothene t o  s /Y&iT_le~~ steel  t,c tactaliuc i n  the r a t i o  1 ~ 3 ~ 9 .  Linear polyethylene 
shows sixilsr proyerties t o  fLuorc.ther;e ir, t h i s  respect aLd is more &able t o  
radfatfoc. CoaSi3er8ticL is presently beirrg given t c  l i n i c g  a sec t ien  of stainless 
s t e e l  with iimsr pclyeghylerx 

Test specimens 

NCK-PRCWCTION FL'ELS FEPRWESSIN.3 

Meckmiesl Processizg 

Shear Studies - I n t e r i n  Report - An icterim report,, EW-62842, "Shear Studies f0r 
+,he Nsn-pxducticn ?!?.zeh Processisg P r ~ g r ~ , "  has been issued ir. rough draft form 
t o  f i l l  currect  Cea3-g~ rzeeds, 
f o r  o f f - s i t e  distri3-Jtfcrnq 

"hie repor t  is being prepared 8s a f ~ r m 3  docunent 

Shear Basis Cleamp Stuclfes - FasricatioL has been completed f o r  a shear basin 
systerr desigmcf tc &e%om$rate the current  concept of a2 ef fec t ive  system for 
shear dcst contrcl i n  t2;e NFT EeckanfcaP c e l l .  The eorcept includes a cyl indrical  
p r o & x t  bucket pcsitfczzert 5erieatlz t5e shear t o  f o m  a wat.er-tigklt (o r  low-leakage) 
s e d  wit5 the s k a r  disckarge cku5e f o r  wet shearing. First t e s t a  show t:bt the 
bucket-shear j u c t c e  lskbge Le less that f i v e  g a l / m h ,  a leakage ccrsidered 
accep5a3l~  f o r  t k e  eyst;ex. 
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solL+Jions has 'reen suggestad. 
HNO3-Fe(NO3) 2-H3B03 sc?di;Ls;icsns under conditions t o  prec ip i ta te  del iberately uranyl 
molybdate weGe mde t o  determine the path of borori. The %ermine dissolver s o h -  
t ions wcdd have t e e s  1 M ITXH - C.3 M H3BO 
The uranyl  mljrSdate o 5 t h e d  ha9 a &ror, 20 u r a c i w  weigkt. r a t i o  cr&-tl?_ird tc  
@ne-fourth that i n  1 M - Wi-0.3 W - H3BO3' 

The moly3dic oxide preci2i ta ted wher, uranium-molybdemm a l loy  i s  dissolved i n  
concentrated ( 7  11 If,) n i s r i c  acid ca r r i e s  some plutoniurn with it if plutonium(N) 
is  present duriag 6ie CisssluticL. About the  saxe azount of plutonium was carr ied 
on the cxide w h a  plutoiilur_(IV) was added a f t e r  d i seo lu t ic r  was conplete. 
results indicate  t h a t  s.;,-fece &,dsorption can accomt f o r  the o3served coprecipita- 
t i o n  of plu+;cnLum. 

P issc lu t ior  ~f u r a n i m - m ~ y ~ d e 2 m  a l loy  fL 

if no precipitatdoc had occurred. 

These 

Sulfex Process - Preliminary stcdies indicate  t h a t  MicrciSraz-10 o r  the surface of 
s t&idess  steels (tries 3042 a d  347) causes the steels f o  be d i f f i c d t  i f  not 
impossible t o  passi-rats tx S-Lfex reagent. For th i s  e f f ec t  t c  be reproduci3le, it 
appears t h a t  s t a2Less  s t e e l  surface must be covered to the  extent, of a b u t  10 
percect wit3h braze m e + ~ l .  Further studies  are planned. 

FormaLdehyde has been 5emnstrated t o  reac t  w i t h  citrate ion a t  low n i t r a t e  and 
ac id  concentrationse A so iu t f c r  1 H2SO4, 0.5 M HNO3, and 0.5 M HCHO began t o  
evolve NO2 after r e f l u f o g  fc r  25 minutes. 
have not been received a t  t L i a  t.irne. 

Ar;alyses of the f i n s i  concentrations 

Several Srilfex rms i n  giasswarE, w&reizi the instantaceous penetra%ioE ra%es were 
determined fro& g8s evolutfcr: rates, &\-e demonstra3ed at least s five-fold change 
ir; penetration r ~ t e  letween different4 samples of t . y p  347 s t a in l e s s  steel .  

A Lucite caList.er f c r  hy2rsulfe st-dies of air l i f t  circulat2.cn rates in canis te r  
sxsterns is beiag modified t.0 have a tapered battern plug seat ing OE a sbulder  i n  
order t.c seal cff +,ke a x d a r  space betweec the canis te r  and the dissolver w a l l .  
E e L W c a r y  experimnts  indicate  +,La+, sr;tstwtial flews can be induced through 
be9s of l/2-irc?i Berl s a d a e s  con';afced i n  the canis ter  u p n  a perforated hothorn 
plate. Sparge a i r  is prssant2.y introduced about - k c \  feet  below the tottorn p la te .  

Rec i rcda t fng  Dissolver Studies - Several reject rcds cocsfsting of swaged UO2 
clad i n  Zircaloy-2 were decict& iu 5.5 Ea NHP-0.5 M NE@O 
F/Zr mole r a t i o  of seven. The dissolv&t w&s heaTed t o  Jailing using steam jackets 
a s  heat sources and ar, air  spar@;% f o r  l i qu id  motivation. 
reached bcilir;g, the  air sparge was reriaced by s t e m  a t  4 psig ( th rc t t l ed  down 
from 100 p i g )  asd Xjre atzarn j8sker.s were shut o f f .  A s t e a  spaPge rste of two 
lb,/min. provided a g&a S~fl-cff r a k  af  0.182 13. rncl/hr.-sq.ft. and a liquEd 
recirculat ion rate of 17 gpn: a t  75 percent su3mergeoce. 
solution rate of 43 miSE/hP ELlia an int.egrated rate of 15 ails/hr were at ta ined.  
Uranium losses t.0 %k decladilsg soiut-for- after cent,r%fuga-tfon were 0,07 -/lo o r  
approximtelly 0003 pereer t  of the core charged. 

ZirfPex solution a t  an 

When the dissolvent 

A mraxbun ZfPcaloy d i s -  

M&%erial,r of Construction 

Hastellcy F aEd 304-L stai~less steel  c ~ u p c c s  which were preserir i n  t h e  32L 
building d:ss~l.v~r duriLg a recent ZirfPex feed preparaticc had overall. corrosion 

http://circulat2.cn
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rates of 1.2 aLd 1.5 mils/no.,, respectively, assuming all corrosioli occurred 
during the 3ec1addfng stes. 
the decladding step.  
a t  r e l a t ive ly  lov pY. 

Steaz spargfng was used f o r  ammonia r e n o v a  during 
n i s  s t ep  w a s  completed in 3.5 hours indicat icg operation 

Eattelle Mewrid.. Inst i tGte persorael have completed cast ing and ro l l i ng  of the 
second series of twelve elrperinectal a l loys t o  be tes ted  as materials of construc- 
t i o r  f o r  f u e l  elemzt dissolvers.  Corrosion t e s t ing  of these aLloys w i l l  be 
started a t  Sattelle i n  ear ly  May and a t  HLO as soon as samFles are received. 

"In Tank" Boron Monitor 

Cali-xati.cn curves f o r  the neutron absorptiometers f o r  she Redox IBX and 2DA make- 
up tanks were deterxired t h i s  rcocth. 
mcinitor for th.e F-5 conce2t+rator. 

Developwnt work is riow i n  progress on the 

A Fissicr, count,er i s  to be user: on the F-2 concentrator m n i t m  i n  place of a BF3 
tube due t o  the high garnma f i e l a  i n  t h i s  vessel .  
beer: Eeeured and are m2er t e ~ t  i n  the laboratory. 

Suitable f i s s ion  counters have 

S a l t  Cycle Process 

Desfgr; a d  acquisitior, ~ f '  eqi;ripneot t o  enable t e s t ing  of the Sal t  Cycle Process 
corcepS oi), f u l l y  irradiated oxide fue l s  i n  c e l l  C of the H i g h  Level Radiochemistry 
Facili+,y i s  proceediag. It i s  expected that cold shak;e-d@m m s  i n  the c e l l  w i l l  
begin i n  June. 

Electrolytic Preparation of' VOp 

A pronow.ceS teccezzcy t o  form easily-removed dendri t ic  UO2 cathode deposits when 
The cathode region is  kept r e l a t ive ly  f r e e  of chlorine w a s  cozfirmed by a series 
of m e  ir a larger-scale  apparatus. %.e same technique previously employed i n  
a small apparatus was earployed, viz , ,  the anode was enclosed ic a shroud tube com- 
munic&l,ing with the molten salt solution only through a porous quartz f r i t  a t  the 
bottom and t he  shroud tu3e was f i l l e d  w i t h  U02 o r  U 08 powder t o  reac t  with 

750 C were dendri t ic  iz appearmce and quite readi ly  rercoved from the cathode. 
However, as i n  the earlier wwk, the recovered U02 powder exhibited an mdeeirable 
high O/U r a t i o  of s tou t  2.2 (as deduced from the uraniurc(V1) coctent of a dis- 
solved sample). 

chlorine produced a t  the aooze. Under these cocdit  i! ons the deposits formed a t  

The observation t h a t  t h e m  decoqositicm, with production of powder with an 
O/U r a t i o  approachir;g t ha t  ~f t'3O8, o@@urs qci te  readily ir. mclten N a C l - K C l  
solutions of UO$12 i n  vacuc  it 800 C prompted a run which gave a very eocouraging 
result, 
shroud tu3e wkich was lef t .  open at the  bottom t o  allow some access of ChlCrine t o  
the  caC,hc&e cornpartzest. 
w a s  qzi-ce read5ly removed from the platinum cathode. 

An electrolyses  w a s  cocdi;cted a t  TOO C .  The anode was enehse?  i n  a 

The UOg deposit formed was derrriPitic io  appearacce and 
Further, the recovered 

, . *,* 
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IL l i n e  wizh tle &forementicced izccn'rive fo r  reducing the terrperature 6t which UO2 
is electrodeposi%b, scze expLoraC,cry wcrk has beec done w i t h  %he L i C 1 - K C l  eutect ic  
at 450 C .  A l l  eLectrcly%ic -.e",?lctfo-,s sttempted have res?ll',ed ir, rapid evolution 
cf gas at. bcth th arcie hzd catl.,D?,e. IT i s  presumed t h a t  %kc gss evolved a t  the 
cathode i s  tzyciPcgec s r f e z g  f r o z  ir,coaplete -fLg of the  elf. A f i c e l y  divided 
brown prec ip i ta te  cf U O ~  having an C/U r a t i o  very close tqo 2.00 i s  formed under 
these condi%ions, p r e s m b l y  v i a  hybogen re&dction of U0$12 i n  solution. It i s  
1nterest.ing t o  n~te that, t,ke rllssoluticr of U308 w i t h  chlorine a t  450 C in t h i s  
melt was as raFi3. as a t  725 C i n  $he NaCl-KC; exteet ic  an8 t h a t  LO thermal decom- 
posit ion cf t,ke k s s c l v e 8  V@$b2 occurred. 

It has beer previcasly thcrzg5-t th&t cccssicr,al variatisre fc ua~;im(VI)/  
uranium( I V )  rbth i L  dissolved "W82" azaiyzed by the  ccztrcl led pcteritial. coulo- 
metric mec,hc:dis were due tc p a r t i a l  cxfdatior cf the  s o l i 2  sample when it was being 
grouLd cr dissolved. Hcwever, repetftiTre an&l/aes cf a Lear-s toichimetr ic  U 0 2  
powder have shorn T,C evfdesce ~ G T "  such oxidat.$cs. Further, it hss beer found t ha t  
better reprodi ic i t f l i ty  caa te mintairzed on smples whick have been sieved, i e e . ,  
a nayses  a re  m r e  reproducE5be or: e l e c f x l y t i c  U 0 2  powder cc-,tair;ixig par t ic les  
w2:k.k a gfvec size r&Lge than cr; smples presuam'j crverir,g the fGl gamut of 
pa r t i c l e  s ize .  1: a35.iz5cru t c  EE-&asizFr;g the care w k l c k  iriust %e taken in assuring 
horageneity cf pGwZEr sexp1es, this c.>sarvrva",c~ perx5t.s the k t e r e s t d a g  speculatdon 
tha t  the pEirtir_;e c\f eicctroLytEc UCz Fcwder m y  %e re la ted  tc i t s  O/U r a t io .  

Additional e x p e r f a ~ ~ t s  h & v ~  confirned that the  oxyger. corter,-* (measwed BS 

uranium(TJI )/upaLi-&IV) ratio if; a dissolved sanple 1 of ccL-stclchiornetric "U02" 
caK be reduce?. by eqiAE;ixs+ioc With 6* schtier;  of UC14 ir miter N a C 1 - K C 1  eutect ic .  
A three-krcur eqGilibraticn a t  725 C iz which %WG g r m  cf UGi was exposed tG a 
melt contafricg 2,7 g U C l b  r e 2 x e a  the O/G r s t f o  fr the "UQ2" from an fnitX&l value 
c;f 2-24 t o  2.OL. A fracticr,  of" the reccvered U02 was presert as a very f ine  suspeL- 
sion i n  t l e  ns;t.eZ s d t  arid CBE recovered by al lcvirg the m e l t .  t c  freeze,  dissolving 
it ir. water and ceo t r l fugxg  %e aqueous slurry.  
iritial UOp was reccrerkii. 
heh im sparge resulted ir, ~ S T C ~ ~ F I ~  c.f &>GUT 70 percent of the illitis2 W02." as a 
somewhat ccarser powder w Z t L  =a xeasurzd O/U rati~ of" 2.1OC. 

O L y  about, 50 percert  of the 
A repc t f tdcc  of the e-xperimel;t with a lower veloci ty  
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Stuiiies of the i a t e r a c t i m  of so l id  e l ec t ro ly t i c  U02 wit'n n;ol+,en NaC1-KC1 eu5ectic. 
a t  700 C and 800 C have continued. 
with a m e l t  contair;'lag 2.3 w/o UO$z mder  an argon ataosphere shoved no appreci- 
able chazge i n  s i ze  o r  shape of the pa r t i c l e s .  
pa r t i c l e s  was observed however wbec a f i f t h  sample of the sane powaer was equi l i -  
brated with a melt cootair,fcg 19.3 w/o of U02C12 under an, air  atmcspkere. About 
60 percent cf the UO2 powder r emi red  i n  the -20 +32 mesh razge and was visual ly  
unchanged. Iri the  fLcer f r a c t i s s s  the r e l a t ive  abundmce of plates  increased a6 
the p a r t l c l e  s i ze  decreased, from about 20 percent as p la tes  i n  the -32 +iC8 nesh 
s ize  t o  about 83 percer-t as p i a t e s  i n  the -100 mesh s i ze .  
f r ac t ion  of the sage i n i t i a l  powder showed no appreciable tendercy t o  convert t o  
p l a t e s  despite the f a c t  t h a t  i t s  r a t e  of dissolution shcldd have beec greater .  

I n  no case was r e c r y s t d l i z a t i o r  cbserved t o  the sane extext as i n  t h e  experiment 
reported l a s t  moath ir wkich abmt  half the  powder converted t o  pla+,es. 

Four eqd l ib ra t ions  of -20 +32 zesh povder 

Some conversioc t G  plate-l ike 

However, a -32 +200 mesh 

Pzoperties of ElectrcPyTLc GO2 

Attempts t o  measure the so lub i l i t y  of e l ec t ro ly t i c  UOg i n  molten NaC1-KC1 eutect ic  
have cozfirmed t h a t  the so lub i l i t y  of UOg i s  indeed very low. 
salt-soluble uraniun(F1) species been f o u d .  
appears t o  arise from p a r t i a l  oxidation of the uranium dioxide t o  uranium(V1) 
species. From the  results obtaired t G  date it appears t b a t  the t rue sGlubili t j j  
cf U02 in mclten NaC1-KC1 eu tec t ic  mus% be cGnsiderably l e s s  t h a  16 micrograms 
uraziw per g r m  of eu tec t ic .  k highly sens i t ive  spectrophotometric analyt ical  
rnethod has been employe9 fcr these measurements. 
sclution of the sa l t  is converted t o  uranyl with n i t r i c  acid and extracted io to  
T3P. 
i s  added t o  for%. a colore2 uraEiua complex, t he  coccentr&tim of wkich can be 
d e t e d r e d  s p e c t r o p ~ o t ~ m P , f r i c a l ~ y .  
uranim(V1) o r  t o  0.1 mecrogrm uranium i n  a 2 cm cell . '  

For concentrefeS s c l ~ ~ t ~ i o r a  of urazyl chloride i n  N a C 1 - K C 1  eutec+,ic, d i r ec t  
spectrcphotozetric neasurewzts 0x1 an aqceous soluticri of 5h.e salt suf f ice .  
tkte salt  cocteot is nak%alned constant, the  method i s  accurate t o  f 0.01 percent 
U O g l ,  f o r  sa l t  ~ y s t e ~ s  cmtailairig 1 w/o o r  more of ~ 0 2 ~ ~ 2 .  The mclar exticetion 
cceff lc ient  f o r  ura-,fu;r(VIj i E  the aqueous salt  solut.ior: i s  o ~ l y  8.8 so t h i s  method 
i s  5pplica.hle only t G  s a l t  melts ccr,tainirg subs tac t ia l  anomts of urar.ium. 

