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SUMMARY 
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BUDCETS AND COSTS 

Fisca l  year to-date costs  are $9,626,000 a t  the  end of January or  54% of t he  
$17,940,000 of t h e  FY 1958 mid-year R e v i e w  Budget as adjusted t o  r e f l e c t  
changes received from the  Product Departments. 
showed a s l i g h t  reduction from December. 

January cos ts  of $1,418,000 

Cost-budget re la t ionship of t h e  t o t a l  of 2000 Program Research and Development 
appears t o  be i n  order; however, some adjustment of personnel assignments must 
be made t o  keep the  i n d i v i d u  authorizations in balance. 

From a budget standpoint,  plutonium recycle research and development costs  
a r e  44$ of the  budget; however, t he  latest f inanc ia l  plan from HOO-AEC provides 
$500,000 less than the  current budget. 
are 5% of t h e  f inanc ia l  plan.  
in regard t o  our request t o  have the  $5OO,OOO cut i n  plutonium recycle funds 
res tored .  

Taking this in to  consideration, costs  
No information has been received from HOO-AEC 

Process technology cost-budget re la t ionships  also indicate  fu r the r  adjustment 
w i l l  be required i n  the  work performed f o r  IPD and CPD. 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

Authority t o  proceed with Plutonium Recycle Test Reactor (PRTR) procurement 
and construction is expected momentarily. 
s t ruc t ion  f a c i l i t i e s  and Phase I of t he  reac tor  construction have been pre-  
pared. 

Bid packages f o r  temporary con- 

During the month funds i n  the  amount of $ 3 . 3  M w e r e  authorized for E-1958 
procurement and construction expenditures and-commitments on t h e  Plutonium 
Fabrication P i l o t  P lan t .  
E lec t r i c  Company f o r  expenditures and commiFments d i r e c t l y  managed by the  

Of this sum $1.9 M was transmitted t o  the General 

company. 

Encoding of t he  IBM-650 f u e l  economics program i s  virtually completed. 
program w i l l  be used i n  conjunction with the Generalized Plutonium Recycle 
Analysis (GPR) program. By inse r t ing  appropriate physics constants f o r  a 
pa r t i cu la r  reactor  i n t o  the GPR and by inser t ing  de ta i led  fue l  and f u e l  pro- 
cessing cost  estimates i n t o  the  economics program, t h e  economics of the 
reactor  under study can be completely analyzed. 

This 

An element of question concerning reactors  of t he  NPR type i s  the  r a t e  of 
f i lm  buildup on t h e  r i v e r  water s ide of river-water high temperature- 
deionized-water heat exchangers. After f i ve  months operation under somewhat 
l e s s  severe conditions than might obtain inanNPR system, an exchanger under 
t e s t  a t  1706-KE has not shown a decrease i n  neat t r ans fe r  coef f ic ien t .  
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A four-tube production t e s t  was completed i n  which standard 1245 aluminum 
alloy clad fuel  elements were alternated with fuel  elements identical  
except fo r  an autoclave treatment wi th  1% chromic acid. 
losses of  the lat ter were l / 3  t o  1/5 those of the standard elements. 

Maximum weight 

The Superior Tube Company shipped 22 ribbed, B-D-F, Zircaloy-3 process 
tubes during January. lmproved dimensional tolerances and reduced r ib  
twist were evident from an analysis of Superior's inspection report. 
eight tubes received from Superior i n  November were delivered t o  I P D  for  
instal la t ion in-reactor . 

The 

Two Pu-A1 alloy specimens have been discharged from M I 3  without incident 
a f t e r  an estimated burnout of 6@ of the original Pu atoms. 

Examination of three cored, insulated fue l  elements irradiated t o  620 W / T  
revealed near c o q l e t e  closure of the core void, again demonstrating that  
f iss ion gas swelling occurs at  high uranium t eqe ra tu res .  

The f eas ib i l i t y  of using unsintered U02 powder as a reactor fuel  is  being 
investigated via MlIR irradiation of two Zircaloy clad, 1" x 6 " ,  enriched 
U02 powder fue l  elements. 
since charging on January 20. 

The irradiations have proceeded uneventfully 

Cold compaction and hot extrusion of blended UO 
extrusions of good surface quality and 9% of tgeoretical  density. 
swaging of similar mixtures i n  s ta inless  s t ee l  jackets gave 9% of theoret i -  
ca l  core density. 

and Al powders have given 
Cold 

Using an electron beam gun, the high temperature behavior of U02 was observed. 
Sintering and rapid sublimation occurred but melting did not. 
w a s  consistent with deductions made on examination of U02 capsules irradiated 
at high core temperatures. 

This behavior 

Irradiation tes t ing  of metallic uranium, rod cluster fuel asseniblies fo r  NPR 
use has included (1) a four.-rod Zircaloy-2 clad cluster  irradiated i n  the 
MCR t o  680 MWD/T, (2) a four-rod s ta inless  s t ee l  clad cluster irradiated i n  
the MCR t o  550 MWD/T, and ( 3 )  a four-rod, stainless s t ee l  clad cluster  s t i l l  
under irradiation in  KER-3 Loop a f t e r  ca. 900 MWD/T exposure. 
fa i lure  occurred; s l ight  dimensional changes occurred i n  isolated instances. 
Corrosion tes t ing of co-extruded, Zircaloy-2 clad, four-rod cluster assem- 
b l i e s  is  i n  the fina.l stages preparatory t o  i r radiat ion in KER-1. 

No w a r p  or 

2 .  Chemical Research and Development 

A carefully integrated study between laboratory research and p i lo t  plant 
ac t iv i t i e s  on the Purex Plutonium Anion Exchange Process showed d i f f icu l ty  
might a r i se  fromthe ra te  at  which Dowex-1 could be mechanically moved 
around the moving bed prototype uni t .  Laboratory resul ts  showed Pernutit SK 
resin t o  have good capacity and elution characterist ics.  
plant tes t ing proved this new material would mechanically move with relat ive 
ease and as a resul t  the Purex plant prototype ion exchange unit was satis- 
fac tor i ly  s tar ted up with Penrmtit resin.  

Subsequent p i lo t  

1 2 3 1 1 1 5  



In support of f i s s i o n  product recovery, preliminary data show that a i r  
present i n  steam used t o  hydrolyze cesium zinc ferrocyanide grea t ly  increases 
the  conversion r a t e  of t h i s  material compared with use of a i r  free steam. 
L i t e r  scale  "cold" runs t o  demonstrate the  flowsheet f o r  cesium removal from 
the  Purex waste a re  in progress and the  multi-curie c e l l  i n  222-S is being 
prepared f o r  hot runs on this l a r g e r  sca le .  

V e r y  favorable results were obtained on laboratory scale  destruct ion of 
n i t r i c  ac id  in synthet ic  Purex 1 W W  waste using formaldehyde operating on a 
continuous process. The process inherent ly  reduces waste volume. Prepara- 
t i ons  a r e  being made t o  repeat t he  experiment using hot waste r a w  mater ia l .  

A b e t t e r  appreciation f o r  neptunium inventory in HAP0 fuel slugs was obtained 
from more precise  neptunium-237/plutonium-239 r a t i o s  determined f o r  dissolver  
solut ions obtained from carefu l ly  measured I and E slug i r r ad ia t ions .  
results show about l/3 higher neptunium concentrations than older  data. 

The 

Screening tests f o r  mater ia ls  su i tab le  f o r  use in the Non-Production h re l s  
Separations Program continue t o  show a l loys  suitable f o r  use inanIINO3-HF 
dissolver  system. 
welded coupons w e r e  badly attacked. 
suitable with close control  of specif icat ions.  
includes screening numerous non-metallic p l a s t i c s  and elastomores f o r  t h e i r  
res is tance t o  corrosive solut ions.  

To date Haynes-25 a l loy  appears adequate i f  annealed; as- 

The t e s t i n g  program also 
Hastelloy-F a l loy  likewise appears 

Tests on d i r e c t  vo la t i l i za t ion  of chloride from %rex dissolver  solutions 
have been completed u n t i l  cer ta in  problems brought out by the  t e s t s  can be 
evaluated. 
continues. 

Work on solvent extract ion techniques f o r  chloride removal 

I n  support of t he  Plutonium Recycle Program, continuing laboratory scale  
tests on t h e  Zirflex process include experiments t o  determine t h e  influence 
of s ign i f icant  quant i t ies  of zirconium in the  ammonium f luor ide  dissolver  
solut ion on f u e l  bearing core materials such as plutonium aluminum a l loys  and 
plutonium uranium a l l o y s .  
and ce r t a in  favorable t rends were a t t r i bu tab le  t o  the  gresence of zirconium 
in t h e  dissolver  f l u id .  

No unfavorable results have been observed t o  date 

A study on methods t o  produce mercury-204 i n  p r a c t i c a l  quant i t ies  has been 
completed. 

A new ground water l e v e l  survey was prepared t o  include the  influence of the  
basalt ridge separating Cold Creek Valley from t h e  remainder of t he  Project  
area;  new contours show a need t o  r e s t r i c t  200 waste ground disposal com- 
pared with previous data. 

Work continues on methods and mechanisms t o  e f f ec t ive ly  r e t a in  strontium and 
cesium ions on s o i l  o r  mineral columns. 
the  se lec t ive  removal of cesium-137 from solut ion by a column of crushed 
p o n u c i t e  ( ~ ~ 2 0 . ~ 1  o .4Si02.H$). 

Promising results w e r e  achieved in 

2 3  
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3. Physics and Instruments 

The col lect ion of experimental information on nuclear sa fe ty  of dissolvers  
f o r  enriched uranium fuel elements continued during the month w i t h  experi-  
ments on 1.&$ I and E elements randomly dumped in to  a cy l indr ica l  tank and 
f o r  a mixture of rods of two d i f f e ren t  s i zes .  Analysis of data from random 
arrays is being made t o  establish safe limits. Experimental work t o  deter-  
mine safe concentrations of enriched uranyl ni t ra te-water  mixtures w a s  begun 
and calculat ions of r eac t iv i ty  of 3$ enriched oxide-water mixtures have been 
car r ied  out as an a id  i n  planning experiments with t h i s  material f o r  the power 
reactor  f u e l  reprocessing program. 

The program t o  survey l a t t i c e s  f o r  NPR use continued w i t h  measurements being 
made on seven rod, c l u s t e r  type elements. 
no r e a c t i v i t y  change upon loss of water is near a l a t t i c e  spacing of t en  
inches. 

For this element, the point  of 

The program t o  measure the  r eac t iv i ty  temperature coef f ic ien t  with plutonium 
i n  the f u e l  elements of production reac tors  made slow progress in the improve- 
ment and tes t ing of t h e  experimental apparatus. 

In the Plutonium Recycle Program the PCTR w a s  used f o r  measurements of t he  
e f f ec t s  of plutonium spike enrichment, t he  camparison of Pu-graphite with 
Pu-A1 f u e l  elements, and i n  obtaFnFng addi t iona l  parameters of the 19-rod 
oxide c lus t e r  in an eight-inch l a t t i c e .  
this f u e l - l a t t i c e  arrangement agreed closely with the theo re t i ca l ly  calculated 
values used in PRTR plesning. 

Additional measurements were made of the  concentration on t he  Wahluke Slope 
of airborne contamination a r i s ing  from a simulated "slow simmer" reactor  
d i sa s t e r .  

The conversion r a t i o  measured f o r  

A method f o r  using "pencils" as fixed monitors f o r  fast neutron dose has been 
developed and will be further tested by the Radiological Development Operation 
The body monitor shield i n  329 Building was completed and i t s  use f o r  t e s t i n g  
and developing instrumentation f o r  the permanent body monitor w a s  begun. 

Instrument development work continued s a t i s f a c t o r i l y .  For example, a 
developmental model of a portable monitor which can quickly determine the 
energy of gamma radiat ion was  successfully f i e l d  t e s t ed .  

Work in  the  bas ic  data f i e l d  included improvements i n  the techniques of 
analyzing cross sect ion data, i n s t a l l a t i o n  of t ime-of-fl ight equipment on t he  
V a n  de G r a a f f ,  work on cross standardization of cro6s section measurements 
w i t h  o ther  labora tor ies  , measurement of neutron moderation i n  kerosene (stand- 
i n  f o r  diphenyl), and continued progress on construction of the new neutron 
spectrometer. 

4. Biology 

Fish exposed t o  reactor  eff luents  under condit-ions expected t o  be produced 
by P r i e s t  Rapids Dam showed no adverse e f f ec t s .  

1 2 3 1 1 1 7  



Metabolism studies of strontium and calcium i n  p lan ts  and animals  continue 
t o  show that the  in te r re la t ionship  of these two metals i s  not as simple as 
is generally supposed. 

FollowFng intravenous in jec t ions  of plutonium c i t r a t e ,  kidneys a re  showFng 
a surpr is ingly slow turnover rate, although the  bone remains the c r i t i c a l  
organ. 

Strontium-sulphate, o rd inar i ly  considered insoluble,  when inhaled by mice 
as radioactive p a r t i c l e s ,  i s  turned over t o  the  bone with surpr is ing 
r sp id i  t y  . 
Following the  in t r agas t r i c  administration of radio-yttrium t o  rats, severest  
damage w a s  found i n  t h e  la rge  i n t e s t i n e  rather than in the  more radio- 
sens i t ive  small i n t e s t i n e .  This i s  probably because of the  longer re tent ion 
time i n  the  la rge  intestine. 

Technical and Other Services 

Four cases of plutonium deposition were confirmed. 
10 per  cent of t h e  MPL, although one case involved an employee who received gross 
f a c i a l  contamination. The t o t a l  number of cases of plutonium deposition on 
record is  21.6. 

A l l  appeared t o  be less than 

A document giving t h e  general scope of t h e  CPD Control Study was issued. The 
basic  process flow diagrams have been brought up t o  date and described by the 
use of a matrix method. The col lect ion of operating procedures, vessel  instru- 
mentation and other  source data is  w e l l  under way. 

A t  t he  request of t he  U t i l i t i e s  Operation, R and U, some fu r the r  work is being 
done on the  e l e c t r i c a l  d i s t r ibu t ion  study previously completed by the  Operations 
Research Section. 

S t a t i s t i c a l  and mathematical ass is tance on 31 separate problems w a s  given t o  
o ther  HAP0 components. 

There are 15  authorized pro jec ts  current ly  act ive in EEL0 excluding the Plutonium 
Recycle Program pro jec ts .  These pro jec ts  t o t a l  as follows: 

Reactor and Fuels R and D 7 pro jec ts  $2,869,000 
Chemical R and D 3 projects  1,265,000 

Radiation Protection 2 pro jec ts  2 2 l ,  000 
Weapons 1 projec t  295,000 

Physics and Instruments R and D 2 pro jec ts  250 , 000 

There are six projec ts  awaiting initial Commission approval. 
estimated pro jec t  cost  of $5,136,000. 

These have a t o t a l  

A l l  p ro jec ts  are proceeding subs tan t ia l ly  on schedule with the exception of three 
pro jec ts  as previously reported.  Other pro jec ts ,  f o r  which funds have not been 
released by AEC, are subs tan t ia l ly  behind the pro jec t  planning schedules. 
Pr incipal  of these a r e  the  Radiochemistry Hot C e l l ,  the  Metallurgical Develop- 
ment F a c i l i t y  (306 Addition) and the  C r i t i c a l  Mass Laboratory. 

1 2 3 1 1 1 8  



The survey and inspections of Laboratories' pressure vessels i s  estimated 7546 
complete. 
systems w i l l  be made i n  special  s i tua t ions .  

This survey does not include code piping systems. A survey of pipe 

A revised Hanford Classif icat ion Guide was completed by the HAP0 task  force and 
submitted t o  the HOO Classif icat ion Committee f o r  review. 

Supporting Functions 

1. Financial 

The remaining funds available f o r  attendance at  o f f - s i t e  t ra in ing  courses 
and seminars during FY 1958 have been allocated t o  Level 3 components. 

Quarterly inventory reports f o r  the quarter ending December 3 l ,  1957 were 
received from all HLO custodians of Reactor and Other Special Materials. 
reports were found t o  be in agreement with Property Accounting records. 

All 

Funds al located t o  HLO f romthe  Product Departments f o r  R and D programs have 
been adjusted during January as follows: 

IPD 
FPD 
CPD 

Kanford Laboratories w i l l  a l loca te  General Overhead costs t o  Research and 
Development-New Production Reactor in accordance with the policy established 
by IPD whereby accounting ru les  which govern d is t r ibu t ion  of overhead w i l l  
i n  general follow project-type procedures. 

Year-end business i n  connection with pension, insurance, taxes,  and other data 
required by federal  and l o c a l  au thor i t ies  as w e l l  as Schenectady has been 
comqleted. 

Special arrangements were made with FPD t o  obtain an additional $35,000 fo r  
2000 Program equipment t o  cover some badly needed creep t e s t ing  un i t s .  

Formal not i f ica t ion  was received from HOO-AEC which reduced the cost of heavy 
water t o  $15.00 per pound f o r  the Plutonium Recycle Test Reactor pro jec t .  

2. ExRp loyee Relations 

A t  month's end the  staff of Banford Laboratories Operation to t a l l ed  1125, 
including 506 exempt ahd 619 non-exempt employees. There were 42l exempt 
employees possessing technical degrees, including 221 BS, lo3  MS, and 97 
PhD's. 

Twenty-eight Personnel Meter Clerks were removed from the  rolls during the 
month v ia  reduction i n  force.  One Serviceman was removed as a r e su l t  of the 
sen ior i ty  bumping procedure. 

The HOO-AEC has approvedthe 1958 Summer I n s t i t u t e  of Nuclear Energy f o r  
Engineering College Faculty Members. 

1 2 3 7 1 1 9  



Forty Spokane high school science teachers v i s i t ed  HLO f a c i l i t i e s  during 
the month. Also the 4-man crew of E.  R.  Murrow's show "See It Now" was 
escorted through HLO f a c i l i t i e s .  

Preliminary plans f o r  the 1958 AEC Radiological Physics Fellowship Training 
program a re  now being conducted by a member of the Radiation Protection 
Operations. 

BIX) personnel worked a t o t a l  of 200,384 man-hours during January w i t h  no 
disabling injuries. 
worked a t o t a l  of 3,207,628 man-hours without a single disabling injury. 

Since reorganization, 9/1/56, HLO employees have 

There were 32 medical treatment i n ju r i e s  during January w i t h  a frequency of 
1.60 as compared t o  1.77 last month. 

Two government vehicles driven by E O  employees were involved in a col l i s ion  
i n  Richland with t o t a l  damages amounting t o  $97.50. 

There were 7 securi ty  violations reported during the month. 

Negotiations with the Field Inspectors continued. 

S i x  grievances were received during January. 
d ic t iona l  in nature regarding misassiepment of work. 

In every case they were j u r i s -  

The Company has agreed on a list of names t o  be used f o r  the select ion of 
an a rb i t r a to r  i n  the Maki case which is expected t o  come up f o r  a rb i t r a t ion  
in the  near fu ture .  
the Arbitration Committee. 

T .  G. Marshall has been selected as a representative on 

IIM Parker:kss 

I 2 3 3 1 2 0  



REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - x)OO PROGRAM 

1. MEZULURGY PROGRAM 

Corrosion Studies 

Aluminum-Nickel-Titanium Alloys. 
nickel and titanium contents was cast at Hanford and a comparable series 

A series of aluminum alloys with varying 

was made by the Kaiser Aluminum Corporation. 
trations varied frm 0.032 w/o to 1 w/o and the titanium concentration 
from 0.1 w/o to 0.3 W/O. 
a l l  but the alloys containing 1 w/o nickel had failed intergranularly at 
the end of four hours. 
promise at all was a 1$ Ni, 0.2% Ti alloy cast at Hanford, and even this 
one showed evidence of intergranular attack after 163 hours at 363 C. 
Since the nickel and titanium contents of four of the alloys were approx- 
imately comparable to the 198x alloy which shows superior corrosion re- 
sistance, the difference in corrosion resistance is evidently in the casting 
or fabrication techniques. 

The nominal nickel concen- 

When these alloys were tested in 350 C water, 

The only alloy of the group which showed any 

Effect of Casting and Fabrication on Corrosion Resistance. An investigation 
into the effect of casting and fabrication variables on corrosion resistance 
has begun. 
the molten condition (i.e., to effect homogenization), casting temperature, 
cooling rate, and percent cold work. 
from X-8001 caps melted and cast in the vacuum melting unit. 

Among the variables to be investigated will be holding time in 

The first series of alloys was made up 

Casting Cooling Time Percent 
Alloy Temp. (788 C to 200 C) Cold Work 

788 c 3 hours 75 
10 minutes 75 
5 75 

63 
45 
25 
10 

I 1  11 

I 1  I1 

I 1  11 

I 1  11 11 

I I  I I  11 

11 11 11 

x-8001 

These alloys are being tested in 350 C static water. 
alloy failed intergranularly after 46 hours in test. 
alloys show approximately the same corrosion rate after 328 hours in test. 

The slow-cooled 
All the rest of the 

In-Reactor Corrosion of Fuel Elements Autoclaved in 1% C-ic Acid. Four 
tubes of fuel elements were discharged at goal exposure of 600 MWD/T under 
PT-IPS9A. 
in 1$ chromic acid were charged alternately with standard fuel elements. 

In t h i s  test aluminum clad fuel-eleme& (1245 alloy) autoclaved 
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These four tubes of fuel elements have been examined, weighed, cleaned, and 
visually re-examined. 
claved fuel elements were 1/3 to 1/5 of the maximum weight losses of the 
corresponding standard elements. Some light localized corrosion was ob- 
served on many of the standard and test elements as groove pitting in the 
rib area. 

The maximum weight losses of the chromic acid auto- 

This corrosion was considered as started by charging damage. 

Chrmic acid autoclaving applies an exceedingly corrosiolr resistant film, 
one that partially survives goal exposures and even the post-exposure 
cleaning procedure. It has shown its merits in two in-reactor tests. 
Consideration is recommended for reactor application, particularly for fuel 
elements in high-rib tubes or where corrosion of the upper surface of the 
fuel element might be limiting the reactors. Some further development work 
w i l l  be necessary to establish this process on a production scale. 

Organic Coolant Studies. 
systems of the five most promising organic coolant candidates have been 
completed. All of the systems showed regions of solid solubility. The 
biphenyl-phenanthrene binary appeared to form a solid solution at all com- 
positions. The ternary system, biphenyl-ortho terphenyl-meta terphenyl 
has a lso  been completed. 

The solid-liquid phase diagrams for the binary 

The results to date are summarized below: 
Organic Coolant Phase Relationships 

Eutectic Composition Eutectic Regions of 
(Mole Percent) Melting Point, OC Solid Solubility 

43$ biphenyl, 5 3  ortho-terphenyl 

65% biphenyl, 35$ meta terphenyl 

55s. biphenyl, 45s napthalene 

29 

45 

0- 25% biphenyl 
65 -io@ 'I 

40 0 - 3 6  I 1  

70 -lo@ 

70% biphenyl, 30$ phenanthrene 58 0-10* 

7 6  ortho-terphenyl, 24$ meta-terphenyl 

65% ortho-terphenyl, 37% napthalene 

TO$ ortho-terphenyl, 30% phenanthrene 

41% meta-terphenyl, 5% napthalene 

50$1 meta-terphenyl, 5 6  phenanthrene 

57% napthalene, 4% phenanthrene 

37% biphenyl, 48$ ortho-terphenyl, 
15% meta-terphenyl 

39 

31 

39 

49 

56 

0-65s ortho terphenyl 
82-10@ 11 

0-15 I 1  

76-106 'I I 1  

0 - 30% 
85-10oqd 

II 

I t  It 

11 

O-l@ meta-terphenyl 
54-10@ I' I f  

0 - 3 s  
62-10@ 

I 1  I t  

I 1  

52 0 - 3 8  napthalene 
73-100s It  

23 
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Radiometallurgy Laboratory Studies 

Production Test of Seven-Rod Cluster Fuel Elements (FT-IP 46-~)(~~-182). 
The examination of a seven-rod c lus t e r  fue l  element (FT-IP 46-A) which had 
been i r rad ia ted  i n  a KE through hole t o  an estimated exposure of 1075 MWD/T 
was completed. The uranium, which had expanded 1 t o  3 m i l s  i n  diameter, 
was i n  d i r e c t  contact with the s t a in l e s s  steel jacket around most of the 
circumference. The amount of burnup of U-235 atoms was determined f o r  the  
center rod and an outside rod frm each c lus t e r  and showed that the center 
rods, as expected, had received s l i g h t l y  less exposure than the outside 
rods. The results are given below. 

Approximate 
Rod Number a/o Burnup MWD/T Ident i f ica t ion  

0.134 1155 Outside rod, f irst  c lus t e r  
Center rod, f irst  c lus te r  

43 
44 0 .om 760 
50 0.130 1120 Outside rod, second c lus t e r  
51 0.106 91 5 Center rod, second c l u s t e r  

The indicated temperature of i r rad ia t ion ,  on the basis of hardness results 
and metallographic examination, was i n  the  medium uranium alpha phase 
region (300 t o  450 C ) .  

As a r e s u l t  of the examination, it was concluded tha t  the individual rods 
performed sa t i s f ac to r i ly .  No evidence was noted of incipient  rod failure 
or  any condition l i k e l y  t o  result i n  failure. 
r ings holding the rods had been twisted i n  handling, indicat ing a need f o r  
strengthening the method of maintaining the rod spacing in the c lus te rs .  

Cluster Fuel T e s t  - GEH-4-B (RM-181). Metallographic examination of the  
samples removed fram Rod #2 of the  stainless steel clad,  four-rod natural  
uranium c lus t e r  fue l  element (irradiated i n  the MTR) showed a uniform grain 
s i z e  across the diameter w i t h  abnormally high amounts of inclusion s t r ingers  
present.  The hardness values were a l so  uniform, averaging 67.6 Rockwell A .  

However, t he  spider and 

Uranium growth, i n  the form of surface bumping, was noted, and a t  several  
points  growth had progressed t o  the  extent that the surface had formed in to  
the contours of the cladding. The stainless steel cladding exhibited ex- 
ceptional i n t eg r i ty  i n  containing the growth. Although pressures,  created 
by the uranium growth, were probably la rge  a t  contact areas, no deformation 
of the 30-mil th ick  cladding occurred. 

An asymmetrical neutron f lux,  which had been requested p r i o r  t o  i r r ad ia t ion  
t o  make the test more rigorous, was indicated by the  results of the  burnup 
analysis .  Atomic percent burnup of the U-235 i n  each of the rods was as 
follows: #i - 0.060, #2 - 0.076, #s - 0.087, and #6 - 0.078. 

Diffusion Capsules - (233-3-9 (RM-971. 
aluminum and uranium-AlSi diffusion couples were irradiated t o  determine 
the  e f f ec t  of i r rad ia t ion  upon the diffusion charac te r i s t ics  of these 
couples. One uranium-AlSi capsule was opened, and microscopic examination 

Three capsules containing uranium- 
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of the diffusion couple revealed t h a t  diffusion had occurred. 
photography of t he  diffusion areas is  continuing. 

Production Test IP-32-A - I r rad ia t ion  of Insulated Slugs (RM-176). Three, 
four-inch, cored, insulated,  natural  uranium fuel elements were exposed t o  
about 600 MWD/T i n  KW Reactor. 
i n  the  core of element h. Metallography of a wafer from t h i s  area, as  w e l l  
as a wafer from the apposite end of the element, revealed a porous s t ruc ture  
In which bubbles could be found almost a l l  of the way t o  the edge of the 
wafer. Hardness data and metallographic observations indicated that  a major 
portion of t he  element had been heated in to  the gamma phase ( > 770 C). 

Element #2 has been sectioned and the core was a l s o  found t o  be f i l l e d  w i t h  
uranium f o r  about two-thirds of i ts  length.  
examination w i l l  be started short ly .  

Micro- 

Examination showed that uranium had deposited 

Hardness and metallographic 

Basic Metallurgy Studies 

Electron and Optical Microscou. The study of the microstructure of clad- 
ding and fuel materials is a d i r e c t  way of detect ing radiat ion damage in  
these materials. Two techniques are being used: (1) metallographic exam- 
inat ion of polished and etched surfaces, and (2) fractographic studies. 

A specimen of 50 percent cold worked Zircaloy-2 has been heated t o  900 C 
i n  the hot stage f a c i l i t y .  
shows that r ec rys t a l l i za t ion  can be studied without the aid of an etchant.  
Several specimens of uranium containing 10 ppm hydrogen have been heated t o  
700 C. The 16 mm movie film from these experiments shows s l i g h t  changes i n  
the s i ze  and shape of the  hydride pa r t i c l e s ;  no clean cavi ty  forms a t  the  
si te of the hydride inclusions. 
indicate  a transformation temperature of 660 C t 10. 
through the transformation temperature does not appear t o  a f f e c t  the phase 
transformation temperature which is revealed by sudden changes i n  the micro- 
s t ruc ture .  

Analysis of the fib, exposed during heating, 

Thermocouples spot welded t o  such specimens 
Rapid or slow cooling 

As a p a r t  of a flrndamental study of the relat ionship of reactor  i r rad ia t ion  
t o  the appearance of f rac ture  surfaces i n  irradiated uranium, the surfaces 
of uranium w i t h  burnups of 0.07 a/o and 0.10 a/o have been studied opt ica l ly  
and i n  the  electron microscope. 
ables as temperature of f ractur ing,  pos t - i r rad ia t ion  annealing, and burnup 
l e v e l .  

The complete study w i l l  include such va r i -  

Radiation Damage and Recovery of Molybdenum. Molybdenum and zirconium are 
being studied by x-ray d i f f r ac t ion  techniques a f t e r  i r rad ia t ion  t o  improve 
the basic  understanding of radiat ion damage in  metals. The k ine t ics  of 
damage recovery a re  also being studied. 

I r r a d i a t i  n of molybdenum t o  various exposure leve ls  from 6.5 x 10l6 t o  
6.7 x l0l8 nvt produces an expansion i n  l a t t i c e  parameter which increases 
w i t h  exposure. The percent increase in  l a t t i c e  parameter w i t h  respect t o  
the unirradiated state i s  a sensi t ive measure of average d i s to r t ion  and 
defect concentration within the  metal due t o  i r rad ia t ion .  This  f a c t  is 
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being used t o  determine the k ine t ics  of damage removal i n  molybdenum by 
isothermal annealing techniques. 

Isothermal anneals a t  400 C have been completed. Previously, results 
were obtained f o r  500 C annealing wherein effects cease t o  be observed 
after twenty-seven hours a t  temperature. 
react ion rate approached zero i n  one hour. 
equal defect concentration, only 53 percent of the i n i t i a l  damage re- 
mained after completion of the 500 C anneals while 77 percent remained a t  
400 C. A t  500 C, it was noted that i n i t i a l  rate of recovery was dependent 
on defect concentration. These data plus  the  f a c t  t h a t  no integral re- 
act ion order i s  present would seem t o  indicate  that a spectrum of a c t i -  
vation energies i s  involved. It would a l so  appear that the  defects  a r e  
grouped a t  various distances from each other;  the  close i n t e r s t i t i a l -  
vacancy p a i r s  apparently disappear a t  lower temperatures. The energy 
required f o r  recovery a t  400 C and above is  most probably a function of 
the distance between defects. If t h i s  proves t o  be t rue ,  successively 
higher temperatures should produce equilibrium a t  lower concentrations 
as the energy i s  supplied t o  annih i la te  t h e  more remotely associated 
defects .  

However, a t  400 C the annealing 
For two d i f f e ren t  samples of 

Pre-Irradiat ion Study of Thermocouples. 
temperature measurement using thermocouples i n  a neutron flux is  essent ia l  

A knowledge of the  e r ro r s  in 

f o r  the  quant i ta t ive evaluation of the e f f ec t s  of neutron i r r ad ia t ion  on 
materials. Due t o  a lack  of such information, a program of measuring 
thermocouple s t a b i l i t y  in-reactor is current ly  i n  progress. 
contact has been improved in the capsule t o  be used i n  the 300 C s t a b i l i t y  
test. Springs have been added t o  maintain a force t o  hold the beads 
against  t he  bottom of the  thermocouple w e l l .  
var ia t ion  i n  emf have been recorded f o r  35 seconds, and a var ia t ion  of 
only 0.02 mi l l i vo l t s  appears i n  45 seconds. 
w i l l  tend t o  elongate the thermal arrest, the capsule design seems t o  be 
sa t i s fac tory .  
quartz and asbestos insulat ion canrmenced on January 16, 1958. 
assemblies were inser ted in to  the  X-2 l e v e l  of KW Reactor. Init ial  indi-  
cat ions are that both assemblies are operating sa t i s f ac to r i ly .  

Diffusion Studies. 
barrier metal/clad m e t a l  combinations is essen t i a l  i n  the design of f u e l  

dements. 
a l l oy  couples. 
on the r a t e  of diffusion of uranium in to  AlSi i s  also being determined. 

Thermocouple 

Thermal arrests w i t h  no 

Since the conditions in-reactor 

The in-reactor tests t o  determine the cha rac t e r i s t i c s  of 
Two hairpin 

A knowledge of the in te rd i f fus ion  of various uranium/ 

Diffusion i s  being studied i n  U / N i / U ,  U/X-8001, U/Zr, and (U-Zr) 
The e f f ec t  of thermal cycling during the diffusion anneal, 

Six U / N i / U  diffusion couples have been annealed a t  530 C.  
consis t  of a 1/4" thick disk of uranium in contact with a 0.001" th ick  
disk of nickel,  which is  i n  contact w i t h  a 0.005" th ick  d isk  of 2s 
aluminum. In the f irst  three couples, which were annealed twenty-four 
hours a t  530 C, a N i / A l  d i f fusion zone consis t ing of one phase 0.002" 
thick,  and a second phase 0.008'~ thick,  was formed. A t h i r d  phase only 
0.0002" th ick  was formed next t o  the uranium. This phase is  probably a 
uranium compound. 
that there was no gross movement of uranium out in to  the  A l / N i  d i f fusion 
zone. The diffusion zone was very uniform. 

These couples 

An autoradiograph of the U/Ni /Al  d i f fusion zone showed 
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Three U / N i / A l  couples which were annealed s ixty-f ive hours a t  530 C were 
separated by zirconium disks having highly oxidized surfaces. "he zirconium 
disks were interposed between the  aluminum disks of two adjacent couples in  
a single c lamp t o  prevent self-diffusion and subsequent adherence of the two 
aluminum disks.  The nickel completely penetrated the  0.005" th ick  aluminum 
a t  many points;  all of the  nickel  was consumed in the N i / U  dif fusion zone. 
Both the aluminum and A l / N i  compound apparently reacted w i t h  the zirconium, 
penetrat ing about O.OOO7" i n to  the zirconium a t  some points.  Microhardness 
measurements indicated that a continuous so l id  solut ion formed i n  the uran- 
ium near t he  uranium/diffusion zone interface.  

Cross sectioning of a U/Al couple, irradiated a t  250 C i n  the MllR has been 
completed. 
0.0002" in to  the aluminum. 

Small points  of diffusion product appeared t o  project  about 

Hanford I r rad ia t ion  - PT 3NA. 
won knowledge of t he  effects of radiat ion on the  s ign i f icant  mechanical 

The design of advanced fue l  elements depends 

Gd physical-properties of uranium. 
f o r  beta  heat t r ea t ed  uranium is under way. 
burnup determinations on specimens representing each burnup l e v e l  were re- 
ported. 
by about 1 5  percent. Five elevated temperature t e n s i l e  tests were made in  
the Radiometallurgy Fac i l i t y .  
specimen a t  450 C, and tests were performed on unirradiated control specimens 
a t  300, 450, and 600 C.  The d u c t i l i t y  of the unirradiated control specimens 
increased markedly w i t h  temperature, and those tested a t  &IO C did not break 
although elongation exceeded 40 percent, t h e  l i m i t  of the equipment. The 
0.031 a/o burnup specimen showed an elongation of 3.4 percent a t  450 C 
compared t o  37.5 percent f o r  the  unirradiated control specimen tested a t  
t h i s  temperature. 
specimens, as the  t e s t i n g  temperature increases, the ult imate and y ie ld  
s t rength values f o r  the 0.031 a/o burnup specimens and the unirradiated 
specimens approach one another in magnitude. 
only s m a l l  d i f ferences i n  these values. 

A program t o  obtain th i s  information 
During the month chemical 

The chemically determined values varied from the calculated values 

One test was performed on a 0.03l a/o burnup 

However, i n  s p i t e  of the high elongation of unirradiated 

A t  450 and 600 C there  a re  

Radiation Damage in Thorium-Uranium Alloys. Alloys of thorium containing 
1 w/o oral loy (93 percent U-235), 4 w/o oralloy, and 5.4 w/o oral loy have 
been obtained f o r  i r r ad ia t ion  tests t o  determine changes i n  mechanical 
propert ies  and some physical propert ies  due t o  burnup. Tensile specimens 
and samples t o  be used f o r  density,  hardness, and metallography have been 
heat t r ea t ed  and fabricated from the 5.4 w/o oral loy a l loy  w i t h  both high 
and low carbon content. 