X-ray diffracti.cn patterns CLL 1 2  samples of e l ec t ro ly t i c  UOz show several weak 
l i n e s  not evident ir d i f f r a z t i c c  pbtterns of  U02 prepare6 ir-, mre coriventiolzal 
ways. 
t i f5ed  l iaes yere present i n  a l l  1 2  sa iq les .  

I n  no case has a 
The apparent so lub i l i t y  observed 

The u r a n i w  i n  a3 aqueous 

A f t e r  Ixffer icg t o  pH 7 w l f h  ELL organic base i n  alco5o1, dibenmyl methane 

T9e method i s  se r s i t i ve  t o  io-? molar 

If 

Mest of thes% L k e s  a p p a r  i n  only a f e w  e m p k s  bnt 5hree as yet  uniden- 

Preparation of P i l o t  Quartities of Electroiy%ic UOg 

Colmcercicly ava2abie  wmyl cbiloride nonohydrate may be a su i tab le  s t a r t i n g  
matrerial f o r  t t e  prc6ixtton of 'IrO2 e l ec t ro ly t i ca l ly  i n  pilo+, F1aL.t Lots .  
ad&d t o  molteL NaC1-KCb eu5ectic a t  TOO C,  the monohydrate dissolved instan%ar- 
eously t o  a%oTAi; 20 weigk'; percezt UC2C12. Although some gas evcluf,iorr w a s  noted, 
the react ica  was violen5 only when la rge  lumps were added. A r ~ d y s i s  of the  cocrlec 
s o l u t i m  showed l e a s  tkiar?  f i v e  percent of the urariuzn t o  be io  the  water insoluble 
UOq forire 

When 

Chlorine h%roduce6 cver a terz-minute period reacted vi% t h i s  small 
-I 

& I T Q L l L t  C'f t'C7 to f C r T  vr?$lz. 

I 2 4 0 2 b 5  ", . , 

http://diffracti.cn


Elec tmlys i s  of +,he solu-;ic;r &f a -pC,ec,tfaL cf 1.5 vo l t s  r rc2.xe. l  a t  tke csltkcie 
a3 eas i ly  re?mva%Zz Seposit of grar,ulcr UOz with 20 t o  LO weight percect cf the 
proiiuct ir, tha gC - 1 0 3  nesk. g w t i e i s  s ize  r a g e .  Product oxygen t o  uranium 
r s t i o s  cf 2.13 a rd  2.29 WCR o%&rhned with currect  e f f ic ienc ies  of 95 t o  120 
p r c e n t  respectively. 

ha3 3een expose& t o  +he atnosphere f o r  several  days resul ted ir: e potent ia l  drop 
of fo-Lr t c  serer- v o l t s  acrcss  $he c e l l .  Severe corrosion, of both p l a t i l im  a d  
graphite cathc%s ty t k e  l i q u l e  Fhase eaised complete elec5rode f a i l u r e  Within 
haX ac hcmr. 

T"rie~e data id i ca t . 2  t h a t  apprecia3le U30 was formed by 
t h e r r d  decorps i5 i cc  cf WO$,l2. Elecfrolyses performed af%er B he coole6 solution 

Ccntinuoss Ion Exzhaaae C c ~ t a c t o ?  Develoment 

Prelisnizary s t c d l e s  of %?..e cper&tiol;ai s t a 3 i l i t y  aLd h y d r a d i e  charac te r i s t ics  of 
+he R.L+,',-Se,ag- A-gitated-Bod I G ~  Exchange (WEE) contactor have been CcEFleted. 
Very sta?Lle G ~ . E P ~ % G C  kas k e r  i k m x t r a t e d  at. a11 aquecus f l o w  rates - ~ p  t o  450 
gal/hr.sq.ft .  sit si1 r.es-5 f l c v  rafes 7 , r - p  t o  180 gai/hr.-sq,ft. 'I?;€ tkree-s-kge 
contactor reachsd st,a51;., by3raU;i.ic operation approxirna5ely f ive  d n u t e s  af+,er 
s tar tup.  Izprc-~e? kqdrtxdic Ferfcmance resul ted fron the use cf" sieve p la tes  
(O.@-inct: LOLC diaz.e+er, 2: p e x e i s  f ree  area) i n  place of f i n e  wire mesh fcr 
the stage separators.  T1.e e f f e c t  of" t h i s  nodification ec efficiency i s  predicted 
to  be rnirii-ul. 

A s  htxs been ~ L L . T &  G;? Fr Fres-ious repcrta, sulfate decomposi%isc is troublesme 
ir waste ca l c i ca%ic ,~ .  Tkfs i s  t r e  30th because of severe off-gas hmciling and 
corrosiori FroSlem &Lrics c a l c k a t i o r i  acd because of subsequent decoinpositlon 
during stor&ge, vri% e ~ c l u t ~ f o r  cf noc-condensfble gases. 
hydroxide, vice c&~;s+,%c, t c  lieusralize high-sulfate Purex waste pr lc r  t o  cs lc in-  
a t i o r  was accsrdirglg tz ied.  The slurry was sprayed and calcined wiC,kmit d i f f i -  
c ~ l + , y  t o  a f i n e  oraztge-ref powd~r, ders i ty  0.7 g/cc. TIE weight l o s s  on su3sequent 
haatir,g (from 30s te 900 6 )  was o d y  2.4 t o  6.0 percent as coxgarell t o  37.8 percent 
with caust ic  rzeuf?dized waste 

The use of c a l c i u  

Otfier studies,  w2Yt~ 6pcefa. I  s a ~ ~ l e  ccllectfcn ar-d c lass i f ica t ion  techniques, 
implied tha$ powZer wkich he.,. experiezced hold-Up on the w a l l  of t5e ca1ciri.r i e  
cLLciEe5 t o  the sane 6egree as the rest. 
b p i c g e  OTL the  colc7..er pcrticns cf +,he ca3cirer near the  nczzLe, d q j ,  and then 
f a l l  cff acd p l m ~ e f  tkroi:gh the  hottes? z.oce t o o  rapiddy f c r  reaction. 
apparer;tly nct t l e  CGSC. 

It. ha& ~ E P E  thought thar. drcps 115ght 

This i s  
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several pt,e;tia: m t z r i ~ s  of coss t rwt i ca  were exposee ia tke  kc t t e s t  (853 C) 
region cE the raaiar-t-?,est, spray calciner duricg several hours of operaticri 
while Frceeasirag si%Gaf.eZ m e t e s  a~3. the  ecrlaosion r a t e s  neasure3. Mmel and 
Carpen tc  25 corrcded at a var7 hi& r a t e  while KioLel s1;LtfrrciL swere pi t t i r ;g  

a t  a rat4 et" 0.05 ziL/hre, Incorel  ai; a r a t e  of 5.1 r i l / h r . ,  acd s ta in lzss  
s t e e l  t.ype 304-L a t  & r&t,e cf C.3 zil/hra 
fmrzed a&-erect cxlde c o h s i ~ g s  which xLg?..t redwe t k s e  rates GC l.oager exposure. 
Otker test ~ a ; r ; P e s  a x  s c k e d d s l  For iocger exp~supe. 

a t t sck .  A ,,&k%l s a q l e  vas x% recovered. StaitGess s t e e l  446 corroded 

Hcwever, SGth the 7,Ch-L aria Irccnel 

Labor&,topjr studies t.c i r_-e~*fgeta  the possi3fPity of 3 i r s c t  deecLtamination of so=e 
types of high Prvel wastes cc5tinued. Aged Redcx (hi& Gmi~un) salt waste was 
di luted 1~20 with distilled water and passcd thmugh f o w  3wo-foot c l i c o p t i i o l i t e  
c d m s  i n  series at. a f;cw ra%e of 50 gal!f"t2/kr. It was found %la% 98 percent 
loadicg coiiLd Fle a t ta f ted  iz *?-e Er&?9 colunr; befcre Csl37 reached 0.1 M.P.C. i n  
the effluect;  f r o 3  t h e  t?;.C calm. 
from a six yagr  o l d  Redox t&Lk acd i t s  s e t i v i t 7  is nom +,bti3= 39 percest ~ e s i ~ - 1 3 7 ~  
The bre6kthrCilgk czmres fcr etrcntrum and. r3re ear+,k.s are  very similar a d  a r e  
f l a t t e r  than tht. fcr c e e i m ,  ' E e  c e s i - a  from about 50 vclmes cf the undiluted 
waste can be loti3bed 02 ore  vc1:tme of clincptilolite. After it was losde3. w i t h  
cesium the  IliiT;er&l c c l ~  was leached w5th w~ter. Only 0.14 percent sf the cesium 
was remve3 3y IN? colun;& ~ ~ I m a s  cf vs5er a d  the eonmxt-stiori of C d 3 7  f n  the 
mskr water decreased t c  less %?an 0.62 ~ s r @ e s S ;  Gf tkst. 2~ the s c f u e  waste;. 
Flushing the c o l m  w f ? k  less %hac 25 Sed volmes of satmate2 NaSJO?  solutio^ 
eluted esse~tLa2ly  all cf the rafifccesim frm tl-;e bed. 

m e  w&s%e used is  the supe rmta~=t  scbuticn 

- 
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Experfmenis we?% iEitiatecZ t o  study the use of c l i r o p 5 i l o l i t e  f o r  dzcontaainaticg 
decladdkg wastes. 
of mere thm 107 f o r  a 243 c m  c o l m .  
d i s t i l l e d  n t e r .  
f o r  cesium fron! high-salt  wastes. 

I o i t i a l  data indicated a radiocesim decontminztioa f ac to r  
Again the  waste was di luted 1:20 w i t h  

This d i iu t ion  appears t o  improve the capacity of t3.e minerd 

Several metals were tested i n  the laboratory t o  study t h e i r  a b i l i t y  t o  decontami- 
nate solutions with respect t o  ruthenium. 
equilibriurn adsorption systems using powdered m e t a l .  More than 90 percent of the 
ruthenium i n  a d i s t i l l e d  vater  solution was removed by iroal almiaa, magaesiur, 
zinc, mmgaqese, Eznd lead a t  pH 5 and 8 ,  
and mtignesia sbwe3 lead ts be s q e r i o r  f o r  reaoving Ru from 1.9 M flaKO3 s c l a t i a s  
a t  pH 12. 
the rxthecim is associated with the lead oxide corrosion prodrrcts; cozsi6era-Dle 
corrosion of the lea? i s  evicient. 

The experiments were generally 

Column experiments with granda r  lead 

The mechmism for t h i s  rezoval is not c lear  but there iz eviden?e t h a t  

Studies cn tne decontarioatioa of %rex Tank Farn Condensate in the  27143 3 l i ld ing  
Micro P i l o t  Plan5 were contimed. Daring R u n  3 the waste was passed down-flow 
%trough a bed cf c i i c c 2 t i l o l i t z  hasring a p a r t i c l e  size of 0.4 t o  C.5  mi, a bed 
height of 14.2 i w h e s  and a bed dkmeter of 1 inch. 
mh t2 i r ! ed  a t  25 C a i d  the pH of feed an6 effldens varied f r m  8.5 t o  9.4. 
Tap CGncentration ir, 'both feed and ef f luent  w8s about 110 ?rg/liter. 
rate of aboa+, 2.3 gp?i/cu.ft., cesiw.?. was removed vith a DF of 1309 &rld s5rontlm 
wi%h a DF of 11. Decreashg t h e  flow r a t e  t o  aboat 0.5 gpm/eu.ftG increased t h e  
DF f o r  c e s i u  s L i g h 5 y  t o  12/39 a?zd the strontium DF t o  25. 
zirccfiiun, cio'oim, rLtkexiiun and cerium radioisotopes were not appreciably remwod. 

Ran 4 was i r i t i a t e d  w i t h  the  c l i n o p t i l o l i t e  p a r t i c l e  s i ze  iacremed t o  about 1.2 
mn arid w i t h  a bed cf act ivate2 car3on preceding the clineral b d .  Pre1irninar;v. 
analyt ical  r e s d t s  in2icsted t k i a t  the act ivated carbon was ef fec t ive  i n  reniovkg 
TBP but tk=_st, rs2loisotopes gresent were no t  removed with high decontmlnatiox 
f ac to r s  'tly t h i s  m t e r i a l .  

Tenpemtxre af the  syster;; was 
TLie 

At a f low 

A; both f l o w  ra+,e6 

mer, preparing c l i n o p t l l o l i t e  f o r  packed Seds the crushed miserd. i s  rr.k&ar!icalLy 
separated i c t o  a su;ta,bly sized f r a c t i o s  by vibrating screen e q d p m n t  a-,d tk 
adhering fiaes are washed oi;t 5~ upflowing d i s t i l l e d  water through the  bed a t  a 
velocity sufficienf tr, e q m d  it 25 t o  59 percent. A considera3le amunt  of very 
f Ine msterbal i s  remved ty th i s  technique b u t  the apparent s e l f - a t t r i t i o n  du.r%ng 
t h i s  trea%ent tends t o  reduce the average s i z e  of the  pa r t i c l e s  t o  e;o mdesirshle  
exteQt . 
BIQLOGY AND NEDICI244 - 6S0G PROGRAM 

Geology and Eydrology 

Logs mads by the S t a i r t b r 6  Oil. Coiqany of Ca l i fo r i i a  of t h e i r  stra. t igsaphic test 
well on t h e  Rattlesnake 3511s were obtaiaed for stildy. 
t o  the HEinford Wcrks i.n 1957 and i958, was bottomed a t  10,655 f ee t  w i t k o u t  pcne- 
tE3tins thro;igh the Colczbia River basalt ser ies .  
1.09 b a a d t  P10ic.s ir t h a t  well, separated by scoriaceous interflow contact Z O ~ E S  

a.s3 ttifI" S E ~ ; F .  

miis w e l l ,  d r i l l . ed  t d j a c e n t  

Tbe records disclosed nore than .  

The basal% f i c c s  c o q x i s e  sore thsn 70 perzer-t cf t h e  sect icn.  
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Neither the thicknesses of the individual basalt. flows o r  the tuff beds, nor the 
r a t i o  of amount of tuff t o  basalt appear t o  vary i n  a recognized trend between 
top and bottom of the penetrated series. 
than i n  the thickness of the scoria zones and possibly i n  secondary mineralization. 
Tuff beds varied widely as expected. 

The flows appear t o  vary l i t t l e  other 

X-ray diffract ion techniques were used t o  examine geologic samples obtained from 
na tura l  outcrops and from w e l l  construction operations t o  assist with the iden t i f i -  
cation and correlation of formations. Par t icular  emphasis w a s  placed on samples 
from various basalt flows and basalt interbeds, 
the  southwestern side of Gable Mountain. Two of these outcrops were found t o  be 
the same interbed, the outcrops being separated by folding and subsequent erosion. 
This same folded interbed has now been traced t o  the v i c i n i t y  of the 200 East 
Area through correlation of X-ray d i f f rac t ion  data obtained from samples of well 
cut t ings.  
and the extent t o  which erosion has modified the surface of the bedrock. 

Three ash beds a re  exposed on 

This work w i l l  increase our knowledge of the s t ruc ture  of the  basalt 

A d i s t i n c t  l ayer  of volcanic ash  occurs i n  the  post-glacial sediments near the 
ground surface a t  Hanford; it was shown t h a t  t h i s  bed i s  correlat ive wi th  an ash 
bed widely dis t r ibuted throughout the Pacif ic  Northwest. 
deposit was reported t o  be 6700 years on the basis of radiocarbon dating. 
importact time reference is  obtained i n  the chronology of geologic his tory of the 
Hanford area. 

The age of t h i s  ash 
Thus an 

The application of mat,hematical models t o  the solution of f i e l d  problems a t  Hanfor? 
i s  handicapped by i n a b i l i t y  t o  measure potent ia l  d i s t r ibu t ions  along the lower 
bow-dary of a flow system. 
be dis tor ted by v e r t i c a l  var ia t ion of piezometric head and by the fac t  t h a t  t he  
w e l l  cas inLs  are generally perforated throughout t he i r  length beneath the water 
tab le .  
relationship t o  t h a t  along the bottom boundary of the aquifer. 
of estimating such boundary values by an i t e r a t i o n  process w a s  obtained. 
method i s  based on solving numerically the  p a r t i a l  d i f f e r e n t i a l  equations val id  
f o r  the bottom boundary. By using a method of images it was found possible t o  
estimate boundary values by means of a difference equation and the  i t e r a t i o n  pro- 
cess used t o  o'tjtaiz potectial values of i n t e r io r  points. The accuracy w i t h  which 
t h i s  method can be applied i n  the f i e l d  w i l l  probably be established by how pre- 
c i se ly  the posit ion of the  lower boundary i s  known. 
case t h e  technique appeared t o  give consistent results. 

The potent ia ls  indicated by water leve ls  i r i  wells may 

Thus the poten t ia l  d i s t r ibu t ion  indicated by water l eve l s  may have l i t t l e  
A numerical method 

The 

Whec tested by a hypothetical 

A chemiluminescent reaction w a s  tested fo r  application i n  a laboratory model f o r  
studying waste density e f f ec t s .  
aminophthalhydrazide dye contacts an oxidizing agent i n  the presence of a catalyst .  
By introducing the reagents i n  the two streams entering the model t he i r  juncture 
i s  c l ea r ly  defined. The l i g h t  emitted may be bright enough t o  record photographic- 
a l l y .  
i n  t h i s  model were a l so  performed. It w a s  determined t h a t  the concentration of 
gamma emitting t r ace r  material required t o  permit the face of the model t o  be scanned 
by a s c i n t i l l a t i o n  instrument through a collimating s l i t  would probably d i c t a t e  
shielding around the modei. 

The reaction produces a blue-white l i g h t  when 

I n i t i a l  tes ts  of a radioactive tracer-technique f o r  studying the flow pattern 
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S o i l  Chemistry arid Geochemistry 

From the  influence of solution pH on the anion replacement reactions c a l c i t e  t o  
f l u o r i t e ,  c a l c i t e  t o  apa t i te ,  gypsum t o  c a l c i t e  and gypsum t o  apa t i te ,  it was 
deduced t h a t  the reaction rate i s  determined by the difference i n  so lub i l i t y  
between the i n i t i a l  and f i n a l  product. The pH has the grea tes t  e f f ec t  Of a l l  
the  system variables studied on t h i s  so lub i l i t y  difference because these systems 
have products containing both OH- and CO3-2 radicals .  
systems containing ca l c i t e ,  W4-3, Sob-2, F', and C03-2 tended t o  confirm the 
bel ief  tha t  the  f i n a l  product i s  solubili ty-controlled.  
a r e  possible only the  least soluble i s  stable under the conditions of the experi- 
ment. 
might be formed i f  experimental conditions (such as pH) were altered. The con- 
comitant removal of Sr+2 from solution by these reactions i s  ch ief ly  determined 
by the  ease with which it f i t s  in to  the c rys t a l  l a t t i c e  of the product formed. 

Several experiments with 

When several  f i n a l  products 

These experiments prGduced only one stable product but another product 

I 

Laboratory research t o  characterize the s o i l  chemistry of r a re  ea r th  elements 
i s  complicated by the f a c t  tha t  some of them are known t o  exhib i t  more than 
oGe oxidation state. 
of +3 and +4 are known. 
oxidation t o  C e ( I V )  under scnie experimental condit.ions. 
make cerium a poor representative of rare ea r th  f i s s ion  products i n  wastes. 
SGme of these experiments were therefore repeated using Pm-147, as promethium 
e x i s t s  only i n  the +3 oxidation s t a t e .  Both Pm and Ce are e s sen t i a l ly  com- 
p l e t e ly  remved from solLtion (greater than 99 percent) by s o i l s  from systems 
near the neutral  poin% o r  s l i g h t l y  ac id ic .  Under s l i g h t l y  basic conditions 
both are associated completely w i t h  the  so l id  phase which may be peptized t o  
co l lo ida l  form i n  low salt. systems. 
cerium and prcwthium i n  these experiments tends t o  indicate t h a t  the cerium 
remains i n  the +3 oxidation state. In  t h i s  event the cerium data may be 
applied t o  other rare ear th  species w i t h  va l id i ty .  

Cerium is an example of these, f o r  which oxidation s t a t e s  

This behavior would 
Data obtained w i t h  Ce(II1) may be complicated by i t s  

The apparently identic61 behavior of 

Ground Waste Investigations 

Tests were made of a commercial s o i l  m i s t u r e  (neutron) probe and a commercial 
s o i l  density ( g a m )  probe i n  preparation for  another survey of the Gable 
Mountain experimental c r i b  s i t e .  
probes might disclose t c  what extent moisture content differences were caused 
by the nonhomogeneity of the s o i l .  
resul t ing from differences i n  moisture conter t  would prevent ident i f ica t ion  of 
porosi tyor  grain-size variations within the s o i l .  The t e s t  r e su l t s  indicated 
t h a t  the density probe can eas i ly  d i f f e ren t i a t e  between porosity and moisture 
coctent variables. 

Comparison of the resuits from these two 

It was feared t h a t  density differences 

The breakthrough data from f i v e  unsaturated flow experiments were plot ted on 
logarithmic probabiliby paper. 
s t r a i g h t  l i n e s  whi le  the other two were too  sca t te red  t o  permit t h i s  construction 
w i t h  assurance. The breakthrough relationship implied by these r e s u l t s  i s  
similar to t h a t  f o r  saturated s o i l  adsorption. 

Three of these sets of data resulted i n  

Field Apparatus Development 

Results of gross beta neasuremects of w e l l  water samples taken near the bottom 
of ninetee3 we1l.s showed no s ign i f i can t  concentration differences between top 
znd bcttom. Tce r.ewLy C!eveloped sampler was used t o  obtain these samples. 
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A sensi t ive thermistor flow detector was ordered f o r  use i n  instrunentation for 
measuring v e r t i c a l  flow patterris in w e l l s .  
head loss  through a f l o w  constr ic tor  t o  be used t o  amplify the  ve r t i ca l  velocity 
i n  a w e l l .  Head l o s s  at. flows ant ic ipated i s  negligible and with the thermistor 
element inser ted a t  the coristriction, flow rates of  the order of 1 to  5 ml/min 
i n  an eight-inch w e l l  should be measurable. 

Experiaents were performed t o  measure 

The flow model scanning s c i n t i l l a t i o n  probe and shield were tes ted  with sat isfac-  
tory operation. 
shielding. 
autcmatic cor t ro ls  fo r  a water s t i l l ,  and a s o i l  mdel permitting moisture 
measurements with ecreened plugs tested earlier. 

High backgrounds i n  the laboratory w i l l  require additional 
Other assistance iaclu&ed design of an isotope storage cabinet, 

Micromerit i c  s 

Reterztion cf partdcles i n  EaxpliEg l i r e s  was fur ther  demonstrated. 
72' long, 86 percent of the entering pa r t i c l e s  were retained on the pipe walls 
when 8 and 13 cu.ft./min of ab- flowed through the pipe. 
developed from laboratory tests, sone 92 percent loss would have been predicted 
f o r  the ZnS pa r t i c l e s  w i t h  Mean Mass Diameter of 4u. 
l i g i b l e  when clean air  was passed through the duct. 

In a 1" pipe 

Based 00 equations 

Re-entrainment was neg- 

Compton Cancelling Spectrometer 

A second ComFton cancelling spectrometer was assembled and tested. 
meter consQsta of a 3" x 3" NaI(T1) detector placed inside a 9-3/8" diameter 
NaI(T1) well  c rys ta l  as the  antdcoincidence shield.  Although the efficiency 
a d  sens i t i v i ty  of t h i s  arracgeEent are not as high as those of the  spectrometer 
using the 5" x 5" NaI(T1) detector and la rge  p l a s t i c  shield,  t h i s  spectrometer 
i s  very prac t ica l  s ime the la rge  c rys t a l  can a l s o  be used alone f o r  large 
sample countin One imec3iat.e application of t h i s  spectrometer i s  i n  the 
counting of  As 76 i n  reacto eff luent  mter samples. I n  stabdard gamma spectro- 
metry of tkese samples C u d  in te r fe res  w i t h  the As76 measurement. With t h i s  
spectroneter the interference fron; Cu& is reduced a fac tor  of 15 and As76 i s  
readi ly  measured. 

This spectro- 

Reactor Addition Studies 

Two par t s  per mill ion of EDTA were continuously added t o  the cooling water of a 
reactor  process tube f o r  three weeks to t e s t  the  e f f e c t  of a complexing agent 
on the pyocess of formation of radioisotopes i n  the e f f luent  water. Only minor 
f luctuat ions were observed i n  the concentrations of aos t  radioisotopes except 
f o r  Cu& which rose rapidly t o  a value 15 times normai and then decreased 
rapidly to a value only about 25 percent lower thari normal. 
f i c i a l  reductioc of radioact ivi ty  w a s  observed as a r e s u l t  of the addition of 

No prac t ica l  bene- 

t h i s  agent. 

&P&Lfy Manager 

Chemical Research & Development 
LP Buppzcf 
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BIOLOGY OPEF~ATION 

A. ORGhVIZATION AND PERSOi\.;l.jEL 

mi-6489 8 

?Yo significant changes cccurred i n  organization. 

B. TECHNICAL ACTIVITIES 

FISSIONAi3LE MATDZIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

Radio iodine Contamination 

Concentrations of Il3l in the thyroid glands of  jack rabbi t s  were about 
three times those observed one year ago. Values follow: 

Location 
pc/g Met Thyroid Trend 

Average M&Xirmun Factor 

Wahluke Slope 4 10-4 5 10-4 + 2  
4 M i  SW Redox 3 10-4 6 x 10-4 - 
Prosser Barricade 3 10-4 3 10-4 - 
Columbia River Contamination 

Concentrations o f  gross beta  e n i t t e r s  i n  Columbia River' organisms 
collected a t  Yanford were about two times tnose observed one year ago. 
Values f 01101:: 

p c / g  Wet Veight Trend 
Location Organism Average Maximum Factor 

Hanford ILIinnows (en t i re )  2 x 10-3 2 10-3 +2  

Hanford Juvenile Chinook 3 x 5 10-3 +10 
Salmon (en t i re )  

Fallout Contamination 

Fission products occurred i n  rabbi t s  from the Hanford Reservation i n  
the following amounts: 

T o t a l  Beta 
p / g  Wet Material 

Sample Type Average 

Bone 
Feces 
Muscle 
Liver 

2 x 10-5 
1 x 10-5 
6 x 
6 x lom6 

T r e d  
Factor 

- 5  

- 5  
- 2  

- 2  

UNCLASSIFIED 
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Effect o f  Reactor Effluent on Aquatic Organisms 

Routine monitoring of eff luent  from the  100-KE reactor was carried out wi th  
a new t e s t  i n i t i a t e d  on April 6. 
s ize  chinook salrron f ingerl ings to concentrations of e f f luent  typical  f o r  
the Columbia River a t  t h i s  time of the year, a t  a s l i gh t ly  higher concentration 
predicted as a consequence of future  increased reactor capacity, and a t  a 
concentration twice t h a t  preciicted f o r  the future. T h i s  t e s t  simulates the 
conditions which would be encountered i n  the  Columbia River by young salmon 
originating upstream from the  Hanford Operations during their migration t o  the 
ocean. 1\10 adverse e f f ec t  was observed i n  any of t'ne conditions at the end 
of the month. 

This t e s t  involves the  exposure of migrant  

The suscept ib i l i ty  of various strains of Cliinook f inger l ing  salmon t o  the  
c o l m a r i s  oisease was studied by mortali ty t e s t s  run in 6 8 O  F water. 
s t r a ins  tes ted were Ratchery stock (146 dlag.) , White Salmon Hatchery, 
anC the  loca l  Columbia River s t r a in ,  
however, the l o c d  Columbia River s t r a i n  appeared to be the  most susceptible. 

The 

Nortal i ty  was observed in a l l  strains, 

Freliminary studies were made to check f o r  antiboay protection and 
phapcytes  i n  f i s h  blooa, kesults were negative. 

BIOLOGY &L'D 14EDICINE - 6000 PR03RA.N 

I\?ETAElOLISM, TOXICITY,  AND TRANSFEE OF R i u I O A C T I V E  MBTBIALS 

FhospnOMls 

The r e s u l t s  obtained from exposing cichl ids  t o  P3* i n  water have no t  been 
fully sat isfactory.  
higher than intended from the experimental design but in s p i t e  o f  t h i s ,  no 
gross evidence of radiat ion damage was apFarent. 
obtained under the aquarium arrangement used has been disappointingly m a l l ,  
Consequently, it i s  planned t o  ciscontinue t:iis t e s t  ea r ly  next month 
and t o  revise the experiment 

obtained. 

The avera,,e concentration of PJ2 i n  t h e  f i s h  was 

The number o f  egg l o t s  

design in hopes t h a t  more meanfngful results 
on the e f f ec t  of cieposited P 33 on the v i a b i l i t y  of sex products can be 

Strontium 

The f i r s t  phase o f  a study on strontium transport  across the g i l l s  of t rou t  
was completed, The strontium moved from within the g i l l  t o  the  outside 
much more reaaiily than i n  the reverse direct ion ( inf lux r a t e  5.2 x 
sec-l vsa outflux r a t e  of 106 x The a b i l i t y  of tne g i l l  
t o  excrete strontium q a i n s t  a concentration gradient was confirmed by a 
t e s t  which s t a r t e d  with equal concentrations of  strontium on both sides o f  
the g i l l  membrane. 

cm 
cm sec-l) 

After e ight  weeks! exposure no evidence of radiat ion damage i s  evident i n  
t r o u t  force fed  Sr9o-flo f ive  days a week. (The s l i g h t  inciication of the 
depression i n  growth r a t e  reported l a s t  mont!i f o r  the f i s h  receiving the 

1 2 4 0 2 1 3  
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highest l e v e l  turned 
i n  all groups is now 
the high l e v e l  group 

Th_e_blood picture  of 

out t o  be an a r t i fac t . )  
approximately 200 g and conse ently,  individuals in 
are receiving about 100 pc Sr%-Y9O each day. 

The average s i z e  of the f i s h  

the adul t  miniature swine fed 1, 5 and 25 &day of 
Sryu f o r  over one year and of t h e i r  three-month-old offspring cbntinues t o  
be indistinguishable from t h a t  of the contro’i animals. 
examination of the newborn and six-week-old 25 p c  level Fl generation swine 
revealed no evidence o f  damage. 
reported in  the f e t a l  l i v e r s  of the 25 flc group was aFparently no s ignif icant  
o r  representative of permanent damage. Fetuses t o  be removed f r o m  a dam 
receiving sOpc/day of Srp* m a y  provide clearer  evidence on this point.) 

Recent X - r a y  p la tes  of representative swine on chronic Sry0 feeding showed 
no ske le t a l  abnormalities except a general reduction i n  s i z e  of the six-month- 
o ld  25 pc  F1 animals. 

Histological 

(The neutrophilic i n f i l t r a t i o n  previously 

It i s  esiimated t h a t  the F1 generation swine on the 25@c/day l eve l  in which 
there is  some su,G;estion of aamage, as indicated by weight and general 
appearance, received an average t o t a l  ske le ta l  ciose o f  80-100 rads during 
f e t a  l i f e  and the suckling period. 
t h a t  adjacent t o  bone may be considered negligible (since the concentration 
in s o f t  t i s sue  was l e s s  than 0.005 of t ha t  in bone). Equipment is b e h g  
prepared f o r  the d i r ec t  estimation o f  radiat ion dosages t o  skeletons of the 
swine on the  tox ic i ty  mperiment. 

The radiat ion dosage t o  t i s sues  other than 

Preliminary r e su l t s  were obtained from the experiment studying the 
e f f ec t  of simultaneous var ia t ion  of phosphorus and calcium leve l s  i n  the 
die o f  r a t s  on the d is t r ibu t ion  ana retent ion o f  orally administered 
ca4’ and Sr90. Data thus far obtained inciicate a considerably more complex 
picture  t3an has been described by others. 
completion o f  additional analyses. 

The uptake of and Ca45 by bean plants  was followed during a 24-hour 
period from high salt and low salt solutions. 
o f  standard nut r ien t  solut ion i n  which one-fourth of the Ca was replaced 
by c a r r i e r  S r  (Ca w a s  a 1.5 mM and Sr was a 0.5 mM). 
was a 10-fold dilution. 

Any conclusions must await the 

High sal t  solutions consisted 

The low salt solution 

The new growth ar is ing from the nodes accumulated Ca and S r  t o  a greater 
extent than the f u l l y  developed t r i - f o l i a r  leaves. 
accumulation was greater  than i n  t he  young terminal growth and consistently 
a l te red  the usual d i s t r ibu t ion  pattern.  

In many cases t h i s  

General uptake o f  both Ca and Sr w a s  not  appreciably different .  During 
the period o f  continuous illumination, two ra tes  o f  uptake were 
evident; a rapid init ial .  r a t e  o f  uptake during the f irst  8 t o  10 hours, 
followed by- a slower rate ,  
in the stems of l o w s a l t  treatment. 

These r a t e  differences were especially evident 

UNCLASSIFIED 
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Iodine 

The f i r s t  

raiiioiodine labe l led  -- in vivo (by the  ewe) was completed i n  six lambs. 
percentage uptake ana time of peak concentration was approximately the same 
in each group. 
label led milk f o r  each group. 

hase of a se r i e s  o f  studies to determine i f  biological  ava i l ab i l i t y  
-- of the I13 f of i n  v i t r o  raaioioaine-labelled milk i s  s imilar  t o  t ha t  of 

The 

The next phase involves the reversal  of the type of  1131 

Cesium-Rubidium 

When bean plants  tiere grovn i n  nutr ient  cultures having equal but l o w  
concentrations o f  stable potassium, rubidium, and cesium, the accumulation 
of  these elements i n  t i s sues  of the plants  were i n  ratios of 100, 10, and 
1, respectively.  
not s ign i f icant ly  a f fec t  the percentages o f  adsorbed Cs137 and Rbb6 on the 
roo t s .  