A new i r r ad ia t ion  capsule was designed f o r  these tests t o  permit i r r a d i -  
a t ion  in  a 5/8" diameter napkin-ring s t r inger  a t  the MTR. A number of 
these capsules have been fabricated.  Heat transfer conditions fo r  the 
capsule assemblies were calculated as  a function of f lux  density.  
l a t i ons  r e l a t ing  t o t a l  atom burnup a s  a function of a l loy  composition, 
f l u x  density,  and time of i r r ad ia t ion  were also prepared. 

Calcu- 



Pre-i r radiat ion density measurements f o r  the  5 . 4  w/o o r d l o y  specimens 
were completed t o  provide bases f o r  comparing post- i r radiat ion density 
data .  The density of t h i s  a l loy  containing p rac t i ca l ly  no carbon was 
11.88 g/cm3 compared t o  11.60 g/cm3 f o r  pure, extruded thorium. The- 
density of t h i s  same a l loy  containing 1500 ppm carbon was 11.81 g/cmJ 
showing the  e f f e c t  of carbon in  decreasing the  density of the  a l loy .  

Production of HiRh-Purity Uranium. 
w i l l  provide a supply of t h i s  material f o r  use i n  bas ic  physical metal- 
lurgy s tudies .  
t a ined  by electrowinning from a molten KC1-LiC1-UC13 salt  bath. Vacuum 
melting of the  dendrites w i l l  be used t o  produce uranium ingots f o r  
fabr ica t ion  in to  the  required specimens e 

Production of high-purity uranium 

Dendritic uranium of spectroscopic pu r i ty  is  being ob- 

Direct chlorination of the  uranium dioxide feed material i n  the  s t a i n l e s s  
steel c e l l  resulted i n  excessive corrosion of t he  c e l l .  Uranium hexa- 
chloride is  now used as the  feed material. It i s  produced by Chlorination 
of a concentrated uranium dioxide molten salt  solution i n  a quartz c e l l .  
The concentrate i s  then frozen and can be stored indef in i te ly  since 
uranium hexachloride does not reac t  with a i r  o r  moisture. 

I n e r t  Gas Swelling and Mobility Experiments. 
uranium fue l  materials i s  a t t r i b u t e d  t o  the  in t e rna l  stress developed 
i n  t h e  metal by p rec ip i t a t ion  of the  ine r t  f i s s i o n  gases i n t o  in te rna l  
voids. 
upon the d i f fus ion  mobility of t he  gases and the  rate of generation of 
t he  gases by burnup of t he  uranium atoms. Swelling is an increasingly 
important problem in  t h e  development of fue l  elements f o r  reac tors  which 
w i l l  operate a t  higher temperatures and up t o  0 .2  percent burnup of t he  
atoms. 

Swelling of i r r ad iz t ed  

The rate of nucleation and growth of t he  gas phase i s  dependent 

Xenon gas has been introduced in to  811 Ag - 7.5 Cu a l loy  f o r  t he  deter-  
mination of t he  effect  of p rec ip i t a t ion  of t he  gas a t  t he  interface 
between the  Ag matrix and the  f i n e l y  dispersed Cu phase. 
the  xenon gas content has shown t h a t  t he  electrical glow discharge 
introduces an average of one atmic percent o f  xenon per  day a t  the  
discharge temperature of 250 C and 5 millimeters xenon gas pressure.  
Most of the  gas is trapped on the  cathode surface since xenon does not 
d i f fuse  rapidly a t  t h i s  temperature. Gas introduced in to  uranium i n  
the  same manner corresponds t o  a xenon generation rate of e ight  percent 
burnup per  day o r  a thermal f lux i n  na tura l  uranium of 2 x nvt .  
The r a t e  of xenon introduction w i l l  be reduced considerably a t  higher 
temperatures since the  gas w i l l  evaporate from the  surface because of 
i t s  increased mobility. If the  rate can be control led,  the  xenon gas 
discharge can be used t o  study the  swelling of uranium a t  higher 
temperatures i n  the  absence of neutron radiat ion.  

Analysis of 

New Fuel Element Development 

Insulated Fuel Elements. 
cored insulhted uranium fue l  elements which were irradiated i n  a K 
through-hole f a c i l i t y  t o  620 MWD/T has continued and i s  nearing 

Radiometallurgical examination of the three 



completion. 
the  downstream piece i n  the through-hole assembly, v e r i f i e s  that a 
severe power and fue l  temperature gradient exis ted across the three 
test  elements. 
i ts  full length by uranium swelling has been observed. 
i s  observed f a i r l y  uniformly throughout t he  e n t i r e  uranium cross 
section. The insulated fue l  element which w i l l  be in ten t iona l ly  
ruptured during operation i n  the  MPR has been received there  and i s  
scheduled f o r  loading and t e s t i n g  about the  second week of February. 

The last of the  three elements t o  be examined, which w a s  

Complete closure of the 3/8" diameter core f o r  nearly 
Gas porosi ty  

Co-axial Tube Fuel Element. The co-axial tube fuel element i s  of i n t e re s t  
because it may o f fe r  a b e t t e r  s p l i t  f a i l u r e  res is tance than a correspond- 
ing sized cored f u e l  element. 
element concept has j u s t  been completed a t  the MTR. Two co-axial tube 
f u e l  elements, one containing an axial thermocouple, have operated f o r  one 
MTFt cycle t o  about 200 W / T .  
i n  the fue l  element revealed that the  i n i t i a l  U-U interface thermal contact 
conductance was greater than assumed. During operation, the  thermal 
contact conductance increased t o  that which was i n i t i a l l y  assumed, i . e . ,  
1000 BTU/hr/ft2/F. When a temperature of about 565 C was reached on the 
ho t t e r  s ide of the  U-U interface,  it appeared that the  pressure on the U-U 
j o in t  was rapidly relieved. The decreasing pressure decreased the  contact 
conductance value and permitted a rapid rise in  the core temperature t o  
the  gamma phase region. During subsequent operation, t he  inner co-axial 
piece f luctuated i n  the  temperature range of about 800-900 C .  A stepwise 
power s ta r tup  of t he  MTR from near zero power Jus t  p r i o r  t o  the  end of 
t he  cycle provided temperature and fue l  element power data which revealed 
that the  gap had changed appreciably since the i n i t i a l  s ta r tup$  The gap 
change permitted the ax ia l  temperature t o  rise rapidly a t  low power u n t i l  
the gamma phase was reached and then t o  l eve l  off in  the low gamma phase 
temperature range a s  the power increased. The two fue l  elements were 
discharged from the test  f a c i l i t y  short ly  after s ta r tup  of the following 
MTR cycle because of f a c i l i t y  leakage. 
t i ona l  data may be derived from pos t - i r rad ia t ion  examination of t he  two 
fue l  elements 

The current i r rad ia t ion  tes t  of  t h i s  fue l  

Temperatures indicated by the thermocouple 

It is  hoped that fur ther  opera- 

Lead-Dip Canned Segmented I & E Fuel Elements. 
the  segmented f u e l  element i s  a desirable  reactor  property. 

The f a i l - s a f e  fea ture  of 
If fue l  

element f a i l u r e  occurs, the  mode of f a i l u r e  minimizes process tube damage. 
Forty-nine lead-dip canned KER s ize  I & E segmented fue l  elements were 
fabricated f o r  in-reactor  evaluation. These elements were examined f o r  
closure qual i ty ,  heat t ransfer ,  void areas,  braze layer  inclusions, and 
general metallurgical soundness. Twenty-four fue l  elements were of re-  
ac tor  qual i ty .  
AlSi penetration of the  can w a l l .  
ness of 0.027" with a minimum and maximum wall thickness of 0.022 and 
0.038", respectively.  
After agproximately two weeks exposure, the elements were discharged be- 
cause of loop trouble.  
i s  planned. 

Ten weld r e j ec t s  were etched w i t h  caust ic  t o  e s t ab l i sh  
There was an average can w a l l  th ick-  

Twelve elements were charged into KER loop 4. 

Post- i r radiat ion examination o f  these elements 



Hot Press  Segmented Fuel Elements. 
so l id  I & E KER-size fue l  elements have been fabricated and submitted f o r  
out-of-reactor corrosion t e s t ing .  I n  addition, four wafer f u e l  elements 
were made f o r  flow loop and rupture tests. Once these preliminary pieces 
were f inished,  the e n t i r e  e f f o r t  was switched t o  fabr ica te  segmented 
elements of 1 .6  percent U-235 enriched mater ia l  Considerable d i f f i c u l t y  
has been encountered in p la t ing  these washers causing the  program t o  be 
temporarily delayed. 
a ted  by a change i n  the vacuum outgassing cycle t o  incorporate a degrease 
and n i t r i c  ac id  p ick le  p r i o r  t o  outgassing. 
oxide on the wafer as well as any adhering organic matter which would tend 
t o  cause unnecessary gas evolution. 

A s  p a r t  of the NPR program, e ight  

One problem is  excess oxide which i s  being a l l e v i -  

This tends t o  remove excess 

Procedures previously developed f o r  providing nickel  sweater-coats on inner 
and outer  cy l indr ica l  surfaces of washers with s l i g h t  overlap around the  
edges onto the  f l a t  faces were generally unsat isfactory.  
l imi ta t ions ,  four d i f f e ren t  approaches a re  being invest igated simultaneously 
t o  produce su i tab le  nickel-clad washers f o r  t he  fabr ica t ion  of a t e s t  l o t  of 
elements in  time f o r  charging on the next shutdown. ( a )  p l a t e  
washers all over; dissolve nickel coat frm unwanted a reas  i n  n i t r i c  acid,  
shielding appropriate p a r t s  of the  surface with acid-proof gaskets; a 
device f o r  mult iple  appl icat ion of t h i s  method i s  being developed; it w i l l  
handle 1 5  washers a t  a time, requir ing 5-10 minutes f o r  loading, processing, 
and unloading the l o t ;  (b)  p l a t e  washers a l l  over; remove p l a t ing  from un- 
wanted a reas  by machining i n  a lathe; t h i s  i s  a slower process, but  it is  
speeded up somewhat by use of a spec ia l  holding c o l l e t ,  and it i s  a t  present 
the  only method developed enough t o  be applied in prac t ice ;  however, damage 
t o  the nickel coat by the c o l l e t  jaws i s  a constant hazard and s k i l l f u l  
l a t h e  operation, stopping a t  the prec ise  depth, i s  important; ( c )  load 
washers i n  a p l a t ing  rack in  such a manner that p l a t ing  occurs only where 
wanted; a rack t o  hold two columns of uranium washers p lus  s i l i cone  washer 
separators was developed e a r l i e r ;  a p rac t i ca l  problem i n  t h i s  method. is 
that of providing adequate current  flow between uranium washers and a t  the  
same time complete seal ing against  en t ry  of the p l a t ing  solut ion between 
them; proper centering of the s i l i cone  spacers a l s o  causes t rouble;  i f  
these problems can be solved, t he  mult iple  washer column method should be 
the best because of the  high r a t e  of production possible,  the one-time 
handling, and the  saving i n  nickel;  and ( d )  coat f l a t  faces of uranium 
washers (both sides) w i t h  adhesive lead f o i l ,  t r im edges t o  desired dimen- 
sions,  plaSe washers on multiple rack, peel  nickel coated lead  off  and 
remove adhesive from washer with solvent;  t h i s  method is undesirable be- 
cause the lead  f o i l  tends t o  t r a p  and carry over n i t r a t e s  from the etch 
bath.  A p l a t ing  bath was ruined i n  t h i s  way, necessi ta t ing making up a 
new one with considerable lo s s  of time, 

Due t o  time 

These a re :  

Sylvania Hot-Pressed I & E Fuel Elements. 
qua l i ty  evaluation of a new l o t  of eight-inch I & E elements prepared by 
Sylvania E lec t r i c  Products, Inc.  Results t o  date  indicate  only s l i g h t  
improvement over former l o t s  from SEP w i t h  respect t o  jacket surface 
qua l i ty  and regular i ty  of w a l l  thickness.  
e tch  treatment is s t i l l  being used t o  remove the surface lubr icant  r e -  
quired f o r  pressing. Nickel sweater-coat thickness a l so  appears t o  be 

Work has been s t a r t ed  on the 

Apparently the d ra s t i c  caus t ic  
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qui te  var iable ,  ranging from approximately 0.0002!" t o  approximately 
O.OOl5" on t he  same element. 

Rod Cluster Fuel Testinq. 
the requirements f o r  operation of the  NPR. A twenty-element charge 
of four-rod c lus t e r  elements is being irradiated a t  KE3 loop 3 t o  gain 
data f o r  design of NPR fue l .  

Rod c lus t e r  fue l  elements satisfy many of 

The descr ipt ion of the fuel charge follows. 

The elements contained 0.570 diameter natural uranium rods clad i n  but 
not bonded t o  O.O3O" s t a in l e s s  steel clad.  The charge had accumulated 
85 operating days on January 21, 1958. Accumulated exposure a t  that 
time was 890 W I T .  Average bulk ou t l e t  temperature in  the  loop was 
225 C, and maxim- bulk o u t l e t  235 C. The elements were operating a t  
43 W / f t  (11.4 watts/-) The charge is present ly  running on low tem- 
perature water because of a valve leak. A production test  has been 
wri t ten t o  increase goal exposure of t h i s  test  t o  2000 MWD/T. 

Examination of GEE-bB, four-rod stainless steel clad c lus t e r  element 
i r r a d i a t e d  In the  M17R has been completed by Radimetallurgy. 
dimensional changes occurred. All four cores contracted i n  length and 
grew i n  diameter a f t e r  550 MWD/T exposure. 
i s  about normal f o r  anisotropic growth i n  cold i r rad ia ted  beta t rea ted  
uranium. 
ia ted  assembly but did not cause expansion of the  can. 

A four-rod c lus t e r  clad i n  Zircaloy-2 and i r rad ia ted  a s  GEH-4E a t  the MTR 
is being examined a t  Radimetallurgy. No warp is  evident on viewing, but 
preliminary measurements give the diameter of one rod as 0.580". 
diameter was 0.569". This la rge  change cannot be accounted fo r  as aniso- 
t rop ic  growth i n  beta treated uranium a f t e r  680 MWD/T. 

No external 

The amount of these changes 

The core expansion absorbed the cold clearance of the unirrad- 

Original 

Ten samples have been cut from 100 feet of NMI Zircaloy-2 clad rod intended 
fo r  i r r ad ia t ion  a t  KER loop 1. 
welded, heat t reated,  and pickled exactly a s  is intended f o r  the  KER loop 1 
test .  
f o r  assembly of a KER loop 1 charge of four-rod elements containing co- 
extruded Zircaloy-2 clad uranium rods have been received. February 1 5 ,  
1958, remains the completion goal date. Two mockup seven-rod c lus t e r s  
using NMI rod have been completed. 
extruded material with intent ional  defects a r e  near completion. 
seven-rod assemblies w i l l  be used a t  1706-KE f o r  rupture t e s t ing  and 
pressure drop t e s t i n g  during February, 

These have been f i t t e d  with end caps, 

They a re  now being corrosion tested i n  350 C water. A l l  components 

Two addi t ional  mockups containing co- 
These four 

Tru-line Washers. 
of Tru-line washers i s  the upsett ing of rod stock. The chief advantages 
of t h i s  method are:  
economy, and (2 )  b u i l t - i n  Tru-line fea ture  eliminating addi t ional  fabri- 
cation. An experimental d ie  set has been used during the month t o  deter-  
mine the conditions required t o  upset 11/16" diameter rod t o  KER s i ze  
washers { 1 696" outer diameter) The stock temperature, d i e  temperature, 
material ,  and i t s  heat treatment have been varied.  
from ingot uranium have been used i n  the following conditions: 

One of the methods being developed f o r  the  fabricat ion 

(1) scrapless production of washers w i t h  accompanying 

Rod Slanks prepared 
(1) alpha- 



ro l led- recrys ta l l ized ,  (2 )  beta quenched plus alpha phase vacuum annealed, 
and (3) beta quenched plus  gamma phase vacuum annealed. The alpha-rolled- 
recrys ta l l ized  mater ia l  deformed non-uniformly due t o  crystallographic 
tex ture  and the la rge  grained gamma annealed mater ia l  deformed non-uniformly 
and indicated severe shear f a i l u r e s  between neighboring disor iented grains .  
Material quenched from the  beta phase w i t h  an a i r  delay t o  give maximum 
cooling rate through the  phase change followed by vacuum annealing a t  
600 C t o  remove hydrogen and re f ine  the s t ructure  t o  equiaxed f i n e  grains  
has proven most amenable t o  upsett ing.  The ingot uranium i s  somewhat 
better a f t e r  the  same heat treatment than the dingot uranium stock due t o  
the f iner  recrys ta l l ized  grain s ize .  The temperature of both the  d i e  and 
specimen stock has been increased t o  obtain the  required upset without 
f rac ture  on the outer periphery. With the d i e  and punches heated i n  a i r  
t o  350 C, and the  uranium heated t o  450 C i n  s i l i cone  o i l ,  the material has 
been deformed t o  nearly the correct  dimensions without f a i l u r e  a t  a load of 
175 tDns. A number of modifications have been made t o  the  or ig ina l  d ie  s e t  
t o  adjust the volume of m e t a l  t o  be upset and t o  reduce the f r i c t i o n  on t.he 
i n i t i a l  punch. 
reduce the bar re l ing  of the stock and w i l l  be employed on the  next tests.  

An intermediate d i e  cavi ty  has been made t o  attempt t o  

Thermal Contact Conductance of Fuel Element Materials. The previously 
reported measurements of thermal conductance between aluminum and Zircaloy-2 
can now be supplemented w i t h  the results of a test involving aluminum- 
uranium, uranium-uranium, and uranium-aluminum j o i n t s .  This tes t  w a s  run 
continuously f o r  over two weeks; and the parameters, heat flux through jo in t s ,  
load on the j o i n t s ,  temperature of j o in t s ,  and pressure of helium around the 
specimen were varied.  The important parameter, surface roughness of the 
specimens, was not changed. Each specimen had the same surface roughness 
of 6-8 microinches RMS. 
t a t i v e  u n t i l  further data  processing i s  completed. 

The results of the test  as  reported here a re  t en -  

The couples were i n i t i a l l y  loaded for twenty hours w i t h  900 pounds. 
Interface pressures were 4600 p s i .  
quent load var ia t ions  showed a negl igible  e f f e c t  on the U-A1 thermal 
contact conductance values. The U-U thermal contact conductance values 
d id  show a pressure dependence. A t  a f lux value of 90,000 BTU/hr/ft2/F, 
an increase of interface pressure from 148 p s i  t o  1340 p s i  increased the 
U-U thermal contact conductance from 570 B!KJ/hr/ft2/F t o  1000 BTU/hr/ft2/F. 
It appears that the U-U thermal contact conductance increases a s  the  mean 
interface temperature increases but i s  l i t t l e  affected by flux var ia t ions .  

Due t o  t h i s  high i n i t i a l  load, subse- 

Fuel Element End Closures. 
a rod w i t h  rounded ends contained i n  an unbonded jacket were previously 
shown t o  be immune t o  thermal ra tchet ing under high pressure high temper- 
a ture  f u e l  element test  conditions. This type of closure o f f e r s  a number 
of po ten t ia l  advantages,Jfi tcan be applied t o  bonded aluminum or  Zircaloy-2 
jacketed c lus t e r  elements. Development work on t h i s  process was s t a r t ed .  

Some of the advantages of t h i s  type of closure a re :  
type closure w i t h  small w e l d  area, ( 2 )  it is a pressure vessel  shape t h a t  
contains no stress concentration points  (3 )  it i s  a streamlined shape 
that may have hydraulic advantages, ( 4 )  separated machined end caps a re  

End closures formed by swaging cladding over 

(1) it is  a point  

. 



eliminated i n  t h i s  type of closure, and ( 5 )  the process may be amenable 
t o  high production rates. 

High Temperature - High Pressure Bake Testing of Fuel Elements. 
fue l  elements f o r  high temperature - high pressure service conditions a re  

Candidate 

being evaluated for U-clad bond in te rd i f fus ion  o r  other interact ions.  
Simulated service conditions a re  produced by baking the  fue l  elements a t  
450 C under approximately 1000 p s i  nitrogen. 

Two s igni f icant  results have came frcan the alpha t rack  autoradiograph 
analysis  of t he  bake t e s t ed  AlSi canned fue l  elements. One is  the extreme 
care in sampling that is  necessary if one is  t o  es tab l i sh  that no penetra- 
t i on  of the jacket by uranium has occurred. Since the work is  done i n  a 
uranium laboratory,  it is easy t o  t r ans fe r  a f e w  ppm of uranium t o  the 
sample mechanically and t o  incorrect ly  a t t r i b u t e  t h i s  t o  diffusion through 
the jacket.  The other  result was a determination of uranium concentration 
versus dis tance of penetration in to  the  clad before and after bake t e s t ing .  
In  a typ ica l  sect ion through an AlSi bonded jacket the  uranium concentration 
changed from 100 percent t o  less than one percent in  a distance of 0.004". 
After bake t e s t i n g  t h i s  type of f u e l  element 1500 hours a t  450 C and 1000 
p s i  gas pressure, the  uranium concentration changed f r o m  100 percent t o  
less than one percent in  a distance of 0.012". This change in  the uranium 
concentration gradient i n  t he  cladding indicates  that diffusion of the 
uranium f u e l  through the  bonding layer  and into the  cladding i s  occurring. 
The extent of t h i s  diffusion t o  the  outside of the  cladding is  of the  
grea tes t  concern, but  t h i s  has not as yet  been quant i ta t ively determined. 

A second AlSi canned fue l  element has been removed from the  bake t e s t i n g  
autoclave after about 900 hours a t  450 C and 1000 p s i  pressure. 
r ipp l ing  a t  two locat ions was noted on t h i s  fue l  element, and t h i s  obser- 
vation duplicates that of the  f i r s t  AlSi canned fue l  element which was 
tes ted .  

A surface 

The aluminum clad, hot-press nickel bonded fue l  element t h a t  has been high 
temperature - high pressure bake tes ted  has been removed from the test  
after 2000 hours a t  450 C and 1000 p s i  pressure.  This element appears 
sound except f o r  three dimples i n  the can w a l l  corresponding t o  uranium 
support points  i n  the  nickel p l a t ing  bath.  To prevent the possible l o s s  
of t h i s  fue l  element by failure of the  jacket ,  it has been removed fo r  
destruct ive metallographic examination and fo r  t he  possible determination 
of diffusion data. 

Restraint  of U r a n i u m  Swelling by Zirconium Claddinq. 
por%ed on the  swelling rates of unrestrained uranium i r rad ia ted  in  the  
400-500 C and 600-700 C temperature ranges. To date no data a re  avai lable  
on the swelling of unalloyed uranium restrained by high s t rength cladding 
and i r rad ia ted  w i t h  a 300-350 C cladding surface temperature and a maximm 
fue l  temperature in  the  range In order t o  obtain data fo r  the 
above temperature conditions and r e s t r a i n t  conditions s imilar  %o those of 
proposed NPR fue l  elements, a NaK capsule MTR i r rad ia t ion  has been designed. 
A goal exposure of 2500 MWD/T i s  planned. Welding of the  t e s t  fue l  rod 
and capsule a re  being completed. I r rad ia t ion  of  t h e  experiment should 

Data have been re-  

450-600 C. 
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begin i n  February. 
experiments f o r  i r rad ia t ion  in  Hanford reactors i s  being designed. 
Basically,  the capsule consis ts  of a fue l  rod centered i n  a th ick  wallzd 
2s aluminum can of approximately normal Hanford slug s i ze .  
the fuel rod and can is an annulus of NaK t o  serve as a heat t r ans fe r  
media. 
varying the  thickness of the NaK annulus. 
diameter and approximately 4" long, having 0, 0.020, and 0.030" Zircaloy-2 
co-extruded cladding a 

To obtain addi t ional  data, a s e r i e s  of NaK capsule 

Separating 

The desired cladding surface temperatures can be obtained by 
The f u e l  rods w i l l  be 0.570" 

Primary flux calculat ions,  based on the  described capsule design, were 
made using the P-3 Flux Distr ibut ion Program on the 650 d i g i t a l  computer. 
From t h i s  information approximate power generations i n  the tes t  fue l  rod 
were calculated f o r  natural  and 1.6 percent enriched uranium. The values 
thus determined were, respectively,  20 and 36 kw/ft f o r  the natural and 
enriched uranium. The P-3 program calculat ions assume an i n f i n i t e  length 
of uranium, whereas i n  these tests the uranium rods w i l l  be separated 
ax ia l ly  by almost an equal length of low neutron absorbing material. 
Also, because of t h i s  extensive "windowt' of low absorption material, the 
r e l a t i v e  f lux  values between the end and center of the uranium may vary 
considerably. Therefore, three 305 test  p i l e  experiments have been 
designed t o  measure: 
fue l  rod, ( 2 )  t he  r e l a t i v e  f lux  values ax ia l ly  along the test  fue l  rod 
w i t h  a high neutron absorber a t  each end of the uranium, and ( 3 )  t he  
e f f ec t  on the f lux  i f  equal lengths of a l te rna t ing  uranium and low neutron 
Zbsxbing material a re  subs t i tu ted  fo r  a long rod of uranium. With t h i s  
hlcrmation,  more accurate f lux  and power generation calculat ions can be 
made. 

(1) the r e l a t ive  f l u  values ax ia l ly  along the  test  

Theoretical  Study of Swelling. 
designs, the following theore t ica l  investigations have been made: 
time dependent diffusion i n  a sphere, ( 2 )  r a t e  of volume increase i n  a 
thick walled spherical  shell  under in te rna l  and external  pressure,  and 
( 3 )  t h e  deformation of a cylinder due t o  a temperature, burnup, and 
:jiz.-rjure dependent swelling r a t e .  These invest igat ions were unif ied into 
a theory f o r  swelling which can be used t o  ca lcu la te  the deformations i n  
cy l indr ica l  fue l  elements. A rough draft of t h i s  work has been prepared 
and c i rcu la ted  f o r  comments. Before numerical calculat ions can be made 
using the above theory, a secondary creep l a w  w i l l  have t o  be evaluated 
f o r  uranium i n  the high temperature regions, and the theory w i l l  have t o  
be programmed f o r  the d i g i t a l  computer. Also, addi t ional  theore t ica l  
work should be done t o  study the  e f f e c t s  of surface tension on the swelling 
r a t e  

In  addition t o  the prototype experiment 
(1) the  

Uec t ron  Beam Vacuum Welding. 
t o  t e s t i n g  of co-extruded U-Zr elements. During the  month seventeen co- 
extruded Z r - U  elements were closed w i t h  plug type end caps on both ends. 
Tests current ly  under way include weld penetration, t e n s i l e  weld strength,  
and rupture charac te r i s t ics .  Results t o  date indicate tha t  e lectron beam 
vacuum welding i s  a thoroughly sa t i s f ac to ry  method of closing eo-extruded 
Zr-U elements e 

An adequate weld closure is  e s sen t i a l  p r io r  
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Because of the  higher melting point of aluminum oxide, t he  layer  of oxide 
on two mating unbonded surfaces has a tendency t o  remain a s  a f i s su re  in  
the  root of t h e  weld. Various methods have been t r i e d  in an attempt t o  
eliminate t h i s  root  fissure. The most successful t o  date has been an a i r  
powered v ibra tor  operating approximately a t  400 cps. 
molten weld seems t o  physically break down the oxide barrier and eliminates 
the  f i ssure .  
can be to le ra ted ,  optimum frequency, e t c .  

The vibrat ion of the 

Further work remains t o  be done t o  determine amplitude which 

There has been some d i f f i c u l t y  i n  a t t a in ing  good closures u t i l i z i n g  con- 
ventional weld techniques on hot press  type elements due t o  the nickel 
b a r r i e r  l aye r .  
beam vacuum welding. 
given smooth welds of d i f fe ren t  penetrations.  
microstructures were studied. A l l  th ree  appeared sa t i s fac tory ;  however, 
three is too limited a number from which t o  d r a w  de f in i t e  conclusions. 

Three Sylvania hot press  elements were closed by electron 
One was given a vibrated weld and the  other  two were 

The welds were sectioned and 

Outgassing of t h e  a i r  absorbed on the  surface of the uranium oxide powder 
caused d i f f i c u l t y  when attempting t o  close elements containing uranium 
oxide powder by conventional welding methods. 
by electron beam vacuum welding because the vacuum tends t o  cause outgas- 
sing before the  welding. 
e lectron beam vacuum process. Results indicate that it is  possible t o  
obtain good closures by t h i s  method, but a number of fac tors  remain t o  be 
evaluated. 

This problem is minimized 

Five elements of t h i s  type were welded by the 

Vectorscope Instrument. 
sweater-coat d i s t r ibu t ion  has been greatly f a c i l i t a t e d  by the  development 

Measurement of aluminum w a l l  thickness and nickel 

of a new “Vectorscope” instrument for use-by the Testing Methods Laboratory. 
Patterned after the  earlier model, but  embracing improved features ,  the new 
instrument gives simultaneous non-destructive thickness measurements of the 
aluminum and nickel  layers ,  thus saving much time and ex t ra  handling of the  
t e s t  specimens. 

Vacuum Melting Furnace. 
i n  the  IlRC vacuum melting and cas t ing  furnace. 
l a t ion ,  and upon sa t i s fac tory  performance the uni t  w i l l  be formally 
accepted. 
and necessary repa i rs  were made t o  eliminate them. 
are now being constructed f o r  several  a l loying and cast ing programs. 

Centrifugal cast ing equipment has been in s t a l l ed  
This completes the  i n s t a l -  

A helium leak  detector  was used t o  loca te  a l l  obvious leaks,  
Molds and crucibles  

2. REACTOR PROGRAM 

Coolant Systems Development 

--Reactor High Temperature Studies.  The 180 C ,  pH 4.0, w/H3PO4 t e s t  in  
ELMO-2 was terminated during the month after f ive  months operation. 
inat ion of t he  sensi t ized and non-sensitized 304 stainless steel coupons 
a f t e r  t h i s  exposure revealed no intergranular corrosion. In addition, no 
serious.genera1 corrosion w a s  observed. Complete data fo r  the  aluminum 
al loys a re  not as yet  avai lable;  however, the corrosion r a t e s  of M-388, 
M-400, and M-457 were 0.09 mil/year a f t e r  1 2  weeks. 

Exam- 

The loop i s  being 



revised t o  permit operation a t  180 C,  pH 6-7, 150 ppm 1,5-dihydroxyanthra- 
quinone. 
The select ion of 1,5-dihydroxyanthraquinone as a corrosion inh ib i tor  was 
made on the  basis of experiments performed a t  ALCOA i n  s t a t i c  autoclaves. 

Alloys of aluminum and selected carbon steels w i l l  be tes ted .  

Isothermal rupture simulation tests were performed on two hot-pressed, 
uranium-wafer, bulkhead-free, internal ly-external ly  cooled, M-388 clad, 
KER-sized fue l  elements (Elephant slugs) t o  determine whether rupture char- 
a c t e r i s t i c s  w e r e  more severe than f o r  s imi la r  slugs prepared by dip canning. 
Extrapolation of the behavior of dip canned slug performance t o  the hot 
press case w a s  deemed questionable since dip canning appeared t o  lead t o  
AlSi bonding on the f l a t s  of the wafers, which i s  tantamount t o  supplying 
a t  least p a r t i a l  bulkheads. A f t e r  defecting the cladding, process condi- 
t i ons  were applied b r i e f l y  u n t i l  flow was s igni f icant ly  reduced owing t o  
uranium oxide formation. A t  240 C, 100 minutes of exposure wereapplied, 
and a t  280 C, only 20 minutes were needed t o  give the  same flow reduction, 
In s p i t e  of severe oxide formation and the expected preferred longitudinal 
swelling, both fuel elements were e a s i l y  removed from the undamaged process 
tube. I n  general, these tests indicate  that hot press wafered elements be- 
have much the same a s  dip-canned wafer elements. One aspect of uncertainty 
was noted, however. In several  locat ions on each of the  elements t e s t ed  it 
appeared as though the  aluminum jackets  had contacted the e n t i r e  tube per- 
iphery, leading t o  suspicion of s ign i f icant  blockage of $he aMUlar flow 
passage. Further tests were therefore scheduled t o  ve r i fy  the magnitude of 
this  effect. It should be noted that due t o  equipment d i f f i c u l t i e s  the iso- 
thermal rupture simulation tests now i n  process a re  r e s t r i c t ed  t o  less than 
typ ica l  flow ve loc i t i e s  a 

Fabrication of ELMO-4-R, a replacement fo r  ELMO-4, was started. 
completion of the fabr ica t ion  and i n  conjunction w i t h  the  urgency of the 
present ELMO-4 loop rupture tests, the  loop w i l l  be in s t a l l ed  and the 
ELMO-4 loop removed. A Chempunp, 50 gpm a t  50 p s i ,  w i l l  be installed i n  
the loop instead of the planned Byron Jackson pump, which i s  now being used 
i n  the ELMO-7 loop. 

The 290 C, pH 10 w/LiOH tes t  has been i n  operation six weeks i n  E M O - 5 .  
The carbon steels (SA 212, 1032, and 1051) have excellent surface appear- 
ances and show a corrosion r a t e  of 0.1 mil/year. The stainless steels 
(304 sensi t ized and non-sensitized) had negl igible  corrosion rates. 
conditions f o r  the operation of the loop appear qui te  good from both a 
corrosion and crud consideration. 
zine was s t a r t ed  on January ZY3* During the f irst  twenty-four hours of 
t h i s  test ,  dissolved oxygen was kept below 0.005 p a r t s  per  mill ion.  

-0-6 operation continued a t  300 C, pH 4,5 w/H3PO4, and 450 cm2 Al/gal H20. 
A f t e r  12  weeks of operation corrosion penetrations were s t i l l  i n  the  range 
of e r ro r  of the weighings. Coupons of a l loys  A-1, A-2, C-1, and C-2 were 
examined a t  weekly in te rva ls .  
and the A-2 and C-1 a l loys  developed p i t t i n g .  
had s t a r t ed  b l i s t e r i n g .  The failure of these a l loys  i s  a t t r i bu ted  t o  the 
non-hamogeneity of the coupon stock. Consequently, the test  i s  being re-  
run using coupons made from I & E can stock. 

, 

After 

The 

An oxygen scavenger study using hydra- 

Alloy A - 1  blistered after the  f i r s t  week, 
A f t e r  three weeks, a l l  a l loys 



WO-7 i s  operating a t  low flow ve loc i t i e s  using a 15-hp Byron Jackson 
pump unt i l  the  regular 45-hp pump can be sent t o  Los Angeles and repaired.  
One hot-press canned Cow fuel element clad i n  each of the new A - 1 ,  A-2,  
C - 1  and C-2 aluminum alloys and a lead-dip canned X-8001 (M-388) clad 
Elephant have run 215 hours a t  3 6  C, 1850 p s i  with a 4.5 pH adjusted by 
phosphoric ac id  addition. This test  also serves t o  evaluate methods of 
suppart of the  fuel elements. All element supports except those on the 
M-388 clad element were 3/4 inch long. The M-388 clad element supports 
were one inch long, and thus appreciably weaker. All supports were aff ixed 
t o  the jacketing by inert gas welding and were of the same a l loy  as  the 
can stock. A f t e r  215 hours of operation, v i sua l  examination revealed no 
obvious corrosion a t t ack  on the fue l  element surfaces. 
appeared t o  be i n  excel lent  condition except f o r  some damage obviously 
incurred during charging. The one inch r a i l s  were found t o  be i n  varying 
stages of collapse, deduced t o  arise from the long span and the e f f ec t  of 
temperature on the  s t rength of aluminum. Blis te r ing  was noticed on areas  
of t he  supports in close proximity t o  the welds, universal ly  i n  the case 
of M-388 cladding, p a r t i a l l y  on a l loys  A-1 and A-2, and not a t  a l l  on 
a l l o y s  C - 1  and C-2. 
ment during welding causing expansion of the softened aluminum a t  operating 
temperature. 
three weeks after the elements a re  subjected t o  test  conditions and seems 
not t o  progress thereafter. 
the s t rength of the bond between cladding and support. Thus, from these 
tests it appears that by the use of short  spans t o  compensate f o r  the re- 
duced strength of aluminum a t  operating temperature, and perhaps w i t h  the 
development of improved gas-free welding techniques, sa t i s fac tory  supports 
f o r  aluminum fuel elements can be achieved. 
l i n e s  are now i n  progress. 