Increasing nutr ient  potassium as much as 500-fold did 

Plutonium 

Complete data  a re  now avai lable  on three pigs which were injected w i t h  Pu 
followed by treatment with a single 5, g dose o f  uTPA. 
rctained l e s s  than 0.5 per cent of the auninistered dose i n  l i v e r  ana l e s s  
than 6 per cent o f  the aciministered dose i n  bone. 
re tent ion of I4 per cent i n  l i v e r  anc 56 per cent i n  bone of untreated 
control pigs. 
dose & r i n g  a six-day period following treatment, as  compared. with an 
excretion of l e s s  than 3 per cent by the  control animals during the same 
period . 

Tne t rea ted  pigs 

This  compares with the  

The t rea ted  animals excreted 88 per cent of the administered 

Studies on the l e t h a l  e f f ec t s  of combined Pu deposition plus X-irradiation 
were continued with groups o f  r a t s  being administered 32 

Preliminary indications of survival following the X-ray dose suggests t h a t  
there  i s  l i t t l e  e f fec t  a t t r ibu tab le  t o  the  delay period. This i s  in 
contrast  t o  e a r l i e r  r e su l t s  obtained a t  lower Pu and X-ray leve ls ,  

Comparative Toxicity of SrY0. Ea226 ana h 2 3 9  

c Pu/Kg followed a t  
intervals  of  30 minutes, 14 days, o r  28 days, by a 400 r g - i r radiat ion,  

Varying degrees of  bone pathology were revealed i n  the X-ray plates  o f  the  
various aged swine i n  t h i s  study. Generally, there w a s  a s l i g h t  increase 
in co r t i ca l  bone in a l l  groups. 
evident i n  the animals administered plutonium while a washed-out medullary 
cavity was noted in  the raciium and strontium animals, ( A l l  of the animals 
received s ingle  I.V. dosages of the  respective radionuclides in  amounts 
tha t  would c a s e  comparable damage within a re la t ive ly  shor t  period o f  time, 
I f  the radionuclides were uniformly distributed, the average dose t o  the bone 
would be about 20 t o  30 radslday, ) 

Small areas of apparent resorption were 

1 2 4 0 2 1 5  UNCLASSIFIED 



UNCLASSIFIED D-5 ITVS- 6l4 3 9 8 

Tissue Transplantation f o r  Radiation Therapy 

S i x  miniature swine eqosed  t o  950 t o  1000 r total-body X-irradiation, four 
of which received 110-day f e t a l  hematopoietic c e l l s  a t  72 hours a f te r  
exposure, died within two weeks. 

One animal. t h a t  survived f o r  two years a f t e r  550 r total-boay X-irradiation 
followed by a transfusion of adul t  m a r r o w  was sacr i f iced.  
evidence of  damage was r e s t r i c t ed  t o  a diffuse f ib ros i s  of  the spleen and 
lymph nodes. 

Histologic 

Testicular t i s s u e  and bone marrow appeared normal. 

Radioactive Pa r t i c l e s  

Preliminary s tudies  with non-radioactive aerosols indicate tha t  the amount 
deposited i n  the lungs i s  proportional t o  the posi t ive pressure & r i n g  
the f i l l i n g  of t he  lungs. Tec’miques for  heart-lung preparations were 
also tes ted f o r  use i n  s tudies  of lung clearance. 

To ciate about 30 dogs have a i ed  following a single inha1a;tion exposure t o  
fi23902e 
i n i t i a l l y  deposited, death occurred no ea r l i e r  than t w o  months a f t e r  
exposure and within four months. 
well defined and include lymphocytopenia, anorexia, emaciation, dehydration, 
and a l te ra t ion  of normal breathing. 
accumulation of €3.1~34 in tracheobronchial lymph nodes was obtained. 

Over a wide dose range, roughly esti-nated a t  25 t o  300 uc 

Clinical  symptoms leaaing to death a re  

Further evidence of the rapid 

Gastrointestinal Radiation Injury 

A number of p rocehres  have been studied i n  an attempt t o  influence the 
increased PW excretion following i r r a i a t i o n  of the intest ine.  Sh ie lubg  
segments o f  the  in t e s t ine  had no e f f ec t  on the rac3ation induced increase. 
Administration o f  drugs known t o  decrease capi l la ry  f r a g i l i t y  and permeability 
ha i  no effect .  
1000 r X-ray by a factor  of t w o  o r  more. 
a re  i n  progress. 

Ligation of the b i l e  duct decreased PVP loss following a 
Further s tudies  of t h i s  e f fec t  

Urinary excretion of orally administered q l o s e  was shown to  be markedly 
decreased by i n t e s t i n a l  X-irraaiat  ion. 

9 u l a t i o n  Dynamics 

Tne annual survey of nesting Canada geese on r iver  is lands within the Hanford 
reservation was in i t ia ted .  A record number 

J. J. Davis:es 
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C. Lectures 

a. Papers Presented a t  Meetings 

L. K .  Bustad, "Hanford Biologytt, Meeting of Benton-Franklin Medical 
Auxiliary, April 26, 1460, Ricnland, Washington. 

b. Off-Site Seminars 

D. E. Warner, "Hanford Biology,It Kiwanis Club, April 13 ,  Nanson, Washington. 

H. A. Kornberg, T3trontium-Calcium Relationshipsll, O a k  Ridge, Tennessee, 
April  22 ( U T - A X  Agricultural Research Laboratory). 

D. E. Warner, 'IHanford Biology, I t  Greater Spokane Science Teachers Assoc., 
April 27, Spokane, Washington. 

IJ. C. Hanson, rtI\ja:rated color s l i des  o f  Alaska," Senior 3 igh  Class, 
Kennewick, Vash. - April 14 ,  1960. 

H. E. Erdman, t'Radiation Biology a t  Hanford w i t h  Special. Emphasis 
on Radioecology," 
Pasco High School, April 18,  1960. 

Seniors anci advanced biology group a t  

c. Seminars (Biology) 

.?. C .  Case, 'IAspects o f  Sc in t i l l a t i on  Counting,tt April 6, 1960. 

Capt. R. L. Persing, 1tSitin Irradiation!', April 6, 1960. 

3r. S. 3. Kenzy, tTiruses i n  Avian Neoplasia," luiSd, Pullman, April 1 2 ,  1960. 

N. L. Dockum, llPreparation o f  iiecalcif ied and Undecalcified 
F i g  Bones,It April 27, 1960. 

L. K. Bustad, "Radiation and Aging", April 27, 1960. 

6. Seminars ( local)  

W. I;. Hanson, T r o j e c t  Chariot", IPDI s Project Engineering Group, 
(Information and Safety Meeting), April 21, 1960. 

I?. F. Foster, "Significance o f  Radiological Effluents t o  Aquatic 
"rgmis::;s, f 1  rersonnel in Redox, April 8,1960 

3. Publications 

a. HW Publications 

Ballou, J .  E., IPIetabolism of i n  the R a t , "  Document HW-64112 
(UNCLASSIFIED) March 10, 1960 

'0. Open Li terature  
UNCLASSIFIED - 1 2 4 0 2 1 1  I! one 
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OPERATIOKS RESEARCH AND Syp1TXESIS OFERATION 
M!3N1"6iY W O R T  - APRIL, 1960 

ORGfLNIZATION AM, PERSOIWEL 

R .  L.  Richardson transferred t o  Operations Research & Synthesis from IPD ef fec t ive  
April  18, 1960. 
month assignmect w i t h  the group ef fec t ive  Apr i l19 .  
accept employment elsewnere e f fec t ive  April 8, 1960. 

D. C .  Gray, a Western Region Technical Trainee, s t a r t ed  a six- 
C .  L. Childress resigned t o  

OPERATIONS ANALYSIS STUDIES 

Qaality Cert i f icat ion Program 

A repor3 was issued on an analysis of dimensional d i s tor t ion  data from the f i r s t  
2; tubes 6iscl;arged under the Quality Cert i f icat ion Program. 
element posi+,ioc e f f e c t s  OL d i s to r t ion  f o r  tubes having widely d i f f e ren t  f lux 
patterns,  s ign i f icant  differences were noted. 
when the use r,f IBM m c h i z e s  makes possible an analysis on an individual fue l  
elemerit basis, I t  will be possible t o  express d is tor t ion  as a function of 
reactor variables associated with each fue l  element. 
of t h i s  were d l scused .  
i n  routinely preserting post- i r radiat ion data from t h i s  Frogram. 

I n  examining fue l  

This was taken t o  indicate  t h a t  

The p rac t i ca l  consequences 
A procedure was a l so  set  up t o  u t i l i z e  control char ts  

Fuel Element Failares 

Further wark was Sone is connection with the use of control char ts  t o  moni3or 
rupture p e r f o r m x e ,  
t o  aquain'i.  thes with the method. 
tfon of the t i m e  50 accumulate R ruptures adjusted f o r  reactor variables i n  the 
case when tke t rue  averagz time between ruptures is not constant over time, Cut 
i s  a functiwi A(t )  of time. 
use cf the werage 
i n  evalus5ing various 8ec:sion ru l e s  t o  use i n  coiinectior wi5b t3e control 
charts. 
in which this met'aod of in5erpreting rupture data w i l l  ??e discussed and recommended. 

230 presen3ations were made t o  %he area engineers i n  x d e r  
Expressions were derived giving t k  2istribc- 

IC, was shown t h a t  i f  thc, f a x t i o x  i s  I fnear ,  the  
P r e l i n h a r y  work was a l so  doae gives eqkivalent. resu l t s .  

A ctczgrnen?, is I;eSng prepared jo in t ly  with Process Techolo&v personnel 

@t,imZzab,ion 3f Reactor illperations 

The work done i n  conneotiox wi th  control charts f o r  f u e l  element raptures, has 
application i n  t h i s  arEa i n  that  recommendations f o r  changing reactor operating 
con.dftions are made cn the bas is  cf rupture experience. 

Assistarm was prox--lilr=d in presentizg t o  persoanel from GEL various aspects of 
the optimizaticn x i t d . e l .  
m d e l  requeatei D f  GXL personnel 3 y  Besearch and Engiceering @eration. 

This i s  i n  connection with a3 ezgineering aud i t  of t k l s  

Prccess Tu-se Leak k t e c t i o n  snd Replacement 

3sSa were made avs:la?,ie zs pemik, ar. i r ivest iga3or  of the process tuSe leak 
prohiem 3n a bmacler scale .  Attention has thus far been directed toward t rying 
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t o  predict  which tubes are po tec t i a i  leakers. 
Attention w i l l  be directed ir. the fu ture  towards deriving, if‘ possible, a model 
which w i l l  indicate the  coisequecses o t  future  leak rates of cmtinuing t o  
operate with leakers. 

Tkfs was tlot t o 3  successful. 

2-Piant Information Studles 

Nc major e f f o r t  was expended C?rring April.  
c o q u t e r  t o  be used during the  experimental period i s  May LO, a f t e r  which date 
a c t i v i t y  i n  t h i s  area wikl be resumed. 

B i d  acceptance closure date f o r  the 

Re l t ab i l i t y  Studies 

A t  the request of a member of the F a c i l i t i e s  Engineering Operation, work was 
Segun on a s t a t i s t i c a l  evaluation of a proposed W R  !X tu3e type fue l  rupture 
monitor 

A seminar-type discussion was held with personnel of CPD and IPD. The purpose 
of the discussion was t o  acquaint these personnel wi%h the var ie ty  of kinds of 
r e l i a b i l i t y  s tudies  being conducted by Operations Research Se Synthesis, and w i t h  
the powerful techniques being developed t o  cmduct these s tuzies .  

The s ingle  branch r e l i a b i l i t y  matrix technique which has 3een developed i n  the 
course of the r e l i a b i l i t y  s tudies  has been ?ound +,=, be d i r ec t ly  applicable t o  
the simplification o f ,  o r  the remmd. of redundsxies  from, switching c i r cu i t s .  

Invesltgry Studies 

On the basis of agreement i n  a meeSqng on inventory sampling with representatives 
of a l l  departments on April 8, a l e t t e r  was fxwarded by Inventwy Accounting t o  
obtain Atomic Energy Commission approval fcr  a s m p l e  Inventory. If such ap?ro- 
v a l  i s  forthcoming, the spare p a r t s  inventory wid?. be taken May 27, 1960. 

Resox Dissolver Study 

The l i t e r a t u r e  study t o  ob;ain ~ u f b i c i ~ ~ t  backgrcund ts acderstand the chemical 
k ine t ic  theory of the  dlssclution pro-..=ss was csr,tin.c;e8 th2s month. 
of one seni-empir;cal mode’ i s  zearing camp1~ti33. 
information which i s  currently avaiiable concerning %e re?Dx dissolution 
process, and up33 corgleticzl the model w i l l  kle checha-3. agais~s+u apzzPa”,ng data. 
A second model, which nore correctly r e f i e e t s  the dfasclutier, meckanism, i s  a l s o  
being considered; however, it w i l l  net 5 s  pos~E>l.,o tcr t e a t  t k e  r e l i a b i l i t y  of 
t h i s  rncdel a t  the p r e s e ~ t ,  time beca-dse some c r i t i c e  -caria%les a re  not monitored. 
It i s  hcped t h a t  the e x i s t e x e  cf such a rnodel w i l l  stimulate masuremerit of the 
c z i t i c a l  varia3les on the  p a r t  of operating gerscmel .  

Form7alatfoa 
%is mde!, u t i l i z e s  only 

Fuels Preparation Department 

A rough draft  report  was issued presenting &e r e s u l t s  of the  experiment, destgned 
t c  evdua+,e the e f f ec t s  on porosity and esr waL2 fhicksess of caming bath 
teqerstu:e, vibraticr! frequency, ar2, t fmc  cf vibaazioz. A thorough discussion 

i..1-3u 0’2 1 9  
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cf :he zxperinental design emplDyed i n  t h i s  experiment was contained i n  t h i s  
repor%. 

An experiment was designed %a eva lmte  d i f f e ren t  combinations of core-can annlili, 
where t r e  5ws aaaul: considered a re  the in te rna l  and external annuli. 
l e v e l s  of ea& a r n u i m  are involved, and the design employed was a 3* f a c t o r i a l  
w i 5 5  the  ccrner points repLica5ed cnce, and the center pcint  replicated twice xo 
r e s u l t  ir. a t c t a l  cf 15 points .  

Trree 

Sine s ix ty  f u e l  e2emects were canned f i v e  times, being measured f o r  warp a f t e r  
each canning, stripped, and recanned. The purpose of this was t o  evaluate the 
e f fec ts  ;;I"r,anning on warp, 
p r i a t e l y  transfoxmed T,C give bomogeneous variance. 

TGIo sets of stud pull izg data are being evaluated t o  eetermine i f  t h i s  technique 
@a3 effect ively bf! as& a5 3 p a r t  cf $he Quality Cert i f icat ton Program t o  measure 
'band Etrengch 

Data were andyzed from an experiment designed t o  evaluate Diversey 600 i n  the 
cleaning of al?~rcinum components. Huge unexplaiced differences between 5anks used 
i n  the exper iment  plus t k e  i n a b i l i t y  t.0 conduct the experiment as designed due 
t o  a ehcrtage cf rnaterials did nst permit a clear-cut evaluaticn of Diversey 6OC. 

A l i nea r  e f f ec t  was found once the data were apprc- 

An ex-pez-inerit. La2 preyicus3y been designed t o  evaluate the e f f ec t s  on changes in 
2.imensir-is a f t e r  hesc +,reaxing co-extruded tubes sf varying quench ra tes ,  delay 
t ioes ,  a;;? Eu:facr:s %i:exhe60 
S q x r e S  wkere eack replica.ce represented a delay time. 
cbserva5ixs  were mLssizg wkich did not p e m i t  a clear-cut estima3on of all tk-e 
eft"e2t.s. E'Gvever, since mast missing observations were irc.m one l eve l  of one of 
%e kaemrs, it was possLtie t o  reEove f h i s  l eve l  from considerat.ion and ee-;irna"c,e 
zhe e f f e c t s  of F r i m r y  n t e r e s t .  

T M s  had been designed as fc i r  repLicates zf a L a t k  
Unlwtuna%ely, soveral 

A f i n a i  report  was i s e x $ .  03 the pro'olen? concerned with asssssing the ac;l,xacy 
of the  reactor power i e v d  calculations.  

1 2 4 0 2 1 3 0 .  
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Several roultiple regression analyses were made which relate the ammat of steam 
produced, and the amount eonsuEed i n  a f a c i l i t y  t o  other variables such as 
BW-d~ys ami degree-days. 

A program of study was begun t o  investigate the mathematical requirements and 
techniques needed f o r  the accurate c o i t r o l  of template, cam, and numerically 
controlled metal cut t ing machines. Typical ssbjec%s under study are: 

a. Methods of contour description, 
b. Contour curve f i t t i n g  tecbiques ,  
c.  Contour data transmission, and 
d. Error detection routines.  

Alternate IBM 709 programs have been wri t ten t o  convert contour descriptions i n t o  
Gorton l a the  cam specif icat ions t o  cover the  twc major methods of cam manufacture. 

Ma%hematicai a id  i n  developing a set of f x m l a s  f o r  the fka-es resul t ing from 
several  specif ic  but  i r regular ly  shaped geometric sourees has been requested. 
Such formulas are important i n  dosimetry and shielding s tudies .  

Contract and AccountLng Operation 

Review of 709 main frame production data  did not indicate ar,y one s ignif icant  con- 
t r i bu to r  t o  the loss  t i m e  and scheduling problem. Tae breakdowtl of losses  by 
funct iom involve2 indicated t h a t  machine f a i lu re s  and tape ia2iures  cause an 
estiuate", 16s of tke  lo s s  time, 
various functions performed by the sGh-orgacizations withir, Electronic Data 
Processing Operatio:: contributed less than 3% f o r  each functional c lass .  
higkest loss,  that az-kihutable t o  the control futcfion, was est5mate0 a t  2.4$ 
atld indicates  a weakness ic the input-output funecYPon. 
t o  fur tkes  measure t h i s  area. 

The remaining bsses  wkich can 5 e  re la ted  t o  the  

The 

Da%a are Seing recorded 

SZAATISTICAL AiiD MATHEMATICAL ACTIVITIES WITEIb' EA 

200C Program 

Aluminum Alloys Corrcsion Rate 

The i n i t i a l  phase cf the  s ta t is t ical  analysis of AL-Mf-Fe a l loy  corrosion da ta  
frcm a study current ly  be i ig  conducted by the Cc;l-rosioc e~c? Coating Operation 
was c x p l e t e d .  The e f fec t s  of heat 5reating time, heat t rea t ing  temperature, 
and method of cool i rg  on the corrosioE ra t e  of various alunirxm d10; samples 
as a functioa of tine In  a steam autoclave en-firoment were determined. Tae 
results of the analyeis are Seing used t o  aid Carrosion an2 Ccating Operation 
personnel i n  designing sircilar experiments using zircclnfcuc a l leys .  

Pulse  CoZmq Test F a c i l i t y  Study 

S t a t i s t i c a l  consnltatfon on a eontimirig basis has been requested far t-he 
pu?se cc2umn test f a c i l i t y  pxgram.  Or imts t fon  discussions have been held 
t o  bezome farifliar w i t 3 1  the experimental apparatcs i n  geceral, wft.h special  
emphasis on the n u r x r w s  data  co l l ec t io r  dev:',ces. pro't.lem of estimating 

I 2 11 
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the grecisio? am5 accurazy 
phase witkaut interrnF3ing 
corsidered. 

Separations Develquent 

Data frm an e.xperiment t o  

of a device f o r  e l e c t r i c a l l y  s h i n e  the organic 
the calm operation was pose6 and i s  being 

tes t  the reduction of s ens i t i v i ty  of a beam balance 
w k n  t.he balance pan i s  separated from the beam by a l i qu id  seal were analyzed 
f o r  Chezical Development Operation. The r e s u l t s  of the analysis were compared 
wit? .  those of an  e a r l i e r  experiment using a rubber seal. i n  place of the 1iquiC 
one e 

FlIxoni!a Recycle 

Fxrsher dfsznssions were held with personnel of Programing Operatton 50 d i r e c t  
t?e use of s t a t i s t i c a l  methods f o r  dete,mining-a maximum ofa func t ion  defined 
cver a midti-dimensional space. The program will be used with HLO's Meleager 
Physics cede t o  optimize plutonium reactor f u e l  as a function of i n i t i a l  
plutoniun! isotopic coroF3sition + 

An anclabsified docur,ent was issued t o  M O  personnel which discusses the  
s ta t is t izal  analysis of the Phase I pressure t e s $  of the PRTR containment 
1-esse1 art aansideze the design of t b e  Phase I11 t e s t o  
ma2e 32 2.e pzsf r fming  within the vessel  of t.enrpera-;ure a i d  pressure maxitor- 
ing devizfs,  a d  a mzhod was suggested f o r  analyzing the data collected from 
t.hese &vic?s i n  9rc?er t o  estimate %!?,e vesse' leak ra-kP, 

Recmmendatims were 

r f h a l  w r k  i s  being done on the generalized theoretica; ~ c d ~ e l  representhg  t.he 
exc,x;.:cr. i ~ T Y Z h C ~ 2  5 n  the sample prepara%ion of rep l ica tes  fo r  e2en'C.rotl 
mPrroe:.3~;=~ 
GEE d u i n g  a recent  v i s i t  to the Research Labcratory. 
%?at t$e ecrz-c;i:Lq z k o r e t i c a i  qdar t l ta t ive  netalallcgraphy efftx-5 being c a n  Le3 
on JsfmL,yr w i t . -  F'kj~ica3. Metallurgy Operation i s  i n  nc' wsy superseded by 
Ia'Cliard's az? 5arz 's  tkeore t ica l  work but i s  an ewtensicn of t h e i r  wcrk. 

T K s  worK vas discussed with J. E.  H2liiard a d  Z 0  W. Cshg c i  
It was a s e e r t s h e 3  

1 2 4 0 2 8 2  . .  :. 
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A least  squares curve f i t t i n g  formula was develcped which f i t s  a saw tooth s igca i  
of a rb i t r a ry  amplitude and frequency t o  empirical data assuming only that, each 
individual data point can be ident i f ied  with a par t icu lar  tooth. 

An investigation i s  under way t o  devise mathematical methods of calculating more 
r e l i ab ly  than has been previously possible the t o t a l  integrated concentration 
resu l t ing  a t  any par t icu lar  geographical location due t o  known contaminant re leases  
a t  any other specified point under various assumptions on meteorclogical conditions. 
This program was suggested by the  Consulting Radiological Sc ien t i s t ,  Programming 
Operation. 

A system f o r  codifying technical personnel was developed as requested. 

The HLO Computer Study Group met twice during April  t o  scope and formulate object-  
ives.  Each par t ic ipant  reviewed technical computing requirements of assigned HAP0 
organizational components. 
reviewed these requiremen+,s f o r  FPD. 

The Operatiom Research & Synthesis representative 

Assistance i n  the mathematical design of a surface of revolution f o r  a he l i ca l  
s t r i p  welding follower guide was requested. 
involve the extract ion of roots  of some quart ic  equation. 
t h a t  a tr ial-and-error method of design i n  the machine shop would y ie ld  a f a s t e r  
and more economical solution t o  the design program than would a mathematical 
approach. 

Every solution found was seen t o  
It was f fna l ly  advised 

Carl A. Bennett, Manager 
OIPERATIONS RESEARCH & t5YNmESIS 

CA3:kss 
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A. FISSIONABLE MATZSIAZS - 2330 FXOQLAbl 

1. ADVANCED SEl?AUTPO?JS STUDIES 

A study of py-rochsrnical separations processes frcm the viewpoint of waste 
disposal problems was b e w .  
f lowsheets. 
g ica l )  processes have beer, studied st. many s i t e s  f o r  many years, details of 
complete processes tipparently do not ex is t .  Ia addition, many of the proc- 
esses were considered for app l i ca t im  with very special  types of r eac tws ,  
Some of these reactor programs kave been prac t ica l ly  aSar,doned. 
tkerefore, t b t  tkere may be o d y  a very f e w  processes wkieh w i l l  j u s t i fy  
study. Iri ~idc?it,Soz, smk processes may have apFl iea t ims  fsr only cer ta in  
reactors  os epezial fuel cycles and may therefcre not be readily compared. 

This involves the establishment of bases and 
Although pyrochemical ( i n  which w e  a l so  include py-rometallw- 

It appears, 

1. PLLTONITJM RECYCLE PRK3A.M 

Cscle AnalYSiS 

Crsmpxker Code Developnent. A3vaxed f'-zl cycle strx3ies have icdicated 
t h e  need TO i n c h d e  exandastion of large f u e l  lumps cocled hy muL-5iple 
inteznal passages. 
work on the basis of an ana ly t ica l  solution i s  being revised and re- 
programme3 fQr tbe  EM-709. 

Aeeor%ngly, an IBM-650 code prepared fo r  ea r l i e r  

Tnis work i s  nearing completion. 

Except :or a f e w  refinements of data p r in t  out o2eratfng options, 
the  debugging of the hrck Code i s  eamplete. While the  c-.ql?tior,  of 
t h i s  work w i l l  make Puck a fully operable co&, upZa%irG cJf the  physics 
section to iacorpmate ls%es% cross seet.im k f c m n a % i m  will be dane 
befuze it receives widespread use. 

The new LOLA code >as Seen flow-ckartea an3 FrograIntdng i s  now under 
way. 
Wilsoc) methds t o  f h d  desire3 maxim& and rniGim8, for %e1 cycle char- 
ac t e r i s t i c s ,  starti% e i the r  with expezimental or calculated data.  

L O U  c t i l i z e s  both f i r s t -order  (Yates) and liigker-order (Box- 

Parts 1 acd 2 of tbe RBC input code have Seen ccmpile9, ard tke  th i rd  
and f i n a l  part i s  n m  abo-dt 53 per cent complete. Assishanee was pr3- 
vided t o  pereczmel. of Atsznics International i n  carrying oat a study of" 
the  Hallam reactor l a t t i c e  with the RBU Monte Caric. Relatively l i t t l e  
progress was mde iE dehuggirrg &E t o  low avai la3f l i ty  cf machine sim. 

I 2 4 0 2 8 4  
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(a)  

(b) 

Meleager A2, whfch w i l l  adjust the concentration of a given 
isotope t o  previae an assigned i n i t i a l  reac t iv i ty .  
Meleager B2, a i c h  places on tape incremental changes i n  con- 
centration of four pltltonium isotcpes, which a re  then avail-  
able a s  i n p t  t o  Meleager A, which determines expasure resu l t s .  
Meleager @, which performs a Yates analysis on the r e su l t s  of 
Meleager B2. The I'ates analysis provides a f i rs t -order  s e t  of 
derivations of a t ta inable  exposue w i t h  respect t o  t he  concen- 
t r a t i o n  of four plutonium isotopes. 
The GPB code f o r  steady recycle has been modified t o  conform t o  
the  physics methods used i n  the Meleager codes. 

(c)  

(a) 

Fuel Cycle Studies. 
studies reported l a s t  month was s tar ted.  
the  at ta inable  exposure increases with moderator/fuel r a t i o  i n  most of 
t h e  cases, par t icular ly  those with highly burned pliitonium i n  reactors 
with high neutron leakage (koa = 1.30) 

Evaluation of results of general plutonium recycle 
It appears tha t ,  as expected, 

A study i s  under way t o  determine the extent townich the  u t i l i t y  of 
plutonium fue l s  i n  thermal reactors can be increased by employing 
multiple reactor systems and other f u e l  resources such as thorium 
and U-233. 
study a r e  U-233 enriched 'c-238 machines combined w i t h  plutonium 
enriched Th-232 machines, the lat ter device being considered as a 
thermal converter on one hand and a f a s t  comerter  on the other. 
I n i t i a l  studies, using crude models, indicate considerable promise 
f o r  these systems. 
rigorous mass balances based on Meleager and other codes. 
indicate that as far a s  plutonium u t i l i t y  i s  concerned, such reactor 
combines may yield maximum productivity. 
ized so a s  t o  allow investment of excess neutrons i n  e i ther  breeding 
or  i n  leakage and paras i t ic  loss. 
excess neutrons w i l l  be macle available by suck combined operations 
t o  permit substant ia l  use of s ta in less  steel i n  the  thermal reactors 
involved and yet acbieve currently acceptable f u e l  element l ifetimes.  

The more promising combinations selected f o r  i n i t i a l  

These results a r e  now being checked with more 
The data 

The data have been organ- 

So far it appears t h a t  enough 

PRTR Startup 

PRTR s ta r tup  planning included scheduling of" power leve l  steps and 
coolant temperature from the period f 'ollowia c r i t i c a l  tests t o  f u l l  
power operation. 
process specifications continued 8 s  par t  of Star-hp Council ac t iv i t i e s .  

The descripticn of the Cr i t i ca l  Tests f o r  PRTR s ta r tup  was completed 
by members of the C r i t i c a l  Tests conrmittee r e p o r t b g  t o  the FRTR Start-  
up Council. 

Also, review of c r i t i c a l  t e s t  procedures and 

The report  w i l l  be issued short ly  a s  FfW-6lg00, Part  B. 

PRTR Plans and Schedules 

A modified schedule f o r  PRTR f u e l  requirements was prepared. 
new schedule takes in to  account l a t e s t  data on construction comple- 
t ion,  uranium f u e l  test scheduling, re-evaluation of inventory needs, 

This 

UNCLASSIFIED 
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an3 delivery of high exposue plu'lonium. 
opment, PAS been +&e i n Z c m t i o n  t h a t  a Zesirable &mount of high expos-us 
plutocitun may fie &v&ilable from Cam3.a. Tkis material appears t o  be 
highly advanta.eec.is f a r  pkyeics t es t ing  of high exposure mat4erial i n  
PCTR . 

A la te  and. s ignif icant  devel- 

Consolidated sc3edlrles fo r  tt3e PlrtcaAun Recycle Pxgrsm were prepared. 
These inclwle (1) a general desc r ip t im  of proposed a c t i v i t i e s  fo r  each 
of the t h i r t eea  plutonium recycle sub-programs a& tk tkree related 
programs, (23 a l i s t i n g  of 70 ta rge t  items, (3) disfr ibdt ion of rmP 
funds art?. maqmer fo r  the  fiext f i ve  years, (4) majcr capi ta l  expexl- 
f t w e s ,  ( 5 )  I[~E,JC)I" equipment needs, and (6) a schedule skowing PRTR load- 
ings and flow of fissionable materials used i n  +>.e PRP. 

Other Act ivi t ies  

S f s t u s  and rezeE*, progress i n  tke Flctoni-am Recycle P,-ogram were reviewed 
w i t L  9. E. SSENE,~P+,, Assistant, D i r e c k r  for  Civil iao Reactors, Division of 
Reactor Deveiozment, &C, Washington, on April 12, and with C. W. McLaughlin, 
AEC Division of Zesctor Develapment 6,nd E. B. Rake r j  AEC-Savannah River 
Operatims Office, on April  26 and 27, 

- 

Programmi3g of cmpuC,atior=s i s  e onti nuing. Considerable exploratory inves- 
t i g a t i m s  ke~x?. been csrzie3 on t o  define a ready means of achieving csnver- 
genc2 rf t h e  p k % n i m  valae terms. Tke r a t m e  of t b i s  stutiy, wherein the 
value o f  various m e l a t e 9  eo-qosftions of pl;itor_lm a re  ts be determined, 
introdwea alt.es.mtives which simsly carnot a l l  be fnve&igated. Several 
methods r,f acLi=l\rfrg comergence have been defined; t h i  best  mefhod i s  yet 
t o  be dete,znirLed, 

Arracgement.s v e x  mZe fcr early consultation FrjtF APED p?..ysicists an the 
latest  t.echniques f o r  a--lying pluton2m fue l  cycle analysis t o  bciling 
water reactors e 
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Consultation w a s  rendered on emergency dose, t he  RattleSWke Springs ecology 
program, a Radiation Protection Standard on emergencies, and Zn65 concentra- 
t ions  i n  the  Columbia River. 

A meeting of the Washington State  University Sanitary Engineering Advisory 
Committee was attended a t  Pullman. During t h i s  meeting, arrangements were 
made fo r  v i s i t s  t o  Hanford by members of the s t a f f  of the Sanitary Engineer- 
ing Department. 

D. OTHER ACTIVITIES 

A .  J. Nerad of the General Elec t r ic  Research Laboratory discussed “Super- 
Pressure Research and Man-Made Diamonds” a t  a Hanford Science Colloquium 
on A p r i l  13. 

A group of senior Hanford Laboratories personnel v i s i t ed  the General 
Elec t r ic  Research Laboratory fo r  a general review of research and devel- 
opment programs plus detai led discussions on technical topics of special  
in te res t .  

Assistance was rendered i n  arranging 18 tours (involving 385 people) through 
HLO and HAP0 f a c i l i t i e s .  

Manager 
PROGRAMMING 

LH McEwen:dl 
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RADIATION PROTECTION OPERATION 
M ~ T H L Y  REPORT -- APRIL 1960 

A. ORCANIZATIQN AND PERsomsJEL 

G. E. Backman t ransferred t o  the Radiological Evaluation Working Group from 
CPD on Apr i l  15, 1960. 
ef fec t ive  Apri l  11, 1960. 
t o  provide broadened experience, 
Operation remained a t  a t o t a l  of 133. 

R. F. Ballard was deactivated f o r  personal i l l n e s s  
One employee was t ransferred within the Operation 

The force of the Radiation Protection 

B. ACTNITDS 

There were f ive cases of plutonium deposition confirmed during April.  
t o t a l  number of deposition cases that have occurred a t  HAP0 is 254 of.which 
185 are current ly  employed. 
covered by the routine sampling program and three following known incidents 
of exposure. 
f o r  one and was by contaminated injury f o r  the other two. Four of the  depo- 
s i t i o n  cases appeared t o  be minor involving less than 10 per cent of the m a x -  
imum permissible bcdy burden (mpbb). The other case involved a contaminated 
injury t o  an RLO employee working with plutonium metal i n  the 231 Building. 
The t i n y  Pu s l i v e r  associated with the incident contained about 33 pc Pu and 
was removed a t  the a rea  first slid s ta t ion.  F ina l  surface decontamination of 
the wound area was accomplished with Ma EDTA. Subsequent examination of the 

the wound s i te .  The t i s s u e  was excised and the f inal  examination indicated 
only ,., 600 d/m Pu remaining a t  the wound s i te .  The first urine sample collected 
about three hours after injury indicated a possible intake of several  times 
the mpbb. 
f i c i a l  use of Na4EDT.A may have influenced the excretion rate indicated on the 
first bioassay sample. Medical treatment of CaDTPA was administered. Pre- 
liminary bioassay data indicated that the body deposition probably is from 
one-quarter t o  one mpbb. 