The 3/4 inch r a i l s  

The blistering i s  deduced t o  result, from gas entrap- 

The b l i s t e r i n g  appears t o  reach equilibrium within two t o  

Tests  indicate  that b l i s t e r i n g  does not weaken 

Further tests along these 

No depression caused by operation was noted on the in te rna l  or  external  
surfaces of the new a l loy  clad elements; however, several  depressions 
ranging up t o  about 3/8 inch diameter were found i n  the in te rna l  cooling 
annulus of the Elephant element. 
t i on  after only 48 hours operation. 
the loop after 215 hours because of the  poss ib i l i t y  o f  i t s  rupturing. 
following elements were charged in to  a special  corrosion tes t  section of 
-0-7 f o r  t e s t i n g  a t  coolant ve loc i t i e s  of 20 f -ps t o  determine i f  the 
corrosion r a t e  of any of the  aJ-loys is  veloci ty  sensi t ive:  One Cow element 
clad i n  A-2 al loy,  one Cow element i n  C - 1  a l loy,  one Cow element clad i n  
C-2 al loy,  and one Elephant element clad i n  X - 8 0 0 1  a l l oy ,  

These depressions were found in  inspec- 
The Elephant element was removed from 

The 

The crack observed i n  the main loop piping of ELMO-9 w a s  found t o  be t rans-  
granular and was assumed t o  be caused by stress corrosion cracking. 
cooling water jacket used oxygen and chloride containing water a t  about 
100 C; these conditions coupled w i t h  the unrelieved stress developed i n  
the expansion of the  pipe (due t o  heat)  could cause s t r e s s  corrosion 
cracking. 
t o  determine if any intergranular corrosion develops on sensi t ized 304 
s t a in l e s s  steel. 
t h i s  coupon was 304L s t a in l e s s  s t e e l .  
exposure. 

The 

The current test  of 250 C and pH 4.0/H3P04 continued in  an e f f o r t  

O n l y  one coupon has been found t o  have any such a t tack ;  
The a t tack  occurred a f t e r  two months 

The test w i l l  continue f o r  approximately two more months, 
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High Temperature In-Reactor Loop Tests. The Zircaloy-2 process tube was 
in s t a l l ed  i n  m-1 on January 7. Operating water temperatures i n  the  
range of 265 t o  275 C were approved f o r  t h i s  tube.  
primary pump were received and are being in s t a l l ed  i n  the  pmp. Both 
pumps i n  the  loop now have balanced impellers. 
operate continuously in-reactor  after February 3. 

Par ts  f o r  the No - 1 

The loop w i l l  3e able t o  

KER-2 was on process water twice during the  month f o r  a t o t a l  of 50 hours 
fo r  (1) repai r  of a heat exchanger leak, and (2)  because the low flow t r i p  
was not r e s e t  after pump tests and the safe ty  c i r c u i t  caused the loop t o  
dump. The loop has operated with Elephant slugs f o r  27 days a t  an average 
o u t l e t  of 225 C, pH 4.5/H3P04. 
outage i f  su i tab le  hot-pressed Elephants a re  avai lable .  Examination of  the 
Cow slugs discharged from the  loop revealed only minor corrosion. Exact 
rates are unknown as the slugs gained weight and could not be cleaned of 
corrosion product. 

The tube w i l l  be discharged a t  the  next 

S t a r t ing  on January 6, KER-3 was on process water f o r  66 hours f o r  replace- 
ment of the carbon steel p i g t a i l s  with stainless steel p i g t a i l s .  On 
January 14, ou t l e t  temperature of the loop was lowered t o  100 C t o  prevent 
excessive cu t t ing  of the leaking dump valve seat and plug. On January 17, 
during a reactor  outage, several  attempts t o  reseat the  dump valve were 
unsuccessful. A t  t h a t  time the  loop was put on s ingle  pass process water 
operation. 
ruary when the spare p a r t s  fo r  the valve are due fo r  delivery.  
instrumentation was responsible f o r  a reactor  shutdown on December 27. 
This shutdown was due t o  malfunctioning of the high heat exchanger e x i t  
temperature reset switch. 
l e t  temperature of 225 C w i t h  stainless clad c lus te rs .  
720 MWD/T. 

This s ingle  pass operation w i l l  continue u n t i l  the  end of Feb- 
The loop 

The loop has operated 84 days a t  an average out- 
Exposure t o  date i s  

Primary pump No. 2 of KER-4 was reassembled with a balanced impeller. 
January 8, the  loop was charged w i t h  10 lead dip Elephant slugs.  
January 14,  the  o u t l e t  temperature of the loop was lowered t o  100 C t o  
prevent excessive cu t t ing  of the  leaking dump valve seat and plug. On 
January 17, t he  loop w a s  placed on single-pass process water cooling. 
w i l l  remain on s ingle  pass operation u n t i l  approximately the end of Feb- 
ruary, a t  which time spare p a r t s  f o r  the dump valve w i l l  be avai lable .  
KER-4 operated f o r  four days a t  an average o u t l e t  of 228 C p r io r  t o  one 
pass operation. It w i l l  be charged w i t h  hot pressed Elephants when the 
dump valve i s  fixed and operated a t  230 C, pH 4.5, and an extended aluminum 
surface area t o  water r a t i o .  

On 
On 

It 

Organic Coolant Studies.  The slugs i n  ORA-1 were inspected a f t e r  four 
weeks of operation a t  TOO F i n  MIPB. 
and showed no v i s i b l e  change from the  two weeks inspection. 
the  Dean Brothers pump f a i l e d  again. 
pump w i t h  an avai lable  Chempump i s  being considered. 

They were a l l  in  excel lent  condition 

The poss ib i l i t y  of replacing t h i s  
The seal in 

A series of cadmium r a t i o  measurements were completed i n  t he  ORA-2 t e s t  
hole assembly. 
These numbers a re  used in  calculat ing the epithermal neutron exposures i n  
the loop. 

The results confirm those obtained e a r l i e r  i n  the 305 p i l e .  



Operation of ORA-3 was continuous with no severe leakage nor heater 
fouling occurring. Temperature was approximately 575 F. 

Scoping of ORA-4 was completed for an in-reactor organic loop using a 
front-to-rear tube; the cost estimate is under way. Since the side-test- 
hole scope was completed, there were a few major changes relative to 
design criteria. From operating experience in the I(ER loops, it was 
learned that a majority of reactor scrams was caused by malfunctioning 
of scram instruments. To avoid these costly outages of a reactor, it was 
decided to duplicate all scram circuits on ORA-4; both must fail before a 
scram is effected. An auxiliary blower to contain any organic vapor in 
the event of a major leak was also added as a safety precaution against 
possible reactor building contamination. 
automatic de-pressurization system, elimination of sight glasses, and dup- 
lication of annunciators in KER and lo5 control rooms. These additions 
will add substantially to the cost estimate on the front-to-rear scope and 
would likewise increase the estimate of the side test hole scope. 

Other major changes included an 

A study of the infrared absorption spectra of irradiated MIPB was made. 
Definite differences in the structure of tars produced in various manners; 
e.g., by reactor radiation, gamma radiation, or pyrolytic action, were 
found. These results confirm conclusions that were previously drawn from 
observations of physical property changes. 

A study of the problem of removing two "trouble-makers"; i.e., water and 
hydrogen, from an organic system was started. Clean-up in addition to the 
use of the present degasifier may be desirable. 
serve to scavenge hydrogen at operating temperatures are barium, nickel, 
and calcium. Many adsorbents are satisfactory for water removal at low 
temperatures but will not work at temperatures of 600 F. 
magnesium may prove to be satisfactory at these temperatures. 

Certain metals which may 

Barium oxide and 

The use of "Goetze" soft iron gaskets is being investigated. Results to 
date appear to be excellent. 
aluminum gaskets in that there is less possibility of creep. 

Iron gaskets may have an advantage over soft 

Low Temperature Corrosion Studies. Production Test 105-550-E, to determine 
the effect of pH on corrosion of fuel elements and components in present 
reactors, continued during the month. 
uary 7. 
pH 7.0 process water. 
determination of operating limits at increased outlet tenperature in the 
range of 130-150 C is essentially complete, and a new production test will 
be written. 

Two tubes were discharged on Jan- 
One tube was supplied pH 6.0 process water, and one was supplied 

These tubes were recharged with weighed metal. The 

Tube 294343, charged with dummy slugs containing flux monitoring gold 
foils, has operated 65 days at 110 C outlet temperature. 
scheduled for 90 days exposure. 

The test to evaluate the localized corrosion characteristics of M-388 
aluminum under H Reactor operating conditions has operated for 60 days at 
120 C acd 45 gpm. 

The test is 

The test is scheduled for 150 days exposure. A test 
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w a s  started t o  compare M-388 and 1245 aluminum i n  process water w i t . h  
1 ppm dichromate and intermit tent  purging w i t h  25 ppm of diatomaceous 
ear th .  
causes of the local ized corrosion a t t ack  a t  H Reactor. A t e s t  s ec t ion  
is  being fabricated t o  test  M-388 and various other aluminum a l loys  in  
a venturi-type r e s t r i c t i o n  where cavi ta t ion,  erosion or  l oca l  bo i l ing  
may occur. 

These aggravated conditions may indicate  the mechanism o r  

Corrosion r a t e s  fo r  the steel samples exposed in  the f loa t ing  sample 
rack i n  a lo7 KE basin averaged 0.88 m i l  per month f o r  t he  nine month 
exposure period. A calculated "equilibrium" corrosion r a t e  fo r  the 
period between sample removals (after 6 months i n i t i a l  exposure) i s  
0.40 m i l  per  month. 

Service Work. Corroded sensing elements from the K water plant  f i l t e r  
head l o s s  instruments were sectioned and examined. Density measurements 
and spot tests indicate  the elements were made of 2024 aluminum a l loy .  
A high copper content results in  reduced corrosion resis tance f o r  t h i s  
aluminum alloy (as compared t o  1100 a l loy)  in  process water. 
recommendations fo r  control of t h i s  p i t t i n g  a t tack  w i l l  be made a f t e r  a 
further study of the p i t t e d  pieces has been made and confirmation of metal 
content is  received from spectrographic analysis .  

Appropriate 

Another nickel-plated s lug was discharged from the mockup and although the 
exposure was about three times as long, no adverse corrosion e f f e c t s  were 
noted. 
not be removed after several  attempts a t  cleaning. 

However, the scale  which formed on the surface of the slug could 

Examination of the raw-water cooled heat exchangers a f t e r  f i v e  months 
operation continued t o  show a s l i g h t  build-up i n  scale  but  with l i t t l e  
change i n  heat t ransfer  coeff ic ient .  There is  now l i t t l e  difference i n  
the amount of scale  on the tubes of the exchanger operating a t 1 7 5  F raw 
water ou t l e t  and the one operating a t  200 F ou t l e t .  A t  the end of four 
months operation, the exchanger w i t h  the higher o u t l e t  temperature had the  
heavier scale .  The scale  on the tubes of e i t h e r  exchanger was eas i ly  re-  
moved by rubbing. 
cooler o u t l e t  exchanger. 
baffles indicated more organic material i n  p a r t i c l e s  from the  cooler ex- 
changer. Pa r t i c l e s  from the  hot te r  exchanger appear more closely t o  re- 
semble cinders.  Contact w i t h  the reactor  design group sponsoring the  test  
established that no quant i ta t ive heat t ransfer  coef f ic ien ts  a re  expected 
from these tests. The tes t  i s  expected t o  give only a qua l i ta t ive  indi-  
cation of the amount and type of sca le  build-up t o  be expected from heat 
exchangers operating a t  these conditions. 

P a r t i c l e  build-up on the ba f f l e s  was greater  on the 
Microscopic examination of p a r t i c l e s  from the  

Decontamination Studies.  The process tube used i n  the test  evaluating the 
e f f ec t s  of a five-minute, 3 oz/gal Turco flush was removed, sectioned, and 
descaled. V i s u a l  observation showed no apparent corrosion anywhere on the 
tube which could be d i r ec t ly  a t t r i bu ted  t o  the presence of Turco. 

Attempts were made a t  decontaminating a pump impeller removed from KER-4 
t o  a radiat ion l e v e l  where it could be balanced without causing excessive 



DECUSIFIEQ 
Al-20 Hw-54760 ysFL1 

dosage r a t e s  t o  the  workers. 
hours a t  180-200 C a t  a pH of 4.5. 
was 1200 m r  a t  2". 
order of use), the  surface reading on the impeller w a s  reduced t o  500 m r  
a t  2". 

This impeller was i n  service fo r  over 1400 
I n i t i a l  surface reading on the impeller 

After treatment with the below l i s t e d  chemicals ( i n  

Decontaminant Temperature Length 

1. KMnOl+-NaaE followed by Boiling One hour f o r  each 
m03-Fe ( m1, 2( sol+ 2 

I I  Approx. one hour 2. 546 m03 

3. 2O$HNO3and3$HF Room temp. 2 hours 

4. 3 6  HNO3 and lo$ Na2Cr20 6OC 30 minutes 

Par t icu la te  Matter Studies. Samples of water from single  pass in-reactor  
tubes 4456 and 5063, KER-2 and KER-3, and the KER Makeup System were exam- 
ined under the electron microscope. 
types found i n  each system. 
pa r t i c l e s  from KER-4 under operating conditions. 
posed after a week's exposure i n  the  high temperature water. 

Photographs were taken of p a r t i c l e  
An unsuccessful attempt w a s  made t o  obtain 

The F o m a r  films decom- 

Thermal Hydraulic s 

Flow Hazard Studies.  Experimental heat t r ans fe r  s tudies  of the  response 
of reactor  process tube assemblies t o  imposed hazardous operating conditions 
were continued. Previous experiments had indicated tha t  with a test section 
simulating I & E fuel elements, pressure f luctuat ions occurred which were 
a t t r i bu ted  t o  varying boi l ing conditions with recurring heat shif ts  between 
hole and annulus. To ver i fy  these pressure f luctuat ions with t e s t  sections 
which would simulate reactor  conditions with more precision, experiments 
were performed w i t h  allowance f o r  flow between the  in te rna l  and external 
f l o w  streams a t  the slug jynctions.  This inter junct ion flow was provided 
fo r  by d r i l l i n g  two rad ia l  holes 1/16 inch in diameter every eight  inches 
along the heater rod. 
fo r  C I & E fue l  elements i n  a C process tube a t  tube powers 500, 750, 1000, 
and 1250 Kw revealed that allowance fo r  inter junct ion flow almost completely 
eliminated the  pressure f luctuat ions.  
t h a t  of C s o l i d  slugs,  except t ha t  the boi l ing curves were not car r ied  t o  
a s  low flows. This indicates  tha t  f i lm boi l ing probably s t a r t s  a t  higher 
flows fo r  these I & E heater rods as compared t o  s o l i d  rods due t o  the 
higher top of annulus temperatures. "he temperature d i f f e r e n t i a l  between 
the top and bottom surface of the I & E heater  rod ranged up t o  100 C. 

The determination of steady s t a t e  boi l ing curves 

The data conformed qui te  c losely t o  

A t o t a l  of 26 experiments were performed which simulated the t rans ien t  
response of a C I & E fue l  element i n  a C process tube t o  sudden s tep re- 
duction i n  flow. In these experiments, which tere performed a t  tube powers 
between 900 and 1250 KW and i n i t i a l  ou t l e t  water temperatures ap t o  125 C, 
allawance was made f o r  the inter junct ion flow. 
1150 KW, the  f l o w  of water was suddenly reduced from 42 t o  less than 3 gpm 

In one test performed a t  



while heat t o  the test section w a s  maintained a t  f u l l  power f o r  3-l/2 
seconds before being reduced according t o  a simulated reactor  scram. 
The temperature of the  heater rod as indicated by a thermocouple located 
near the  top surface during t h i s  tes t  did not exceed 312 C. The i n i t i a l  
pressure reduction a t  the  ventur i  th roa t  was very la rge ,  but the pressure 
increase accompanying the  steam formation a f t e r  flow reduction was not 
suf f ic ien t  t o  a lso cause a Pane l l i t  high t r i p .  

Hydraulic Studies.  
downstream dummy combinations f o r  K process tubes. These types of dummy 

Data were obtained of the  pressure drop of spec ia l  

charges, which contain some so l id  a lk inum slugs, are being studied by 
E D  as a means of process tube pressurizat ion t o  prevent top-of-annulus 
boi l ing with I & E fue l  elements i n  K Reactors. It w a s  found that one 
so l id  slug increased the dummy pressure drop about 14  p s i  , and if the so l id  
dummy was re s t ing  over the nozzle ou t l e t ,  the  pressure drop was increased 
about 40 p s i  at  a flow of 50 gpm. 

Exploratory work w a s  done on studying the heat t r ans fe r  charac te r i s t ics  
from fue l  elements through the  analogy of mass exchange by diffusion t o  
convective heat t r ans fe r .  Standard s ized  so l id  slugs were casted of 
p l a s t e r  of Par i s  and subjected t o  cold water flow i n  a BDF process tube in  
the 189-~ Hydraulic Laboratory. 
in  t h a t  while very l i t t l e  mater ia ls  were removed from the  slug adjacent t o  
the r i b s  indicating poor mass and heat t r ans fe r  as would be expected, 
removal of material from the  rest of the  slug was very spotty and non- 
uniform. It w a s  a l so  found that the  dissolut ion r a t e  was such a strong 
function of the  length of time the  p l a s t e r  of Pa r i s  had cured t h a t  compar- 
ison between slugs of s l i g h t l y  d i f f e ren t  sizes would be d i f f i c u l t  unless 
their curing conditions were ident ica l .  

The results were not e n t i r e l y  sa t i s fac tory  

Detail drawings were completed of a proposed small addition t o  the hy- 
drau l ics  equipment i n  189-~. 
f a c i l i t y  t o  perform pressure drop s tudies  on PRTR fue l  elements a t  low 
pressures and a horizontal  t e s t  section t o  f a c i l i t a t e  c r i t i c a l  flow exper- 
iments a t  l o w  pressures.  
t o  be three weeks. 

The addition would include a ve r t i ca l  

Construction time of t h i s  addition i s  expected 

Information which was gained during c r i t i c a l  flow studies  of "K" process 
tube o u t l e t  f i t t i n g s  has aided i n  correlat ion of the  response limits of 
the "K" RTD (Resistance Type Temperature Detectors).  
which allow in te rpre ta t ion  of indicated RTD temperatures a s  a function of 
t r u e  temperature, rear  header pressure,  and flow r a t e  except over a small 
range of t rue  temperature near the  i n i t i a t i o n  of c r i t i c a l  flow. 

Figures were prepared 

Some ear ly  data, which showed severe temperature osc i l l a t ions  i n  the R"D 
locat ion during high temperature - low rear header pressure runs, were re-  
checked i n  the  laboratory using a thermocouple and then an Edison brand 
RTD (present reactor  standard).  There were three conclusions: (1) the 
absence of a dummy charge adds t o  the severi ty  of the temperature osc i l -  
l a t ions ,  ( 2 )  an RTD sees only about 0.3  t o  004 of the osc i l l a t ion  that the 
thermocouple indicates  - presumably because of the heat capacity of the RTD 
w e l l  assembly, (3)  for  flow r a t e s  of 25 gpm o r  above and temperatures up 
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t o  160 C,  an RTD w i l l  not indicate  any temperature osc i l l a t ion  when a 
dummy charge is  used. 

High Pressure Heat Transfer Apparatus. 
pump was returned t o  service after the leak  between the process water and 

The Byron Jackson canned motor 

cooling water was stopped by i n s t a l l i n g  a gasket between the warped heat 
stop and the  pump sealing face. 
on the thermal cycling test of the sect ion of process tube proposed f o r  an 
ETR ins t a l l a t ion .  
on one of the e l e c t r i c a l  preheaters.  
be overheating of the preheater shell  when the section above the o u t l e t  
pipe became a i r  locked. 
ra ther  extensive damage t o  the upper portion of the preheater.  
made f o r  temperature monitoring and continuous top bleed of the remaining 
preheater.  

An addi t ional  100 cycles were obtained 

The test was hal ted when a fabr ica t ion  weld opened up 
Cause of the trouble was thought t o  

Examination w i t h  the  aid of radiographs indicated 
Plans were 

Studies were made of t he  FY-1959 budget items which c a l l  f o r  the modification 
of t he  heat t r ans fe r  apparatus. One i t e m ,  which c a l l s  f o r  addi t ions t o  the 
high pressure apparatus t o  accommodate the addi t ional  heat generation r a t e s  
under CG-661, w f l l  require  addi t ional  bus bar systems, heat exchangers, pre- 
heaters ,  miscellaneous valves and piping, and flow meter instrumentation. 
The second i tem,  which c a l l s  f o r  additions t o  accommodate t rans ien t  heat 
t r ans fe r  experimentation simulating complete water l o s s  t o  a fue l  element, 
w i l l  require a water storage tank, quick act ing valves, and ex t ra  ins t ru-  
mentat ion. 

Project  CG-661 
a c i t y  f o r  heat t r ans fe r  s tudies  i n  the 189-~ Laboratory. 

This pro jec t  w i l l  provide addi t ional  heat generation cap- 
Bids on the 

r e c t i f i e r s  are expected t o  be opened during the first pa r t  of February. 
An order w a s  placed w i t h  the  Whitlock Manufacturing Company f o r  a shel l  and 
tube heat exchanger t o  use as an intermediate heat remover in  the low pres- 
sure apparatus. Delivery of the item i s  expected in  May o r  June of 1958 

Heat Transfer Coefficient Stuaies.  Work was continued on test  section 
designs f o r  studying flow and heat t r ans fe r  using seven-rod fue l  elements. 
Construction was compk-on one design which consis ts  of seven 0.625 inch 
rods spaced 0.05 inch apar t .  This design is  being in s t a l l ed  i n  the 42-inch 
test section of the  low pressure apparatus f o r  i n i t i a l  experimentation. 
Five other  designs were completed and include such things as adjustable rod 
spacing and experimentation on the high pressure apparatus. 

Organic Heat Transfer Studies. 
t o  monitor the surface temperature a t  the downstream end of the test section 
on a continuous bas i s ,  
nected i n  the  control c i r c u i t  which cuts  the power t o  the tes t  section and 
preheaters in  the  event of excessive surface temperatures. 

A recorder was i n s t a l l ed  on the  apparatus 

The recorder i s  equipped wi th  a microswitch con- 

A thirteen-hour surface fouling run w a s  rnade w i t h  MIPB under the following 
conditions: 

Velocity - 5 f t / s ec  
Bulk temperature - 380 F 
Surface temperature - 900 F 
Heat f lux - 135,000 B / k r - f t 2  
S t a t i c  pressure - 300 psig.  



During the run no appreciable change was observed i n  the heat t ransfer  
coef f ic ien t .  However, the  experimental heat t r ans fe r  coeff ic ient  was 
only 58 percent of that predicted by the Dittus-Boelter cor re la t ion ,  
Inspection of the test  section revealed a black deposit on the  heated 
portion. The deposit was s o f t ,  ea s i ly  scraped from the surface and 
looked l i k e  carbon black. A sample was taken f o r  analysis .  

Additional determinations of heat t r ans fe r  coef f ic ien ts  were made a t  
lower surface temperatures t o  recheck the  ca l ibra t ion  of the apparatus. 
A t  ve loc i t i e s  of 10, 15, and x) f t /sec,  bulk temperatures of 500 F, and 
s t a t i c  pressure of 140 psig,  the  experimental heat t r ans fe r  coef f ic ien ts  
were within one percent of  t he  Dittus-Boelter equation. However, a t  
5 f t / s ec ,  the experimental value of heat t ransfer  w a s  82 percent greater  
than that predicted by the  equation. By increasing the s t a t i c  pressure 
t o  250 psig, t he  experimental value of heat t r ans fe r  coef f ic ien t  became 
within 20 percent of the  Dittus-Boelter value. 
and found t o  contain 95 gpm of water. 
of water should have such a marked e f f ec t  a t  a veloci ty  of 5 f t / s e c  and 
apparently have no e f f e c t  a t  higher ve loc i t i e s .  

The MIPB was then sampled 
It i s  not cer ta in  why t h i s  amount 

Mechanical Equipment Development 

Organic Cooling System Components. 
f a c i l i t y  (MOTS-1) was ins ta l led .  This un i t  consisted of s i x  calrod heater 

The 1 5  KW preheater f o r  the  organic 
" .  

un i t s  wired i n  three separate heating c i r c u i t s .  
avai lable  and i s  more than suf f ic ien t  t o  raise the  system temperature t o  
the desired value. 
and 665 F. 
leaking. 
f u l l  temperature run. Items present ly  being tested include: two mechanical 
pump seals, two flanged jumpers, two iron gaskets, two aluminum gaskets, and 
a pipe dope. 

A t o t a l  of 19.5 KW i s  now 

During the  month the  f a c i l i t y  was operated a t  300 p s i  
The flared f i t t i n g s  were cycled 13 times and showed no signs of 

Most of t he  screwed f i t t i n g s  required t ightening after the  f i rs t  

The Duraseal mechanical seal was removed after 40 hours of operation. 
seal showed no signs of damage other than the loss of gaskets i n  the  flange 
jo in t  and the s tuf f ing  box. The seal was repaired and i s  now ready f o r  
fur ther  t e s t ing .  The John Crane mechanical seal was instal led w i t h  a heat 
exchanger f o r  cooling of the  seal. 
ing. Examination of the  seal revealed that a pin had sheared and ruined a 
t e f lon  "0" r ing  and chipped the  ro ta t ing  face. 
very alignment sens i t ive  and is  affected by vibrat ions from the  sea l  motor. 
The seal w a s  repaired and i s  ready f o r  addi t ional  t e s t ing .  
and two iron gaskets were tes ted .  The aluminum gaskets replaced the Garlock 
gaskets i n  the mechanical seals and the iron gaskets were t e s t ed  between two 
r ing j o i n t  f langes.  A f t e r  37 hours of t es t ing ,  the aluminum gaskets showed 
no signs of leaks.  Although the  iron gaskets have only been installed f o r  
a short  period of time, these gaskets appear t o  be performing s a t i s f a c t o r i l y .  
A torque of 50 f t - l b s  per  b o l t  was required t o  seal the aluminum gaskets i n  
e ight-bol t  flanges, while 100 ft- lbs of torque was required t o  sea l  the  iron 
gaskets i n  the same type of f langes.  

Tbe 

The seal f a i l e d  a f t e r  37 hours of t e s t -  

This seal appears t o  be 

Two aluminum 



A1 - 24 HW-547a 

The organic f i r e  tests were completed during the  month. 
run a t  a temperature of 650 F and a pressure of 350 p s i .  
drawn from the  tests were: (1) there i s  no danger of spontaneous igni t ion 
a t  the  tes t  temperature; (2) MlpB is f a i r l y  hard t o  ign i t e  and does not 
burn too vigorously; ( 3 )  t he  flame is easy t o  extinguish with carbon d i -  
oxide; (4) a high percentage of vaporization w i l l  result when the  organic 
is  released t o  the  atmosphere; masks would be required t o  f igh t  any re- 
sultant fire;  and ( 5 )  a cold water spray seems t o  be the  best extinguishing 
agent fm  MIPB fires. 

These tests were 
The conclusions 

I r rad ia t ion  Testing Engineering 

Shielding Studies. Attenuation measurements of ordinary concrete in the  
as-cured condition were completed. Foi l s  from the  last  measurement are 
current ly  being counted. The test  s labs  were removed from the test  w e l l  
and placed i n  the  oven for  baking a t  100 C .  The 27-day curing period of 
the ferrophosphorus concrete s labs  was completed and attenuation measure- 
ments i n  the  as-cured condition were s ta r ted .  The density o f  the ferro-  
phosphorus slabs,  calculated from weights taken a t  the end of the curing 
period, was 4.83 gm/cm3. 

The last aggregate tank fo r  the experimental nose tank on the C Reactor 
f a c i l i t y  was completed. 
r icated.  
complete. 

Thermocouples and f o i l  holders remain t o  be fab- 
Overall fabr ica t ion  is  estimated t o  be approximately 80 percent 

Work was s t a r t e d  on a request from the  Chemical Processing Department t o  
calculate  the  shielding requirements f o r  the i so la t ion  and packaging portion 
of the Cesium Recovery Plant .  
shielding requirements f o r  t he  viewing window and the product shipping con- 
t a ine r .  A check w i l l  be made of the adequacy of the ex is t ing  cover blocks, 
shielding w a l l s ,  crane cab and bui lding roof a t  the i so la t ion  and packaging 
c e l l .  
that remote manipulations w i l l  be performed a t  a console in f ron t  of the  
window. 

The major items being considered are the 

Calculations on the  thickness of the viewing window are  c r i t i c a l  i n  

A t  t he  request of t he  Reactor Modification Design Development Operation, 
measurements of neutron leakage associated with a VSR assembly of a new 
design in s t a l l ed  a t  KE Reactor were made using the  neutron dosimeter. 
Measurements obtained from two step-plugs of d i f fe ren t  design indicate  that 
the proposed design w i l l  almost double the neutron background on top of the  
reactor .  

Final  assembly of t he  neutron spectrometer i s  awaiting delivery of the 100 
channel analyzer. Delivery of the analyzer which was or ig ina l ly  scheduled 
fo r  September i s  now scheduled f o r  February. A report ,  HW-54277, "Descrip- 
t i on  of the  Fast  Neutron Spectrometer," D. E. Wood, January 6, 1958, des- 
cr ibing the spectrometer and the  program f o r  i t s  use w a s  issued. 

Conversion of the  counters in the  1704 Counting Room from Geiger t o  propor- 
t i ona l  counters was 90 percent complete. 
gas flow counting were examined. The necessary components t o  operate three 

Several un i t s  of equipment f o r  



lead pigs and the  sample changer were obtained and a re  being assembled. 
These components w i l l  be evaluated fo r  s t a b i l i t y  and r e l i a b i l i t y  over +,he 
next few months e 

Calculations are i n  progress, as requested by the Reactor Design Analysis 
Operation, IPD, t o  determine the  optimum re f l ec to r  thickness, the  required 
enrichment, and the  required shield thickness f o r  the NPR. In  addition, it 
w i l l  be determined if t h e  use of two and three group diffusion theory of fe rs  
a s ign i f icant  advantage over the one group theory i n  these calculations f o r  
the case of an undermoderated l a rge  reactor.  Manual calculations w i l l  be 
made p r io r  t o  using the IBM 650 f o r  these determinations. 

Nonmetallic Materials Developent 

Low Density Graphites. The i r rad ia t ion  e f f e c t s  on low density graphites 
being considered f o r  use i n  fu ture  production reactors  a re  being determined 
through i r rad ia t ions  i n  the  hot and cold t e s t  hole f a c i l i t i e s  a t  Hanford 
and by controlled high temperature i r rad ia t ions  in  the  Materials Testing 
Reactor. Ah extruded, GBF processed, Texas coke graphite with a density of 
1.23 g/cc made by the National Carbon Campany was recent ly  discharged from 
the  hot t e s t  hole w i t h  an exposure of 905 MD/AT a t  525 C. 
0.02 percent i n  samples cu t  transverse t o  the  extrusion ax i s  and contraction 
of 0.001 percent i n  the p a r a l l e l  samples were found. 
the  same rates found in  TSCIBF graphite with a density of 1.65 g/c@. 
ported previously, i r rad ia t ion  of the low density material a t  750 C i n  the 
Materials Testing Reactor resul ted in  a contraction rate s l i g h t l y  higher than  
that  of the  1.6 g/cc density TSGBF material. 

Expansion of 

These are approximately 
A s  re- 

High Temperature Graphite I r rad ia t ions ,  GEH-9-6 e 
ac tor  L-42 i r rad ia t ion  i s  continuintz i n  i t s  last  scheduled cycle of a t-hree- 

The Materials Testing R e -  

cycle i r r ad ia t ion  with controlled t k e r a t u r e s  of 1025, 975,-750, and 750 C 
for  t he  four uni t s .  This i r r ad ia t ion  w i l l  be terminated February 10, pro- 
vided KAPL 37-2 i s  ready f o r  charging. In the  event that KAPL 37-2 i s  not 
charged, GEH-9-6 w i l l  remain f o r  an addi t ional  cycle or  longer i f  conditions 
permit. 

PT-IP-2lA (PT 403). 
a t ion  i n  the range 30-400 C is nearing completion, and the instruments fo r  
control a re  being t e s t ed  under a var ie ty  of process control conditions. 
was expected that control,  pa r t i cu la r ly  on semi-static processes would be 
b e t t e r  than has been found. It has been noted that the control amplifier 
l i n e a r i t y  i s  not as good as it could be, and t h i s  may be a contributory 
cause of d i f f i cu l ty .  The instruments do a good job in  handling process dis- 
turbances of la rge  magnitude, but  lack  the  a b i l i t y  t o  recognize small devi- 
a t ions  of t he  control point,  implying a drop out of the r e se t  mode i n  a 
narrow zone near the  set point.  An improvement i n  pulse l i n e a r i t y  from the 
converter would hElp substant ia l ly ,  and the vendor has been contacted t o  
obtain information leading t o  a method of improvement. 
furnishing two factory-tested un i t s  t o  determine whether there  is something 
fundamentally defective in  the un i t s  previously received. 

The Hanford controlled temperature assembly f o r  irradi- 

It 

The vendor i s  a l so  



Graphite Burnout Monitorin Weight losses  from graphite burnout samples 
discharged from channel 3481-B on 12/20/57 indicate  a maxFmum oxidation 
r a t e  in-the center of the reactor  o f  l . b $ / l O O O  operating days fo r  the 
seven-month exposure period. This rate is  s l i g h t l y  greater  than the  r a t e  
of 0.90$/1000 operating days observed f o r  a previous sample series i r rad ia ted  
during the  13-month period ending May 10, 1957, but  i s  s t i l l  below the 
l i m i t  of 2$/1000 operating days. 
graphite samples e 

Channel 3461-B was recharged w i t h  weighed 

Preliminary burnout data from the hot test hole at  C Reactor indicate  a 
burnout rate of 1.2$/1000 operating days f o r  a new experimental graphite 
with density 1.23 g/cc, manufactured by the  National Carbon Company. This 
rate appears somewhat high, and burnout data w i l l  be obtained i n  a process 
channel t o  be more d i r ec t ly  comparable w i t h  o ther  graphite tyyes. 

Graphite burnout samples exposed t o  ambient conditions of temperature and 
gas composition s ince November 1956 i n  channel 3478-D were discharged 
January 24. They w i l l  be weighed when the high radiat ion leve ls  have 
decayed t o  a su i tab le  handling l eve l .  

Thermocouple Development. Magnesium oxide insulated thermocouples are un- 
r e l i ab le  i n  reactor  application, pa r t i cu la r ly  if  they have been fabricated 
without su f f i c i en t  precautions t o  exclude water. Five chromel-alumel z i r -  
conia insulated thermocouples have been obtained with s t a in l e s s  steel sheaths 
from Aero Research Corporation. 
swagging the  sheath down onto the  wire u n t i l  nearly closed and then hel i -arc  
welding. 
couple s t r inger  block. 
thermocouples i n  a comparative test .  

Hot junctions were formed a t  Hanford by 

A nickel  button was welded t o  the  t i p  f o r  mounting in  the thermo- 
These w i l l  be charged in to  D Reactor w i t h  other 

US-UK Graphite Conference. A US-UK Graphite Conference w a s  held i n  London 
during the week of December 16, 1957. 
(1) a de ta i led  descr ipt ion of the Windscale accident in  October by B r i t i s h  
technical personnel; (2) an exchange of p rac t i ca l ly  all of the recent 
graphite data accumulated i n  the past  f e w  years; ( 3 )  a v i s i t  t o  the Calder 
Hall reactors  and Windscale Works Laboratories. 

Highlights of the meeting were: 

Hanford par t ic ipants  concluded that because of the  much higher graphite 
operating temperatures i n  the  Hanford production reactors ,  no such stored 
energy problem as is encountered i n  the  Windscale reactors  exists a t  
Hanford. However, the  ex is t ing  monitoring program should be continued a s  
a precautionary measure. Stored energy data i n  the c r i t i c a l  intermediate 
temperature range (lOO-3OO C )  presented by the US and UK were i n  substan- 
t i a l  agreement. The UK e f f o r t  on graphite work has been markedly increased 
a t  both Harwell and Windscale. Stronger cammunications between UK and US 
on graphite programs is planned and w i l l  include the exchange of i r rad ia ted  
graphite samples. Details of the t r i p  a re  reported i n  YW-54431. 

Struc tura l  Materials Development 

- Zircaloy-3 BDF Process ,Tubes. 
BW tubes is complete. 
mensional specif tcat ions,  they a re  considered t o  be su i tab le  f o r  

Inspection of t h e  f i r s t  e ight  Zircaloy-3 
Although these tubes do not completely meet d i -  

1 2 3 1 1 4 b  
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experimental in-reactor service and have been released t o  IPD. An 
addi t ional  22 tubes have been shipped by Superior Tube Company. It 
i s  expected that these tubes w i l l  be thoroughly inspected by March 1, 
a t  which time those passing inspection w i l l  be released fo r  i n s t a l -  
l a t i o n  i n  the reactors .  

E(ER Tubing. 
tubes cal led f o r  under DDR-11 i s  nearing completion. Tube reducing 
w i l l  be completed when two f i n a l  extrusions a re  cold reduced. 

The e f f o r t  toward fabr ica t ing  16 short  KER s i ze  process 

NPR Tubinp;. 
proper techniques and f ix tu re s  t o  produce a sound, uncontaminated b u t t  
weld. Results of these tests w i l l  be used t o  provide process ass is tance 
t o  vendors where needed. Tests thus far have shown the need f o r  cooling 
of the weld j o i n t .  
and tests w i l l  be resumed ear ly  in February upon completion of t h i s  
fixture . 

Work has proceeded i n  t he  HAPO laboratory t o  develop the  

A su i tab le  water cooled f i x t u r e  has been designed, 

A discussion was held w i t h  Allegheny Ludlum personnel t o  transmit HAPO 
welding experience t o  date. 
they d i f fe red  somewhat i n  d e t a i l s  of t h e i r  approach. Allegheny Ludlum 
expects t o  be ready t o  make the  f i r s t  welds on t h i s  NPR tubing order 
about February 15 .  

Agreement was reached i n  pr inciple ,  although 

Two of the  machines a t  Tube Reducing Corporation a re  being modified t o  
accept a blank long enough t o  produce a 57-ft  tube. This work i s  pro- 
gressing s a t i s f a c t o r i l y  and w i l l  be completed by mid-February. 

Zircaloy Design Data. 
I n s t i t u t e  i s  being revised t o  extend the  range of creep-rate and creep- 
rupture data  required fo r  NPR special  s tudies .  Also, an appropriation 
request and purchase requis i t ion  are being prepared f o r  acquis i t ion of 
f i ve  vacuum creep uni t s  t o  be in s t a l l ed  a t  HAPO. 

The Z r  creep t e s t i n g  program a t  Battelle Memorial 

Some preliminary design work on an in-reactor  creep t e s t ing  capsule has 
been i n i t i a t e d .  
be s a t i s f a c t o r i l y  used in  a horizontal  test hole. 

The primary aim is  t o  design a t e s t  capsule which can 

Advance Studies 

H20 Fluidized - UOp P e l l e t  Bed Reactor. A f e a s i b i l i t y  study of the 
n u i d i z e d  bed reactor  concept has been i n  progress. 
been directed toward the  refinement of the  reactor  physics aspects,  the 
f lu id iza t ion  charac te r i s t ics ,  and the  general economics of t h i s  type 
reactor .  
and fuel b a l l  s izes  established. The design c r i t e r i a  f o r  the  465 MW 
reactor  as proposed by Astley are being reaffirmed. 

This analysis  has 

Two 70 MW reactors  have been sized and as60Ciated flow r a t e s  

Values of f and p from c e l l  cases obtained from reactor  design analysis  
were found t o  be unusable because of improper cross sections used in  the 
input. Similar c e l l  cases were rerun using consistent cross sections 
f o r  b a l l  radi i  ranging from 1.05 cm t o  0.55 cm. Cases with so l id  

I231141 
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f rac t ions  ranging from 0.3 t o  0.6 were run f o r  each b a l l  s ize .  
k e f f  - = f p E vs. so l id  f rac t ion  were made f o r  each ball size  a t  a 

T 
given reactor  s ize .  Having establ ished allowances of 30 mk f o r  xenon 
saturat ion,  x) mk f o r  r e a c t i v i t y  loss due t o  temperature increase t o  250 C 
i n  s tar tup,  and 10 mk fo r  control,  t h e \  needed t o  y ie ld  k e f f  = 1 for  
s t a r tup  was determined f o r  especial ly  a t t r a c t i v e  ball s i zes .  
curves the enrichment and f lu id i za t ion  values f o r  normal operation a re  
found. Reactivity change due t o  exposure was found fo r  a 1.13 enrichment 
and 0.65 cm radius ba l l  using the program recent ly  provided by R. L .  liey- 
nolds . 

Photos of 

From these 

C. 

Radiometallurgical Examinations 

Enriched I & E Slug Failure  (RM 2181. 
f u e l  element which f a i l e d  during i r rad ia t ion  i n  the KE Reactor was s t a r t ed  a t  
the  request of t he  IPD Process Analysis Operation. 
are tabulated below: 

The examination of an enriched I & E 

Details of the i r rad ia t ion  

PT : 
Tube No. : 
Date Charged: 
Date Failed: 
Tube Exposure: 
Slug Power: 
Enrichment : 
Cladding : 

IP-109-AC 
3249-m 
11/24/ 5 7 
12/25/57 
250 MWD/T 
111 kw/ft 
0 a 94$ U-235 
1245 a l loy .  

The slug emitted high a c t i v i t y  f i s s ion  product gases and was therefore  canned 
shor t ly  after discharge. 
a f t e r  it was t ransferred t o  the  Radiometallurgy Laboratory, s i x  days following 
discharge. Visual examination revealed a large oval-shaped hot spot located 
d i r e c t l y  opposite t he  tube r i b  marks and centered between the slug ends. 
jacket material located i n  the  center of the  hot spot zone was nearly com- 
p l e t e ly  corroded away. 
inch wide. 
r e l a t ive ly  unattacked, the e n t i r e  jacket was uniformly swollen by approxi- 
mately 45 m i l s  a s  a result of undercutting a t tack  by the coolant. 
formity and extensiveness of t h i s  undercutting indicates  t h a t  the  coolant 
became d is t r ibu ted  over the en t i r e  uranium surface in a very short  time fo l -  
lowing i n i t i a l  penetration. 
cooling channel appeared t o  be in  good condition, although examination was 

No d i f f i c u l t i e s  from t h i s  source were encountered 

The 

This area was approximately 2-1/2 inches long by 3/4 
Although the  uranium lying d i r e c t l y  beneath the jacket hole was 

The uni- 

There w a s  no evidence of warp and the in te rna l  



l imited t o  s ight ing through the  bore, Metallographic examination of a t rans-  
0 band of verse wafer from the  center of the slug revealed that a 1/4 inch wid, 

metal located around the periphery had been heated above the  alpha-beta 
transformation temperature (660 C). The band was quite  uniform in  width ex- 
cept in the v i c i n i t y  of the hot spot where it became considerably more narrow. 
The macro-structure of t h i s  wafer indicates that the  peripheral  transformation 
occurred a f t e r  the  f a i l u r e  as a result of external  heat t r ens fe r  l o s s  caused 
by the formation of an insulat ing blanket of uranium oxide between the  uranium 
and Jacket. The sharp reduction i n  volume of transformed metal i n  the v ic in i ty  
of t he  hot spot indicates  that appreciable cooling was maintained in  t h i s  area.  
No microvoids were observed i n  any p a r t  of t h i s  section, indicating that tem- 
peratures did not exceed 900 C .  This a l so  suggests that the  f i s s ion  gases re-  
leased following discharge escaped from the r e l a t ive ly  la rge  volume of f ine ly  
divided uranium oxide formed a t  the surface of the uranium. Metallographic 
examination of a transverse jacket  section i s  incomplete but has revealed 
severe intergranular a t tack  a t  the edge of the hole, but r e l a t ive ly  mi ld  a t tack  
a short  distance away from the edge. 

e l q  A production 
tes t  (PT I? 39-A) was i r rad ia ted  t o  comyare the  behavior of N i - A 1  a l l oy  X - 8 0 0 1  
with the standard 1245 aluminum a l loy .  A ruptured X - 8 0 0 1  jacketed slug from 
t h i s  test  i s  being examined t o  determine the mechanism of f a i l u r e  and the  
extent of corrosion. Ident i f ica t ion  data on the  slug a re  given below: 

PT : 39-A 
Piece 4 Series  595 
Discharge date : 12/3/57 

Exposure: 486 W / T  
Core : Natural uranium 
Cladding: X-8001 aluminum al loy.  

Tube : 2569-H 

There was a circumferential  crack i n  the  can a t  the cap and uranium interface 
which extended f o r  approximately 1/4 of t he  circumference 
of the can had occurred. The corrosion near the point  of the  crack resembled 
the  erosion corrosion a t tack  which had been observed on the  X-8001 jacketed 
s lug from PT 105-622-~-60. The corrosion over other areas  of the slug w a s  of 
a rougher appearance. 

Extensive corrosion 

A la rge  "hot spot" w a s  a l so  observed extending almost the f u l l  length of t he  
slug on the  side opposite the r i b  marks. 
red i n  t h i s  region, it did not appear t o  penetrate t he  can. 

Although severe corrosion had occur- 

Examination of a Heavily Corroded 1245 Aluminum Fuel Jacket From IP-39-A (RM 207). 
Microscopic examination of a heavily corroded 1245 aluminum fue l  jacket from 
IP-39-A showed the  presence of foreign material in  the  aluminum. -It was decided 
therefore  that t h i s  slug was not typ ica l  of the production test ,  and another 
slug will be transmitted f o r  examination. 

Examination of a 5/8" Cored Slug Frcan I?-30-A (RM 192).  
longitudinal section has been examined from the cap end of an unruptured, 
5/8" cored, enriched slug from IP-30-A. 

A one-inch long 

"he uranium had not been centered 



i n  t he  can. 
w a s  par ted t o  approximately 1/4" from the  cap end. 

The AlSi bonding l aye r  was almost non-existent on one side and 

The aluminum end plug did not f i l l  t he  provided recess i n  the uranium, leaving 
a circumferential  void around the  bottom of the  end plug approximately 
40 m i l s  across and 77 mils high. Large macro cracks i n  the  uranium originated 
a t  the notch i n  the  recess and were seen on both s ides  of the plug. 

C S p l i t  Fai lures  (RM 1851. 
s p l i t  failure of nine ruptures which occurred i n  seven tubes of the 105 C 
Reactor after a hot s ta r tup  in  March 1957. The uranium had s p l i t  i n  a 180O 
f rac ture  the  entire length of the slug dividing it in to  two nearly equal 
halves. The f rac ture  surface exhibited a smooth cleavage plane on one s ide 
which extended from the core (approximately 3/811 from the  slug ax i s )  t o  the 
can over the e n t i r e  length of the slug. Metallographic examination and hard- 
ness data indicated the  uranium had not operated a t  r ec rys t a l l i za t ion  temper- 
atures. 
amounts of inclusions were observed. 

Examination has been completed on the second 

The qual i ty  of t he  uranium was good. No microcracks or  abnormal 

Metallography Service 

An evaluation of the  qual i ty  of 15  Sylvania hot pressed, nickel plated I & E 
fuel elements is being conducted f o r  the  Fuels Preparation Department. 
f i f t e e n  elements represent a s t a t i s t i c a l  sampling from about 1500 elements 
which are t o  be used in a reactor  production tes t .  
taken fram both ends of each element and examined for thickness and in t eg r i ty  
of  nickel coating, evidence of aluminum-uranium diffusion and thickness of 
bases and end caps. 
of the can wall w i l l  be inspected. To date, f ive  of the elements have shown 
evidence of aluminum-uranium diffusion a t  both the cap and base ends, while 
seven others  have shown diffusion a t  one end only. The nickel thickness on 
the caps and bases has varied from a thin,  porous condition (e f fec t ive ly  no 
coating) t o  a uniform coating of O . O O l 7  inch. Measurements of cap and base 
thicknesses have revealed only minor var ia t ions.  

The 

I n i t i a l l y  sections were 

Also, the  qua l i ty  of the weld closures and the uniformity 

Transverse sections from each end and the middle of all 1 5  elements were in- 
spected f o r  overa l l  dimensional changes and can w a l l  thickness.  Two sets of 
measurements were taken on each wafer section in  order t o  reveal any eccen- 
t r i c i t y  of the  components and all three sections were deemed necessary t o  
reveal any upsett ing of the elements which may have occurred during hot 
pressing. 
t h a n  0.003 inch and t h a t  upsett ing had occurred in  most of the elements. 
The apse t t ing  had increased the  overa l l  diameter a t  the  center of the  elements 
by an average of 4 to 5 m i l s  and a t  the same time had reduced the aluminum 
w a l l  thickness by 3 t o  4 m i l s .  
the  center of the elements was produced by enlargement of the annulus. 

The measurements showed that the elements were eccentr ic  by l e s s  

Effectively,  the en t i r e  dimensional change a t  

Alaminum-uranium diffusion has been detected on a t  least one of the t rans-  
verse wafer samples. 
wafers a re  i n  progress. 

Measurements of the nickel thickness on the transverse 



Samples Processed During the  Month 

Total  samples processed: 298 

Photographs : 

Micrographs 246 
Macrographs - 74 

Total  3 a  

A1-31 Hw-54760 

The following Trips and Visits Reports apply t o  a c t i v i t i e s  on x) 
programs. 

, 3000, and 4 
Technical a c t i v i t i e s  on the 4000 Program a re  reported separately in  

HW-54760 A2. 

Manager, Reactor and hrels Research 
and Development Operation 

FW Albaugh:kb 
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PLUTONIUM RECYCLE PROGRAM 

MONTHLY m O R T  - JANUARY 1958 

REACTOR & FWLS REsEkRcH & DEvELcrpMENT OPERATION 

Plutonium Fuels Development 

luplTR I r rad ia t ion  of A1-Pu A l l o y  Capsules. 
i n  the MEl with kl - 1.65 w/o Pu and A 1  - 12 w/o s i l i con  - 1.65 w/o Pu a l loy  cores 

I r rad ia t ion  of  four Zircaloy-clad capsules 

has been completed. 
requested value of 2.9 x 1014 nv; however, the  ac tua l  measurement on the f lux  moni- 
to r ing  wires has not been obtained ye t .  
of the plutonium atoms on these last two samples may be on the order of 60 percent. 

Pre-Irradiat ion Testing of Al-Pu Alloy Cluster Prototypes. A four-rod c lus t e r  w i t h  
swaged Al cores, Zircaloy-3 jackets,  Zircaloy-2 end caps and stainless s t e e l  spiders 
was examined after use i n  an ex-reactor loop for  565 hours i n  240 C water followed 
by 215 hours a t  3.6 C.  
colored corrosion bands were noted on the  welded ends of all tubes. 
that the buff-colored product rubbed off  ea s i ly  and revealed a more tenacious 
whit ish fi lm. 
buff-color corrosion product about 1/4 t o  3/4 inch w i d e  was observed on a l l  t h e  
tubes. 
l ieved t o  be caused by slow cooling of the mater ia l  during the final annealing. 
The c lus t e r  was recharged in to  the ELMO-7 loop t o  continue pre- i r rad ia t ion  t e s t ing .  

A set of four Zircaloy-clad capsules was fabricated and assembled in to  a c lus t e r  
fo r  dynamic elevated temperature corrosion tests i n  the  ELMO-7 loop f a c i l i t y  t o  
evaluate welding methods employed. Two of the  capsules were welded by electron 
beam welding and two by use of the evacuable welding chamber. 
weld type was pickled in  a HNO -HF solution after cap welding. The c lus t e r  was 

The las t  two capsules were exposed t o  a flux greater  than the 

It i s  estimated that the  f r ac t iona l  burnout 

A s  reported e a r l i e r ,  after 443 hours of service,  buff-  
It w a s  found 

Also, a d i s t i n c t ,  f u l l  length,  f a i r l y  uniform longitudinal s t r i p  of 

Similar observations have been reported a t  other sites, and they are  be- 

One capsule of each 

inser ted i n  the  ELMO-7 loop an a the test  i s  proceeding. 

All c lus t e r  jacketing components are prepared f o r  the KER i r rad ia t ion  and 305 P i l e  
tes ts  which w i l l  follow the  above preliminary work. 
12  w/o S i  - 8 w/o Pu a l loy  cores are ready f o r  assembly. 
culat ions f o r  the  KER t e s t  are ready fo r  issuance in  document form. 
conductivity values assumed for  the  Pu a l loy  core mater ia ls  are being ve r i f i ed  
experimentally. 

The Al - 8 w/o Pu and A 1  - 
The heat t r ans fe r  ca l -  

The thermal 

Casting of Al-Pu Alloys 

Al-Pu alloys of Al - 0, 2, 4, 6, 8, 10 and 1 3  w/o Pu were cas t  in to  1 / 2  inch 
diameter rods from which t e n s i l e  specimens w i l l  be prepared for mechanical 
property and microstructure determinations. 
and t e n s i l e  specimens are being machined. 

The radiographs were sa t i s fac tory  

A i r  Pressure Inject ion Casting. 
modified t o  increase the  metal in jec t ion  rate. 

The prototype in jec t ion  cast ing equipment was 
An a i r  receiver,  l a rge r  piping, 

and rapid act ing a i r  operated vacuum valve were in s t a l l ed  which decreased the  
fill time from 1 2  t o  4 seconds. The a i r  cylinder fo r  r a i s ing  the m e l t  crucible  

UNCLASSIFIED 
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d id  not hold i n  the  raised posit ion,  and because of t h i s ,  the  dip tube did not s tay 
immersed i n  the  melt during casting. With the  m e l t  crucible locked in  the up posi- 
t ion,  it was determined that the  fue l  tube could be evacuated t o  about 29 inches of 
Hg while it was immersed below the  surface of the l iqu id .  Two inject ion cast ings 
have been made xith submerged evacuation and w i t h  the fuel tube v e r t i c a l  ra ther  
than inclined. The f i r s t  such cast ing was not completely successful because of 
insuf f ic ien t  metal i n  t he  crucible.  In the second casting, aluminum reached the 
closed end, but there  was a 9-inch long irregular void i n  t h i s  upper end. 
tube design is being changed i n  an e f f o r t  t o  remedy t h i s  s i tua t ion .  A tube which 
was only p a r t i a l l y  f i l l e d  because of insuf f ic ien t  melt was sectioned lengthwise 
and examined. The molten aluminum apparently runs out of the sharp edged o r i f i c e  
a t  the  bottam of the  tube as a f ine  spray u n t i l  it reaches a height of about nine 
inches. Above nine inches, the  metal appeared t o  freeze f i r s t  on the tube wall t o  
form an inner tube of aluminum through which the remainder of the fue l  element i s  
fed. The ex ter ior  surfaces of t h i s  incompleted cast ing exhibited cold shuts f o r  
36 inches of its 62-inch length.  Microshrinkage was found i n  other castings made 
a t  higher temperatures. It i s  believed that these two types of defects can be 
minimized t o  an extent approaching commercial d i e  cast ing qual i ty  by proper design 
and techniques. 

The dip 

Mechanical Pressure Inject ion Castinq. The mechanical pressure inject ion cast ing 
equipment has undergone minor modifications and now appears t o  be operating satis- 
f ac to r i ly .  A major problem has been seizing between the pis ton and the cylinder 
walls resu l t ing  from the  increased expansion of the pis ton when the superheated 
melt i s  poured in .  
which a l lev ia ted  t h i s  s i tua t ion .  Inject ion castings have been made w i t h  A1 and 
Al - 1 2  w/o S i  a t  800 C and pressures ranging from 140 t o  1000 p s i .  
indicate  that the cast ings are qui te  porous. 
a turbulant condition resu l t ing  i n  a i r  entrapment. In  an e f f o r t  t o  minimize tur- 
bulence, the o r i f i c e  was increased i n  diameter from 1/4 t o  3/8 inch and the pis ton 
veloci ty  was reduced 50 percent. 
and the number of voids decreased; however, the slow rate of rise caused the  m e t a l  
t o  so l id i fy  before the tube was f i l l ed .  
tube w i l l  begin short ly .  
w i l l  have no adverse e f f ec t  when in jec t ing  in to  an evacuated tube. 

A l /b-inch thick insulator  was placed on top of the pis ton 

Radiographs 
The high inject ion veloci ty  causes 

Two castings were made w i t h  these a l t e r a t ions  

Experimental castings in to  an evacuated 
It i s  f e l t  that turbulence on high veloci ty  inject ion 

Extrusion Program. Modifications were s t a r t ed  t o  increase the capacity of the 
prototype extrusion press  from 125 t o  284 tons.  
out fo r  bid,  and o f f - s i t e  fabr icat ion of a 12-inch bore, 5000 p s i  hydraulic cylinder 
was s ta r ted .  Detailed design fo r  tooling, hydraulic system, and other component 
p a r t s  was in i t i a t ed .  Layouts of the press  support, frame, and press  hood were 
completed. 

Modified platen p r i n t s  were sent 

Powder Compact Extrusions. Blended mixtures of 1.87 w/o U02 (1 .65  w/o U) and A1 
Powder were cold ComDacted and hot extruded. The compacted b i l l e t s  were hot ex- 
truded through shear-dies with an extrusion r a t i o  of 9 t o  1. The surface f i n i s h  
of the extrusions was fo r  the most pa r t  good, but some poor areas were observed. 
Representative samples of extruded compacts were heated i n  air  a t  600 C f o r  two 
hours. A volume increase of about 0 .4  percent w a s  observed fo r  extrusions w i t h  
about 95 percent a t  theore t ica l  density.  
aluminum powder - U02 b i l l e t s  was equal t o  that o f  cas t  aluminum b i l l e t s .  
blended mixture of aluminum powder and 1.8 w/o UO2 w a s  cold swage compacted in  a 

The ex t rudabi l i ty  of the cold compacted 
A 
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stainless s t e e l  jacket by the Fuels Fabrication Development Operation as requested 
by Plutonium Fuels Development. 
which resul ted i n  a core density of approximately 99 percent of theore t ica l .  
Fai lure  of the jacket i n  the  form of longitudinal cracks occurred a t  t h i s  point .  

k t o t a l  reduction of 77-1/2 percent was taken 

Tubing f o r  PRTR Fuel Element Loading. Examination of t he  f irst  s i x  pieces of 
Zircaloy-3 tubing f o r  use in  fabr ica t ing  the f i r s t  19-rod c lus t e r  loading fo r  
PRTR has been completed except fo r  oxide hydrogen analyses and elevated tempera- 
ture s t a t i c  and dynamic corrosion tests. 
from the  second order a re  current ly  undergoing radiographic examination and eddy 
current tests. 

Nineteen pieces of Zircaloy-3 tubing 

Fuel Element Cluster Design. An improved design f o r  the  19-rod c lus t e r  fue l  e le -  
m e n t  has been made which incorporates several  new features .  While the rods a re  
s t i l l  attached individually t o  the  top bracket by the  re taining rings,  the  bottom 
bracket is now connected t o  only the center rod with a r o l l  pin.  This permits 
each rod t o  expand o r  contract  independently. The cost  of t he  bottom end caps has 
been cut  i n  ha l f ,  and the tolerances on the  tubing length a re  not as c r i t i c a l .  
Tu0 c lus t e r  assemblies using t h i s  new design a re  being fabricated f o r  t e s t i n g  and 
evaluation. 

Corrosion of Fuel Matrix Materials. 
operating conditions i s  an important consideration i n  respect t o  the time tha t  a 

The corrosion rate of Al-Pu a l loys  under PRTR 

ruptured f u e l  element may be allowed t o  remain i n  the reactor  without f i s s i o n  
product contamination of t he  reactor  system. Since f a c i l i t i e s  f o r  the autoclave 
t e s t i n g  of plutonium fue l  w i l l  not be avai lable  f o r  some time, A1-U a l loys  a re  
being used as stand-in materials in  order t o  se l ec t  the  most promising aluminum 
a l loy  composition fo r  use w i t h  plutonium. Corrosion specimens of the following 
f ive  A l - U  a l loys  were prepared: 
Al - 12 w/o S i  - 1.6 w/o U, A 1  - 1 2  W/O S i  - 6 w/o U. 
jacketed i n  Zircaloy cans. 
t he  specimens. 

A1 - 1.7 w/o U, Al - 4.5 w/o U, Al - 6 W/O U, 
These a l loys  were cas t  and 

The Corrosion and Coating Operation is  current ly  t e s t ing  

U-Pu T e s t  Pieces f o r  PCTR. 
have been machined, and the holes are being d r i l l ed .  The Al-Pu pins, nickel  tubes, 
and Al-Pu tab have been fabricated and meet all specif icat ions.  The e l ec t ro l e s s  
nickel p l a t ing  technique fo r  coating the Al-Pu f o i l s  with 0.003 + 0.0001 inch of 
nickel has been successfully developed, and the 10, 2s aluminum dummy f o i l s  a re  
f inished . 

?!he core pieces f o r  t h e  two special  1000 MWD slugs 

U02 Fuel Development 

I r rad ia t ion  of Enriched UOp Powder. The i r rad ia t ion  of U-235 enriched UOg powder 
i s  p a r t  of a program t o  determine the f e a s i b i l i t y  of using unsintered powder as a 
reactor  fue l .  
1" OD were fabricated and a re  being i r rad ia ted  as GM-4-26 in  the  M!TR during the  
period January 20 t o  February 10, 1958. The elements a re  centered i n  the B block 
basket o r  process tube by an in te rna l ly  ribbed, aluminun l i n e r  formed by swaging. 
Operation t o  date has been sa t i s fac tory .  

%o Zircaloy enclosed, enriched U@ powder elements, 6" long and 

Prototype PRTR Fuel Element I r rad ia t ion .  A n  i r rad ia t ion  test  of a prototype PRTR 
nested tubular fue l  element would be desirable  p r i o r  t o  the charging of the PRTR. 
Discussions have been carr ied on with representatives of AECL f o r  some months 

UNCLASSIFIED 
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with the  objective t o  obtain use of the  new E-20 loop i n  the  NRU reactor  f o r  such 
an i r r ad ia t ion  test. 
AEC. The test  would be conducted within the framework of the  j o i n t  USAEC-AECL 
Cooperative Technical Program. 
been wri t ten and w i l l  be submitted through USAEC channels during February 1958. 
If it is approved, two Mark IIa fuel elements w i l l  be delivered t o  Chalk River, 
t en t a t ive ly  i n  Ju ly  1958, f o r  i r r ad ia t ion  t o  5000 MUD/T. 
cumstances w i l l  make operation of t he  test element in  the  E-20 loop nearly ident ical  
t o  that ant ic ipated i n  the  PR'I3. 

A preliminary test  proposal has now received approval of the  

A formal i r rad ia t ion  tes t  proposal, Rw-54614, has 

A for tu i tous  set of c i r -  

Wheel-Shaped UOp Fuel Element. Extruded, in te rna l ly  ribbed, I & E tubing of M-388 
aluminum alloy was used t o  fabr ica te  fuel elements by i s o s t a t i c  pressing. 
assembly process consisted of welding i n  a bottom end cap, f i l l i n g  the  tube with 
uranium dioxide powder, inser t ing  aluminum wafers in  the  top, and welding i n  a top 
end cap by means of the  e lec t ron  beam welding process. 
bution of the  powder during the  subsequent i s o s t a t i c  pressing, the  fue l  elements 
were vibrated while in  a horizontal  pos i t ion  and pressurized with 1200 p s i  helium. 
After t h i s  i n i t i a l  compaction, the  fie1 elements were pressed a t  40,000 p s i  in  the  
hydrostatic press .  A n  element of t h i s  type w i l l  be fabricated fo r  i r rad ia t ion  i n  
the  GEH-4 f a c i l i t y  of the MTR. 

The 

To insure uniform d i s t r i -  

The i r r ad ia t ion  test  proposal has been approved. 

Nested Tubular Fuel Element Mock-up. 
been reassembled and returned on schedule t o  Coolant Systems Development fo r  hy- 
draul ic  tes t ing .  Excessive void sect ions in the fue l  tubes, caused by an inadequate 
fue l  loading method, had previously allowed d i s to r t ion  of the  cladding by the  
coolant pressure.  Damaged cladding tubes were replaced by new tubes and void 
spaces were f i l l e d  with machined, steel r ings.  Ribs were removed from damaged 
tubes and attached t o  the  new tubing by spot welding. 
t o  size and welded i n  place on the repaired fue l  tubes. .The assembly w i l l  now 
withstand pressures exceeding those ant ic ipated in  the PRTR. 

The nested tubular fue l  element mock-up has 

End f i t t i n g s  were remachined 

Swaging of Uranium Dioxide. 
ceramic powders a re  being studied t o  determine the f e a s i b i l i t y  of t h i s  process 
for  fabr ica t ing  high qual i ty ,  low cost  fue l  elements. S ta in less  steel, Zircaloy, 
and aluninum have been employed as cladding mater ia ls .  A 1.440" OD x 0.060" w a l l  
aluminum tube f i l l e d  with s in te red  and ground UOg powder w a s  swaged t o  form a UOg 
compact having 82 percent of the theore t ica l  densi ty .  
than dens i t ies  previously obtained w i t h  Zircaloy-3 and s t a in l e s s  s t e e l  claddings. 
This r e l a t ion  between the  type of cladding material  and the oxide density obtain- 
able by swaging i s  being studied fur ther .  Photomicrographs were used t o  inves t i -  
gate the  condition of Zircaloy-3 cladding a f t e r  swaging. 
of e i t h e r  oxygen or  uranium in to  the Zircaloy-3 cladding w a s  detected, e i t h e r  
before o r  a f t e r  annealing. Acicula in  the Zircaloy-3 indicate that some of the 
alloying materials may be prec ip i ta t ing  out, which could decrease the s t rength of 
the  Zircaloy-3. 

A number of var iables  involved in  the  swaging of 

This i s  appreciably lower 

L i t t l e  or no diffusion 

Ale03 specimens clad i n  stainless s t e e l  and Zircaloy-3 were swaged w i t h  a Farmer- 
Norton Inverted Swage i n  a demonstration by the Sutton Engineering Company. This 
swage has four dies, instead of two, and is unique i n  that the dies  f i t  in to  a 
s ta t ionary spindle which prevents t w i s t  o r  whip of the work piece during swaging. 
The twist ing act ion normally encountered w i t h  rotary swages has frequently caused 
the  rupture of th in  cladding materials containing UO2 powder. 
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Gamma Absorptometer. 
cores t o  within k 0.15 percent was accomplished with a gamma absorptometer developed 
i n  cooperation with the  Chemical Research Operation. 
i n s t a l l a t ion  in  the  Ceramic Fuels Laboratory has been i n i t i a t e d  as a r e s u l t  of 
these findings.  
elements are expected when the  instrument becomes avai lable  f o r  routine use. 

Determination of the density of uranium dioxide fue l  element 

Design of a compact unit for 

Lower cos ts  and improved qua l i ty  control i n  fabr ica t ing  PRTR fue l  

High Temperature Studies of Uranim Dioxide Using an Electron Beam. 
temperature charac te r i s t ics  of U02  are being investigated by means of an electron 
beam gun. 
charac te r i s t ics  of U02 under in-reactor and ex-reactor conditions. 
limed rapidly a t  temperatures near i t s  melting point .  
a r e  being prepared f o r  s imilar  s tudies .  

The high 

This i s  p a r t  of a continuing study t o  compare the high temperature 
The U02 sub- 

Samples of UN, UC, and US 

Deep Drawing of Zircaloy-2. 
400 F in  o i l  has markedly improved t h e  deep drawing charac te r i s t ics  of Zircaloy-2. 
Circular trough-like end closures proposed fo r  the nested oxide f u e l  elements are 
being formed i n  t h i s  fashion. 
resu l t ing  from the  hot o i l  w i l l  be exploited on other tube drawing and expanding 
operations. 

Heating both the  Zircaloy-2 stock and the d ies  t o  

The pronounced change in  d u c t i l i t y  of zirconium 

F a c i l i t i e s .  
U02 compacts w a s  completed i n  January. 
1958. 
t o  enable design and fabricat ion of t he  d ies .  
from studies  of shrinkage of U02 campacts during s in te r ing  and are expected t o  
result i n  f inished pieces having dimensions close t o  those specif ied f o r  the  PRTR. 

Construction of t h e  pusher-type hydrogen atmosphere s in te r ing  furnace f o r  s in te r ing  
U02 compacts i s  expected t o  be completed i n  January. 
caused by the long term delivery of t he  special  A1203 muffles. 

A preliminary layout and flowsheet was prepared f o r  PRTR uranium fue ls .  
j i g s  and fixtures f o r  fue l  element assembly was in i t i a t ed .  

Design of the  300-ton Kux automatic tab le t ing  press  f o r  cold pressing 
The press  is scheduled f o r  delivery in  May 

Dimensions of the cold pressed U02 compacts were supplied t o  the  press  vendor 
These dimensions were determined 

Delay i n  construction was 

Design of 

Thermal Hydraulic Studies 

Progress continued in  in s t a l l i ng  the  PRTR calandria and moderator mockup i n  185~. 
This piping work, which i s  being performed by Minor Construction, is 95 percent 
complete. 

Equipment modification drawings of the  high pressure apparatus were completed fo r  
two-phase pressure drop and c r i t i c a l  flow studies .  Detail designs were a l so  Com- 
p le ted  f o r  the test  sect ions and the mamentun chamber as w e l l  as designs of c r i t i c a l  
flow nozzles f o r  use in the low pressure apparatus. Entrance and pipe diameter 
e f f ec t s  a re  t o  be studied i n  i n i t i a l  experiments. 

Design Test Proposal PR-10. 
experiments on subcooled burnout a t  pressures between 500 and 2000 ps ia  and a t  
temperatures j u s t  s l i g h t l y  below the saturat ion temperature. 
templated include heat t r ans fe r  from one surface t o  water i n  annular flow and from 
two heated surfaces separated by water flow. 

I n i t i a l  design work was done on tes t  sections t o  allow 

T e s t  sections con- 
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Coolant Systems Development Studies 

Testing was continued a t  316 C, 4.5 pH, on the  Zircaloy-3 clad four-rod c lus t e r  
proposed f o r  KER i r r ad ia t ion  t e s t i n g  after 565 hours of t e s t i n g  a t  240 C, 4 .5  pH. 
Examination after 2l.5 hours a t  3 6  C indicated the  corrosion t o  be accelerat ing 
a t  t h i s  temperature over 240 C operation. 

A 3-1/2 inch long Zircaloy-3 clad four-rod c lus t e r  assembly was charged i n  ELMO-? 
t o  test corrosion of the  end cap welds. 
electron-beam method while two were welded by he l ia rc .  
hours a t  316 C, 4 5 pH, but no examination has yet  been made. 

Two of the four rods were welded by the  
The assembly has run 100 

Nozzle cap assembly "A" using a F l e x i t a l l i c  gasket on one end and a self- 
energizing "0" r ing  on the  other  has run 150 hours a t  316 C following 280 hours 
a t  240 C with no leakage. 

. 

Modification of the polariscope t o  take a PRTR fue l  element mockup has been com- 
pleted.  Preliminary examiaations a r e  present ly  scheduled f o r  January 27. 

A l i t e r a t u r e  review of crevice and galvanic corrosion of s t a in l e s s  and carbon 
steel systems i n  high temperature water w a s  completed. A report  reviewing s t r e s s  
cracking, crevice, galvanic and uniform corrosion information i s  being prepared. 
Available information indicated that crevice corrosion w a s  not a problem w i t h  
carbon o r  stainless steel heat exchangers i n  high temperature water with a n  oxygen 
content l e s s  than 0.1 cc/kg. 
(e.g., carbon steel) area i s  l a rge  in  r e l a t ion  t o  t h e  exposed cathode ( s t a i n l e s s  

Galvanic a t t ack  w a s  not severe when the exposed anode 

steel) area i n  contact.  

Mechanical Equipment Development 

Design Test PR-20 - Calandria Charac te r i s t ics .  
of t he  calandria  and moderator storage tank w a s  
mentation f o r  the  moderator dump tests has been 
by the  middle of March and w i l l  be cmple ted  i n  

The construction and i n s t a i l a t i o n  
95 percent, complete. All ins t ru-  
ordered. The dump t e s t s  w i l l  begin 
April  1958. 

Design Tes5 PR-24 - Calandria Shroud Tdbe Bellows. 
using 3 p s i  s t e m  was started during the month. 

The l i v e  steam corrosion t e s t  
On the  second day of the  test ,  the 

bellows elorigated excessively, requir ing the i n s t a i l a t i o n  of tie-down s t r aps  t o  
compress the bellows t o  i t s  or ig ina l  length.  After tkree days of t es t ing ,  approx- 
imately 10 Leaks developed i n  the  convolutes. 
increased with f-lrther t e s t i n g ,  

Tnese leaks do not appear t o  have 

Design Test PR-25 - Snroud 'rube Collapsir-g Pressures and Ins t a l l a t ion .  
s t ruc t ion  of the f a c i l i t y  was approximately 40 percent complete. 
methods of a t taching the thin-walled shroud tubes t o  the tube sheet w a s  begun. 

Design Test PR-50 - Reactor Piping Seal Testir-@;. Seal No. 1 - I n l e t  jumper t o  
inlet  piping connection, Seal No. 2 - I n l e t  jumper t o  process tube connection, 
Seal No. 7 - Outlet j-mper t o  o u t l e t  nozzle connection, and Seal No. 8 - Outlet 
jumper t o  o u t l e t  header connection - a l l  four of these sea ls  a r e  1-3/4 inch 
f l a r ed  tubing f i t t i n g s .  These seals a r e  being evaluated as a grcup using a 
2-inch f l a r ed  process tube i n l e t  assembly. 

The con- 
A survey of 

This f i t t i n g  i s  now being t e s t ed  on 

I 2 3 1 1 b  I 
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a small s t a t i c  thermocycling f a c i l i t y  which was constructed in  the  314 Building. 
A t  present,  180 cycles have been completed. 
cycling t e s t  w a s  from 150 F t o  540 F, and the pressure range from 90 ps ig  t o  
1250 psig.  Heat-up time per  cycle was from.13 t o  16 minutes, and cooldown time 
from 3 t o  4 minutes. 

The temperature range during the 

The thermal cycling t e s t s  w i l l  be completed by February 7 .  

Seal No. 3 - Inlet gas seal - the  work on t h i s  seal has been completed. 

Seal No. 4 - Process tube t o  o u t l e t  nozzle - t h i s  f i t t i n g  assembly i s  awaiting 
themocycling. These t e s t s  are expected t o  begin next month. 