The 

Two of the  confirmed deposition cases were d i s -  

The mode of exposure f o r  the  three incident cases was inhalation 

wound a t  the Whole Body Coun%er reveale h about 0.04 pc Pu s t i l l  remaining i n  

Subsequent bioassay samples did not appear t o  confirm t h i s .  Super- 

Two members of a charging crew a t  the 105-H reactor  handled an i r rad ia ted  
so l id  aluminum slug which had washed out of the process tube on the f ron t  
face of the 105-H reactor. 
f i lm badge fo r  the  period covering the incident was 220 mrads including 190 m r .  
The localized dose t o  the hands was estimated t o  be less than 5 rads. 

A i r  contamination up t o  2.1 x 10-l' pe U/cc and 3.9 x lom9 pc FP/ce resul ted 
from a f i r e  involving the rupture of a quartz tube enclosing a uranium slug 
a t  305-B. 
pleted without incident. 

The m a x i m u m  whole body dose as measured by the  

No personnel were exposed and f a c i l i t y  decontamination was c m -  

Planned deviations from normal loading techniques t o  accandate  8 damaged 
rates sample can a t  the RadimetalLlrgy Building resulted in measured dos, 

'UNCLASSIFIED 
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t o  50 r /hr .  
higher than normal dose rates and a i r  contamination. 
i n  both cases were well controlled; although, par t iculate  contamination was 
spread t o  the change room. 

Inadvertent dropping of several  coupor, sarnples also caused 
Personnel exposures 

On Apri l  12 about 5 t o  10 pounds of UO powder escaped from the  loadout roan 

The f i r e  department hosed down the road and other outside areas successfully. 
Inside of 224-U it was estimated that up t o  a ton and one-half of UO sp i l l ed  
out of the hose when it broke. 
sonnel contamination problems of concern were encountered. 

a t  224-U t o  t he  loadout pad, the  aspha ? t ramp, and the  road along side 224-U.  

The majority of t h i s  was salvaged. ;do per- 

An exposure i n  excess of operational control limits was received by a 
laboratory a s s i s t an t  i n  CPD as a r e s u l t  of a contaminated glove. 
estimated dose t o  a small skin area of the employee's thumb was 9 rads includ- 
ing 0.1 r. 

The maximum 

Surveys of f ive  Tri-City residences followed discovery of a pa i r  of highly 
contaminated coveralls and a contaminated film badge. 
was detected. 

No contamination 

A four-fold increase i n  the frequency of hand and shoe checks resulted from 
recommendations of radiat ion monitoring t o  operating supervision following 
a review of hand and shoe check practices i n  the  Plutonium Fabrication P i lo t  
Plant. 

A t o t a l  of 21 curies  of was released from the  separations f a c i l i t i e s  a t  
a rate well  within control  limits. 
of the plant perimeter were less than the  detection l i m i t  of 1.5 x 10- 
Radioisotopes of cerium were present a t  about the  same concentratiors through- 
out a l l  sampling zones indicating residual material from bmb fallout. 

gut side 
A l l  vegetation samples within and 

pc/gm. 

The Columbia River flow rate returned t o  about normal f o r  t h i s  time of the 
year after the f i l l i n g  of t l e  P r i e s t  Rapids pool. The flow pat tern of the  
r i v e r  f o r  t h i s  yeer is  predicted t o  be substant ia l ly  below normal. 

Bioassay procedures fo r  personnel associated with Project SOAP have been 
expanded t o  provide spec i f ic  analyses f o r  palm material. 

Examinations made during Apri l  i n  the Whole Body Counter (WSC) included: 
115 routine,  four pre-employment, seven incident, and two nonemployees. 
There have been 406 examinations made i n  1960, Improvements made a t  the 
WEK: f a c i l i t y  include fabricat ion of a more substant ia l  chair ,  fabr icat ion 
of a removable bed, and in s t a l l a t ion  of a screw drive t o  permit accurate 
scanning of subjects. 

Studies of the performance of the  =-inch polyethylene spherical  neutron 
moderator were completed and the  sphere diameter was reduced t o  11 inches. 
Data obtained using t h i s  reduced sphere s ize  showed a decrease i n  the 
slope of a curve re la t ing  c/m/mrem/hr and neutron energy. This decrease 
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i n  slope indicates  that the reduced neutron diameter is* approaching 8 

s ize  giving a l e s s  energy sens i t ive  instrument. 

The assembly of 20 ionization-type f inger  r ing  dosimeters was s ta r ted  f o r  
f i e l d  tes t ing .  With a charging voltage of 35 vol t s ,  these r ings have B 
range of 50 m r  t o  600 m r  and a leakage r a t e  af about seven per cent i n  
four days. 
dependency of these r ings  is under fur ther  study. 

No dose r a t e  dependency up t o  30 r /hr  has been observed. Energy 

Scope designs f o r  improved personnel dosimeters neared completion. 
a t ions  factored i n t o  these designs include such things as reduced s ize ,  
capabi l i ty  f o r  duel film loading f o r  monthly and yearly f i b ,  addi t ional  
and improved absorbers, and a c c m d a t i o n  of securi ty  badge. 

Consider- 

Two plutaniuar! f o i l s  and one neptunium f o i l  were i r rad ia ted  as part of the 
ca l ibra t ion  program f o r  the Oak Ridge c r i t i c a l i t y  dosimeters. Further exposures 
were suspended u n t i l  it can be determined whether or not the m a x i m u m  operating 
flux of the posi t ive ion accelerator  of 5 x lo5 jakes ('" 5 rems/hr) is s u f f i -  
c ien t  t o  provide adequate calibration..of these f o i l s .  A neutron moderator 
f o r  use with the posi t ive ion accelerator  is being designed in conjunction 
with Radiological Physics personnel. 
thermal neutron flux su i tab le  t o  a second approach t o  the ca l ibra t ion  of the 
Oak Ridge dosimeter f o i l s .  
flux w i l l  be useful  f o r  a var ie ty  of studies.  

This mcderator w i l l  provide a high 

The ava i l ab i l i t y  of the cal ibrated thermal neutron 

The charem1 iodine a i r  sampler un i t  on t e s t  a t  l O 5 - a  continued t o  operate 
s a t i s f ac to r i ly .  A few sharp peaks i n  counting r a t e  were observed i n  purges 
or dropping of the v e r t i c a l  safety rods. It is planned, t o  move the equipment 
t o  the 2914 Building f o r  monitoring of the Purex stack gases. 
obtained with gamma spectrometers of the charcoal car t r idges w i l l  be compared 
with the rautine caust ic  scrubber samples from &ex. 

Results 

Formal approval f o r  the use of Ma4EDTA f o r  skin de, nontamination was reeeivei! 
f rm the Indus t r ia l  Medicine Operation. A supply of t h i s  chemical and proce- 
dures f o r  i t s  use were delivered t o  Radiation Monitoring groups throughoat 
the plant.  

The d i s t r ibu t ion  of the periodic revision of the Manual of Radiation Protec5ion 
Standards was s t a r t ed  on Apri l  22. 

On Apr i l  22, 50 students from the Charles Francis and Coulee Dam High Schools 
v i s i t ed  the  exposure records f a c i l i t i e s .  
f a c i l i t i e s  were v i s i t ed  by three v i s i t i n g  high school groups t o t a l l i n g  about; 
I20 stuciests, facu l ty  members, and school board members from Wenatchee, 
Spokane, and Pendletcm. A t o t a l  of 399 spec ia l  tour  film badges were iasmd 
throughout the plant during April.  

Bioassay and Whole Bcdy Counter 

C.  EMPLOYEE RELATIONS 

Three suggestions were received f o r  evaluation. 
WBS made during the month. 
enc2. 
P r o t e 3  3c8: p m m n e l .  

One suggestion e v a h a t i o n  
There a re  four outstanding suggestions a t  month 

F ~ u r  wiggestion awfsrds ta t .a l l ing $30.00 were received by Radiation 
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There were four medical treatment i n ju r i e s  during the month f o r  a frequency 
of 1.83. 
hazard breakdowns i n  the Radiation Monitoring Operation was ccmpleted. 

No security violat ions occurred during April. Revision of a l l  job 

Radiation protection t ra ining included: 
Protection s h i f t  personnel, two one-hour lectures t o  90 employees i n  Technical 
Shops and 328 Building, one 2-hour orientation talk t o  a new member of Plutonbm 
Metallurgy Operation, and two new-employee orientation meetings Construction 
forces were given two lectures  on radiation zone and special work permit pro- 
cedures. 
Operation were attended by exempt employees of the Radiation Protection Opera- 
t i on ,  
300 Area Rescue Crew. 

Four 90-minute lectures t o  F i r e  

Three of 13 lectures  on the PRTR conducted by the Radiation Monitoring 

A half-day lecture  and d r i l l  was held during a t ra in ing  session of the . 

D. SIGNIFICANT REPORTS 

Hn-64757 "Analysis of Radiological Data for the Month of March, 1960" by 
R. L. Junkins. 

EN-64979 "Monthly Report - Apri l  1960, Radiation Monitoring Operation'' by 
A. J. Stevens. 

"Some Studies of Film Dosimeter Variables" by W. V. Baumgartner has been accepted 
fo r  presentation a t  the Health Physics Society meeting i n  June, 1960. 

"Some Contributions t o  the Stratigraphy and Indicated Deformation of the Ringold 
Formation" co-authored by R. E. Brown and M. W. McConiga was accepted f o r  publi- 
cation i n  the May issue of "Northwest Science". 

"Surveillance of a Municipal Water System t o  Assure Control of Radionuclides - 
A Study of the Hanford Atomic Products Operation" was presented by R. L. Junkins 
a t  the 1960 Nuclear Congress. 

UNCLASSIFIED 
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-March 1960 - Mid-April 1960) 

Sample Ty-pe and Location 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
R i  chland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Hanford 
Pasco 
McNary Dam 
Vancouver, Washington 

Atmosphere 

113~ Separations Areas 
1 ~ 3 ~  Separations Stacks 
Active Particles - Project 
Active Particles - Environs 

Activity Monthly 
Average T;'Pe 

Isotopic 
Gross Beta 
Isotopic 
I sot opi c 
Gross Eta 

0.6 

5 02 
e 1.2 

9.4 x 10-8 

< 3.0 x 10-8 

Gross Beta 

I sot opi c 2.6 
7.0 x 10-9 .mt-rt 

Isotopic 2 07 

17 Isotopic 
Gross Beta 1.8 x 
Isotopic 0.4 

1.8 L O - ~ ~  
0 07 
2.2 
0.4 

Vegetation (Control limit for vegetation is 10-5 CIc 1131/g) 
Separations Areas 1131 < 1.5 x 
Residential 1131 < 1.5 x lo-' 

Eastern Washington and 
Oregon 1131 < 1.5 x lom6 

Fission Products less Gamma 
1131 - Wash. and Oreg, Emitters < 1.0 10-5 

Units - 

* The '$J ECGI is the percent of the maximum permissible limit for occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained in N E 3  Handbook 69. 

x-x The $ MPCGI is the percent of the maximum permissible concentrations for 
. persons in the neighborhood of controlled areas for continuous eqosure to 

the gastrointestinal tract calculated from drinking water limits contained 
in NBS Handbook 69. 

* T h i s  location is now sampled quarterly. The most recent result is tabled. 
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EXPOSURE EVAUTATIQN AND RECORDS 

Exposure Incidents above Permissible Limits 
Whole Body Localized 

April  
1960 t o  D a t H  

1 
1 

1 
3 

Gamma Pencils Paired Readings Paired Readings Lost 
Pencils 

Readings 
Processed 100-280 m r  Over 280 m r  

April  16,944 
1960 t o  Date 74,040 

273 
968 

4 
16 

0 
7 

Beta-Gamma Film B a d .  Readings Re ad ing s Lost Average Dose 
Badges Readings 

Processed loo-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet 
mrad( ow ) mr( s ~ 

April  14,962 
1960 t o  
Date 47 , 527 

Neutron Film Badges 

Slow Neutron 
April  
1960 t o  Date 

Fast  Neutron 
April  
1960 t o  Date 

Bioassay 

914 

3,855 

271 

829 

64 

191 130 11.35 20.0: 

Loss Film Readings Readings Readings 

Processed 50-100 m r e m  loo-300 m r e m  Over 300 m r e m  Reading: 

704 
4,274 

0 
1 

4 
57 

85 
841 

Plutonium: Samples Assayed 
Results above 2.2 x pc/sample 

0 
0 

2 
25 

0 
0 

0 
0 

April  1960 t o  Date 

688 2,878 
48 177 

Fission Products: Samples Assayed 638 

Results above 3.1 x 10-5 pc FP/sample 2 
2,776 

3 

Uranium: Samples Assayed 

Confirmed Plutonium Deposition Cases 

31-5 1,225 

5 1@ 

*his brings the t o t a l  number of plutonium deposition cases which have occurred 
a t  Hanford t o  254. 

*Reclassified t o  conform with new standards. 
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Uranium Analyses 

Sample Description 

Fuels Preparation 
Hanf ord Lab orat  or ie s 
Chemical Processing 
Chemical P r o c e s s h e  
Special Incidents - 
Random 

Follaring Exposure Following Period f No Exposure 
Units of LO+ pc U/CC Units of 10-9 pc u/cc 

Number Number 
Maximum Average Samples Maximum Average Samples 

64 18 3 *4 66 
30 I 2  3.4 

18 3 *2 57 
32 

1 
62 

7.1 

6.2 26 
18 5.1 
28 5.7 
14 1 4  1 7.1 

* Samples taken pr ior  t o  and after a specif ic  job during work week. 

Thyroid Checks 
Checks Taken 
Checks Above Detection Limi t  

Hand Checks 
Checks Taken - Alpha - Beta-gamma 

Skin Contamination 
Plutonium 
Fission Products 
Uranium 

CALIBRATIONS 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 

Total  

Personnel Meters 
Badge Film 
Pencils 
Other 

Total  

Miscellaneous Special Services 

Total  Number of Calibrations 

April  1960 t o  Date 
0 0 
0 0 

~ 8 , 3 4 6  
182,818 

35,274 
50,226 

21 
5 1  
1 

90 
166 
20 

Number of Units Calibrated 
A p r i l  1960 t o  Date 

939 
331 
821 
197 

2,288 

182 

4,172 

- 
- 

1,670 

19,174 - 
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LABORATORY AUXILIARIES OPERATION 
MONTHLY REPOm - APRIL, 1960 

GEMERAL 

Securi ty  performance f o r  the Operation was unsLitisfactory . w i t h  one violat ion 
during the month. 
a t o t a l  of  one violat ion.  

Safety perfornance of  the Operation was considered sat isfactory.  
no major in jur ies ;  the minor in jury  frequency rate was 3.94 which i s  considered 
about average experience. 

Year-to-date performance is'now the sane as las t  yesr w i t h  

There were 

TECHNICAL SHOPS OPERATION 

Total  productive time f o r  the month w a s  16,552 hours. 
hours performed i n  the Technical Shops, 2,419 hours assigned to Minor Con- 
s t ruct ibn,  225 hours assipped to other  pro jec t  shops, and 322 hours assigned 
to o f f - s i t e  vendors. Total  shop backlog i s  22,266 hours of which 60% i s  re- 
quired i n  the current month with the remainder d is t r ibu ted  over a 3-month 
period. 
the total  available hours. 

This includes 13,586 

Overtime hours worked during the month was 5.2% (1,196.8 hours) o f  

Distribution of time was as follows: 
Man-Hours $ of Total  

Fuels Preparation Department 1,579 9.5 
I r rad ia t ion  Processing Department 973 5 - 9  
Chemical Processing Department 1,139 6.9 
Hanford Labaratories Operation 12,728 76.9 
Construction Engineering & U t i l i t i e s  46 * 3  
Miscellaneous 87 ' 5  

Requests f o r  emergency service remained a t  a higher than average l e v e l  requiring 
an overtime r a t e  of 5.246. 
shor t  range nature of the requests will require an increase i n  the l e v e l  of the 
work assigned to subcontractors. 

Total  backlog decreased approximately 20$ but  the 

One machinist was added to the shop force and a requis i t ion f i l e d  for one 
addi t ional  .machinist. 
a welder who resigned and f o r  a stock and t o o l  a t t e n d a t  who was promoted to 
an engineering a s s i s t an t  job. 

Requisitions were also f i l e d  f o r  the replacement of  

Quotations offered i n  response to a request f o r  bids on several  major pieces 
o f  shop equipment were evaluated and recommendations furnished to the 
Purchasing Operation. 
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UNCLASSIFIED H-2 HW-64898 

RADIOGRAPHIC TESTING OPERATION 

A t o t a l  of 3,293 tests were made o f  which 1,082 were radiographic (including 
x-ray and gama-ray) and 2,211 were supplementary t e s t s .  
man-hours, 812 (35$) were i n  connection w i t h  radiographic tests, and 1,508 ( 6 5 $ )  
were used on supplementary tests. The supplementary tes t  work included; 
autoclave, borescope, eddy current, penetrant (fluorescent O.D. and I . D .  ), 
surface treatment (alkaline cleaning, pickling, and vapor blast ing) ,  and 
ul t rasonic  ( f l a w  detection, core integri ty ,  bond tes t ing,  and thickness measure- 
ment. 