Seal No. 5 - Nozzle cap seal - cap assembly "A" i s  awaiting thermocycling. This 
assembly cons is t s  of two seals; one using a f l e x i t a l l i c  gasket, the  second a self- 
energized "0" r ing.  Cap assembly %" passed the  hydrostatic t e s t s  during the  
month. The revised dome sea l  was t e s t ed  using several  r i ng  designs. Each r ing  
produced a good seal ;  however, some collapsed due t o  the high loading forces .  
Sealing was e f fec t ive  with a torque of 150 f t - l b s .  The Bridgman sea l  of t h i s  cap 
assembly is  now being revised i n  the technical  shops. 

Seal No. 6 - Outlet  gas seal - th ree  types of packing were t e s t ed  by baking the 
test assembly a t  600 F. 
cinch nut could be removed by hand. 
No. 177 packing, a s m a l l  o r ig ina l  gas leak  had not changed appreciably. The 
packing w a s  stuck i n  the  assembly and required a force of 50 pounds t o  remove the  
inner piece from the  assembly. 

The John Crane Superseal No. 4 packing shrank u n t i l  the  
After e ight  hours of t e s t i n g  the John Crane 

When t e s t i n g  a combination of asbestos and grease impregnated packing, a very 
small l eak  was noted a t  t he  f i t t i n g  both before and a f t e r  baking. A force of 
350 pounds could not break the  bond between the  assembly and t h i s  packing. Two 
other  packings are ready f o r  t e s t i n g  and one other  type has not ye t  arr ived on- 
s i t e .  

Design Test PR-51 - Reactor Piping St ruc tura l  In tegr i ty .  The fabr ica t ion  of the 
jumper f lexure machine was started during the month. 
date is  March 5 .  
t h e  connecting piping w a s  completed. 

The estimated completion 
A one-quarter sca le  model of one-fourth the reac tor  face and 

Design Tes t  PR-63 - Process Channel Leak Detection Fac i l i t y .  
scoped and the  de ta i led  design of the  f a c i l i t y  was s t a r t ed .  

The t e s t s  were 

Other Ac t iv i t i e s .  
on Phase I w a s  resumed during the l a t t e r  p a r t  of the  month following the  del ivery 

Single Tube Prototype F a c i l i t y  (Phase I) - Construction work 

of some of the  valves and instruments. 
has been delayed pending a f inal  decision on the  full size process pump. 
vised shipping date w i l l  be avai lable  from the vendor within the next week. 

Construction of the  pump f o r  t h i s  phase 
A re- 

Single Tube Prototype F a c i l i t y  (Phase 11) - All d r d g s  and specif icat ions fo r  
t h i s  phase have been approved, thereby completing the design of the  f a c i l i t y .  
Material procurement i s  proceeding through Construction Operation except f o r  the 
components f o r  t e s t i n g  and the  instrument panel. A revised cos t  estimate fo r  
the  complete f a c i l i t y  w i l l  be requested from Estimating. 
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Full s ize  PRTR Process Pump - A purchase order a l te ra t ion  was approved t o  enlarge 
the pump casing and t o  change the impeller design, thereby increasing the pump 
head t o  260 feet a t  a flow of 4200 gpm. 
single speed 350 horsepower motor t o  a two-speed, two-winding motor rated a t  
350/38.9 horsepower and speeds of 1800/600 r p m .  
from the lower pump speed w i l l  provide the required cooling,water flow during 
reactor shutdowns. 

The pump drive unit was changed from a 

The smaller flow rate obtained 

PRTR Injection Pump - The 15 gpsl Aldrich t r ip lex  injection pump was approved by 
Advance Engineering and Design Engineering. The purchase order f o r  the pump is  
now being processed. Delivery of the pump is expected in May 1958. 

Eight Inch Check Valve - The revised specifications have been approved and re- 
quests for  bids issued. 

Fourteen-Inch Gate Valve - Delivery of the valve i s  s t i l l  scheduled fo r  July 1958. 

PRTR Inlet Piping Valves - Delivery of the valves is  s t i l l  scheduled for  March 1958. 

PRTR Jacket Tubinq 

Nuclear Metals Inc., i s  continuing e f fo r t s  t o  improve the rib-to-tube bond on ex- 
truded, externally ri5bed tubes. In the i r  latest  e f for t ,  steel has been substi- 
tuted for  copper as a jacketing and spacing material. Extruded at  a higher tem- 
perature, these tubes have shown an excellent bond. 

The contract with New Rochelle Tool Company t o  design equipment t o  a t tach spacer 
r ibs  t o  PRTR jacket tubing has been signed and i s  now designated as Contract 
NO. AT ( 45 -1 ) 1078. 

Aluminum Oxide Solubi l i ty  

Experimental determinations of the solubi l i ty  of alumimum oxide corrosion products 
in deionized water a t  s ix  temperatures in  the range 200 t o  350 C have been made in 
a stirred autoclave. The rate of weight loss of aluminum per unit volume of water 
passed through the system, from which the solubi l i ty  is calculated, has been found 
independent of time of test  and sample s ize .  It i s  a l s o  tentatively indicated that 
the ra te  of metal removal i s  insensitive to  moderate change i n  s t i r r ing  speed and 
water flow rate. The concentration of aluminum oxide in the effluent water i s  
therefore assumed t o  represent a close approach t o  i t s  solubi l i ty .  

The logarithm of the solubi l i ty  appears t o  he a l inear  function of reciprocal 
temperature. An extrapolation of high temperature so lubi l i t i es  i s  in good agree- 
ment with estimates by ANL and Alcoa a t  50 and 25 C .  
pendence of aluminum oxide solubi l i ty  i s  not large.  
from a smoothed plot of the data are  as  follows: 

The actual temperature de- 
Values of the  solubi l i ty  read 

Solubili ty of A1203 
Grams  /L it e r Temperature ‘C 

4 100 
200 1 . 7  x 1014 
300 2.4 x 10 

0.9 x 

350 2 .8  
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1 2  

The above data represent a correlat ion of 16  experimental runs a t  s i x  d i f fe ren t  
temperatures over the range from 100 C t o  350 C and a re  recanmended i n  place of 
the preliminary numbers reported in  October and November. 
l ieved that the so lub i l i t y  goes through a maximum a t  about 300 C, as reported 
t en ta t ive ly  in  November. 

It i s  no longer be- 

Zircaloy-2 and -3 Corrosion Tests 

Experiments a re  under way t o  evaluate two corrosion tests f o r  Zircaloy-2 and -3; 
(1) 360 C water, ( 2 )  400 C steam a t  800 psig.  A fourth goup of samples has been 
removed from the 360 C mter test after an accumulated exposure of 1194 hours 
(49.8 days). 
No breakaway corrosion failures have occurred t o  date, w i t h  the  exception of dup- 
l i c a t e  weldment specimens which showed loca l  a t tack  a t  the heat-affected zones 
along the weld bead. This same failure has been noted after a l l  the shorter  ex- 
posures as w e l l  -- and with l i t t l e  in tens i f ica t ion  with time. Cumulative weight 
gains now range between 25 and 39 mg/dm2 (1 
penetration of 0.05 m i l .  Lustman and KerzeiflS report  weight gains of 25 mg/dm2 
fo r  Zircaloy-2 a f t e r  the same exposure. Roughly 5 mg/dm2 weight gains have been 
incurred since the last  discharge at  514 hours. 

Three earlier groups were discharged a f t e r  54, 160, and 514 hours. 

amples) representing an average 

Additional data  have been obtained on the iden t i ty  of the "poor" corrosion 
s is tance coupons which exhibited breakaway corrosion after 24 hours i n  400 C steam 
a t  800 psig,  excessive weight losses  a f t e r  72 hours, and v i r t u a l  destruction after 
312 hours (13 days).  
and a l so  as Zircaloy-3. In  searching f o r  an explanation f o r  i t s  r e l a t ive ly  poor 
performance, spectrochemical analysis  revealed that it w a s  probably nei ther ,  but 
nominally pure zirconium instead. 
mance in  superheated steam and "good" performance in  360 C water reported for  un- 
alloyed zirconium and a l so  exemplified by these test  coupons. 
o r  nitrogen concentrations a t  800, 25 and 25 ppm, respectively,  as measured by 
vacuum fusion analyses, were not considered detrimental .  

re- 

Independent sources had ident i f ied  the  material as Zircaloy-2 

This conclusion conforms with the "poor" perfor- 

Oxygen, hydrogen, 

It was reported in December t h a t  a mounted fragment of t h i s  material a f t e r  13 days 
i n  400 C steam revealed a t h i n  b r i t t l e  core of t o t a l l y  penetrated zirconium which 
had been la rge ly  converted t o  the  hydride. 
material has been found by vacuum extract ion t o  be 1900 ppm. 

The hydrogen content of t h i s  ''core" 

Hydrogenation and Tensile Testing of Zircaloy-2. 

A series of hydrogenated Zircaloy-2 t e n s i l e  specimens containing 12 samples each 
a t  concentrations of 3, 50, 100, 200 and 500 ppm hydrogen have been prepared and 
submitted f o r  t e n s i l e  t e s t ing  a t  room temperature, 100, 200, 300 and 400 C .  
Testing is  i n  progress and all samples f o r  the  room temperature se r i e s  have been 
pulled e 

Corrosion of Canned Al-U Alloys 

A t e s t  i s  being run t o  determine the  e f f e c t  of a pinhole rupture in  a simulated 
Al-Pu fue l  element (employing uranium as a stand-in f o r  plutonium). 
a l loys containing 1 . 5  w/o, 4.5 w/o, and 6 w/o uranium in  aluminum and AlSi in the  
wrought and cas t  condition have been canned unbonded i n  zirconium. 
meter hole w a s  dr i l led through the caa w a l l  in to  the  Al a l loy  i n  the  center Of 

(1) Lustman, B., and Kerze, F., J r . ,  "The Metallurgy of Zirconium," 

A s e r i e s  of 

A 1/16" dia- 

633, McGraw-Hill Book Co., Inc.  New York, 1955. UNCLIASG€F€E3 
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each piece.  
any dimensional change. 

A f t e r  exposure t o  350 C water f o r  24 hours, none of the  pieces showed 

Radiation Curing of Si l icone Elastomers 

Additional data have been obtained t o  indicate  that the  curing of  s i l i cone  e las -  
tomers by gama i r r ad ia t ion  results i n  some increase i n  the materials resis tance 
t o  immersion in  high temperature water systems. 
and gaskets w i l l  be needed i n  future Hanford applications.  

The following data on S i l a s t i c  S 207l show that hardness and t e n s i l e  s t rength ( the  
bes t  indices of degradation) are changed less by the test conditions when the cure 
i s  accomplished by radiat ion.  

Improved materials f o r  O-rings 

Hot Water Resistance of S i l a s t i c  C 2071 

Test Conditions: 

Heat Cured 

Gamma I r rad ia t ion  
Cured (1.1 x lo7 r )  

150 hours i n  water a t  175 C 

Percent Property change 
Hardness Elongation Tensile 

-20 .o 2.5 -67.8 

-13 9 -18.6 -37.8 

Tests now in  progress on several  s i l i cones  w i l l  determine whether a su f f i c i en t  
improvement i n  s i l i cones  f o r  Hanford appl icat ions can be achieved by radiat ion 
curing t o  j u s t i f y  a continuation of t h i s  work. 

Plutonium Fuel Cycle Analysis 

Cycle Analysis. 
completed. A f e w  test runs were made t o  loca te  e r ro r s .  When completed, t h i s  
program w i l l  be run i n  conjunction with the  Generalized Plutonium Recycle Analysis 
(GPR)  progran. 
in30 the GPR, and by put t ing  de ta i led  fuel cost  estimates and capi ta l iza t ion  
charges into the  economics program, the economics of the  reactor under study can 
be completely analyzed through the coinbined programs. 

Encoding of the YBM-650 fue l  economics program i s  e s sen t i a l ly  

By put t ing appropriate physics constants f o r  a pa r t i cu la r  reactor  

The recent ly  completed m - 6 5 0  computer program fo r  calculat ing fue l  e f fec t ive  
neutron reproduction fac tors  (T f p )  w a s  modified t o  calculate  a l so  x f  and Q .  
This program is  t o  be u t i l i z e d  fo r  surveys of reactor charac te r i s t ics  and fue l  
performance. 
recycling requirements, and neutron temperature. The output includes fue l  c_m- 
posit ion,  various neutron production fackors (such a s  9, 
and i n i t i a l  conversion r a t i o s  a s  a function of f lux  time. 
w i t h  i t s  cha rac t e r i s t i c  l a t t i c e  parameters, maximum fue l  exposure and throughput 
a re  determined from these data. 

The input data required include the i n i t i a l  composition of the  fue l ,  

Tf, If p, and Y( ) 
For a pa r t i cu la r  reactor  
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These quant i t ies  a re  current ly  being calculated i n  a study of the r e l a t ive  fue l  
values of Pu and U t h a t  w a s  s t a r t ed  las t  month. Twenty-four cases were run t h i s  
month and a preliminary analysis  made of the data.  When t h i s  study i s  complete, 
the  r e su l t s  w i l l  replace the approximations made in  HW-49486-RD. 

Two new fue l  cost  estimates were made: one f o r  the Pu-A1 spike element by injec- 
t i o n  casting, and one f o r  the Pu-U a l loy  element. A preliminary analysis  indicates  
that the  in jec t ion  cast ing method should be less expensive than extrusion methods 
and competitive with the  c ryo l i t e  method. Pu-U al loy,  on the  other hand, appears 
t o  be a more expensive method ofmaking uniform cores than the s in te r ing  of PuOe 
and U02 mixtures. 

Effective PU-240 Cross Section. The Pu-240 cross section t o  be used i n  PRTR calcu- 
l a t i o n s  has been determined. 
pendent on concentration; consequently, the r e s u l t s  s ta ted  here hold only f o r  PRTR 
cases. Conditions assumed were uniform recycle operation w i t h  n a t u r a l  uranium feed, 
a spectral  index of 0.08, and a neutron temperature of 80 C. 
result i n  a steady state 240 concentration of 3.3 x 1019 nuclei/cc. The value ob- 
tained f o r  the  reactor  e f fec t ive  cross section i s  874 barns; t h i s  corresponds t o  a 
Westcott of 29. 
200 C, f = 32; 400 C, 
only fo r  r = 0.08. 

The self-shielding fac tor  f o r  240 i s  strongly de- 

These conditions 

Approximate values f o r  other temperatures a re  20 C,  5 = 26; 
= 34. It i s  important t o  note that these results hold 

PRTR Lat t ice  Calculations. Thermal u t i l i z a t i o n  calculations were completed on the 
Mk ILA fue l  element t o  check those values obtained from PCTR experiments. 
was taken t o  duplicate the experimental geometry as nearly as possible.  
values obtained compare as follows: 

Care 
The 

P-3 Calc. PCTR Meas. 

D20 Coolant f = 0.926 f = 0 . g u  

H20 Coolant f = 0.802 f = 0.794 

Agreement between experiment and calculat ion is  seen t o  be qui te  
l a t i o n  indicating a higher value with Dg0 and HpO by 5 and 8 mk, 
Some of t h i s  difference may be 
the PCTR measurement. 

Calculations a re  now under way 
probabi l i ty  and fast e f f e c t .  

Reactor Theorx. The double P1 
been used t o  soive the  neutron 

due t o  azdi t iona i  alrnninum a t  the  

on the  MkIlB thermal u t i l i za t ion ,  

good, the  calcu- 
respectively.  
c e l l  boundary in  

resonance escape 

approximation, a spherical  harmonious method, has 
t ransport  equation f o r  several  simple problems. 

The results are being evaluated numerically fo r  comparison with the  generalized 
diffusion theory results for  t he  same cases.  The results of the  cmparison w i l l  
determine the method t o  be used i n  the  reactor  evaluation code now being developed. 

Physics Assistance. 
request of other components of Reactor and Fuels Research and Development: 

The following assis tance work has been completed a t  the 
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(1) A calculat ion of the  flux depression i n  the  "uranium swelling experiment 
capsule assembly" located in the  MTR r e f l ec to r .  

(2 )  A dose rate calculat ion was reviewed on an aluminum-monel experimental 
assembly t o  be i r r ad ia t ed  i n  ETR. An e r r o r  i n  or ig ina l  calculat ions 
was uncovered, and the  problem together w i t h  recommendations was re- 
turned t o  the  or ig ina tor .  

( 3 )  A flux d i s t r ibu t ion  c d c u l a t i o n  on a UOg assembly t o  be irradiated 
i n  the Wi loop. 

Flux d i s t r ibu t ion  calculat ions on Pu-A1 rods to, be i r rad ia ted  in  MTR. (4) 

( 5 )  Comparison of flux d i s t r ibu t ion  i n  na tura l  and enriched U02 rods in 
MTR and NAX, respect ively.  

Safeguards Analysis. 
Several sites that have worked on the  problem of metal-water react ions following 
a reactor  incident were v i s i t ed .  It has been demonstrated experimentally that the 
molten metals, zirconium and aluminum, w i l l  react with water. The degree of cm-  
p le t ion  of t he  react ion i s  somewhat dependent upon the s i z e  of the molten m e t a l  
droplets;  Higgins a t  Aerojet-General found t h a t  zirconium droplets  of 2500 microns 
diameter gave 7 t o  1 5  percent react ion while droplets  of LOO microns diameter gave 
40 t o  80 percent reaction. 
s l i g h t l y  with water, approximately 5 percent reaction, but  a t  temperatures above 
1300 C, the react ion was v io len t  w i t h  up t o  80 t o  90 percent of the aluminum re- 
act ing.  
anisms control l ing metal water react ions i s  needed t o  make sound extrapolations 
from experimental data t o  reac tor  conditions.  
b id  on a study designed t o  enlarge our knowledge of the  metal-water react ion r a t e  
cont ro l l ing  mechanisms. 

A l i t e r a t u r e  survey of metal-water react ions has been made. 

Aluminum droplets  a t  the melting point  reacted only 

A general  f ee l ing  e x i s t s  that more complete knowledge of the bas ic  mech- 

The AEC has issued inv i ta t ions  t o  

Test Reactor Design 

General. 
released by the  Bureau of the Buzget. 
procurement i s  expected momentarily. 

The residue of the $5 M congressional authorizat ion f o r  FY-1958 has been 
Authority t o  proceed with construction and 

The b id  package f o r  temporary construction f a c i l i t i e s  i s  current ly  being compiled 
and should go out f o r  b id  very short ly .  
for  February 28 - the  construction is  t o  be completed within 75 t o  90 days. 

Bid opening f o r  t h i s  package i s  scheduled 

The b id  package f o r  Phase I of the reactor  construction ( the  process s t ruc ture  
and containment s h e l l )  w i l l  be l e t  f o r  b i d  as soon as it can be processed by the 
AEC subsequent t o  mailing of the  TC b i d  package. The Phase I contract  i s  scheduled 
t o  be l e t  on March 28, w i t h  construction t o  take 14 months. 

The design study 
from the PRTR i s  
(1) reduction of 
requirements and 
t i o n  of a diesel 

requested by the AEC regarding removal of the turbine generator 
nearing completion. 
flow res i s tance  i n  the primary loop t o  decrease shutdown power 
t o  increase the r e l i a b i l i t y  of convective cooling, and ( 2 )  addi- 
generator of approximately 400 kw capacity.  

The primary changes required w i l l  be 

It i s  expected the 
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diesel w i l l  be kept hot but not operating and will be started upon reactor  scram. 
The pump flywheels w i l l  be expected t o  carry the reactor  load between the time of 
power l o s s  and s tar t -up of the d i e se l .  It i s  expected that t h i s  basic  scope 
change w i l l  be approved during the coming month. 

Reactor Fueling Equipment. Discussions w e r e  held w i t h  representatives from the 
eight  f inns  bidding on t h i s  design; three of these firms were v i s i t e d  and t h e i r  
p lan t  f a c i l i t i e s  inspected. Supplementary proposals have been received from some 
of t he  firms. 
are about t o  be transmitted t o  AEC-HOO. 

All proposals have been evaluated and the results of the evaluation 

Reactor Piping. 
the inlet  r ing  header t o  accommodate a jumper piping layout having lower thermal 
expansion stresses. 

Scope revis ion 110-1 was issued during the month. This lowers 

Shielding. The results of t he  study on pressure equalization in  case of primery 
coolant l i n e  f a i l u r e  indicated that the  space between the top biological  sh ie ld  
might reasonably be b r i e f l y  pressurized t o  18 p s i  d i f f e r e n t i a l  pressure through 
the shields .  The secondary shield and top biological  sbiell w i l l  be designed t o  
withstand t h i s  d i f f e r e n t i a l .  

Primary Coolant Loop Pressure Drop. Reinvestigation of pressure losses  i n  the 
primary coolant piping system a t  design flow and temperature conditions indicated 
a possible header-to-header l o s s  external t o  the calandria of 65 p s i .  This, to -  
gether with a calculated pressure drop of 43 p s i  f o r  the calandria section gives 
a t o t a l  pressure loss f o r  the coolant loop of approximately 108 p s i .  This exceeds 
by 25 percent t he  previous estimates based on preliminary piping and equipment 
design and arrangement. 

Primary Coolant Circulation Pumps. Approval of design f o r  fabr icat ion of primary 
c i rcu la t ion  pumps was given t o  the  Byron Jackson Company upon rece ip t  of  a design 
proposal which w i l l  give an acceptable pump cha rac t e r i s t i c  f o r  p a r a l l e l  operation. 
The new design - s l i g h t l y  enlarged in te rna l  casing and impeller - shows a smoothly 
sloping head - capacity curve which is w e l l  below the  pump shut-off head throughout 
the probable operating flow range of the  coolant system. 

The pumps w i l l  be designed f o r  4200 C;PM a t  a t o t a l  dynamic head of 260 f e e t  
(approximately 100 p s i ) .  

Heavy Water In jec t ion  Pumps. 
displacement D20 in jec t ion  pumps was accepted during the month. These v e r t i c a l  
t r i p l e x  pumps w i l l  each operate a t  350 RPM t o  del iver  15.9 GFM of D20 at  system 
design pressure. 

The low b id  of the  Aldrich Pump Company f o r  pos i t ive  

Fif teen horsepower dr ive motors w i l l  power each un i t .  

Primary Coolant Treatment and Act ivi ty  Monitoring. 
a s  or ig ina l ly  scoped, was deleted and combined in  scope form with the  D20 a c t i v i t y  
monitoring system. 

The primary treatment system, 

The new proposal requires a s ingle  high-pressure l iqu id- l iqu id  heat exchanger 
having somewhat more heat t r ans fe r  area t h a n  the  or ig ina l  HX-2 i n  combination 
with a pressure reducing, degassing, flow regulating, and monitoring system. 

A piping flow diagram, SK-1-6393, f o r  the combination system was issued during 
the month. 
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D20 Piping System. 
up--tea auri ng the month t o  reflect changes brought about by removal of the turbine 
generator, recent  revis ions t o  scope, and the combination of primary treatment w i t h  
process tube gamma monitoring. 

The D20 piping system flow diagram, SK-1-6375, w a s  revised and 

Primary Heat Exchanger Fouling. 
i n to  the  design of the  primary heat exchanger could result i n  a considerable (40 
t o  50 percent) increase i n  tube area,  heavy water holdup, and fabr ica t ion  cost .  
In  view of this, a brief invest igat ion was undertaken t o  determine how far the 
controlled she l l s ide  pressure would have t o  be reduced over a period of time t o  
compensate f o r  reasonable foul ing of the tubes.  

The incorporation of a recommended foul ing f ac to r  

This study showed that expected foul ing could be accommodated a t  f u l l  heat duty by 
reducing drum pressure 100 p s i  over a period of time detennined by foul ing rate. 
Final  drum pressure, before shutdown f o r  tube cleaning, would be 325 psia .  

Such an operating procedure and philosophy would appear qui te  reasonable i n  any 
case where there  is  no contemplated demand f o r  steam a t  pressures above 325 psia .  

Emergency E lec t r i ca l  Power. 
ments of PRTR was completed during the month. 

A survey of the emergency e l e c t r i c a l  power require- 

Maximum probable emergency power requirements w i l l  be about 262 KVA with a possible 
reduction t o  195 KVA o r  less depending upon power f ac to r  improvemaht and the use of 
shutdown operating procedures which require  intermit tent  operation of four  auxi l ia ry  
services  - any two a t  one time. These services  a re :  (1) helium compressor, (2 )  a i r  
conditioner, ( 3 )  instrument a i r  campressor, (4 )  instrument a l t e rna to r  ba t t e ry  
charger e 

Analog Studies.  
system dynamics has resu l ted  i n  the  determination of control  response time constants 
ranging from 200 t o  1200 seconds. The time constant i s  defined as the time required 
f o r  63 percent of a t o t a l  eventual l eve l  change t o  occur a f t e r  a change i n  control  
valve se t t i ng .  The time constant has been found t o  increase l i n e a r l y  as the l eve l  
increases.  

The analog computer invest igat ion of the gas balance and moderator 

The machine has a l so  been used t o  redetermine maximum rates of l eve l  change using 
various control  valve combinations but not dump valves. The r e s u l t s  indicate  that 
the calandria  could be taken from an empty t o  a f u l l  state in  s l i g h t l y  more than 
twelve minutes. 
t he  normal control  valves or  i n  f i v e  minutes i f  the quick-opening shutdown valve 
i s  used also. 

The vessel  may be e f f ec t ive ly  emptied i n  f i f t e e n  minutes using 

The malfunctioning of several  computer components has delayed completion of moder- 
a t o r  dump calculat ions,  but  preliminary r e s u l t s  indicate  that the  calandria can be 
emptied a l i t t l e  more quickly than previously predicted.  It is  now expected that 
the  calandria can be emptied i n  l e s s  than f ive  seconds. Work is proceeding on the  
eventual goal of  a complete simulation of the reactor  and i t s  primary control  
system 
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Instrumentation and Control. A total of seven firms indicated interest in per- 
forming the design of the PRTR shim control assemblies and in furnishing a 
prototype assembiy. The proposals submitted by these firms were reviewed and 
evaluated during the month, and discussions were held with representatives of 
the firms involved. Recommendations are being prepared for transmittal to AEC-HOO. 

A preliminary proposal for the reactor automatic controller was received from 
a vendor during the month. 
a considerable portion of the nuclear and thermal power instrumentation as well. 
The proposal as received contains several 
changed. Nevertheless, it is quite promising in its overall scope. 

This proposal includes not only the controller but 

objectionable features which must be 
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PRYSICS AND INSTRUMNT RESEARCH AND OPERATION 

MOMTHLY KEPORT 

STUDIES €tEIArn To mzEsEIQT PRclDuma l?ILEs 

K-Pile I and E Versus Solid Fuel Element 

The 'results of these km measurements made in the PCTR were reported last 
month and in m-54516. 
which was suspected in the reported results. 
some aspects of this question which relates to the variation in the adjoint 
flux distribution mer an individual cell. 
neglect t h i s  effect (c.f. Glasstone and Edlund, p. 397). 
thermal adjoint flux distribution has been calculated with the DM-702 P3 
code. 
our  knowledge. 

!l!he latter document mentions a systematic error 
We are still considering 

Most perturbation calculations 
The intracell, 

This is the first time such a distribution has been calculated to 

It has also been found that two systematic errors in the calculations 
were made which essentially cancel out. 
sults with K-pile startup data is being made and further work on the adjoints 
is being considered. 
considered complete. 

The errors in these measurements are almost as small as those obtained 
in the K-pile startup measurements. 

A detailed comparison of these re- 

A full report will be issued when the detailed work is 

Dm 7-1/2-Inch Lattice TemDerature Coefficient 

As mentioned in the November 195'7 monthly report the initial analysis of 
the PCTR data gave inconsistent results. 
of activity has since been remeasured and a new analysis of the tempera- 
ture coefficient data yield a a u e  of the total temperature coefficient 
having a precision of approximately 20 percent. 
pointing and can be improved by approximtely a factor of two by increasing 
the precision of the graphite temperature measurements. A reduction in the 
large background PCTR temperatus coefficient would also improve this preci- 
sion. Effort is being made to establish the source of this background tem- 
perature coefficient to see if it c8n be reduced by some simple modification 
of the experiment& apparatus. 

!Be PCTR temperature coefficient 

This precision is disap- 

A study of the uncertainties in the determination of the total t-rature 
coefficient of & by the integral (PCTR) and differential (measurement of 
3 , f, p, as a function of temperature) techniques has been completed. The 
analysis shows that about 80 percent of the uncertainty in the integral 
method srises in the determination of the mass of poison necessary to obtain 
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unit multiplication in the test cell at elevated temperatures. Unless this 
par t  of the error is reduced by a factor of ten, uncertainties in the cross 
sections and average flwres axe not significant. On the other hand the dif- 
ferentisl method includes uncertainties in?, due primmily to cross section 
data and errors in average flux values, which contribute an uncertainty in 
the temperature coefficient of Ir, of about 50 percent. Therefore, unless 
significant improvements are made in the cross section data, the integral 
technique yields a temperature coefficient which is more precise by at least 
a factor of two. 

The problems involved'in improdng the wen cwer plate have tentatively 
been solved. 
temperature coefficient studies using the 2000 MWD/T synthetic slugs. 

The cover will be fabricated and should be ready f o r  the next 

The laboratory mockup experiments of the slug heater for measuring metal. 
temperature coefficients have progressed to the point where one m y  conclude 
that the present design of the slug heater w i l l  function satisfactorily. 
Final evaluation of the heat transfer chsracteristics will be made as soon 
as the mockup vacuum tank is completed by Technical. Shops. 

Afiangements have been completed Kith Plutonium Metsllurgy Operation for 
camling the Pu-U slug pieces and pins to be used to obtain flux distributions 
and neutron absorption rates in the temperature coefficient studies using 
the synthetic high exposure slugs. 
decanning and counting these pins. 

ha,ngements have also been made fo r  

Measurement of Reutron Temperatures Upon Loss of HpO Coolant 

Utional flux traverse measurements were made through the thermal column 
Of the TTR. Power has been applied to the thermal column heaters for a few 
minutes only. Minor adjustments are necessary to correct short circuiting. 

Thirty of the nickel-coated Pu-A1 alloy f o i l s  necessary for the temperature 
effect studies in the heated thermal column were received from Plutonium 
Metallurgy Operation. 
were also received. 

Fourteen nickel-coated aluminum comparison dummies 

ExPonential Pile Bucklinn Measurements 

The measurement of material bucklings for seven-rod clusters of 0.926-inch- 
diameter natural. uranium rods has been extended to a ?-inch lattice spacing. 
Measurements have also been made using an assembly having increased water 
coolant volume. This was done by supporting the canned elements with linear 
polyethelene templates so as to provide a 7 O - m i l  rod separation compared to 
previous assemblies with no separation at a l l .  The ll00 F duminum process 
tubing was 3.290-inch 1.D. x 0.065-inch w a l l .  
19.1 cc/cm. 
which a lso  includes all previous results for  these seven-rod clusters. 
water-to-uranium ratios have been corrected for 0.4-inch aluminum spacers be- 
tween the individual fuel elements. 

The water capacity was then 
The bucklings measured this month are listed i n  the table below 

The 
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Bucklings ~ r n ' ~ )  of Seven-Rod Clusters i n  Graphite Lattices 

Lattice 
Spacing Close-packed Separated (TO-mil Spacing) 

Wet (Inches) Dry - Wet Dry - 
7 -705 -407 -720 -2904- 

10-3/8 13" 25* 23 2 

(H20/U 1 0.26 
Molecule 

0.66 

0.46 

* Previously reported. 

* See below. 

There appears t o  be a s m a l l  difference between the dry bucklings of the se- 
parated and close-packed clusters i n  both the 7-inch and l0-3/8-inch spacings. 
This behavior i s  reasonable on the basis of the slight changes i n  fast effect  
and resonance escape probability expected for  t h e  different geometries. 

Examination of the values fo r  the 7-inch l a t t i c e  reveals the nonlinear ef'f'ect 
of adding water even for  such a grossly undermoderated l a t t i ce .  
for  the 10-3/8-i1~h l a t t i c e  point out that this spacing is  near the crossover 
point fo r  this fuel assembly for  all reasonable amounts of water. 

The values 

The results fo r  the close-packed cluster  indicate that the crossover point 
occurs a t  a 10-3/4-inch spacing with a positive buckling of 35 x l o 4  ane2. 
The resul ts  fo r  the separsted cluster  indicate (with somwha,t l e s s  certainty 
as yet) a crossover point of l0-1/4-inch and zero microbucks. 

The buckling value fer the separated cluster  with water i n  the 7-inch l a t t i c e  
spacing (doubly starred i n  the table) is suspect i n  tbt the exponential 
p i l e  did not produce a region of constant cadmium ra t io  a t  equivalent c e l l  
positions. 
The reason f o r  thLs effect  i s  not ye t  understood. 

No previous measurements with cklsters exhibited this behavior. 

Correlation cf Expo nential  Plle Bucklings 

An inspection of current results from the correlation calculations leads one 
to believe that a better correlation could be expected if systematic changes 
i n  the the& ut i l iza t ion  of a c e l l  with l a t t i c e  spacing and rod s ize  were 
taken in to  account. A study of these spectral  effects  i s  being made. 

Current Work on Graphite Purity 

1. Graphite Exchange - The dih values of the eight bars selected for  shipment 
t o  England are  being determined i n  the Hanford Test Pile. The bars should 
be shipped about the first of March. 
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2. MfArsion Length of the Hasford Standard Pile  - The 702 Program fo r  comput- 
ing f a s t  source corrections has been proven t o  be correct. 
t ion  of earlier measurements of the diffusion length fo r  the Hanford 
Standard Pile can now be completed. 

A re-evalua- 

3.  Graphite Cross Section Measurement - Preparations fo r  a measurement of 
the absorption cross section of reactor grade graphite are being comp- 
leted. The measurement should be carried out within the first half of 
February. 

Development of Methods of Calculating Reactor Parameters 

The investigahion of fast e f fec t  has been completed and a report, HW-54687, 
.has been submitted. 

A study of methods of calculation of l a t t i c e  parameters i s  now being made, 
considering fuel rods of various geometries with particular emphasis on clus- 
ters. 
of the theoretical  approxixnations which are now being used. 

These are being considered f r o m  the viewpoint of improving the val idi ty  

W h i n e  ComDutational Prourams 

Recent changes i n  the routine buckling program (BKLOO1) have been checked out 
and used once i n  the debug deck. 
the accompnying data-processing u t i l i t y  program are being written t o  include 
f a s t  source corrections. 

F'urther improvements i n  this program and 

Work on the revised P-3 program and the uti l i ty-type program (SOLwxm) for  solu- 
t ion  of simultaneous l inear  equations has been temporarily discontinued because 
an improved type of program more readily adapted t o  the 709 computer has been 
obtained from off-site.  The improved Bessel function subroutine fo r  use with 
the P-3 program is  completely debugged and i s  setup fo r  independent use. 
program calculates y1 (x) and 

An OMICoaE program for the 650 has been written t o  solve the 4 x 4 determinant 
for  a two-group, two-region spherical reactor. 
the case of positive buckling i n  each region and is being modified t o  accept 
negative buckling i n  both a finite and i n f in i t e  outer region. 

This 
(x) for  n 3 0, 1, 2, 3, and any x. 

The program has been used for  

Ins tnmrentat ion 

Development e f for t s  continued on the experimental. logarithmic device ut i l iz ing 
active components. The successful development of such a device would provide a 
fas t ,  highly accurate, wide-range period or general purpose logarithm generator. 

STUDIES RELAm To SEPmTIms PLANTS 

Measurement of 

The data from the first measurements In the FCTR for  determining km of enriched 
uranyl nitrate-water mixtures has now been analyzed. These measurements were 
taken Kith "miniature" tanks in order t o  determine the approximate enrichment 
values for  use in the preparation of larger tanks for  the full scale part  of the 

fo r  Uranyl N i t r a t e - % O  Mixtures 



experiment. can be obtained i n  the "miniature" 
phase since f o r  this case the buffer t h i c g e s s  i s  not suff ic ient  t o  provide 
the correct neutron energy spectra incident on the t e s t  ce l l .  These first re- 
sults therefore indicate, only quali tatively,  t ha t  f o r  UO, (NO3l2 T 6 %O, koo 
w i l l  be unity f o r  an enrichment of 2.2 percent. 

only approximate values of k 

Buckling Measurements fo r  Fuel Elements i n  a Random Array Versus a Uniform Array 

In connection with the dissolver problem, additional buckling measurements were 
taken with 1.44 percent I and E fuel elements positioned i n  a randam array; the 
canned fuel elements were 8.6 inches in length with an 0.1). of 1.47 inches and 
an I.D. of 0.37 inch. The resu l t s  of these measurements are given below: 

Exp. NO. H20/U (Volume Ratio) Buckling cm-2) 

42* 1.78 3271 

' 43" 1.78 3225 

44 1.80 3787 

45 1.74 3777 

-nMeasured i n  previous month. 