The number of pieces handled t h i s  month to ta led  3,242 items, 
material represented by these items amounted t o  40,981 f ee t .  
components continues to account f o r  a large percentage o f  the footage of 
mater ia l  tes ted.  

Out o f  a total  of 2,321 

The f e e t  of 
Work on tubular 

Work was done fo r  17 different  orgmizs t ionnl  components representing most 
of  the operating departments and service organizations. 
were issued de ta i l ing  test findings with conclusions and recommended action. 
Radiographic Testing Operation was consulted on 28 different  occasions f o r  
adviee and information on general t e s t ing  theory and applications f o r  o ther  than 
the jobs tabulated i n  P a r t  I1 - Testing S t a t i s t i c s .  

A total  of 37 reports 

Development w r k  on the pickl ing of the  NPR process tubes has been i n i t i a t e d  
using short  lengths o f  tubing so t h a t  the ex is t ing  autcclsve in s t a l l a t ion  can 
be used. 
as a atop bath, 
chemicals. 
tubes received t h i s  month. 

Preliminary data using l i q u i d  ANN solutions appears to be sa t i s fac tory  
P r i o r  t o  %hi6 time the solutions were made up using cryetal 

Testing has been s t a r t ed  on nine additional Harvey NPR process 

F ie ld  work is  proceeding routinely with major e f f o r t  involving pressure vessel  
survey work, process vessel  fabricatibn, a d  PRTR s i t e  l i a i son .  
been placed for the  mobile laboratory truck chassis. 
w i l l  be completed by pro jec t  forces. 

An order has 
Out f i t t ing  the laboratory 

Testing of fue l  element sheath tubes is being extended t o  the examination of 
another zirconium alloy, Zr-4. 
received and t e s t i n g  has been started. 

The f irst  l o t s  o f  a 7,000 tube order have been 

Testing S t a t  i s t ics  
No.of Ft.of Weld No.of 

Component - Tests o r  Material Pieces Description 

CE&U 

CPD 

FPD 

482 241 482 Film in te rpre ta t ion  of  radio- 
graphs taken by weld-X-Corp o f  
California a t  PRTR. 

46 

16 

63 1 Radiograph welds on H-4 vessel. 

28 10 NPR Fuel Elements. 
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Testing S t a t i s t i c s  (Cont ' d. ) 

No.of Ft.of Weld No.of 
Component Tests o r  Material Pieces Description 
RLO 2,015 36,479 2,588 UO2 Pb p e l l e t  f u e l  element; Z r - 2  

clad U 0 2  rods w i t h  T.C; S . S .  clad 
UOe rods w i t h  T.C; Thermocouples; 
Zr-2 clad I and E f u e l  element; 
0.680" I . D . ;  Z r - 2  tube; 0.072" 
0 .D. ; Z r - 2  wire; TPU m a c h i n e d  
rods; RndiogrAph developmen$ f u e l  
rods; Plm ftibrication and develop- 
ment program; Rsdiogrqh thermo- 
couple lezds f o r  location i n  iron 
oxide; Rdiograph welds on "Y" 
header; 0.033" w z l l  x .505" I . D . ,  
S.S. tubes; 0.680" I . D . ,  Zr-4 tubes; 
1-1/4" O . D . ,  S.S. tubes PRTR tubes; 
0.505" I .D . ,  Z r - 2  burs t  smples ;  
TPU f u e l  rods. 

P D  734 4,169 161 Radiograph welds on t e s t  bench pressure 
vessel; Radiograph flange welds f o r  
KAPL 12-Loop - 105-H Bldg.; NPR Z r  
tubes ; NPR development; Ultrasonic 
thickness measurement ; pres sure vessel  
survey 100-F Area. - - - 

To t a l  3,293 40,981 3,242 

CONSTRUCT ION OPE RAT ION 

There were 53 ex is t ing  J. A .  Jones Company orders a t  the  beginning o f  the month 
with a t o t a l  unexpended balance of $262,004. Fifty-three new orders, 7 suppie- 
ments and adjustments f o r  underruns amounted t o  $74,196. Expenditures during 
the month on HLO work were $182,769. Total  J. A. Jones backlog a t  month's end 
w a s  $153,431. Fifty-seven orders were closed out  during the  month. 

Summary 
HL CE&U 

Une xpende d Une xp en de d 
7 No. Balance - No. Balance 

Orders outstanding beginning of month 47 $ 21'1,998 6 $ 49,006 
P Issued during the  month (Inc .Sup. & AdJ . ) 

J.A. Jones Expenditures during month (Inc. C.O. Costs) 120 2 917 61,852 

12,154 4 
Balance a t  month's end 45 141,277 
Orders closed during month 55 64,591* 2 51,071 

25>000 53 49,196 

* Face Value of Orders Closed 
I 2 4 0 2 9 1  UNCWSIFIED 
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All but  one of the 17 major pieces of equipment are now i n  t h e  306 Building 
Addition (Project CA-744). 
and/or vendor in s t a l l a t ion  engineers. The e l e c t r i c a l  buses were energized 
on 4/11/60 and everything was ready fo r  the in s t a l l a t ion  engineer from the  
B l i s s  Company f o r  the TOO ton press  on Mar 3. 
56.60% complete on t h i s  project .  

Ten of these are ready f o r  acceptance t e s t s  

J. A. Jones work is now a t  

The lump sum sub-contractor t o  J. A. Jones has completed the p las te r ing  on 
the 2nd f loor  and the two concrete block w a l l s  on the 1st f loor  of the  308 
Building (Project CA-747). The oxide hoods were s e t  i n  moms 208 and 210 
by Jones forces and connection to the hood exhaust system i s  i n  progress. 
All motor control centers have been set  and bus duct i n s t a l l a t ion  is 504 
complete. 
complete. 

Cryolite hood piping i s  cowle te  and e l e c t r i c a l  about 85% 

FACILITIES ENGINEERING WERATION 

Pro jec ts  

There were 17 authorized pro jec ts  a t  month's end w i t h  to ta l  authorized f'unds 
of $6,358,765. The total  estimated cost  of these pro jec ts  i s  $8,227,765. 
Two project8 were completed and one new pro jec t  was  authorized during the 
month. One pro jec t  proposal was subrnittted to  t h e  Commission. 

The following summarizes the s t a tus  of RLO projec t  ac t iv i ty :  

Number of authorized pro jec ts  a t  month's end: 17 

Number of new pro jec ts  authorized during the  month: 
CAH-888, Biology Laboratory Improvements 

1 

Projec ts  completed during the month: 2 
CAR-848, Geological & Hydrological Wells, FY-1959 
CGH-801, X-Ray Diffraction Cell, 327 Building (cancelled) 

New pro jec t  proposals submitted to AEX during month: 

New pro jec ts  awaiting AEC approval; 

1 
CGH-896, Stress-Rupture Testing F a c i l i t y  

2 
CGH-832, F u l l  Scale Physical Constants Testing Reactor 
CGH-874, Consolidation of Plutonium Metallurgy F a c i l i t i e s  

The attached p ro jec t  report  de t a i l s  the s t a tus  of  individual pro jec ts .  

UNCLASSIFIED 
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Engineering Services 

Engineering work performed during the month included the following l i s t e d  
major items as well as scope engineering for  project  proposals. 
m r k  included the Field Servicing Center f o r  Atmospheric Physics. 

The proposal 

T i t l e  - Status  

329 Building Cooling Problem P a r t  of the materials are available and 
f i e l d  work was s ta r ted .  

E lec t r ic  Hoist - Graphite Shop - 
3730-C Building hois t  and r a i l s .  

Procurement was i n i t i a t e d  f o r  crane, 

Refrigerated A i r  Conditioning procurement was i n i t i a t ed .  Unit is 
Room 130 - 146-FR Building scheduled f o r  i n s t a l l a t ion  during May. 

Pressure Vessel Study This i s  a continuing work program in- 
volving vessels and systems and safety 
devices. 

Coaxial Cable Between 325 and 329 
Buildings 

F ie ld  work has s tar ted.  

Additional Improvements to A i r  
Supply - Rooms 204 and 206 - 
3706 Building 

Laboratory Furnace Ins ta l la t ion  
Room 39-B, 326 Building 

Alterations to Negative Ion 
Accelerator - 3745-A Building 

Glove Boxes - 325 Building 

Equipment fo r  C r i t i c a l  Mass Studies 

Revision to Drain System - Truck 
Access - 325 Building 

Study Potable and Process Water 
System - 325 and 329 Buildings 

F i l t e r s  are  being procured. 

Engineering complete. 

Work review approval has been received. 
Design de ta i l s  have been submitted fo r  
estimate. 

Engineering design i s  progressing. 

Procurement specification i n  preparation 
f o r  proposed thermatml drive. De- 
t a i l  design i s  about 25% complete. 

Design and cost estimate completed. 

Work i n  progress. 

UNCLASSIFIED 



UNCLASSIFIED H-6 RW-64898 

T i t l e  Status  

Hot Water Tank - 108-~ Building The ex is t ing  tank is  being repaired 
f o r  operation. 

F i r e  Detection System - 314 Building Fie ld  work t o  s tar t  during May. 

C r i t i c a l i t y  PUarm - 300 Area F ie ld  work to s t a r t  during May. 

Drafting and Design Services 

Work load i s  constant with heavy backlog. 
Buildings a re  busy w i t h  steady work loads. 
been performing an increasing amount of work fo r  the recycle program. 

Branch of f ices  i n  306 and 308 
The cent ra l  d raf t ing  mom has 

Major 

1. 
2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 

11 
12. 

design and draf t ing  work i n  progress includes the following: 

P€U'R Gas Loop - In-Reactor (17 drawings - 100% complete). 
Break away Cormsion Loop (6 drawings - 50% complete). 
Special  Tools  - Scope - High Level U t i l i t y  Cel l  - 327 Building. 
PRTR Fuel Element Rupture F a c i l i t y  - Scope. 
PRP C r i t i c a l  F a c i l i t y  - Service piping, weir, shielding block, and 
s s fe ty  rods. Work complete. 
Loading Dock Enclosure - 321 Building (approximately 90$ complete). 
A, B, and G Hand md Shoe Counter - (approximately 16 drawings - 13 
drawings completed). 
Ultrasonic Test Tank - (8 drawings required - 30$ complete). 
Physical and Mechmicsl Properties Test  C e l l  - 327 Building - Equip- 
ment Scope (6 work sheets completed). 
Extrusion Tools f o r  TOO Ton Press (8 drawings required - 6 bawings 
completed). 
Hood design f o r  pyro-chemical work (5O$ complete) e 

"In-Pile" Test Loop - "C" o r  "K" Reactor (12 drawings required - 
6546 complete) 

In  addition to the above work, miscellaneous small design-drafting jobs are i n  
progress including Pro jec t  CG-681 "As-Bu i l t "  work. 

Approximately 165 drawings including sketches, work sheets, and formal drawings 
were completed during the month of April.  

Maintenance and Building Engineering - Landlord Functions 

Costs: February - $ 152,204 
March - $ 131,404 
Total  through March - $1,212,973 

Analvsis of' Costs 

A t  the  beginning o f  t h i s  month, some o f  the funds were restored t o  the  budget. 
T h i s  increased the t o t a l  from $1,457,700 to $1,525,700. 
and the corresponding forecast ,  the  expenditures to date are 79.5% of the 
budget, md lOU.5$ of the forecast  t o  date. 

Using the  new budget 

UNCLASSIFIED 
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Imp rovernent Main tenmce 

Item - 
Heating & Ventilation Correction 
Relocation & Alteration 
Pa in t  
E lec t r i ca l  Lmpmvements 
Lighting 
Crane Ins t a l l a t ion  
Miscellaneous 

March - 
$ 4,038 

2,037 
0 

- 698 
0 
0 

397 

FY to March 

$ 66,411 
34,381 
11,736 
1,342 

413 
24,910 
2,174 

Total' $ 5,774 

Miscellaneous 

$ 141,367 

Approximately 20,500 square feet of  p r i n t s  were reproduced during the month. 

The to ta l  estimated value of the 12 requis i t ions issued during the  month wzs 
$51000. 

TECHNICAL INFOBMATION OPERATION 

Late l a s t  year ROO Securi ty  asked HAPO to i n s t i t u t e  new controls on the o f f - s i t e  
d i s t r ibu t ion  of c lass i f ied ,  non-categorized, informal reports  prepared primarily 
f o r  i n t e rna l  HAPO use, but  which receive some l imited o f f - s i t e  dis t r ibut ion.  
These controls required t h a t  every non-categorized c lass i f ied  document intended 
f o r  o f f - s i t e  d i s t r ibu t ion  be cleared through the AEC and a spec ia l  mailing address 
be used. 
Pract ices  and Procedures, t h a t  the whole problem be again reviewed with HOO 
Securi ty  i n  an attempt to abolish the new procedure which appears i n  some 
instances +a provide l e s s  secur i ty  con tml  than the  procedure used by HAPO 
fo r  many years and ce r t s in ly  introduces delays i n  the  release of information. 

A suggestion has been forwarded t o  the HAPO Special is t ,  Security 

Revisions t o  the "Proposed Guide t o  Atomic Weapon Data a t  Hanford", HW-63726, 
were recommended by HOO. 
views were forwarded to ROO. 
was scheduled fo r  the purpose of reconciling differences of in te rpre ta t ion  o f  
cer ta in  of the topics  proposed i n  HW-63726. 

The recommended revisions were reviewed and the HAPO 
A t  month's end a meeting o f  HAP0 and HOO personnel 

A l l  current ly  avai lable  NPR c lass i f ica t ion  guidance was compiled in to  a 
s ingle  document, m-64809, and d is t r ibu ted  t o  the f i e ld .  

Authorization was obtained to proceed with the  design and in s t a l l a t ion  o f  the  
PRP C r i t i c a l  F a c i l i t y  on an unclassif ied basis. 
f i ca t ion  of "operation" of the f a c i l i t y  was withheld pending the  outcome of 
current AEC s tudies  of plutonium c lass i f ica t ion .  

However, a decision on c lass i -  

UNCLASSIFIED 
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Topics covering the NPR were incorporated. i n  the Hanford Classification Guide. 
Several other  changes were also made i n  the guide to bring it up-to-date. 
t o t a l  of  seventy pages were revised. 

Three Classification Information bul le t ins  were dis t r ibuted t o  HAP0 personnel. 
The bul le t ins  are en t i t l ed ;  

A 

"NPR Fuel Elements'' 
"Tr i t i um"  
"Material f o r  Unclassified. Projects" 

A memo was received from the AEC se t t ing  for th  new c r i t e r i a  f o r  the c lass i -  
f ica t ion  of plutonium. 
the isotopic content of production grade plutonium, but it i s  d i f f i c u l t  t o  
see how the instructions provided will do t h i s .  
of plutonium c lass i f ica t ion  (HW-64799) was dis t r ibuted to EAPO personnel having 
a d i rec t  i n t e re s t  i n  the problem. 
t o  c l a r i f y  the e f f ec t  of the new c r i t e r i a  on cer ta in  unclassified pmgrams 
a t  HAFO, e,g. PRTR. 

In  February F i l e s  announced t h a t  it would no longer send clerks t o  individual 
of f ices  t o  c lear  and re-mute the document holdings of employees who are  
terminating o r  t ransferr ing to a new assignment. 
we have agreed t o  provide assistance i n  terminations and t ransfer  s i tuat ions tha t  
cannot be handled i n  any other way. 

The intent  apparently i s  to safeguard information on 

A memo covering the s ta tus  

Unfortunately, it has not been possible yet 

A s  a r e su l t  of some inquiries,  

Considerable time w a s  spent during the month studying the poss ib i l i t y  of auto- 
mziting the issuance and dis t r ibut ion of documents from Fi les .  It appears t h a t  
machine equipment i s  available which will permit simultaneous generation o f  
F i l e  Record Cards, of f - s i te  receipts,  the on-site routings, the index cards 
f o r  use i n  the catalog, and copy fo r  the Weekly L i s t  of Additions to The 
F i les ,  and a number of other records. 

Work Volume S t a t i s t i c s  

Document Distribution and F i l e s  

Documents muted and discharged (copies) 
Documents issued (copies) 
Documents sent o f f - s i t e  (copies) 
Document reserves f i l l e d  (copies) 
Documents picked up and delivered 

Document Accountability 

Holders of c lass i f ied  documents whose f i l e s  

Documents inventoried i n  F i l e s  (copies) 
Documents destroyed o r  r e t i r ed  (copies) 
Documents revised (copies) 
Documents pulled and documents f i led (copies) 
Documents rec lass i f ied  
Accountable copies of SECRET and DOCUMENTED 

were inventoried 

CONFIDENTIU, documents on-site 

March April 

14,969 18,297 
12,127 10,054 

810 844 
6,047 3,821 

19,775 19,470 

409 609 
19,500 11 777 
4,361 2,973 

58 5 1,350 
11,486 13,274 

274 460 

205,935 207,673 

UNCLASSIFIED 
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A p r i l  

140 
259 

125 
95 
302 
8 

325 
31 

292 
59 

2,082 
3,208 

a2 
32 
93 
81 

March 

276 
276 
120 
76 
327 
7 

624 
27 

Reference and Publication 

Books cataloged (new t i t l e s )  
Books added t o  the collection (volumes) 
Ready reference questions answered by 
- professional s t a f f  
Li terature  searches by professional 
Reports abstracted ( t i t l e s )  
Formal reports prepared ( t i t l e s )  
Off-site requests f o r  HAP0 reports 
Reports released to CAP ( t i t l e s )  

staff 

( cop i e  

Library Acquisitions and Circulation 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals c i rculated (issues) 
Inter-Library loans 
Films borrowed o r  rented 
Indus t r ia l  f i lm showings 
Bound per iodicsls  added to  the collection 

(Feb. & Mar.) 

108-~ Library Ind. Med. 

Library Collection: 

Main Librarr  

Nb. of books 29,223 
Total 

41,207 

15,017 

W - 1 0  Library 

8,381 1,591 2,012 

1,431 96 
No. of bound 

periodicals 13,489 1 

56,224 

4 

46 

6 

- 
42,712 8,382 

Classif icat ion and Declassification 

Documents, including drawings and photographs 
reviewed f o r  downgrading o r  declassif icat ion 45 
Documents and papers (intended f o r  o r a l  
oresentation o r  publication) reviewed f o r  

41 

1 3  

.c 

appropriate c lass i f  i cs t ion  

Documents submitted t o  Declassification 
Branch, Oak Ridge 

1 2 4 0 3 0 3  
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FROFESSIONAL PLACEMEXVT AND 
RELATIONS PRACTICES OPERATION 

MONTHLY REPORT 

GENERAL 

As of April 30, 1960, the staff of Hanford Laboratories totalled 1304 employees, 
including 620 exerupt and 684 nonexempt. There were 528 employees possessing 
technical degrees, including 313 B . S . ,  114 M.S. and 101 Ph.D. 

HEALTH, SAFETY AND SECURITY 

The medical treatment frequency for April was 1.68 as compared to 2.01 last 
month. 
for the year to date to 9. 

There were 3 security violations during the month, bringing the total 

An employee of Plutonium Metallurgy Operation sustained a puncture wound from 
a Plutonium sliver. The contaminating source was removed and he was held for 
a 24-hour observation at Kadlec Hospital. 

The revised 300 Area Emergency Plan was issued to all exempt personnel and 
a phamphlet concerning the plan was issued to every employee in the 300 Area. 

PROFESSIONAL PUCEbENT 

Three offers were extended to Ph.D. candidates, and 1 offer was accepted by 
a Ph.D. pharmacologist, A t  month's end there were 4 open offers, including 
2 to ceramic engineers, 1 to a statistician, and 1 to a metallurgist. Recruit- 
ing at the American Physical Society Meeting has developed several Ph.D. 
Physics candidates who w i l l  be invited to visit Richland for interviews. 

Recruiting for the Technical Graduate Program w i l l  be completed during early 
my. There are currently 74 acceptances for program assignments, including 
16 electrical engineers, 25 mechanical engineers, and 10 physicists. 

Four Technical Graduates were added t o  the program, and 12 accepted permanent 
assignments during April. At month's end there were 39 Technical Graduates, 
including 10 employees of the Engineering and Science Program assigned to 
program rolls e 

TRAINING 

Two courses in Applied Creativity were continued during April, and 1 class was 
initiated in "Business Operations in our Changing Environment." 

COMMUNICATIONS 

Filming of the KLO portion of the television show on Jobs at Ranford was commenced 
late in the month. The show is scheduled for m y  19 on KEFR TV. 

l 2 u 3  \ 2 UNCLASSLFIED 
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COMPENSATION 

The New Nonexempt Salary Plan was implemented during the month. 

Manager 
Professional Placement 
and Relations Practices 

TG IrPlrshal1:Imh 

HW-64898 
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TBBLT3 I1 NONEICEIPT EMPLOYPENT 

Nonexempt Emplomnt Status M n .  A p r i l  
Requis i t ions  Wansf e rs  

Nonexempt Transfer Requests lkr. A p r i l  

74 

4 1 

4 8 

6 1 

11 28 Active cases a t  end of mo. 68 A t  end of month 

Cancelled 2 1 Cancelled 

Received 18 25 New 

Fi l led  LO 7 Eff e cfed 

1 2 4 0 3 1 4  
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c -  Technical Graduate and Technician Training Program 
Month ending Apri l  30, 1960 

I 2 4 0 3 1 L  

TG Program 

Number of Personnel on Assignment (HAP0 Tech Grad Program.. ....... 29 
(Western D i s t r i c t  E. P. ........ 10 

39 

Distribution of Assignments by Departmnts 

HLO 
CE&UO 
FPD 
IPD 
CPD 
c&Ao 

Distribution of Assignments by Function 

R&D or  Engineering 
Other 

17 
2 
1 
15 

3 
1 

30 
9 

m-64898 

TT Program 

5 

5 
0 
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FINANCIAL OPERATION MONTHLY REPORT 
~ I L  1960 

Per some1 

M r .  A. J. Scott was transferred from Chemical Research and Development Operation 
t o  f i l l  the  posit ion of Specialist  - Measurements. 

Act iv i t ies  

GENERAL ACCOUNTING 

S t a t i s t i c s  on the  number of t r i p s  s ta r ted  i n  FY 1960 as compared with FY 1959, 
a re  shown below. The number s tar ted in the  first six months of FY 1960 exceeded 
the  year ea r l i e r  period by l3$, however, during the  last  four months (January 
through April 1960) the  number s ta r ted  has declined from the  year ea r l i e r  leve l .  
Totals fo r  the first t e n  months of the  two years are almost ident ical  (1,044 t o  
1,048). 
t o t a l  number of t r i p s  i n  M 1960 w i l l  probably not vary s ignif icant ly  from 
FY 1959 experience. 

Activity during May and June 1960, is expected t o  increase, but the 

Number of Trips Started 
!22%2 FY 1960 

July - December 
January 
February 
March 
April 

Total 

527 
104 
96 
153 
164 iaz 

605 
95 
100 
88 
160 iaa 

Ekpenditures for  equipment i n  April were low since no large items were received 
during the month. 
coupled with planned accruals a t  the end of May w i l l  r e f l e c t  a substant ia l  expen- 
d i ture  fo r  the month. Ekpenditures and c o d t m e n t s  a t  April 29, 1960 a re  shown 
below by Program. 

Several larger  i t e m s  are scheduled fo r  May delivery. This 

Program 

2000 

4000 
3000 

5000 
6000 

Totals 

Commitments Ekpenditures 

$830 810 $ 941 930 
18 323 30 586 
79 036 203 816 
24 240 12 658 
26 518 61 947 

$978 927 $1 250 939 

Total expenditures for FY 1960 are  expected t o  exceed our present a l locat ion by 
approximately $70,000. 
fu-rLds w i l l .  be avsi?Lat.le t~ c w e r  the overrun. 

We have been assured by Contract and Accounting that 

1 2 4 0 3 1 1  UNCLASSIFIED 
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Effective with April business, Property Accounting assumed the responsibi l i ty  of 
determining taxabi l i ty  of purchase requis i t ions covering material being charged 
d i r ec t ly  t o  Cost. Taxability w i l l  be indicated on the purchase requis i t ion.  

A recent memorandum issued by the  AEC rec lass i f ied  reactor grade graphite and 
niobium fsom special  reactor materials t o  s tores .  
w i l l  be revised t o  r e f l e c t  t h i s  change i n  c lass i f ica t ion  i n  the near future.  

The Property Management Manual 

SS Material custodians were requested t o  submit t h e i r  material forecasts for 
Diversions Inside Production Channels f o r  the f i r s t  and second qyarters of FY 1961. 
In general, t h i s  means material  i n  a c t i v i t i e s  remaining within production channels 
but diverted from the  normal flow or  process streams e i ther  fo r  development or 
fo r  d i rec t  production use. 

Reconciliation of the  physical inventory of movable cataloged equipment i n  custody 
of Reactor and Fuels R&D continues. A l i s t i n g  showing unlocated i t e m s  was submit- 
t ed  t o  the Manager, Reactor and Fuels with a request that the items be physically 
located or  that a Missing Property Report be prepared. 
were items valued a t  $2,462 procured with Project Whitney funds. 

( 

Included i n  the l i s t i n g  

The physical inventory count of movable cataloged equipment i n  the custody of 
Chemical R&D Operation i s  complete and the reconci l ia t ion i s  i n  progress. 

Forty-two items valued a t  $16,291, were received a t  the Laboratory Equipment Po01 
during April.  
requis i t ions and one item was withdrawn by the custodian. 
valued a t  $108,000, currently located i n  the storage area.  

Quarterly inventory reports  fo r  the quarter ending March 31, 1960 were received 
from a l l  HLO custodians of "Other Special Materials". 
ventory reports  with Financial records i s  i n  progress and upon completion a report  
of r e s u l t s  w i l l  be issued. 

Three items valued a t  $448 were loaned i n  l i e u  of placement of 
There a re  233 items, 

Reconciliation of the in- 

Relocation of the  badge house and fence a t  100-F Area placed cer ta in  property which 
was formerly the  responsibi l i ty  of IPD outside the  100-F perimeter. 
valued at  $31,996, ident i f iab le  w i t h  HLO, was transferred from IPD during the month. 
The t ransfer  which consisted of paved areas, fences, underground sprinkler system, 
sewer l i n e s  and general land grading required establishing f ive  new plant accounts 
within HLO t o  record the  t ransfer .  

Property 

COST ACCOUNTING 

The Hanford Laboratories operating cost control budget for  April reporting was 
adjusted as follows: 

(Amounts i n  Thousands) 

4000 Program 
Plutonium Recycle Program 
GCR - Reactor Graphite 

(GETR i r radiat ions)  
Specific Fuel Cycle Analysis 

Adjustment New Total 

$109 $ 5 579 

328 
78 
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(Amounts in Thousands) Ad justmen5 New Total 

5000 Program 
Isotopic Analysis 
(Equipment Reduced $15,000) 

6000 program 
Biological Research 
Biophysics Research 
Instrumentation 
Ehvironmental Sciences 
(Equipment Reduced $2,000) 

Charges to Other Departments 95 1 886 

Transplutonic Elements (Fab . & R&D) (226) 175 

DMA - Pu 240 Elements 350 350 

Special Materials Inventory - 46 104 
Total Hanford Laboratories $282 - - $24 875 

Information was received from HOO-AEC that a procurement directive in the amount 
of $ll,3OO is being issued by the San Francisco Operations Office to support the 
Fiscal Year 1960 portion of Hanford Laboratories' participation in this m e r ' s  
Project Chariot. 
two weeks; personnel will depart for Alaska about May 20, 1960. 
ization of $30,200 will be requested to support the costs of this work during the 
early months of Fiscal Year 1961. Total authorization w i l l  be $41,500 in support 
of incremental costs; full cos ts  of participation are estimated at $100,000. 

The procurement directive is expected locally within the next 
A f'urther author- 

A new program code was established during the month for: 

.25 DMA. Elements Fabrication - 2000 Program Production 

The quarterly report listing Hanford Laboratories plamed expenditures of $5,000 
or more for each item of material, off-site contract and prototype procured for 
Research and Development programs during the balance of Fiscal Year 1960 was pre- 
pared and transmitted to Contract and Accounting Operation. 
for the 2000, 4000, and 6000 Programs were $138,000, $372,000, and $7,000, 
respectively. 

__. 

The totals reported 

At the request of the Manager - Radiation Protection, Fiscal Year 1959 operating 
costs at HAP0 generated by radiation and safety activities were compiled for in- 
clusion in the pre-print material for the Division of Production's submission 
during the forthcoming Joint Cormnittee on Atomic Energy Hearings on Radiation 
Protection Standards. 

New Time Distribution Repcrt forms were designed fcr exempt and salaried employees 
of the work order servicing organizations, in order to provide cost-to-date inform- 
ation on Monday following the preceding work week which is several days earlier 
than under the preceding system. 
and the m w  procedure eliminates using the back of the weekly time card for time 
distrib~A.ior. Meetir=gs were arracged with representatives of the participating 

\ 

Reporting period is now Friday through Thursday 

I 2 u l 3  I 9  UNCLASSIFIED 
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organizations t o  explain the d e t a i l s  associated with t h i s  procedure. Effective 
date fo r  the change-over was April 11, 1960. 

Action as indicated occurred on the following projects  during the  month: 

New Funds Authorized Hanford Laboratories CAH-842 Cr i t ica l  Fac i l i ty  $192 ooo 

(800 1 
30 ooo 

CAH-878 

CGE-888 Biology Laboratory Improvements 

Additional Fac i l i t i e s  for  Isotope Study 
On Animals, 141-C Building Addition 

Physical Completion Notices Issued 
CGH-801 X-Rey Diffraction Cell 
CAH-827 Automatic Columbia River Monitoring Station 

Construction Completion and Cost Closing Statements Issued 
CAH-828 Central Storage Faci l i ty ,  300 Area (AEM Services Only) 
CGH-829 Building 325 Basement Improvements 

Miscellaneous capi ta l  work order f’und al locat ion was increased $3,000 for a new 
t o t a l  of $138,000, by Contract Accounting during the  month. Bcpenditure of all. 
available funds has been authorized. Close l i a i son  i s  being maintained with 
F a c i l i t i e s  Engineering t o  assure maxFmum expenditures without exceeding the 
al locat ion.  

Payroll S t a t i s t i c s  

Nu?nber of HLO Ehployees 
Changes During Month Total 

Fmployees on Payroll a t  Beginning of Month 1 300 Additions and Transfers i n  18 

14 Removals and Transfers out - 
1 304 - Einployees on Payroll a t  End of Month 

Non- 
Bernpt ESrempt 

618 682 
10 8 

6 8 - - 
620 - - 684 

Overtime Payments W i n g  Month 

Exempt 
Nonexempt 

Total 

Gross Payroll Paid During Month 

Exempt 
Nonexempt 

Total 

March Apr il 

$ 4 205 $ 4 291 
13 290 10 568 

$17 581 

$530 566 
3 2 2 2 3  

$525 934 

$852 188 $ 9 3 o O o 4  

326 254 

1 2 4 0 3 2 0  
UNCLASSIFIED 
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Participation in Eknployee Benefit 
Plans at Month End 

Pension Plan 
Insurance Plan 
Personal Coverage 
Dependent Coverage 

Stock Bonus Plan 
Savings Plan 
Savings & Security P l a n  

U.S. savings Bonds 

Insurance Claims 
Ehployee Eknef it s 
Life Insurance 
Weekly Sickness &Accident 
Comprehensive Medical 
Dependent Benefits 
Comprehensive Medical 

Total 

Good Neighbor Fund 

Number Part i c ipat ing 
Percent Participatilzg 

April 
Number Percent 

1 155 99.5 

1 300 99.8 

79 39.9 
7.0 

88 .O 
91 

1 021 

926 

April 
Number Amount 

0 
2 100 

12 863 

0 $ 
30 

125 

188 10 443 - 
$25 406 343 - 

April 

915 
70.2 

March 
Number Percent 

1 136 99.5 

1 292 99 *8 
926 

3941 
6.8 

88.7 

78 
89 

1025 

March 
Number Amount 

0 
1 539 
4 238 

0 $ 
29 
62 

g - 
March 

917 
70.5 

Manager I$& - Finance 

W Sa1e:bk 



UNCLASSIFLED K- 1 HW- 64898 

INVENTIONS OR DISCOVERIES 

All persons  engaged in work that might reasonably be expected t o  
r e su l t s  in inventions o r  d i scover ies  advise that, to  t he  best  of t he i r  knowledge 
and belief, no inventions o r  d i scover ies  w e r e  made in the cour se  of the i r  
work during the period covered by this  repor t  except as listed below. Such 

persons  fur ther  advise that, for  the period therein covered by this  repor t ,  
notebook records ,  if any, kept in the cour se  of the i r  w o r k  have been 

examined f o r  possible inventions o r  discoveries  ~ 

INVENTOR 

J. J. Hauth, R. J. Anicetti,  
W. E. Roake and D. W ,  Br i t e  

W. I. Steinkamp 

TITLE O F  INVENTION OR DISCOVERY 

High Density Ceramic  Fue l  Elements .  

Field of Resis tance Project ion Welding. 

R,  J. Sloat and J. Dunn A Means for  Reducing Bearing Wear  
in Canned Motor Pumps.  

G, A. Nicholson, A. M, Plat t  
and W.  J. Car l son  Solids Contactor 
R. W. Stromatt  and W.  L. Lyon 

A Continuous C ount e r cur rent  Liquid - 

A Means for  Reducing the Oxygen 
C ont e nt of No n- S t oi c hiome t r i c "Uranium 
Dioxide". 
Methods for Separating Uranium and 
Plutonium and f o r  Incorporating 
Plutonium in Uranium Dioxide, 

G .  E. Benedict and W. L. Lyon 

R. T .  Allernann P r o c e s s  Technology: Elimination of 
Cracks  and Preferen t ia l  F r a c t u r e  in 
Compressed Powder  Pellets by 
Vibration (HW- 648 6 1). 

1 2 r r 0 3 2 2  
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