The average buckling i s  3515 p, and the average +O/u volume r a t i o  is 1.78 
a 0.04. 
array, the buckling was also measured fo r  these canned I and E fue l  elements i n  
a uniform distribution. The %O/U volume r a t i o  fo r  this case was 1.97, and 
the measured buckling was 5264 pEi. 
thst fo r  the random array, corrections must be applied fo r  the differences i n  
the amount of aluminum (process tubes) and the QO/U volume rat io;  qualita- 
t ive ly  these corrections increase the buckling t o  about 5500)is; a P3 calcula- 
t i on  w i l l  be made t o  determine more accurately the e f fec t  of the alminum 
process tubes. 

Ln order t o  evaluate more W y  the decrease i n  buckling f o r  the random 

Before conparing the l a t t e r  d u e  with 

The buckling was also determined fo r  a 1.00 percent enriched uraaium l a t t i c e  
consisting of alternate rods with diameters of 0.925 inch and 1.66 inches; the 
+O/U volume r a t i o  was 1.45. For this l a t t i c e  the buckling was 2605- with an 
estimated e m r  of 5 25O~iB. The buckling f o r  a l a t t i c e  of 0.925-inch rods a t  
the +O/U volume r a t i o  of 1.45 is  about 3150 JB, and for  1.66-inch rods a t  this 
same volume ra t io ,  2715 @; the average i s  2932 p .  
the combination (fixed randomness of a s o r t )  does not d i f fe r  appreciably from 
the average. 

Thus, the  buckling for 

Measurements have now been completed with three different types of fuel elements 
i n  r a n d o m  arrays. 
limits which a m  rather wide as compared t o  the actual meas-ent errors,  
especially when the en t i re  group of measurements are  considered jointly; further 
work is  required i n  connection with this error  analysis. 

An error  analysis of these measurements has predicted error 

The measured bucklings have all been lower for  random ~ u ~ 8 y s  of fuel elements 
versus the uniform arrays, however, the errors  i n  measurement have been large; 
the predicted error  limits (for 95 percent confidence level)  overlie the buck- 
l ings  for  the uniform dist r ibut ion in two of the three cases. 

1 2 3 1 1 1 5  



Pending further er ror  analysis of these data., it is  not advisable t o  increase 
the c r i t i c a l  mass limits for random distributions of fuel elements above that 
for uniform arrays. 

Plutoniron Cri t ica l  Mass Fac i l i t z  

On January 15,  a Cr i t i ca l i t y  Meeting on Chemical Processing was held i n  the 
new AEC Building at Germantarn; t h i s  meeting was ore;anized by members of  the 
AEC Division of Production. 
Cr i t ica l  a s s  Physics Operation at  W o r d  was reviewed and discussion given 
of the needs for,  and just i f icat ion of, a Elutonium Cr i t ica l  Mass Laboratory 
at  Banford. 
Savannah River, and the Idaho Operations Office. 

The current experimental work program of the 

Discussions of similar type were also given by personnel of ORmL, 

Research i n  Support of Reprocessing Power Reactor Fuels 

1. Homogeneous Systems 

Calculations have been made and planning is in progress fo r  the experi- 
men- mcasuzwmts of k as a function of the H/U r a t io  fo r  three per- 
cent enriched UO3-H20 sy%-. Calculations of & fo r  this enrichment 
with additional refinements on ea r l i e r  works give the following results: 

at an H/U atomic r a t i o  of between 7 and 8 and 

b. 

The expression used for calculating km was checked by comparing the cal- 
culated and experimental. d u e s  of ko0 fo r  approximately one percent 
enriched UO3. 
d u e s  except at  low water densit ies where  d u e s  as low as H/U = 4 were 
compared. 

i s  unity a t  an E/U of 50. 

Excellent agreement was obtained between the two sets of 

The genera,l.ly good agreement I s  attributed t o  the method used fo r  calcula- 
t ing  the fast effect .  Additional refinements, which are  being considered 
fo r  subsequent calculations of this parameter, are expected t o  give be t te r  
agreement at the lower H/U ~ a 1 u e s .  

Calculations are now being completed, which wi l l  permit the desi@ of the 
experimental apparatus fo r  these km measurements i n  the FCTR. 

2 .  Heterogeneous Systems 

Data on the c r i t i c a l i t y  of heterogeneous systems with uranium enrichments 
up t o  three percent is needed i n  connection with the design of safe and ef-  
f i c i en t  dissolvers. 

It Ls planned t o  conduct c r i t i c a l  mass studies wlth three percent enriched 
Uranium rods i n  the TPR reactor room, where use can be =de of the exist-  
ing shielding and control instrumentation. Personnel participating i n  the 
experiments would be located in the TPR control room. 
determining the c r i t i c a l  mass w i l l  consist primarily of subcrit ical  multipli- 

These studies f o r  



cation measurements (approach t o  but not r e a c x n g  c r i t i c a l i t y )  with adequate 
controls and safety mechanisms t o  insure against  supercr i t ica l i ty .  
studies will a l s o  include some exponential type buckling measurements. 

!The 

Aluminum process tubes have been ordered f o r  the uranium rods; a special  
pencil  t y p  Ra-Be neutron source has been ordered f o r  use i n  these multi-  
p l ica t ion  experiments; frmework for holding the  necessary safety mechanisms 
i s  under construction. Both control rods and a quick dump system wlll be 
u t i l i z e d  f o r  nuclear sapety. 

The first q m t i t y  of the three percent enriched uranium is  expected t o  
ar r ive  i n  April. 

Muclear Safety, C r i t i c a l  Mass Consultations 

2. 

3. 

4. 

5. 

Nuclear Safety in Redox Processing. 

A meeting was held with personnel of CR) t o  discuss c r i t e r i a  f o r  a new 
vessel, safe by geometry, t o  replace L-16 which is a nonsaf'e recycle tank 
(has safe  batch l i m i t ) .  
t o  CPD. 

Nuclear Safety i n  Purex Processing. 

The design basis f o r  such a vessel was given 

An inspection of the new Purex Ion Exchange System was made and c r i t e r i a  
f o r  contact maintenance procedures established. 
specif icat ions f o r  the operation of the Purex Plant was writ ten by members 
of CPD and appraved by the  Physics and Instrument Operation (HLO) f o r  the 
nuclear sa fe ty  of the ion exchange equipnent. 

An addendum t o  the process 

Plutonium Alloy Metallurgy. 

A meeting was held with personnel cf the  Plutonium Metallurgy Operation 
(HLO) t o  discuss the nuclear safety involved in the msnufacture af MTR-type 
plutonih-aluminum a l loy  fuel elements containing about 15 percent plutonium. 
An inspection of the f a c i l i t i e s  f o r  the manufacture of these fuel elements 
was made and c r i t e r i a  f o r  the nuclear safety i n  their m u f a c t u r e  given. 

Nuclear Safety U03 Manufacture. 

(a) 

(b) 

A talk on nuclear eafety i n  processing enriched fuels was given t o  
members of CPD connected wlth the operation of the U03 plant. 

A study of the equipment and processing operations of the UO3 plant  
was made t o  determine those phases of the operation in which nuclear 
sa fe ty  must be considered f o r  processing enriched uranium oxides. 
The r e s u l t s  have been stmrmnrized by W. G. Browne of Cm, in an undocu- 
mented document e n t i t l e d  "Meeting With N. Ketzlach on 1-7-58 ConcerrlLng 

I231111 
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uo3 plaat Crit icali ty." 

Neutron Age Measurements 

Two runs were msde on the monoenergetic age measurement this month. 
was a background run in water using a d m  Ra-A1 source. 
run confirm that the effect  of local ly  produced photoneutrons can be best 
obtained from the large IQa-Be source data. 
measurement of the age i n  lrerosene. 
The run proceeded sa t i s fac tor i ly  and p"1imimu-y results have been obtained 
which seem t o  be in the expected region. 

The first 
The results of this 

The second run  was the first 
The large Na-Be neutron source was used. 

Mass Spectmmster fo r  Flutonim Analysis 

The construction of this s p e c t r a t e r  i s  proceeding according t o  schedule i n  
Technical shops. 

STUDIES RFzAl!ED To THE pLlmJNIuM RE(TycIz HloGRAM 

plutonium Spike Measurements 

The plutonium spike measurement i s  now i n  progress in the PCTR. 
plutonium appears t o  be somewhat larger  when in a spike column than when mixed 
i n  a VO, cluster.  
copper poison i s  distributed differently over the Az spike and i ts  nearest VO, 
fuel cchmns. This experiment nlll give the multiplication factor of an 
inf in i te  medim composed of "strpercells" which have a spacing of fi 1, 
where 1 is  the fuel-rod-cluster separation (8 inches in the present experi- 
ment), and which are composed of 6 U% clusters and 1 Pu spike cluster.  

The worth of 

Exact calculations Kill be made fo r  two cases i n  which the 

Measurement of p, $, and Conversion Ratio for  U@ Lattice 

Tm irradiations were made in the PCTR t o  determine p, E ,  ICR for  a 19-rod U% 
cluster  i n  an 8-iach D,O moderated l a t t i c e .  

Preliminary analyses give the following results:  

- 

p - 0.866 
ICR - 0.828 

If we use the value obtained fo r  k, of 1.048 and fo r  f of 0.892, we f ind a 
value of qof 1.333. 

Comparison sf Pu-graphite Fuel with Pu-A1 F'uel 

The Pu-graphite react ivi ty  measurements were completed i n  the PCTR i n  
of the PRTR program. To date cnly preliminary calculations have been 
the data and no numbers are available. 

No error  analzis has been made as yet. 

support 
made on 
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Theoretical PClB Studies 

The problem of the thermal neutron distribution from a t h e d  line source in 
the presence of a cavity has been completed. 
cular case has been completed. 
be included in the Nuclear Physics Research Quarterly Report for October - 
December 1957. 

Numerical evaluation for a parti- 
A detailed description of the solution will 

Resonance Escape Theory 

A re-calculation of the resonance escape probability for natural uranium as a 
function of rod diameter has been started. The 18 resolved resonances of U-238 
are considered separately. The present investigation involves different formu- 
lations for the low energy wide resonance and the narrow resonances, in analogy 
to the treatment of J. Chernick (BmL-433). 
obtained are expressed in the form a 4 b r  - . preliminary results give values 
a = 0 and b = 23. 
 he value a - o d ~ e s  not include any l /v  statistical region contributions, 
whereas Hellstrand's value does. 
and statistical regions is that Stein (WAPD) adds a value of 5.5 barns for 
their contribution. 
is now being made. 

The effective resonance integrals 

M 
Hellstrand (Sweden) obtains a = 2.52, b 24.7 experimentally. 

An indication of the importance of the l/v 

An estimate of their importance in the present calculations 

Instrumentation 

Further study of possible systems for slug rupture detection was initiated at 
a meting of Instrument Rgg personnel with members of the Advance Engineering 
Operation. 
quLred before the best system could be specified. 
and the study is continuing. 

It was concluded that more information on detection limits was re- 
This information was received 

The f'inal design for the a viewer for the fuel inspection facility is being 
worked out. 

The transistorized scintillation Alpha Hand Caunter developed on 6000 Program 
funds is reconmended for possible use in the PEER facility. 

Pu-239 and A2-241 b w  Energy Fission Cross Sections 

All of the data on the energy variation of the Pu-239 and Pu-241 fission cross 
sections from 0.0025 ev to 0.0047 ev have been obtained and calculated. 
Pu-239 data were obtained with a statistical precision varying from 1.0 to 
four percent at the lowest energies. 
l/v over this s n d l  energy region than would have been anticipated, the observed 
deviation being about a three percent decrease from l/v to lower energies. 
The statistica3 precision of the Pu-241 data was only 2 to 10 percent over the 
same region. The cross section seems to be l/v to a precision of about ,* 2 
percent. !Lhe normalization of these low energy fission data has not been com- 
pleted because of a breakdown in the fission chamel electronics. 

llhe 

The results show a larger deviation from 
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Cold Neutron Total Cross Sections 

A sa t i s fac tory  detector  f o r  the slow neutron region was obtained by the use of 
a BF 

transmitted through the side IAU. ra ther  than the end thereby eliminating end 
e f f ec t s  which are very troublesam f o r  cold neutrons. In addition, the s m a l l  
sensi t ive volume of the counter enables the use of adequate shielding so that 
the background counting rate is very low. 
the mica c rys t a l  monochromator and beryllium f i l t e r  t o  obtain transmission 
cross sect ion data below 0.005 ev. 
variat ion of the  Ir total cross section t o  a precision of about 0.2 percent 
which indicates  that reliable data can be taken i n  this region t o  a very good 
precision. 
corrections for the platinum f i s s ion  f o i l  backings), gold ( to  further evaluate 
the system), and copper ( for  possible application t o  pC'I!R Cu cross section 

counter fabr icated f r o m  a 4-inch section of Sldnum slug can. The 
COW 2 er has about a 2-inch sensi t ive region and is  used with the neutron beam 

This detector has been used with 

D8fa taken on an i r i d i u m  ssmple gave a l /v  

Data are also being taken on samples of U-235, platinum ( to  e v d u a t e  

values). 

Absolute Fission Cross Section basurements 

Alpha count data on the HLO standard U-235 f i s s ion  f o i l  have not been completed 
as yet by Analytical Laboratories. 
f i s s ion  counter is  complete and undergoing t e s t s .  

The electronic  system for the dual chamber 

Sub th resb ld  Fission Cross Sections 

Six Np-237 f i s s ion  foils -ere made by Analytical Iabomtor ies  by precipi ta t ion 
from a slurry vhen electrodeposit ion techniques fa i led .  Fission cross section 
measurements on Np-237 will be s t a r t ed  when the cold neutron measurements a re  
cmple te .  

Multilevel Rescaasce Fomnila 

Significant results have been gbtained from numerical calculations on the U-235 
fissfco c r m s  section using the IBM-650 computer program f o r  the previously re- 
ported multi level resonance formula. 
high precision the Breit-Wigner s ingle  l eve l  fcrmula f o r  resonances where in t e r -  
ference shGuld not ex is t .  For cases where fissim e x i t  channels a re  r e s t r i c t ed  
and interference e x i s t s  it was ra ther  surprisingly found that the radiat ive 
capture cross section component differed f r Q m  the Breit-Wigner single l eve l  
formulati3n. The difference was s m a l l  but possibiy of significance i n  cross 
secticn analysis. Fcr the f i s s i c n  ccmporient it bas found that interference 
e f f ec t s  coula cancel out e n c t l y  f o r  special  cases, a result which had prev- 
iously been obtained a t  Hanfcrd from the Feshbach-Porter-Weisskopf (FRJ) 
approximation f o r  a multi level formula. 
signif icant  differences (greater  than 10 percent).  
been r e s t r i c t ed  t o  only f ive  energy points f o r  a few cases from which a signi- 
f ican t  amount of  infmmation hasbeen  obtained. 
t o  attempt a detai led f i t  of the f i s s ion  and t o t a l  cross section of an isotope 
t o  see i f  this formulation can explain with confidence some of the processes 
occurring i n  slow neutron f i ss ion .  

The fonm;la was shown t o  reproduce t o  

Compariscn with the Fpw formula showed 
C d c a a t i o n s  so f a r  have 

As a future  s tep  it is planned 
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Time-of -Flight bkasurements 

Additional measurements were made on Be(d,n) 
mance for an invited paper presented January 
Counter Symposium. 

spectra and chronotrori perfor- 
27 and 28 at the Scintillation 

The source of background neutrons was studied using a deuteron beam and a non- 
neutron producing target. 
primary sources of background to be the analyzing chamber where the %+ ion is 
stopped and the chopping slits where the snalyzed beam is swept. In addition, 
the head end of the Van de Graaff produces intense low energy X-rays. A 
shadow shield of 6 inches paraffin and 2 inches of lead reduced the backgrmnd 
counting rate by a factor Gf ten. 

Directional shielding was used to pinpoint the two 

Three Crystal Spectrometer 

Consultation was continued to CEO on the spectrometer installation and speci- 
fications tests. 
accordilig t o  schedde. 

Installation is apparently proceeding satisfactorily and 

The Physical Ccmstants Testing Reactor operated routinely during the month. 
There was one unscheduled shutdown due to an electrical outage. 

The enriched uranyl nitrate-water, km measurements with mini-tanks were comp- 
leted during the molith. 
fxel were completed, and the spike enrichment experiments with Pu-A1 fuel 
were started. 

The FRTR experiments w i t h  impregnated graphite-Pu 

The Po-Be neutron source was replaced during the month. 
made to the source drive mezhanim which wiu. simplify future maintenance. 

Revisions were 

The design criteria for the addition t o  the 305-B B u U d i n g  were forwarded to 
the Comrmissian for review prior to prepaxation of the f i n d  draft. A count- 
ing mom, computing room, office space, change mom, and instrument and mechani- 
cal maintenance areas are planned. 

Operation of the Thermal Test Reactor was routine during the month; there were 
no unscheduled outages. 
stalled in the reactor. 

A new source (previously used i n  the PCTR) was in- 

Redesign of the safety sheet winch and upper position control unit was completed 
and fabrication is progressing. 
the reproducibility of reactivity measurements. 

Variations in position of the sheets now limit 

The measurements of the .mount of boron absorbed f r o m  BF3 by graphite were 
completed for Materials Development Operation. 

A survey of all automatic counting equipment avafleble comerciaUy has been 
completed and a meeting has been called for discussion of these pieces of 
equipment and of the specifications for an automatic counter system for FCTR 
operations. 



The new values of the delayed neutron fractions and mean l ives  recently pub- 
l ished by mepin, e t  al, have been used t o  construct a new table of react ivi ty  
versus reactor periods fo r  a U-235 reactor system. The in-hour equation was 
programmed fo r  the 1 ~ ~ ~ 6 5 0  with sufficient f l ex ib i l i t y  t o  a l l o w  for  future 
changes i n  the delayed neutron fk-actions and mean l ives .  

Atmospheric Physics 

One f i e l d  experiment designed t o  continue measurements of the transport and 
diffusion of materials emitted from the 100 Areas and carried over the Wahluke 
Slope was completed. 
wind, ground-level concentrations were measured a t  two and eight miles from 
the sourJee. 
liminary results have suggested, confirmation of ear l ie r  data reported last 
month. 

!Phe emission point was again near 100-3 Area and cross- 

Final analyses of the d a t a  have not been completed but very pre- 

Consideration was given t o  the e q u p e n t  and manpower requirements needed t o  
extend comprehensive measurements of  atmospheric diffusion and transport t o  
distances up t o  sixteen miles from elevated and ground sources. An expenditure 
of approldmately $140,000 f o r  f i e l d  equipment and an increase i n  our annwl 
operating R and D budget of $60,000 pm~Lde the minimum requirements fo r  such a 
program. This study was completed In response t o  an informal request 
from the Air Force Cambridge Research Center for  a preliminary estimate of our 
a b i l i t y  t o  perform such experiments under their sponsorship. 

WBIMETRY 

A door for  the rock-shield low-background f a c i l i t y  was Zompleted. 
2-1/4 tons but moves quite easi ly  on a system of rol lers .  
shield was found t o  be the same as expected i n  the iron roomof the Body 
Monitor. 

It weighs 
Background in the 

Testing of the usefulness of a large p las t ic  s c in t i l l a to r  for  Body Monitor 
work was begun i n  the rock shield. 
pected. 
of unusual radioactivity appear promising. 

Energy resolution was poor; this was ex- 
There is sufficient sensi t ivi ty  though t o  make use as a quick detector 

Studies of two 14-inch photomultiplier tubes showed the i r  sensi t ivi ty  t o  be 
very nonuniform over the face of the tube. 
with large p las t ic  sc in t i l l a tors  but does for  be t te r  quality scint i l la tors .  

This does not affect  t he i r  use 

Field tes t ing of the new method of using pencils i s  proceeding by Radiologl- 
c a l  Development Operation. .No di f f icu l t ies  have developed with the method. 
Typical use of the pencil is  t o  measure 1 t o  2 mr i n  a three-day period. 

The method of measuring Van de G r a a f f  voltage needed in the electron calori-  
metry work is about developed. 
w a l l  of the Van de G r a a f f  pressure tank. This and the high-voltage t e w n a l  
form one arm of a capacitance divider. AU. but a few percent of the voltage 

An insulated m e t a l  probe was placed i n  the 



on the other arm is bucked out by a precision potentiometer. 
be measured and recorded accurately with a vibrating-reed electrometer. 
method works very well, but the ef fec ts  of corona leakage and capacitor soak- 
i n  must s t i l l  be evalwted. 

The remainder can 
The 

This method of voltage m e a s u r e m e n t  was used t o  operate the electron Van de 
G r a a f f  a t  0.1, 0.2, and 0.3 Mev. 
t ro l  became sluggish. 
same thing with the posit ive ion Van de Graaff ' .  
being able t o  do this in the D-I) and D-T reactions. 

S t ab i l i t y  was found t o  be good although con- 
! M s  is  of in te res t  because it may be possible t o  do the 

There are some advantages t o  

The Van de G r a a f f  accelerator operated sa t i s fac tor i ly  during the month. 
the Oo beam is not being used at  present, its plumbing was removed and the 
auxiliary diffusion pump moved adjacent t o  the analyzing magnet. This i m -  
proved the vacuum character is t ics  of the machine and provided some room fo r  
storage. 

Since 

An experiment was carried out that combined results from two of our previous 
studies. 
neutron detector. 
pulse method i n  order t o  get law leakage and high sensi t ivl ty .  
that one week's permissible dose from fast neutrons would give 6 6  of fu13 scale 
reading on the least sensit ive range of the present pencil reader. 
the system very a t t rac t ive  as a fixed monitor fo r  fast neutron dose. 
tion, there is the poss ib i l i ty  of adjusting the boron content of the slow 
neutron pencil tfll the neutron and --ray sens i t i v i t i e s  are equal; then 
one monitor would measure both neutron and gauuna dose. 
ident ical  with the first but made with boron depleted of Bl0, a separate 
measurement of gamma dose could be made. 
be carried out with Radiological Development Operation and they will develop 
the applications of the system. 

Nuclear Physics Operation measured neutron spectra from Beg(d,n) t o  obtain 
performance data on the time-of-flight system. 

Slow neutron pencils were used i n  place of BF counters in a moderated 
!Fhe pencils were chacrged t o  low voldges and read by the new 

It was found 

This makes 
In addi- 

By adding a pencil 

Further tes t ing  of these ideas will 

A new series of proton w measurements for  argon was made. 
higher than the preliminary value. 
parts of the experiment t h a t  needed improvement. 
ments i s  being prepared. 

The result was 
Use  of the 256-cha~el  analyzer uncovered 

Another ser ies  of measure- 

ms-1m 

W o r d  plant drawings for  the Alpha Scin t i l l a t ion  Transistorized Hand Counter 
have been completed and the instrument, i n  general test use i n  the 329 Bldg .  
for three months, is  s t i l l  %prating sa t i s fac tor i ly  with no maintenance or  re- 
calibration during that period. 
i s  f i f t y  d/m. 

Minimum detectable alpha contamination leve l  

The combined alpha, beta, gama Hand and Shoe Counter has been completed except 
for  the addition of two external cable-connected, loudspeaker readout probes. 
One of the additional probes will be a scinti l lat ion-type fo r  alpha monitoring, 
and the other wlll be a G-M probe for  beta-ganrma monitoring. 
(cabled), operating independently f r o m  the main instrument, will be used for  
clothing monitoring. Except for trouble with some glow-transfer-type decade 

These probes 



counting tubes, the main instrument has operated satisfactorily.  This instrument, 
i n  a "package" the s ize  of a Five-Fold, can replace both the Four-Fold and Five- 
Fold counting instruments. 
beta-gamm limit i s  the same as for the Five-Fold. 
being mde foflthe instrument. 

Alpha minimum detection l i m i t  is  200 d/m, and the 
W o r d  plant drawings are 

experimental portable sc in t i l l a t ion  transistorized gsmma energy analyzer 
has undergone about six days of f ield testing a t  100-H, 100-F, and 234-5 Areas. 
The results were satisfactory w i t h  &amma energy spectrum information found at  
many locations. Some of the locations had previously been checked fo r  various 
gamma energies by timc-consuntlng absorption curve methods. The sc in t i l l a t ion  
energy analyzer found the energies and checked the results in a matter of min- 
utes, and also determined several energy peaks i n  the region of 1OO-Kev t o  
5OO-Kev. 
inadequate e q d p n t  . Plese areas of energy had not previously been examined because of 

Investigation and experimentation were started on a heating method, by induction 
heating, t o  be used to  boil off radon and thoron from fi l ters used t o  pick up 
airborne plutX¶nium contandnation. 
the millipore filters. 
f i l t e r  . 

This will reduce the background levels  of 
Temperatures of 1000 t o  1200°C w i l l  be used t o  char the 

The contract for the fabrication of twenty remote data stations fo r  the Tele- 
metering System has been awarded t o  IDL, Seattle. 
fabricated t o  our specifications. 
designed to  check the data stat ions synthetically when they are fabricated. 
The "test" instrument is  being fabricated onsite. 

These stations will be 
A "test" (simulation) instrument has been 

The zinc sulfide p r t i c l e  detector fo r  the Atmospheric physics Operation is 
completed except f o r  soxm machining and assembly of the counting head. 
ments have shown that the instrument produces a coUnt,_linearly related t o  the 
number of zinc sulfide part ic les  on the f i l t e r  over a range of 100 t o  19,000 
particles.  
range of l i nea r i ty  is adequate t o  meet the specified requirements. 

Exper- 

These filters had been calibrated by actual optical  counting. The 

The final averaging c i rcu i t  for  the pyroheliometer was designed and fabricated. 
This c i rcu i t  provides a weighted average, with a t h i r t y  minute time constant, 
of the pyroheliometer at  the Atmospheric Physics Meteorology Facility. Every 
t h i r t y  minutes, the output of  the c i rcu i t  is applied f o r  a one-minute time 
duration t o  the input of the pyroheliometer output recorder. 
presently being tested. 

The system is 

The possibi l i ty  of applying optical  autocorrelation techniques t o  the count- 
ing of film badge track8 is being investigated. 
the developed film of the film badge8 are being prepared. 

Suitable plates which resemble 

Evaluation tests Were continued on the experimental sc in t i l l a t ion  beta- 
gamma dose-rate meters and on the German-built pocket size gamma-dose alarm 
instnrment. Tests were started on two new models of the sc in t i l l a t ion  fast 
neutron dose-rate meter. 

WASHIXGTQN D[ESIGiWATED PRGGRiWE 

The construction of the mass spectrometer for  this program i s  proceeding 
sat isfactor i ly  i n  Technical Shops. 
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CUSTOMER WORK 

Analog Computing 

Computer running time continues t o  increase. 
recorded this month. 

No involuntary dam-time was 

!The computer was shut down f o r  a one-week period t o  perfom a yearly check 
of all tubes and camponents. 
repair c r a f t  as specified. 

New fans and top sections for the computer have ar r ived  and w i l l  be i n s t a l l e d  
by the Goodyear senrlce representative on the next vlsit. 

A portion of the first phase of t he  PRTR Gas and Water DpiIuics problem was 
completed. A study was made on the steady state response of the system f o r  
various l e v e l s  of %O. 
cha rac t e r i s t i c s  are now being set up f o r  study. 

A set of preliminary runs were made on the  heat exchanger system proposed 
f o r  the NPR. 
range of variables and t o  j u s t i f y  the constants selected.  

This work was coordinated with the instrument 

This data was supplied t o  Advance Engineering. Dump 

The objectives of the study were t o  evaluate the system f o r  i t s  

A set of runs were completed f o r  the evaluation of the amount of Californium 
produced in the PRm, at a f ixed flux level and a given amount of Pu, f o r  a 
period of 10 years. 
ant ic ipa ted  that addi t ional  runs w i l l  be requested. 

Results are being evaluated by the customer and it is 

The first s e t  of runs were completed on the temperature stress expected i n  
the w a l l s  of the 200 Area waste tanks. 
loss t o  the s o i l  and no insu la t ing  layer i n  the  tank. The customer i s  now 
establ ishing the data and requirements for addi t ional  runs. 

I n  order t o  conserve computer e q u i p n t  snd t o  meet special  requirements of 
the customers, a portion of t he  group's time i s  being spent on the develop- 
ment of special  computer c i r cu i t s .  
f o r  the NPR kine t ics  and a transport  delay c i r c u i t  were evaluated. 

These runs were made asstnning no heat 

'phis month a single amplif ier  c i r c u i t  

Weather Forecasting and Meteorology Service 

Type of Forecast Nmber Made $ Rel i ab i l i t y  

&HOW Production 
24-Hour General 
spec ia l  

93 
62 
17l 

81.1 
8 ~ 0  
92- 3 

Average temperature (37.1) and total prec ip i ta t ion  (1.74 inches) during Jan- 
uary were much above normal. These marks, however, were well below the res- 
pective record Janu81-y highs of 42.5 and 2.16, both establ ished i n  1953. 

Even more notable than the mild and wet  weather during January was the l ack  
of any measurable snow fall. 
i n  4.6 years  of record. 

There have been f ive  previous such Januarys 
This was the  f irst  time of record, however, that a 
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snowless Jan- has followed a November and a December, both of which were 
also snowless. The station did record 0.3 inch last October. However, even 
this meager amount missed lower elevations of the W o r d  Ares, including 
Richland where there had not been even a trace of snow during the entire winter 
up to February 1. 

The studies of o a d e s  of nitrogen in the vicinity of the 32l and 313 B u i l d i n g s  
were continued. Analyses of data frmD these buildings were begun. 

A new weeUy demand record for the 24-hour general forecast was set with 1,759 
calls the week ending January 12. 

Instrumentation 

Three alpha, beta, gamm 4 x 8-inch fixed filter counters for the 200 Areas 
have been completed and are now being tested before delivery. These units, 
employlne two scintillation detectors, zinc sulfide f o r  alpha and antbcene 
for beta-ganrma, WFU simultaneously count for the above types of contaainants. 
Each detector head sees one-half of the 4 x 8-inch filter. Two separate scal- 
ing units are employed. 

Authorization was received to start construction on a dual alpha air monitor- 
ing system for detecting and indicating the amount of airborne plutonium contami- 
nation in a 200 Area facility. The system w i l l  include twlo high-level alpha 
air detection and alarm systems with a third reccrding and alarm system that 
i s  actuated by differences in the first two systems. 
expected by virtue of the automatic background reduction when the two systems 
are placed where the natural background effects are the s8me but the probability 
of simultaneous plutonium contamination is low. 

Increased sensitivity is 

&tical Service 

A procedure was developed which w l l l  pennit the use of 'CtJO beds and Northrup 
o p t i c a l  pyrometers for  two-color temperature measurements. One pyrometer has 
been modified by altering the effective wave-length of3he light transmitted. 
A preliminary Calibration of these instruments has been carried out using a 
ribbon fflament tungsten lamp. A more complete calibration will be run while 
measuring the temperature of a tungsten crucible in which a black body cavity 
has been fcrmed. 
developlent. 

This work is being done in cooperation with ceramic fuels 

The design of a three-color pyrometer was completed. 
is expected to permit the accurate temperature determination of materials whose 
emissivity varies with wave-length. Tests were made of the response of a lead 
sulfide photoconductor to demonstrate the feasibility of its use in the tbree- 
color pyrometer. 

This type of pyrometer 

The objective lenses for the l O 5 - C  Opticd Profilometer were redesigned and 
remade to be of shorter focal length. The profilometer is now in operation. 

The routine Optical Shop work included fabrication of an alignment target 
for the reactor-charging machine, some adjustment lens mounts for a profilo- 
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meter and some photographic accessories. 
the 105-C profilometer and fabrication was started on a color-temperature 

Two achromatic lenses were ground for 

pyrometer. 

Manager 
Physics and Instrument Research 

and Development 
HANFoKD.LplBoRAm~s OPERATIaN 

PI? Gast:mcs 

1231181 
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Chemical Research and Development 

ORGANIZATION AND PERSONNEL 

L. P. Bupp, Manager, Reactor Engineering Development Operation, wss appointed 
Manager, Chemical Research end Development Operation. 

A.  M. Pla t t ,  Senior Engineer, was transferred in from Chemical Processing Depart- 
ment t o  Chemical Development Operation as Supervisor-Chemical Engineering Development. 

J. D. Ludwick, Chemist I - H, was hired aad assigned t o  Chemical Research Operation. 

F .  P. Roberts, Chemist 11, w a s  transferred i n  from Fuels Preparation Department end 
assigned to Chemical Research Operation. 

T. R.  McKenzie, Engineer I-I, transferred out of Chemical Research t o  Chemical Pro- 
cessing Department. 

H. E.  Banthorn, Senior Engineer, transferred out of Engineering Development Planning 
to Reactor and Fuels Research aad Development Operation. 

R. G. Geier, Supervisor, Chemical Engineering Development transferred out of Chemical 
Development t o  Chemical Processing Department. 

A. E. Smith, Supervisor, Process Equipment Developnrent, transferred out of Chemical 
Development t o  Chemical Processing Department. 

). 

R .  J. Sloat, Senior Engineer, w a s  appointed Supervisor, Chemical Engineering Devel- 
opment, Chemical Development Operation. 

RESEARCH AND DlEVELOpMENT 

FISSIOIUBIX M'ERIALS - 2000 PROGRAM 

IRRADUTICN PROCESSES 

Analytical Service 

A l l  interested parties agreed t o  the f eas ib i l i t y  of transferring coolant radio- 
analysis from 1706-KE t o  the Purex Analytical Control Operation, 202-A, 200 E a s t  
Area. No longer needed is the 1706-KE expansion--CG-757, estimated a t  $77,500. 
Advantage is  ailso expected from a s h i f t  operation which w i l l  rel ieve pressure on 
analysis of short half-life isotopes. Transfer details are  being clar i f ied.  

Automatic Analyzing Monitor 

Modifications incorporated into the monitor provided increased r e l i a b i l i t y  of oper- 
ation. Although sustained operation was achieved f o r  a 24 hour period without m y  
malfunction, a f e w  failures occurred during the month and e f fo r t  continued t o  
eliminate every potential  fo r  these. 

I 2 3 1 1 9 0  
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U r a n i u m  Oxidation - Melting Experiments 

The laboratory procedures f o r  the uranium oxidation and f i s s i o n  product v o l a t i l i -  
zat ion experiments were expauded both i n  d e t a i l  and scope. Included are the se- 
quence of experimental procedures, ca l ibra t ion  procedures, sa fe ty  considerations 
aad equipment which are necessary i n  order t o  carry out the planned program 
successfully.  

Reactor Eff luent  

The sampling program designed t o  det rmine the influence of seasonal operating 

program will continue f o r  a t  least one year. 
variables on the  release rate of As 7% t o  the r i v e r  was i n i t i a t e d  i n  B Area. The 

A review was made of the reactor  purges ca r r i ed  out  i n  1957 t o  determine if the  
current  l imi ta t ions  on purge effluent disposal are adequate without being unduly 
r e s t r i c t i v e .  
1955 with thst found i n  last yea r ' s  pur effluents showed no unexpected changes 
o r  trends. The isotopes of concern, FeFg, P32 and Np239, w e r e  all increased by 
about the amount ant ic ipa ted  snd can be traced d i r e c t l y  t o  an increase in operating 
l eve l .  
t o  the r iver .  This t o t a l  
of 60 purges represents only about 50 per  cent of the t o t a l  allowable under the 
present procedures. The conclusion was reached that the present disposal rules 
are ef fec t ive  for preventing undue r i v e r  pol lut ion from purges while  permitting 
e f fec t ive  use of t he  procedure. 

A comparison of the  quant i t ies  of radioactive material found i n  

In 1957, ef f luents  from about 50 purges during reactor  operation were sent 
The e f f luents  from another 10 purges were sen t  to  c r ibs .  

SEPARATIONS PROCESSES 

A new di luent ,  "Ph i l l i p s  Base Oil No. 1," showed no advantage over other  commer- 
c i a l l y  avai lable  hydrocarbon di luents .  Aside from having a lov flash point 
(136 F) this d i luent  was i n fe r io r  t o  both Soltrol-170 and Amsco 123-90 W from 
the standpoint of pickup of gamma a c t i v i t y .  

Multiple batch contacting s tudies  employing Purex p lan t  HCW, lBXE', and lAF indi-  
cated l i t t l e  hope f o r  ever obtaining adequate f i s s i o n  product decontamination in 
a s ingle  cycle process w i t h  solvent of the qual i ty  of present plant  f i r s t - cyc le  
solvent. However, processing Purex IAF and I100 through a batch countercurrent 
2D-2E cycle produced a uranium product of gamma r a t i o  1.7 with the 2D-Z flowsheet 
proposed f o r  the two-cycle p lan t  and a product of  gamma r a t i o  1.4 when 0.01 fl 
oxal ic  ac id  was present i n  all aqueous feeds t o  the 2D r r ~ ~ l u m n . "  
fact that the HS and lBX-lBS columns were omitted i n  t h i s  study, no correction was 
made f o r  U-237, and na tura l  uranium (containing UX1 and UX2) w a s  added i n  the 
simulated a operation, these results indicate  that the proposed two-cycle flow- 
sheet should be capable of adequate f i s s i o n  product decontamination. 

In view of the 

Talc of  sub-micron p a r t i c l e  s ize  has been shown t a  exer t  in te res t ing  and potent i -  
a l l y  benef ic ia l  e f f ec t s  on l iqu id- l iqu id  dispersions.  This t a l c  is  organophilic, 
favors organic-continuous dispersions,  produces coarser dispersions (whether 
organic o r  aqueous-continuous) and reduces coalescence time. Further, it adsorbs 
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large organic molecules and has been shown t o  be capable of removing emulsion- 
formers from TBP solvent systems. However, t h i s  t a l c  did not remove any s i g n i f i -  
cant f rac t ion  of the f i s s ion  product a c t i v i t y  from a low-level Purex-type organic 
ex t rac t  o r  s ign i f icant ly  alter the f i s s i o n  product d i s t r ibu t ion  r a t io s .  

Feed Preparation 

Uranium Dissolution Studies.  Dissolution rates f o r  Ingot, Dingot, and high-carbon 
Dingot uranium i n  8 M HNO3 were 0.75, 0.27, and 0.27 gm/cm2/hr, respectively,  
corresponding closely t o  rates previously observed by Swanson and Bement. 
high-carbon Dingot sample used w a s  spec ia l ly  prepared by Mallinckrodt and w a s  
supposed t o  contain 400 ppm carbon. 
a t ion  of grain s ize  has not been completed. 

The 

Analyses a t  HLO show only 240 ppm. Determin- 

A laboratory dissolut ion experiment w a s  c a r r i ed  out t o  define the  solut ion parameters 
most important t o  uranium dissolving rates. 
i n  the range 1-3 - M HNO3 and 5-9 E t o t a l  n i t r a t e  were used w i t h  small amounts of 
HsO4 and NaN02. 
NaN02 did not increase the dissolving r a t e  s ign i f icant ly  (with'in 2 12 per cenT), 
(2 )  the  dissolving rate depends primarily on the t o t a l  n i t r a t e  concentration ( a  
f ac to r  of 15-20 i n  the range s tudied)  and secondarily, on the f r e e  n i t r i c  acid 
concentration (a  fac tor  of 2-3 in the  range studied),  and (3) there w a s  evidence 
of an induction period at  the  beginning of the dissolut ion.  Further experiments 
t o  define more closely the e f f e c t s  of n i t r a t e  ion and free n i t r i c  acid are planned. 

Uranyl n i t r a t e - n i t r i c  ac id  solutions 

Principal  f indings were ( 1 ) addition of 0.1 M H2SO4 o r  0.2 M 

Solvent Extraction 

Purex 1 C  Column Studies.  Studies were continued toward the development of a car- 
t r i dge  f o r  t he  Purex 1 C  Column t o  provide increased capacity under Phase I1 Flow- 
sheet (HW-47889) conditions. 
studied in a 3-inch-diameter g lass  column with a 9-foot-long car t r idge  of s ta in-  
less steel nozzle p l a t e s  (10 per cent free area, 0.125-inch-diameter hole) on 
4-inch spacing ("plant" ca r t r idge ) .  

A t  a volume ve loc i ty  of 835 gal/hr-sq. f t . ,  pulse amplitudes of ~ 8 0  per cent and 
140 per cent of the  "standard" amplitude (0.5 inch) produced flooding frequencies 
of 110 per cent and 90 per  cent,  respectively,  of the  flooding frequency a t  0.5 inch 
amplitude. A t  higher volume velocity,  the e f fec t  of amplitude became negl igible .  
These s tudies  suggest that  conditions other than the "standard" amplitude can be 
found which w i l l  permit e f f i c i e n t  operation a t  both high and lower throughputs. 
The results of these anplitude s tudies  are tabulated below: 

The e f f e c t  of pulse ampl i tude  on 1 C  Column was 

Volume Velocity 
G a l /  ( H r  ) ( SqFt ) a=0.7 inch a d . 7  inch a=0.4 inch 

Flooding Frequency (Cycles/Min ) 

835 
1250 
1350 
1257 

90 +- 5 100 f 5 110 +- 5 
85 2 5 
60 f 5 

95 5 5 
60 +- 5 
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Operating conditions for the above m s  were as 

Aqueous  Phase Continuous 

EIW-54760 

follows : 

A&US to orejanic f low ratio = 1.0 
ICF temp = 35 C I C X  temp = 50 C. 

Spiral Cartrid&es. 
were continued in a 3-inch-dianeter glass column using an HA extraction system. 
For spiral cartridge pitches of 2, 3, and 6 inches, flooding frequencies and 
capacities equivalent to the standard-type cartridge were obtained at operating 
amplitudes of 58, 78, apd 88 per cent, respectively, of that used for the standard 
(no spiral) cartridge. (Tests were made on a Purex-type solvent in contact with 
aqueous solutions of 0.25 molar nitric with U g/l  uranium, and 2.5 molar nitric 
w i t h  240 g/l uranium.)  

Investigations of spiral cartridge capacities and efficiencies 

A comparison of mss transfer studies indicated a significant reduction, generally 
around 40 per cent, in the ETU.or HETS values when a spiral cartridge with a pitch 
of 3 inches was used in place of a standard-type cartridge. 
even when the operating amplitude of the spiral cartridge was reduced to give a 
capacity or flooding frequency equal to that of a standard cartridge. 

This trend continued 

Coalescence and Plate Wettiq. 
pulse amplitude, aqueous to organic ratio, and perforated plate hole size on the 
flooding and coalescence (top interface) , characteristics of a 3-fnch-diameter by 
3-foot-high glass pulse column containing alternately two linear polyethylene and 
four stainless steel sieve plates with 1-inch plate spacing. Systems used were 
uranium-free and contained aqueous nitric acid concentrations of 0.01 M - or 1 .5  5 
and 30 per cent TBP in Spray Base. 

Investigations were continued on the effects of 

Coalescence was generally improved by decreasing the aqueous to organic ratios and 
increasing the pulse amplitude although optimum amplitudes may exist i n  the low 
acid system and at high A/O's in the high acid system. 

Increasing the free area of the plate increased coalescence with the smaller 
(1/16-inch) plate holes but indicated an optimum for laxger (1/4-inch) plate holes. 

Flooding frequencies showed a tendency to drop slightly with increasing aqueous 
to organic ratio. 
cartridges between bottom or top interfaces. 

Flooding frequencies were not significantly different for these 

Continuous Calcination 

Hinged Agitator. 
the month in the 224-UA Building. 
ures and tramp metal) & not demonstrate an inherent design weakness, alternations 
with the shear-pin supporting agitator arm are being considered. 
favorable approaches being considered is the replacement of the shear-pin with a 
cantilever beam. The cantilever-beam design will be impact tested before it is 
recommended for installation in the 224-UA Building. 

Four hinged-- agitator ( SK-2-43238) failures occurred during 
Although the failures (attributed to blade fail- 

One of the more 



Mechanical Seal Rings. Wear rings for high temperature, non-lubricated, contact 
service are being developed for possible use as continuous calciner mechanical 
shaft seals. 
No. 1 used in conjunction with 440 C stainless steel. 

The most promising combination investigated to date has been Stellite 

Fluidization Properties of U03 

Studies of the fluidization properties of U03 powders have been completed. 
tailed findings will be found in HW-54763, "Factors Affecting the Fluidization of 
Uranium Trioxide Powders," by E. M. Johnson. 

The de- 

Heat transfer coefficients for the reactor wall-fluidized bed interface have been 
empirically estimated for the UNH denitration system. 

Ion Exchange 

Pressure drop and flow characteristics of the anion-exchange resins Dowex 1-4X, 
50-100 mesh and Permutit SK, 20-50 mesh were investigated in the semicontinuous 
ion-exchange contactor. The Darex-1 resin, obtained from the Purex Plat proto- 
type contactor, failed to push at aqueous feed rates commensurate with the plant 
capacity. The Permutit SK resin pushed with relative ease at the maximum project- 
ing feed rates, exhibiting characteristics essentially identical to those reported 
last month for Amberlite IRA-401, 20-50 mesh resin. This Permutit resin is now in 
use in the Purex Plant prototype ion exchange unit. 

WASTE TREATME;NT, FISSION PR03UCT RECOVERY 

Submerged Combust ion 

Since October, eight runs were made on the one million BTU/hour submerged combus- 
tion unit. Using the unit, solutions of sodium nitrate and "cold" costing wastes 
were concentrated. 
than lo5 were measured. 
made to date is currently being issued. Additional runs are planned to permit 
better understanding of the variables involved and to obtain data which would per- 
mit specification of design details for plant application. 

Using sodium ion as a tracer, detrainment factors of greater 
An interim report (Bw-54624) summarizing the 25 runs 

Cesium-Recoverx 

Cold runs to test equipment for use in the full level liter scale 2224 multi- 
curie cell demonstrations are in progress in a 300 Area mock-up facility. 
ing completion of these tests and correction of minor defects, the equipment will 
be installed in 222-S. 

Follow- 

Cesium Isolation and Packaging 

Scope drawings SK-2-2332, 2350, 2351, 2352, 2353 were issued for comments. Draw- 
ings were revised and made ready for final approvals. To facilitate the location 
and arrangement of equipment the construction of a wooden scale model of the cell 
and its components has been started. 



Preliminary data on the steam hydrolysis of Cs$Zd'e(CN)6 indicate  that a i r  present  
with the hydrolysis steam very s igni f icant ly  increases the conversion rate. 
exmple,  a th i r ty- fo ld  increase was noted a t  375 C when a steam-to-air mole r a t i o  
of roughly three was subs t i tu ted  f o r  steam alone. 

For 

Instrumentation for Measuring Quan t i t y  of Cesium137 i n  Shipping Containers 

Detailed design of the ionizat ion chamber f o r  metzauring cesium i n  shipping contain- 
ers has begun. In view of the space avai lable  it appears that the distance between 
the ion chamber and source holder w i l l  be limited t o  about one foot. A t  t h i s  as- 
tance posi t ioning becomes c r i t i c a l ;  for example, a precision of +, 0.1 per cent re- 
quires posit ioning to  f 0.006 inch. 
the sample "as viewed" by the  ion chamber is not a point  source, but is i n  f a c t  
larger than the ion chamber. 
production shipping container f i l l e d  w i t h  a standard amount of cesium-137 as a 
ca l ibra t ing  source. 

The geometry is further complicated i n  that 

This latter problem can be minimized by using a 

O t h e r  design considerations are being investigated.  

Rare Gas Fiss ion Product Recovery 

Estimates of pract icable  isotopic  composition of krypton and xenon which m y  be 
recovered from dissolver  off-gases were submitted i n  response t o  requests of  CPD 
personnel. 

F a c i l i t i e s  f o r  rare gas r e m v a l  were inspected and personnel consulted on the 
recovery problems a t  the Idaho Falls Chemical Processing Plant. 

Neptunium Recovery 

Neptunium analy t ica l  results have been obtained on some spec ia l  dissolver  solution 
samples which were o r ig ina l ly  produced t o  determine the conversion r a t i o  of I & E 
slugs. The i r r ad ia t ion  his tory,  uranium, and plutonium content of these solutions 
is known much more precisely than f o r  normal p lan t  feed a d  should, therefore,  
y ie ld  a refined value f o r  the Np-237/Pu-239 r a t i o  i n  Hanford irradiated metal. 
The Np/Pu weight r a t i o s  obtained were 4.02 x 10-3 and 4.25 x 10-3 fo r  the I & E 
and s o l i d  slugs, respectively.  
(95 per cent confidence limits = f 15 per cen t )  but a r e  about one-third la rger  
than earlier values. 
is l a rge r  and the f r ac t ion  appearing i n  the  Purex uranium product smaller than pre- 
viously thought. 

These do not differ s igni f icant ly  from one another 

This means that the amount of neptunium produced a t  Hanford 

Other analyses showed negl igible  quant i t ies  of neptunium i n  the Purex LEP during 
the second half of November and ea r ly  December. Also, preliminary results indicate  
that high acid 2D column operation during January has had l i t t l e  or  no e f f ec t  on 
the neptunium content of t h e  uranium product. Laboratory experiments showed that 
about the same neptunium extract ion coef f ic ien ts  were obtained a t  40 C as a t  room 
temperature and that similar results were obtained w i t h  Shel l  E and dodecane as 
TBP di luents .  I n  a l l  cases favorable extract ion was obtained f o r  a c i d i t i e s  7 ,2  M, 
provided t races  of n i t r i t e  were present.  



Ni t r i c  Acid Destruction 

A series of runs were =de t o  determine the  minimum amount of formaldehyde required 
t o  destroy the n i t r i c  acid in synthetic 1 W W  corresponding t o  the Purex two cycle 
flowsheet. 
po ten t ia l ly  dangerous induction period and t o  minimize the quantity of reactants  
i n  contact at  any time. 
introduced in to  a heated react ion pot fromwhich the product overflowed. 
heated 1 W W  feed was added in a packed column where it contacted and reacted w i t h  
the n i t r i c  oxide produced i n  the  pot, thus improving the ove ra l l  eff ic iency of 
formaldehyde u t i l i za t ion .  At a 4:3 mole r a t i o  of 
free n i t r i c  acid t o  fomddehyde, a heavy p rec ip i t a t e  formed in the pot and the  pH 
of the product was 1.2. 
and the pH was 0.1. 
tate, and the  product pH w a s  somewhat less than zero. 
indicate  that economical usage of the formaldehyde can be readi ly  achieved in  an 
inherently safe continuous reactor .  
f o r  hot runs t o  determine the  behavior of f i s s i o n  products. 

Addition of reagents was done i n  a continuous maser t o  eliminate any 

Thus, the forrmldehyde ctnd 1 W W  solut ions were continuously 
The pre- 

Operation w a s  extremely smooth. 

A t  a 2:l r a t io ,  there was only a very l i t t l e  prec ip i ta te  
A t  a 4:l r a t i o  ( l imi t ing  theore t ica l ) ,  there was no precipi-  

These very promising r e su l t s  

The equipment i s  now being in s t a l l ed  i n  a hood 

Iodine Chemistry 

A s e r i e s  of experiments w e r e  performed in which 89 iodine-air  mixture was passed 
through d i l u t e  ( f i v e  per cent)  n i t r i c  ac id  solut ions containing 0.01 molar mercuric 
ion (simulating addi t ion of mercury t o  the €+rex ac id  removal f a c i l i t y )  a Iodine 
absorption was e c e l l e n t  and averaged 99.95 per cent fo r  iodine concentrations 
ranging from Somewhat poorer iodine removal w a s  
observed at  
n i t r i c  ac id  was allowed t o  exceed the mercury concentration. 
removal w a s  a l so  very good (88 to 100 per cen t )  even i n  the absence of mercury, 
suggesting that mercury addition may not be needed. 

t o  3 x 10-9 g I2/ml air .  
molar mercury, or when the iodine concentration absorbed in the 

However, iodine 

Special  Geological Studies 

Completion of t he  fixed-price portion of the CA-700 w e l l  d r i l l i n g  project  is expected 
by February 1, 1958, the  closing date f o r  dr i l l ing .  

Observation Wells 

Samples of ground water from w e l l s  in the v i c i n i t y  of the BC c r ibs  and trenches 
indicate  that radioactive wastes have de f in i t e ly  reached the ground water from 
these disposal sites. The maximum concentration of gro 6 beta ac t ive  material 
detected i n  the ground water a t  t h i s  s i t e  was 7.6 x 10 -9 yc/cc.  

A new survey of ground water l eve l s  was prepared from recent ly  col lected measure- 
meats The survey included data from 22 w e l l s  not previously available.  A contour 
map prepared f romthese  data c l ea r ly  indicates  the influence of a buried basalt 
ridge separating Cold Creek Valley from the rest of the  area and which r e s t r i c t s  
the development of the 200 West ground water mound t o  the south. The ridge has 
a signficant  influence on the ground water movement from the 200 West Area. 



An isolated,  f l a t  mound of ground water north of Gable Butte represents mter re- 
charged t o  the l o c a l  aquifers  during the  high river stage last spring. 
sidence of this mound represents t he  source of part of the  ground water flowing 
through the permeable gravels north of Gable Mountain, thus helping t o  explain 
the  mechanism whereby the  Columbia River furnishes water f o r  the Gable Mountain 
“underground channels .” 

The sub- 

Disposal t o  Ground 

The two batches of in-fami supernatant scavenged by PD t h i s  month contained Co60 
below the  recommended tes t  disposal l i m i t  of 4 x 10- ,uc/cc. However, s ince both 
batches demnstrated poor cesium adsorption i n  s o i l  column tests, they were dis-  
charged t o  the a 6 - E  specif ic  re tent ion trenches. Following processing of  batch 
29, the  scavenging program w a s  discontinued f o r  an indef in i te  period. The follow- 
ing summary tabulates volumes a d  a c t i v i t i e s  of scavenged wastes discharged t o  the 
three major disposal sites; the  a6-m and 216-’Bc cr ibs ,  and the 2l.6-Bc specif ic  
re ten t ion  trenches. 

E 

Volume B e t a  sr90 c ,137 
S i t e  (ga l lons)  j c u r i e s )  (cur ies )  ( cu r i e s )  

216-BY c r i b s  8,945,000 408,510 14,784 3,141 
216-Bc c r i b s  8 9  857, 375 300, 255 1,407 1,539 
216-Bc trenches 17, u3, ooo 590,000 5,380 7,000 

The t o t a l  beta a c t i v i t y  i n  scavenged waste supernatant l i q u i d  discharged t o  ground 
represents about 55 per  cent of the beta  a c t i v i t y  sent t o  a l l  ground disposal s i t e s  
i n  the  200 Areas. 

A review was made of the h is tory  and technical  aspects of specif ic  re tent ion dis -  
posal of radioactive l i q u i d  wastes in  the  200 Areas. Recommendation w a s  made that 
the l i m i t  of  the volume of waste discharged f o r  spec i f ic  re tent ion be lowered from 
10 per cent t o  6 per cent of t he  soil column’volume. Document Hw-54599, “A History 
and Discussion of Specific Retention Disposal of Radioactive Liquid Wastes i n  the 
200 Areas,” by W. A .  Hauey and J. F. Honstead, was issued on January 20, 1958. 

Laboratory data are being obtained to  determine the  f e a s i b i l i t y  of dispos,ing of 
Recuplex wastes t o  c r i b s  pre- t reated w i t h  n i t r i c  acid.  
t o  untreated s o i l s  causes plugging of the c r ib .  Pre-treatment w i t h  n i t r i c  acid 
may prevent this plugging. 
solutions.  

‘I!& addition of t h i s  waste 

Pu is readi ly  removed by s o i l s  a t  a low pH from moat 

Three samples of Purex boiling tank condensate wastes were t e s t ed  by standard lab- 
oratory s o i l  column techniques t o  determine the capacity of the U6-A-8 c r ib .  
Strontium breakthrough was demonstrated a f t e r  the passage of 1 2  column volumes f o r  
two of  these samples and after 16.5 column volumes f o r  the th i rd .  
received a t o t a l  of 7.9 column volumes as of January 1, 1958. 

The c r i b  had 



A new method was developed t o  simplify the col lect ion of e f f luent  f rac t ions  from 
s o i l  columns. The system permits the col lect ion of an e f f luent  sample d i rec t ly  
on a counting p la te  t o  reduce the handling required. 
col lected f o r  a five-minute interval  from each three-hour period, the remainder 
of the e f f luent  being sent t o  waste. 
evaporation. 

The plated samples a r e  

The p la tes  are permitted t o  dry by natural  

G e l l i n g  of Wastes - Fie ld  Work 

No s ignif icant  change i n  the moisture content of the aluminosilicate ge l  i n  the 
300 Area test disposal p i t  was noted during the month. The moisture content of 
the gel near the  surface of the bed has remained a t  about 85 per cent ( w e t  bas i s ) ,  
and the gel a t  the bottom of the bed contains 75 per cent moisture. 
of the g e l  a t  these r e l a t i v e l y  high moisture contents i s  contrary t o  previous ob- 
servations noted in laboratory scale  investigations.  Exploration of the s o i l  be- 
neath the ge l  bed t o  resolve these differences i n  ge l  behavior is planned. 

Mainrtenance 

Laboratory s c d e  tests were started t o  evaluate the e f f e c t  of additives on moisture 
l o s s  from aluminosil icate gel to so i l .  
2610," F u l l e r ' s  earth,  bentonite, and gypsum. Ident ical  gel-soi l  columns were 
prepared w i t h  various amounts of the above materials added t o  the gel.  
four days, moisture penetrated t o  the bottom of the  soil i n  all columns except 
those containing "Separan 2610"; r e l a t i v e l y  low moisture losses  were noted i n  both 
these columns. This indicates that if  a cheap additive can be found which has 
moisture adsorption e f f e c t s  similar t o  those of "Separan 2610," several of the 
undesirable charac te r i s t ics  of the or ig ina l  gel recipe w i l l  be minimized. 

Additives being investigated are  "Separan 

After 

U i t i m a t e  Hi&-Level. Waste Dis~osal 

Heat generation calculations f o r  Purex 1 W W  were completed. 
t i o n  ant ic ipated i n  a compact cylinder of calcined waste was estimated. 

Gamma radiat ion absorp- 

ANALYTICAL UEVELOPMENT AND INSTRUMENTATION 

X-Ray Spectrography 

The improved X-ray spectrograph mount has been completed and i s  now i n  use. 
permits the samle specimen t o  be positioned above the X-ray tube i n  a t u r r e t  
must w h k h  accommodates four  samples up t o  1 . 5  inches i n  diameter. 
slugs or  rods of indef in i te  length can thus be readi ly  analyzed. ) 
drawings and photographs of the completed mount have been made. 

It 

(The ends of 
As-built 

Relative precision f o r  the determination of uranium i n  aluminum-uranium alloy w a s  
estimated a t  k 6 and +- 2 per cent a t  concentrations of 0.1 and 1 weie ;h t  per celit, 
respectively. 
The r e l a t i v e  precision f o r  the determination of uranium in uranium dioxide- 
c r y o l i t e  was very similar. 
of accuracy and speed. 

From 5 t o  100 per cent uranium, the precision w a s  k 1 per cent.  

This method i s  highly sa t i s fac tory  from the viewpoint 
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Coulometry 

The recent experimental work on controlled potential coulometry has been extended 
to explore a technique heretofore referred to as derintive coulometry. 
technique is applied to reversibly reducible species in solution by taking a first 
derivative electronically of the integrated coulometer current with respect t o  ap- 
plied potential. The current maximum, therefore, should be directly proportional 
to the concentration of oxidizable or reducible material. 

This 

Several instruments have been constructed to perform the operation, and the ex- 
tremely high sensitivity of the method was demonstrated by the successful detection 
of plutonium at a concentration of less than 10-6 M. me derivative coaometer 
technique is technically analogous to derivative phrography, but the former is 
more sensitive and is expected to be mre precise, while having comparable selec- 
tivity. Derivative coulometry may make direct determinations of many ions in fuel 
processing solutions possible without tedious prior treatments or separations. 
The method may permit the determination of plutonium in the first cycle Purex pro- 
cess waste, although a separation of iron which interferes at high relative 
concentrations is necessary. 

Square Wave Polarography 

The polarographic equipment was slightly modified, and squere wave polarograms of 
plutonium at lese than 10-3 M were successf'ully obtained on a platinum electrode. 
A l t h o u g h  polarographic work Ts usually done on a dropping mercury electrode, the 
metal electrode is of interest because of the possibility of mechanically simpli- 
fying in-line analysis instruments. 

Alpha Standards 

A vacuum metal vaporizer was put into operation, and high quality thin films of 
any alpha emitter can be formed on smooth surface discs by very simple techniques. 
Test discs of plutonium on smoth platinum proved to be at least equal in quality 
to electroplated discs for dpha energy andysis. 

Prompt Fission Gamma Countinq 

The potentialities for  plutonium determinations by gamma counting above 2.6 MeV 
are being explored. 
can be detected without interference from fission products. 
five inch crystal of sodium iodide, a counting rate of about 17 c/m/gram plutonium 
was obtained from a variety of plutonium sources. 
the estimation of the plutonium content in vessels where the'physical form and 
orientation are uncertain but the Pu-240 content is approximately known. 

Above this energy, hard gammas due to the fission of Pu-240 
Using a five inch by 

The method could be used for 

Analytical Service 

Uranium and plutonium mass spectrometry made fuller use of the new thermal ioniza- 
tion spectrometer. Time is saved in two ways: sample preparation is easier and 
scheduling is simpler because the instrument's zero memory effect permits consecutive 
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analyses of miscellaneous samples without regard for  U-235 content var ia t ions.  
However, when very high precision is required on normal uranium the gas (WG) 
spectrometer c a n ' t  be beat. 
from our values by only 0.0004 per cent, absolute (say 0.6840 per cent U-235 vs. 
0.6844 per c e n t ) .  

Numerous, unique chemical measurements were made. 
6 per cent HNO3 was measured by using the flurimeter on hexone-extracted uranium. 
Aluminum n i t r a t e  d i s t r ibu t ion  after solvent extract ion was followed i n  aqueous 
phases by oxine analyses and i n  organic phases by aurintr icarboxyl l ic  acid color 
formation. 
aluminum and weighing i t s  oxine complex. 
defined by f lur imet r ic  analysis  of  the uranium leached with n i t r i c  acid. 

Recent Union Carbide analyses of Hanford U03 dl f fe red  

Low-level uranium i n  H3PO4-- 

Aluminum i n  feldspar  (cesium source) w a s  measured by leaching the 
Uranium hold-up i n  c ryo l i t e  s lag  w a s  

Radiochemical measurements included the first use of uranium burn-up analysis  on 
ceramic fuels. No d i f f i c u l t y  was observed i n  handling several  U02 samples. 

EQUIPMENT AND MATJ!ZIALS 

Bearing Tes t  Program 

An air  gage t o  measure bearing diameter accurately 
This instrument w i l l  increase the accuracy, speed, 
and evaluating bearing wear. 

Preliminary data show that the presence of n i t r a t e  

t o  0.0001 inch w a s  received. 
and r e l i a b i l i t y  f o r  measuring 

improves the w e a r  propert ies  of 
a 17-4 PH stainless steel journal operating against  a-Rulon* bearing.- This combin- 
a t ion,  running submerged i n  water a t  750 rpm and w i t h  60 p s i  load, resulted i n  de- 
generation of the 17-4 PH journal surface. 
was increased by a f ac to r  of 100 by the addition of either n i t r i c  ac id  o r  sodium 
n i t r a t e ,  the 17-4PH surface became polished. 

When the conductivity of the solution 

Deepwell Turbine Pump Conical Sl inger  - Deflector Liquid Seal 

The s l inge r  cone def lec tor  seal has been operated f o r  700 hours pumping water a t  
an estimated 100 gallons per minute against  a 100 foot  head. Although some m a l -  
functioning of the cone has been noted, leakage under these worst case conditions 
has been only 25 per cent of that noted on similar pumps not employing the cone. 
Additional s tudies  a re  contemplated with s l i g h t l y  modified designs in an e f f o r t  
t o  reduce seal leakage even further. 

Corrosion - BN02-W and Titanium - 
A study of the e f f e c t  of t r ace  quant i t ies  of HE' on the corrosion of titanium by 
boi l ing 8 M HNO3 was made a t  the  request of F a c i l i t i e s  Engineering Operation, 
Chemical s o c e s s i n g  Department. 
corrodant was used t o  compensate f o r  any loss of f luor ide .  In the  range 0 t o  200 
ppm fluoride,  there  was an approximately l i n e a r  re la t ionship  between the f luor ide  
concentration and the logarithm of the  corrosion rates observed. 
from about two mils/mo a t  zero f luor ide  t o  about 300 mils/mo a t  200 ppm f luor ide .  

Special  equipment permitt ing continuous flow of 

The r a t e s  varied 

* Trademark f o r  the Dixon Corporation f i l l e d  Teflon. 
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NEW PROCESSES 
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Anion Exchange Process 

F'urex Concentration Stel?. 
sorption rates (corresponding to a coh.nm capacity of 66 g Pu/l resin at 50 per 

Recent laboratory studies which showed acceptable ab- 

cent breakthrough) for Permutit SK at 60 C, excellent elution rates at temperatures 
of 40 C aad higher, sad chemical stability at least as good as for other 20 to 50 
mesh resina, led to selection of Penrmtit SK over Amberlite IRA-401 for the Purex 
concentration steps. 

Recovery of Pu from Purex 1W. 
at 25 C with synthetic Purex 1 W W  showed capacities at ten per cent breakthrough 
(corresponding to recovery of greater than 95 per cent of the feed plutonium) of 
0.5 and 1.8 g Pu/l resin fo r  Amberlite IRA-401 and feed concentrations of 2 and 
10 mg Pu/liter, and 10 g Pu/l resin for Dowex 21-K and 56 mg &/liter feed. 

Column runs with Amberlite IRA-401 and Dowex 21-K 

Although low, these capacities are adequate to make application of this process to 
Purex 1 W W  economically attractive, particularly since installation of a Purex 1WW 
anion exchange unit wiU. provide a separate rework facility for off-standard mstes. 

Flurex Development 

A half-replicate factorial experiment, designed to survey the effects of six cathode 
compartment operating vsriables on current efficiency for uranium reduction (yield) 
and product composition (ideally Ii€4UF5), was completed during the month. 
tical evaluELtion of the data has been made. Variables studied, listed in the order 
of their effect on yield, are U02* concentration, cathode current density, temp- 
erature, NH4+ concentration, fluoride concentration, and product density. 
but statistically significant, variations in ammonium content of the product were 
observed as these variables were changed. The data permit estimation of equili- 
brium cathode composition for an operating cell and show how the variables may be 
changed to maximize yield. 

Statis- 

Slight, 

A similar study of the effects of anode compartment operating variables on anodic 
corrosion of 347 and 304-L stainless steels is in progress. 
creasing corrosion with increasing fluoride and nitrate concentrations, current 
density, and temperature. 
conditions is intolerably high. 

Data to date show in- 

Anodic corrosion of Haynes 25 under expected operating 

Further study of the applicability of membrane evaluation data obtained in "static" 
tests to operat- conditions shows that changes in conductivity and potential 
are determined by time and temperature of exposure in a particular solution and 
are not affected by the presence or absence of an applied potential. These ob- 
servations enhance the usefulness of static test data in predicting membrane per- 
formance and life under Flurex operating conditions. 

The initial electrical resistance of Permutit 3142 cation membrane under Flurex 
cell conditions is 5-10 times higher than equilibrium resistance after prolonged 
use. Exposure of the "as received'' membrane f o r  one hour in water at 90 C converts 
it to the low-resistance condition. 
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A paper covering 
sentat ion a t  the 
Francisco during 

development work on the Flurex process has been accepted f o r  pre- 
nat ional  American Chemical Society meeting t o  be held i n  San 
April, 1958. 

PROCESS CONTROL DEVELOPMENT 

Assistance t o  Pro ject-686 

The Redox 2BP fluorothene gamma monitor sample c e l l  acquired a high background 
during a recent column flushing operation. 
reduced by addi t ional  flushing. 
with a glass c e l l ,  which has been performing sa t i s f ac to r i ly .  
i n t e r i o r  of the fluorothene c e l l  revealed a yellow transparent coating on the 
c e l l  w a l l s .  
the core material f r o m t h e  mold. 
e f f ec t  on removing t h i s  powder nor did ultra sonic cleaning. 
ing employing stainless s t e e l  b a l l s  appears t o  adequately remove the material 
without damge t o  the  fluorothene surface.  

The background a c t i v i t y  could not be 

Examination of the 
The c e l l  was removed fo r  inspection and replaced 

It i s  believed that the coating i s  a product of the a s s o l u t i o n  of 
Common reagents and solvents had no noticeable 

A mechanical clean- 

The vendor supplying these c e l l s  has been contacted and specif icat ions and instruc-  
t ions  f o r  fabr ica t ion  have been revised t o  minimize t h e  formation of this material. 

Assistance t o  the Purex Plutonium Resin Column Controls 

Instrumentation associated with the  Purex Plutonium Resin Column has performed 
reasonably well during hot s tar tup.  
ments have functioned without d i f f i cu l ty .  Electronic troubles with the l i n e a r  
amplifier of the  contact alpha counter have kept t h i s  instrument out of service.  
Effor t  is now being directed t o  correct  t h i s  condition. 

The absorptiometers and conductivity instru- 

Assistance t o  Purex Plant 

In s t a l l a t ion  of a pulse-type gamma monitor on the  100 stream is about 70 per cent 
complete. 
100 stream indicates  that about 97 per cent of the  gamma a c t i v i t y  is 1131. 
subsequent data confirm these i n i t i a l  findings, it w i l l  be necessary t o  operate 
the monitor as a two o r  three channel spectrometer i n  order t o  detect  ruthenium, 
and zirconium, i n  the presence of t h i r t y  times as much iodine. 

The turbo-mixer has been i n  operation, and laboratory analysis  of the  
If 

Densitometer f o r  Purex HA Column 

Further t e s t s  with the  prototype densitometer indicate  t h a t  the unexplained dr i f t  
reported previously i s  due l a rge ly  t o  ac tua l  changes i n  spec i f ic  gravi ty .  These 
spec i f ic  gravi ty  changes are the  result of temperature var ia t ion  and evaporation 
of alcohol f romthe  water alcohol mixture used in the  tests. TBP i n  So l t ro l  is  
now used i n  the  test  m s  t o  minimize the spec i f ic  gravi ty  changes. 
due t o  temperature changes can be compensated f o r .  
being achieved in the  0.90 t o  1.0 spec i f ic  gravi ty  range. 

The var ia t ion  
Sa t i s fac tory  operation is 

A new f l o a t  is  being fabricated t o  decrease the overa l l  
specif ic  gravi ty  uni t s .  If this range can be achieved, 
designed. 

range from 0.94 
the plant  model 

t o  0.98 
w i l l  be so 



Magnetic Flowmeter Test 

The Foxboro Magnetic Flowmeter (modified f o r  0-2 gal/min flow) has logged 450 
hours of operating t i m e  metering UNH solutions w i t h  spec i f ic  g rav i t i e s  ranging 
from 1 . 5  t o  2.4. 
magnetic meter t o  serve as t he  primary flow control  element. 
control  w i t h i n  plus o r  minus one per cent of char t  W&B obtained. 
flowmeters have been ordered f o r  further evaluation i n  a plant  test  using one of 
the continuous ca lc iners .  

The instrumentation of the test loop w a s  a l t e r ed  t o  permit the  
After this  change 

Four magnetic 

NON-PRODUCTION FUELS REPROCESSING 

Mechanical Processin6 

Three approaches t o  mechanical processing of non-production f'uels are i n  the pre- 
liminary evaluation stage. These include sawing, shearing, and pulverizing. 
I n i t i a l l y ,  experimental emphasis w i l l  be placed on cut-off sawing. 
obtained and i n i t i a l  t e s t i n g  awaits i ts  i n s t a l l a t i o n  and the a r r i v a l  of su i tab le  
cu t t ing  blades. 

A saw has been 

Zi r f lex  Process 

The so lub i l i t y  of uranium(IV) f luoride i n  boiling solut ions of ammonium f luoride 
(of  approximately six molar t o t a l  f luor ide)  containing dissolved zirconium is given 
by the empirical expression 

where %- is the concentration of "free" f luoride defined as the t o t a l  f luoride 
concentration minus six times the concentration o f  dissolved zirconium. 

Solubi l i ty  d a t a  a t  22 C indicate  that  uranium losses  can be reduced by a f ac to r  of 
three t o  four by cooling the solut ion t o  22 C p r io r  t o  discard.  

Measured zirconium f luoride s o l u b i l i t i e s  in  ammonium f luor ide  a t  100 C and 22 C 
decreased markedly as the r a t i o  of f luoride t o  zirconium increased, as expected 
from the  f a c t  t h a t  the salt (NHq)3ZrF is  l e s s  soluble than the salt (NHt+)$xl?60 
So lub i l i t i e s  measured a t  22 C ranged T rom 1.19 M zirconium a t  a f luor ide  t o  z i r -  
=onium r a t i o  of  5.9 t o  0.13 M a t  a f luoride t o  &-conium r a t i o  of 21. 
range of f luoride t o  zirconi; r a t i o s  from 6.0 to  21 zirconium s o l u b i l i t i e s  at  
100 C varied from 3.2 - M to 0.34 g. 

Over a 

Addition of ammonium ni t ra te  t o  the ammonium f luor ide  appeared t o  decrease the 
so lub i l i t y  of both uranium(IV) and zirconium. 
of  uranium(IV) on addition of ammonium n i t r a t e  t o  ammonium f luor ide .  

There was no indication of  oxidation 

Removal of Chloride from Darex Dissolver Solutions 

Engineering Studies.  Laboratory data on d i s t i l l a t i o n ,  boil-down and solvent ex- 
t rac t ion  f o r  chloride removal from Darex process dissolver  solutions were ca lcu la ted  
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into engineering flowsheet values. 
figures. 
methods for fuel processing. 

Solvent Extraction. 
aid in scrubbing chloride from organic phases (30 per cent TBP-Shell E-2342) pro- 
duced by extraction of synthetic Darex dissolver solution. Eight scrub contacts 
(scrub solution - 3bJ m03, 0.03 M Cr(N03) 
volume ratio of five reduced org&Lc phasJ'chloride concentration to less than 100 
ppmp uranium. Present d a t a  indicate a dual scrub combination with chromium(II1) 
nitrate only at the top of the column is preferable to a single scrub of chromium(II1) 
nitrate-nitric acid. Batch extraction, scrub, and strip contacts were made on a 
synthetic Darex dissolver solution spiked with plutonium(IV) nitrate to Purex IAF 
level. The plutonium exhibited normal TBP-process extraction and strip behavior. 

Equipment sizes were being developed from these 
This work is continuing in order to determine the costs of alternate 

Studies were continued on the use of chromfum(II1) ion to 

16 g/l UNH) at an organic/aqueous 

Volatilization. Work on the direct volatilization of chloride from Darex dissolver 
solutions will be discontinued for the present following evaluation of' ruthenium 
evolution in the process. A sul~ppary report is in preparation. 
(from the standpoint of HN03 usage and time) found so far involve initial concentra- 
tion of the solution to a boiling point of about 130 C. 
(13-16 M) is then added continuously and volatilized at the same rate as added. 
The solGtion is air sparged throughout the process. Chloride content of synthetic 
Darex dissolver solutions can be reduced from 68 g/l. to about 0.1 g/l. in a total 
operating time of about 10 hours. Fourteen to twenty moles of BNO3 per liter of 
dissolver solution are used. Much of this acid could be used in subsequent dis- 
solution or chloride removal procedures. Persulfate and permanganate were found 
to accelerate chloride removal, but, because of large ,smuts required and pro- 
bable subsequent processing difficulties introduced, their use is not considered 
promising. 

Optimum conditions 

Concentrated nitric acid 

Materials of Construction 

Corrosion Studies 

HNO;-BF.Systema. The feasibility of a single dissolver for dissolution of both 
pro uction and non-production fuel elements is under study. The most severe en- 
vironments (corrosion-wise) considered for this dissolver are HNO3-HF systems * 
Accordingly, a search for a material of construction having -roved corrosion 
resistance to these systems is in progress. Preliminary studies on the dissolu- 
tion of 304-L stainless steel (cladding material) in m03-TiE' systems established 
optimum HI70 

stainless steel, Haynes 25, and Hastelloy F and X alloys in HNO -HF systems were 
obtained. 
Haynes 25 showed satisfactory resistance to attack when completely annealed. 
heated to 1200 F and water quenched, corrosion was increased and "as welded" coupons 
showed severe attack in areas adjacent to the weld. 
ter resistance than Haynes 25. 
treatment. They were, however, unusually l o w  i n  carbon content for this a l l o y  
(0.01 per cent 

concentration at 0.5 to 1.0 M and that satisfactory dissolution rates 
can be obta i! ned at HF concentrations as lzw as 1 g. Corrosion rates for 309 SCb 

Corrosion rates for 309 SCb aad Hastelloy X were pro 2 ibitively high. 
When 

Hastelloy F has somewhat bet- 
The samples used showed no sensitization on heat 

- specification is 0.08 per cent). 



EllO3-HCl Systems (Darex). 
(5M HNO3-e  E l )  under heat transfer conditions (metal. temperature 135 C) corrosion 
razes of four and 18 mils/mo. were observed for titanium and Haynes 25, respectively. 

In long-term (240 hours) exposures to dilute aqua regia 

Non-Metallic Materials 

As materials of construction for the Darex system, several mterials have been 
given room temperature static immersion tests. Conventional polyethylene, Super 
Dylaa polyethylene, W l e x  50 polyethylene, Teflon, Kel-F, plasticized polyvinyl 
chloride, rigid polyvinyl chloride (Boltaron), Bypalon, and CSGBF graphite were 
tested in a HC1 - 5g ENO3. 
materials wgre tested in lM E l  - 12M mO3, the plastic polyvinyl chloride softened 
slightly but the other sq-les were essentially unaffected. 

A l l  showed excellent resistance. When these same 

Titanium Welding Development 

W i t h  the initiation of the construction of the 3 U  Building Darex installation, a 
program was initiated to develop the required techniques for the welding of titan- 
ium. During the mnth a cover for the dissolver wss fabricated utilizing the 
inert-gas arc-welding process without the use of glove boxes. 
although not altogether silvery in appearance, were soft and ductile as evidenced 
by malleability and scratch tests. They should prove corrosion resistant in this 
application. 
to pipes is planned in addition to refinements in field welding methods. 

The resulting welds, 

The development of techniques for joinG pipes to tanks and pipes 

Support of Criticality Studies 

Homogeneous UNH System. 
method to prepare a homogeneous mixture of composition equivalent to U02(N03) .4H20 
and to define its handling properties. 
dissolution of UO 
H20/U ratio of 4(?30-135 C boiling temperature), (3) cooling to complete crystal- 
lization, and (4) grinding and blending to a uniform mixture. 

TQg5preparation of approximately 600 pounds of UO2( N03)2. 4H20 at 2.10 per cent 
U 
part of the --scale phase of the PCTR criticality experiment to determine 
for several homogeneous systems of enriched uranyl nitrate and water. 

Preliminary studies were made to determine a satisfactory 

A suitable material was prepared by ( f )  
in nitric acid to 60 per cent UNH, (2) concentration to desired 

enrichment is in progress. This comprises the material needed for the first 

REACTaR DEvELOFMEN!C - 4000 PROGRAM 

Zirflex Process 

A sample of 1.5 w/o plutonium-aluminum a l l oy  was exposed for 3.5 hours to a boi l -  
ing solution containing 0.8 M (NH4)$rF6 and 1.2 M, NE@. 
of the boiling solution increased gradudly  from 0.07 mg Pu/l (at 15 minutes) to 
0.16 mg Pu/l (at 3.5 hours). 
result obtained in an earlier experiment employing 6 
on the al loy,  but the bulk precipitate which had been seen in the earlier experi- 
ment was not observed. 

The plutonium content 

The latter value is lower by a factor of 15 than the 
NH4F. A white coating formed 

Further, the zirconium proved more soluble in the cooled 



supernatant than would have been expected from so lub i l i t y  data obtained i n  the 
absence of aluminum. 
aluminum reduced the  free f luor ide  concentmtion, thereby increasing the zircon- 
ium so lub i l i t y .  
i t y  of adding aluminum t o  the jacket solut ion t o  reduce the so lub i l i t y  of uranium( N )  

-sure of a plutonium-uranium a l l o y  (Pu/U = 1.1 x 10-3) t o  boi l ing solutions of 
6 M, NH@' containing various concentrations of dissolved zirconium resu l ted  i n  a 
lower r e l a t ive  loss of plutonium than of uranium, as shown by the f a c t  that r a t i o s  
of plutonium t o  uranium i n  the boi l ing  solut ion wert lower than that of the or ig ina l  
alloy, ranging from 7 x i n  6 M - 1wqF to 2 x 10- i n  6 M - NH4F containing 0.86 2 
zirconium. 

It i s  presumed that complexing of f luor ide  by dissolved 

This ef fec t  w i l l  be explored further, pa r t i cu la r ly  the possibi l -  

Potassium hydroxide metathesis of the uranium( N )  f luor ide  which prec ip i ta ted  out 
on cooling the supernatant produced a readi ly  acid-soluble product. 
loss  in the  metathesis and washing s t eps  was only about 0.01 per cent and the  
f luor ide  decontamination f a c t o r  was about 250, approxirnately the same as was 
obtained in earlier metathesis experiments employing uranium( N) f luor ide  alone. 

Plutonium 

Reprocessing of PRP Fuels by Amine Extraction 

The extract ion of uranium and n i t r i c  ac id  in to  ten  per cent tri-laurylamine-two 
per cent n-octyl alcohol - Amsco was measured over a range of concentrations 
since this  information is  needed f o r  flowsheet design purpoees. The extract ion 
coef f ic ien ts  (E:) of both were qui te  l o w ,  compared t o  plutonium, and decreased 
w i t h  increasing concentration. 
a l so  measured. 
than f o r  organic continuous. 

Disengaging times and spec i f ic  g rav i t i e s  were 
"he disengaging times were smaller f o r  aqueous continuous conditions 

Other experiments showed that no second organic phase was formed when a 50 g/l 
plutonium solut ion was contacted with an equal volume of  ten per cent t r i - laury la-  
mine - t en  per cent  n-octyl alcohol - Amsco. 
t i n g  plutonium recovery from Pu-Al alloys, and feeds simulating processing of 
stainless steel c lad  f u e l s  a l so  did not give three phase formation. 

Aluminum containing feeds, simula- 

Pyrochemical Processin@; 

E i g h t  samples of fused uranium( N) chloride salt solutions prepared by dissolut ion 
of U02 in excess KA1Clh were reacted with excess aluminum i n  air  a t  770 C .  
react ion times were 40 minutes. Partial reduction of the dissolved uranium occur- 
red in every case even thpugh the react ion is not favorable on the  basis of avai l -  
able thermodynamic data,. The extent of reduction increased with increasing urani- 
um(IV) and aluminum concentration. 
was found when 0.7 g U02, 10.0 g KAlCl4 ,  and 8.0 g Al were used in  the experiment. 
Immediate emphasis is on determination of the react ion mechaaism so that conditions 
f o r  optimizing the metal. yie ld  can be found. 

A sample of aluminum-165 w/o plutonium was contacted i n  air with a KAlC14-UC14 
s d t  phase containing eight per cent uranium by weight f o r  40 minutes a t  770 C .  
About 95 per cent of the plutonium entered the salt phase, and 40 t o  60 per cent 
of the uranium entered the metal phase. The p a r t i t i o n  noted i s  s ignficant  and 
represents an important s t ep  i n  the development of a pyrochemical process. 

A l l  

The l a r g e s t  metal yield w a s  68 per  cent and 
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Aluminum-Plutonium AUoy Preparation 

The prototype t i l t i n g  induction furnace was operated a second t i m e  in order t o  
demonstrate mechanical and handling problems t o  personnel charged w i t h  the  respon- 
s i b i l i t y  f o r  the design of similar equipment t o  be instaSled i n  the Plutonium Fab- 
r i c a t i o n  Laboratory. 
two hours. Two flowsheet modifications were successfully tested; a minimum of 
c ryo l i t e  was used such that the dross contained 15 w/o alumina, and the furnace 
was cooled t o  900 C after pouring off t h e  bulk of the  saJt phase and before pouring 
the met&, thus insuring a clean phase sepsration. 

!Two kilograms of 8luminum-8.25 w/o uranium were prepared in 

Aluminum-Silicon-Plutonium Dissolution Studies 

Treatment of both Al-Si-& and Al-Si-U a l loys  with f i f t y  per cent caust ic  resu l ted  
in their rapid dis integrat ion.  Upon cooling, the solut ion from the plutonium a l loy  
formed a s o l i d  gel which was solubi l ized by prolonged contact w i t h  n i t r i c  acid. 
The solut ion from the uranium alloy was di lu ted  100 per cent with water, and no ge l  
formed. 
so l id  which dissolved i n  n i t r i c  acid t o  give a viscous co l lo ida l  solut ion which was 
not coagulated by boiling. 
extract ion feed. 

It did,  however, form a non-fil terable (through a f i n e  stainless steel f r i t )  

The resulting solut ion was not su i tab le  as a solvent 

A document, Hw-54619, by E. E. Voiland, has been prepared out l ining the separations 
problems associated with s i l i con  bearing PRP fue ls .  

Uranium Nitr ide Preparation 

A 150 gram sample of uranium mnonitr5.de was prepared and given t o  Ceramic Fuel 
Development Operation f o r  preliminary t e s t i n g  as a ceramic f u e l  material. 
X-ray d i f f r ac t ion  pa t te rn  agreed extremely w e l l  w i t h  published data f o r  UN. 

The 

Mercury - 204 Preparation 

A report ,  HW-54812, by H. T. Hahn, has been wr i t ten  on the production of l o w  cross 
sect ion mercury-204 f o r  spec ia l  reactor appl icat ions.  
t e n t i d  of gas centrifugation, chemical exchange, l i q u i d  thermal diffusion,  photo- 
exci la t ion,  d i s t i l l a t ion-d i f fus ion ,  and ba r r i e r  diffusion.  Dis t i l l a t ion-d i f fus ion  
appears t o  be the best process f o r  producing 99.5 per cent Hg-204 a t  a r a t e  of 
ten  kilograms per day. 

The report  surveys the PO- 

PR’IIR Fuel Processing Study 

The processing of PRTR fue l  f o r  plutonium recovery and recycling w a s  being in te -  
grated with the  similar work on power and propulsion reactor  fue ls .  
from Hot Semiworks load-out vessels  were calculated.  Similar calculat ions were 
made to  assist i n  the evaluation of .the radiat ion problems associated with the  
plutonium processing i n  the 234-5 plant  where the problems are found t o  be more 
severe from the  personnel exposure standpoint. Such problems a re  not en t i r e ly  
the result o f  the expected power reactor  f u e l  processing program. 

Dosage rates 

1 2 3 1 8 0 1  
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Analytical  Service 

Single f lur imet r ic  uranium measurements were found t o  be as r e l i ab le  as duplicates.  
Eliminating duplicates released 1/2  man f o r  other  work. 

K40 i n  soapstone was calculated from flame photometer measurement of leached 
potassium. 

A t  the  request of the  Indus t r ia l  Hygiene Operation a rapid method w a s  developed 
f o r  determining monoisopropylbiphenyl. This compound i s  being t e s t ed  as a reactor  
coolant, and i t s  tox ic i ty  on inhalat ion is being studied. 
a spectrometric measurement of the absorbance a t  250 mu of the compound i n  a solu- 
t i on  of 2 ,2 ,&- t rbe thy l  pentane and is  capable of determining as l i t t l e  as 10-9 
grams e 

A spiking technique w a s  used t o  cor rec t  f o r  interferences.  

The method is based on 

Radioisotope Detection 

A sample of Columbia River water taken January 21, 1958, from Pasco, Washington, 
was aaalyzed f o r  r a re  ea r th  radioisotopes by the new rare ea r th  i so la t ion  and 
gamma spectrometric methods. Because of instrument fa i l  e the concentra- 
t i on  could not be determined, but the v ues of 9.6 x 10% 3.0 x 
10.0 x 
can be determined following a two week decay period. 
on a routine basis w i l l  provide f i v e  radioistope analyses a t  about the same cost 
and manpower requirements now used t o  obtain a t o t a l  r a r e  earth group value. 

The Ga72 procedure developed f o r  reactor  eff luent  water samples was found t o  be 
readi ly  adaptable t o  the larger Columbia River water samples. 
Ga72 i n  an a l iquot  of the same (January 21, 1958) sample used f o r  the rare ear th  
analyses showed a Ga72 concentration of 2.1 x 10-7 uc/ml. 

and 
uc/ml were obtained f o r  La1 &J- O, Ce143, and Sml53, respectively.  Ce141 

Adoption of these methods 

Analysis of the 

Studies were renewed this  month on modification of the plutonium bioassay procedure 
t o  allow analyses on 200 m l  samples obtained from on-site sampling. The use of 
this smaller sample w i l l  simplify the chemical i so l a t ion  of plutonium, but w i l l  
require greater  e f f ic iency  of the nuclear t rack  counting procedure now used. 
Technique f o r  small area electrodeposit ion shows promise of providing increased 
eff ic iency e 

Dosimeter Studies 

Neopentyl alcohol (2,2-dimethylpropanol) w a s  found t o  be an outstanding protector  
i n  preventing the radiation-induced bleaching of erioglaucine.  The large protec- 
t i ve  e f f e c t  observed was ant ic ipa ted  from the manner in which protective index 
values varied w i t h  carbon chain s t ruc ture  i n  alcohols measured previously. 
success of t h i s  approach suggests that other  compounds w i t h  large protect ive in- 
dices might be discovered and prove t o  be capable of protect ing l i v i n g  animals 
from the harmful e f f ec t s  of radiat ion without toxic chemical e f f ec t s .  

The 



Geology and Hydrolow 

The Standard Oil Company of California s t ra t igraphic  test w e l l  on Rattlesnake 
H i l l s  was abandoned at  8418 feet, s t i l l  i n  basa l t .  The thickness of the basa l t  
series in the Pasco Basin area thus is  s t i l l  in doubt, although the weY is more 
than twice as deep as the next deepest (3616 feet)  i n  the  Rattlesnake Hills gas 
f i e l d  about ten miles east of the Standard Oil w e l l .  L i t t l e  water and no gas 
were encountered i n  the Standard O i l  w e l l .  Geologic w e l l  logs showed no recog- 
nizable s t ra t igraphic  correlat ion t o  the gas f i e l d  w e l l s ,  nor could the attitude 
of the b a s a l t  flows in the w e l l  be determined. 

Sampling data from a large-scale fluorescein t r a c e r  t e s t  i n  the region southeast 
of 200 E a s t  Area revealed the presence of the dye i n  a w e l l  11,500 feet from the 
dye inject ion point.  
injected,  representing an average rate of movement of 165 ft/day. 
confirm the  rapid movement of ground water through the glacio-f lu7riat i le  gravels 
of t h i s  region and extend the avai lable  information on specif ic  rates and direc- 
t ions of ground water movement. 

The fluorescein appeared i n  t h i s  w e l l  70 days after being 
The data again 

A study of the specif ic  re tent ion capaci t ies  of W o r d  s o i l s  was i n i t i a t e d .  
were perforned and are continuing t o  evaluate a centrifuge technique f o r  obtaining 
such data by attempting t o  es tab l i sh  a gravity-time-specific re tent ion relationship.  
It was demonstrated that the gravity-time product is not a d i r e c t l y  proportional 
function of specif ic  re tent ion.  I n i t i a l  tests with local. Touchet sediments were 
performed a t  1000 gravi t ies  f o r  one hour. 
by volume resu l t ing  from this  tes t  represents a f i e l d  drainage of about 40 days. 
These results are known t o  be too high and f u r t h e r  tests are needed t o  determine 
adequa.be corrections.  

Tests 

The 19.6 per cent specif ic  re tent ion 

A f’urther modification was found t o  be necessary i n  the equation describing uu- 
saturated flow t o  cor rec t  f o r  s o i l  moisture content t h a t  does not flow under the 
impetus of a tension gradient. 

S o i l  Chemistry and Geochemistry 

A study was i n i t i a t e d  t o  search f o r  a su i tab le  material  f o r  se lec t ive ly  removing 
cesium from waste solutions.  I n i t i a l  laboratory tests indicated t h a t  the cesium 
mineral po l luc i te  (Cs20.A1203.4Si02.H20) shows great  promise f o r  t h i s  application. 
I n  laboratory column tests with t h i s  mineral better than 98 per cent of the cesium 
was removed from solutions passed through the bed even after the passage of 8.5 
column volumes. The presence of 0.15 M sodium ion d id  not s ign i f icant ly  reduce 
the cesium removal, indicat ing the gregt s e l e c t i v i t y  of the ion replacement mech- 
a n i s m .  
per cent uptake of cesium. The cesium removed by t h i s  mechanism may be recovered 
from the bed by leaching with d i l u t e  n i t r i c  acid,  

The addition of 0.5 M - cesium ion t o  the solutions great ly  reduced the 

A s igni f icant  advance was made i n  understanding the calcite-phosphate-strontium 
reaction mechanism. Phosphate solutions cause a replacement of c a l c i t e  by poorly 
c rys ta l l ized  apa t i te ,  as determined by X-ray d i f f rac t ion  analyses. The reaction 
apparently occurs by the replacement of carbonate ions i n  the c a l c i t e  c r y s t a l  



l a t t i c e  by phosphate ions from solut ion and subsequent rearrangement in to  the 
a p a t i t e  c rys t a l .  
react ion.  
the strontium removal being incidental  during the c a l c i t e  t rans i t ion .  
a t ion  proceeds from the surface of the c a l c i t e  c rys ta l s ,  hence the d i r e c t  rela- 
t ionship between surface area,  apa t i t e  formation, and strontium uptake. 

The presence of brushite is  apparently a t r ans i to ry  s t ep  i n  the 

The a l t e r -  
The mechanism does not depend on the  presence of strontium i n  solution, 

Ground Waste Disposal 

The e f f e c t  of temperature on ion exchange i n  s o i l  columns w a s  further investigated.  
Columns were tested w i t h  Ba, N a ,  and Al as the saturating ion (Sr is  the exchanging 
ion)  t o  ident i fy  the reason f o r  the temperature e f f e c t  previously reported f o r  
columns saturated w i t h  magnesium and calcium. Based on data col lected a t  18" and 
58" C there  was l i t t l e  or  no temperature e f f e c t  with the barium saturated columns. 
With sodium saturated columns a mre rapid breakthrough of strontium occurred a t  
the lower temperature than a t  the  higher. 
aluminum saturated columns. These results corroborate the theory of ionic  dehy- 
drat ion a t  elevated temperatures as the mechanism of the observed temperature 
influence. 

The reverse influence was found f o r  

Origin of Radioisotopes i n  Reactor Eff luent  

E i g h t  samples of su l fu r i c  acid obtained from d i f f e ren t  batches of acid being 
used f o r  reactor  process water treatment were submitted f o r  arsenic  determina- 
t ion .  The arsenic  content of these samples ranged from 0.01 ppm t o  2.0 p p  with 
an average of 0.9 ppm. Since the  maximum amount of ac id  used in process water 
treatment is about 12 ppm, the l a r g e s t  w u n t , o f  arsenic  that  would probably be 
introduced in to  the  water w i t h  the su l fur ic  acid is  2.4 x 
indicated that about 5 x 10-5 ppm would be required t o  produce the average A s 7  6 
concentration found i n  reactor  eff luent .  Thus it may be possible t o  reduce the 
A s T 6  discharge t o  the r i v e r  by u t i l i z i n g  processing ac id  having a lower arsenic 
content, but t h i s  would not be expected t o  eliminate it completely. 

ppm. Calculations 

F ie ld  Apparatus Development 

A c i r c u i t  employing thermistors f o r  low l i q u i d  
was of the order of one cm per minute (47 feet 

Two humidity cells were assembled f o r  possible 
experiments. The sensing element consisted of 
lithium chloride held between spiraled w i r e s .  

flow rates was tes ted ;  s e n s i t i v i t y  
Per b y > .  

appl icat ion i n  unsaturated flow 
methyl cel lulose containing 
For high resis tance c e l l s  an ex- 

pont ia l  r e l a t ion  was found between resis tance and r e l a t i v e  humidity, the resis- 
tance changing by a f ac to r  of 1000 when r e l a t ive  humidity w a s  changed from 60 t o  
100 per cent.  

Chemical Research & Development 
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A. Organization and Personnel 

D r .  Leo K. Bustad, Manager, Experimental Animal Farm, s t a r t ed  a one year's 
leave of absence this month t o  continue h i s  post-doctorate s tud ies  a t  the 
University of Washington with a National Sciences Foundation Fellowship. 
D r .  W. J. Clarke has been appointed ivlanager, gxperimental Animal Farm, 
during Dr .  Bustad's absence. 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 2000 PROGRAM 
BIOLOGICAL MONITORING 

Atmosnheric Contaminat ion 

Concentrations of 1131 i n  thyroid glands o f  jack rabbi t s  were 6 t o  20 times 
l e s s  than those observed one year ago. Values were as  follow: 

Collection S i t e  
p C / m  

Average Maximum 
Trend 
Fact or  
e__ 

Prosser Barricade 1 x 10-3 2 10-3 - 6  

- Wahluke Slope 1 10-3 2 10-3 

Four miles SW of fiedox 1 10-3 1 10-3 - 10 

Concentrations of f i s s ion  products in rabbits were about the same as one 
year ago. Values were as follow: 

Sample Type Average ~ c / g  Trend Factor 

Bone 7 10-5 + 2  

Feces 5 10-5 t 2  

Liver 

Muscle 

7 x 10-6 

-6 7 x 10 

Columbia River Contamination 

C o l l e  c t ion pc/g w e t  wt. tissue Monthly 
Sample Trend - Si t e  Average MaXimum Type 

2 10-3 - 5  
8 x - 4  

Minnows ( en t i r e )  Hanf ord 1 10-3 

Whitefish f l e sh  Ringold 5' 10-4 



- 

D-2 

The concentration of radioactive contaminants i n  a l l  aquatic animals decreased 
during the month because of reduced metabolic rates which were associated 
with low water temperature . 
Effect of Reactor Effluent on Aquatic Organisma 

Chinook salmon eggs w e r e  hatched in a 4.0 per  cent concentration of reactor  
e f f luen t  and i n  an equivalent amount of effluent which was varied in concen- 
tration frwn 3.0 per cent t o  6.2 per  cent t o  simulate the  magnitude of the 
f luc tua t ion  which 
P r i e s t  Aapids Dam. o adverse e f f ec t s  have been observed i n  e i t h e r  of the 
conditions . 
Chinook sahon eggs a lso  hatched i n  a tes t  designed t o  compare the tox ic i ty  
of 4.0 per cent effluent from experimental tube No, 4963 of the  KE reactor  
with a Like concentration of the gross eff luent .  No adverse e f f e c t  is y e t  
evident frm e i t h e r  type of eff luent .  

occur i n  the Columbia R i v e r  when p m e r  i s  produced a t  7 

BIOMGP AND MEDICINE - 6000 PROGRAM 
METABOLISM AND 'IXIXICITY OF RADIOACTIVE MATERIALS 

Phosphorus 

A t  the  end of five months, approximately 30 p e r  cent of t rou t  receiving 
0.6 p c  P32/g body w e i g h t  each day had died from radiat ion damage. 
feeding t o  this group w a s  discontinued a t  the end of the month since most f i s h  
no longer accepted food. 
in the 0.6 p c  and 0.06 p c  groups. 
previously showed the P32 t o  be associated with the albumin canponent. 
albumin f r ac t ion  i s  now absent and the P32 i s  i n  another, 
blood protein. 
t i s sues  has remained a t  about the same l e v e l  since the t h i r d  week. 
other hand, a marked increase i n  the concentration of P32 (3 t o  5 times previous 
values) occurred i n  t h e  hard t i s sues  between the 1 2  and 16 weeks. 
f o r  t h i s  increase i s  not clear.  

Isotope 

A reduction in ra t e  of  growth has become more apparent 
Analysis of the blood of the 0.6 pc group 

The 
t unidentified,  
i n  the s o f t  

On the 
"F A t  the 0.06 p c  level, the concentration of P3 

The reason 

Zinc - 
Aquaria containing populations of p lan ts  and animals were spiked with 
d i f f e ren t  concentrations of Z n 6  t o  determine the amounts of the isotope t h a t  
should be used f o r  t r a c e r  i n  fu ture  experiments. 

Strontium 

Effect  of t i m e  a f t e r  contamination with Srw was t e s t ed  by removing a portion 
of soil from outdoor p lo t s  contaminated four  years ago and adding Sr8S. 
grown i n  t h i s  s o i l  showed s imi la r  leaf concentration fac tors  f o r  four-year-old 
Srm and f resh  S&, This demonstrated t h a t  there is no chemical o r  physical 
binding process which has changed a v a i l a b i l i t y  during the four-year period S r q  
was in the f i e l d ,  Since the s o i l  was heated t o  oven temperatures, biological  
fac tors  could s t i l l  e x i s t  which would a f f ec t  the ava i l ab i l i t y  of Sr9* under f i e l d  

Barley 

conditions and which would have been overlooked i n  these t e s t s .  

1 2 3 1 8 1 5  
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Levels Fed 5 pc 1 pc Con tr 01 

No. of Animals 6 6 6 

Nutr i t ional  85% of 85% of 65% of 
Level Ful l  feed Ful l  feed Ful l  feed 

Bean plants  w e r e  grown i n  the greenhouse on Cinebar soil contaminated with 
Sr89 and Cabs. The experiment was set up t o  t e s t  additions of calcium i n  
the form of calcium chloride, calcium sulphate, and calcium carbonate, each 
a t  two levels:  4,000 and 8,000 pounds calcium per  acre. 
both Sr89 and Cab5 increased as the plant  matured, 
Sr89 concentration i n  the mature plants .  The C a C 1 2  treatment appeared t o  
stimulate SI@ i n  the i n i t i a l  harvest which would correspond t o  the stage 
of growth i n  a Neubauer culture. Both the concentration and the anion i n  
combination w i t h  calcium were fac tors  i n  the extent of reduction of ,539 
concentration, 
o r  sulfate ,  even though the l a t te r  two may have been only p a r t i a l l y  soluble 
i n  the soil moisture, the higher level of CaC12 w a s  extremely toxic  t o  the 
beans with some toxic i ty  a l s o  expressed with the lower l e v e l  of caC12. 

Concentration af 
A l l  treatments reduced 

Chloride was s igni f icant ly  l e s s  e f fec t ive  than were carbonate 

One hundred and four rats were s t a r t e d  on d i e t s  containing from 0.03 t o  2.0 
per cent calcium, 
will be added t o  the d i e t s  and the animals sacr i f iced a t  in te rva ls  t o  
determine the effectof  d i e t a m  calcium l e v e l  
on the deposition and retent ion of Sr90 and Ca 

Further analysis of the da ta  from the Ss89 lamb-feeding emeriment suggests 
t h a t  t ere  i s  a d i s t i n c t  correlat ion of s k e l e t a l  s ize  t o  calcium content 

weight and n u t r i t i o n a l  range vary as t o  calcium per  gram of bone and s 
uptake in d i r e c t  re la t ion  t o  ske le ta l  size.  
skeletons show the greatest  ef’ect  of 3 x-calcium enrichment of the food 
by a decrease of 56 per cent i n  Sr89:Ca ra t io ,  as compared t o  the controls, 
while the smaller skeletons show only an 8 per cent decrease i n  Sr89:Ca ratio. 
The data suggest t h a t  i n  future  experiments on the assessment of radio- 
strontium hazard in large animals, an attempt be made t o  group animals by 
s k e l e t a l  density and metabolic rate t o  insure t h a t  data so  obtained be 
extrapolatable among groups, 

After a conditioning period of 30 days, S r m  and Cab5 

duration of exposure period ae? 

$9 
and Sr % 9 uptake f o r  each skeleton. It appears t h a t  lambs in the same a e, 

Lambs with the l a r g e r  (heavier) 



The effect  
following chart  af Q/D f o r  t h e  various groups: 

of continued low-level 1131 feeding t o  sheep i s  summarized i n  the  

., 5 PC/* 1 1.5 pc/day 
1/57 12/57 1/58 11/57 12/57 1/58 

1951-52 1.5 1.0 0.9 2.4 2.3 2.4 
Off spring 

1954 2.2 1.3 1.5 
Off spring 

195 5 1.8 1.8 1.7 
, Offspring 

-- 

0.5 pc/day 0.15 pc/day 
1/57 12/57 1/58 1/57 12/57 1/58 

2.7 2.9 2.6 2.5 2.4 3.7 

3.5 2.6 2.7 

2.6 2 .3  2.4 3.5 3.2 3.7 

-----I-- 

One an- in the  5 pc group continues t o  show a diminishing av id i ty  f o r  1131 
during the pas t  year, having a Q/D of 0.9 o r  less  f o r  t h i s  period. 

Cesium 

Observations were continued on the  ecosystem of a small pond which was spiked 
with Cd37 l a s t  June. 
approldmately the same values as observed during the previous month. 

- 
The concentration of the  isotope remained low at  

Plutonium 

Following intravenous in jec t ion  of c i t r a t e  complexed Pu (IV), re tent ion has been 
d e t e n i n e d  in various organs and t i s sues  over periods extending t o  42 weeks. 
Preliminary evaluation of the data revealed somewhat une.wected resu l t s .  
a portion of the plutonium deposited i n  liver and kidney is lost qui te  rapidly, 
a subs tan t ia l  f rac t ion  i s  retained with a t  least as long a ha l f - l i f e  as t h a t  
exhibited by the plutonium i n  the bone. The ha l f - l i f e  of plutonium i n  the bone 
appears t o  be approximately one year. 
by a f a c t o r  of approximately 10 are present i n  bone. 
the spleen, lung and ovary shows no s igni f icant  turnover. 
compare with these retent ion r e s u l t s  are not yet available. 

Although 

The highest concentrations of plutonium 
Plutonium deposited in 

Excretion data  t o  

Radioactive Par t ic les  

IZstological examination of lung t i s sue  from mice in t ra t rachea l ly  administered 
radioactive pa r t i c l e s  i s  continuing. Pathological changes appeared t o  be more 
numerous i n  these mice administered dibenz (a,h)anthracene simultaneously with 
Pu23902 and &&oh2 par t i c l e s  e 

Preliminary data from inhalation emeriments with Sr90SOL pa r t i c l e s  indicate  
the rapid movement of Sr90 t o  the bone. I n  one mouse k i l l e d  a f t e r  190 hours' 
exposure t o  a i r  containing 1 x 10-5 p c  Sr9OSOk pa r t i c l e s  per  cc (over a 10-week 
period), 85' ?er cent of the t o t a l  body burden (0.09 pc) ,  was in the bone, 
1 2  per  cent in  the skin and only 0.5 per cent i n  the lung:. 
per cent in  the skin, s imilar  r e su l t s  are  being obtained following a s ingle  
emosure ., 

Except f o r  the la rge  

1 2 3 1 6 1 1  
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The excretion of Pu239 by three dogs administered 300 p g  Pu23902 in t ra t rachea l ly  
can be described by power function equations of the type Y = atab where Y i s  
the d a i l y  r a t e  of  excretion i n  per  cent of the administered quantity,  a i s  a 
constant representing the excretion rate, t i s  the time a f t e r  administration 
in days and b i s  a constant describing the slope of the logarithmic curve, 
the period 2 t o  47 days a f t e r  the  administration of plutonium oxide, Y (ur ine)  
1.7t-2.8 and Y ( feces)  - 5t-2*1, 

Gastrointestinal. Radiation I n j q  

Histopathological analyses were canpleted on 65 r a t s  which had received 1 2 ,  
15, and 25 mc/kg o r a l  doses of Y91, 
sens i t ive  small in tes t ine ,  but  severe damage t o  the la rge  in t e s t ine  and 
cecum, T h i s  reversal  of the e f f ec t s  noted following x- i r radiat ion i s  reasonable 
i n  v i e w  of the much longer re tent ion of the  i n t e s t i n a l  contents in the cecum and 
large i n t e s t i n e  as compared t o  the s m a l l  intestine. 

For 

Results show no damage t o  the  radio-  

Additional experiments were completed t o  demonstrate the e f f e c t  of x- i r radiat ion 
on nucleic acid synthesis in the gas t ro in tes t ina l  t r a c t  a s  affected by type and 
extent  of exposure. 
1500 r t o  e i t h e r  the whole bo@ .or t o  the exter ior ized in t e s t ine .  
i nh ib i t i on  was sustained u n t i l  death, a t  3.5 days, of the whole-body exposed 
animals. 
synthet ic  a b i l i t y  was rapid, especial ly  i n  regions of the jejunum and colon 
adjacent t o  unirradiated t i s sues .  
abdominal exposure was dose dependent, increasing from 50 per  cent inhibi t ion 
a t  600 r t o  80 per cent inh ib i t ion  a t  900 r and f u r t h e r  increasing by about 
one per  cent f o r  each addi t ional  100 r up t o  a t o t a l  dose of 1900 r. 

The synthesis of DNA is  almost completely inh ib i ted  by 
This 

In  the  case of the intestinally exposed animals, recovery of 

Inhibi t ion of DNA synthesis following 

Relative Biological Effectiveness 

Carrier-free P32, current ly  being obtained from O a k  Ridge, 

phosphorus. 
reported. 
present values are  the correct  ones. 

Continued t e s t i n g  confinns the or ig ina l  observation t h a t  phosphorus diffuses  
i n t o  the solution in which i r r ad ia t ed  c e l l s  a re  suspended. 
t h a t  glucose, although not required, increases the diffusion of phosphorus 
from both *radiated and control  ce l l s .  

ives  i r o n  dosimeter 
values approximately half  those previously obtained w i t h  P3 5 containing c a r r i e r  

Consequently, RBE values anpear t o  be much lower than previously 
The cause of the  change i s  unknown and it i s  uncertain whether the  

There i s  evidence 

Ydast containing metabolized P32 d ies  off a t  a s l i g h t l y  f a s t e r  r a t e  than does 
yeast containing no metabolized P32 but suspended i n  a P32 solut ion t o  provide 
equivalent radiation exposure, 
results do suggest a possible transmutation e f fec t ,  

Dosimetry i s  not en t i r e ly  clear,  but  the 

HA Kornberg:es 

1 2 3 1 8 1 8  
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D. Lectures 

a. Papers presented a t  meetings 

None 

b. Seminars 

January 22, 1958 - R. F. Palmer, "Effect of Dietarg Calcium 
L e v e l  on the  Chronic Deposition of S r p  
and Ca45 i n  Rats" 

- J. F. Cline, "The Effect of Added Calcium 
and C l d t u r a l  Methods on the Uqtake of 
kd ios t ront ium by Plants" 

January 29, 1958 - W. J. Clarke, "The Effect of t h e  Presence of 
Calcium Gluconate o r  Sodium Gluconate on 
the  Deposition of SI@ in Lamb Bone" 

- H. A. Kornberg, "Theoretical Considerations 
of Radiostrontium - Calcium Relations i n  
P lan ts  and Animals" 

J m a q .  31, 1958 - H. A. Kornberg, "Hanford Biology Research 
Programfr - presented a t  the University 
of Washington, Sea t t le ,  Wash. 

Class a t  Columbia Basin College. 
January 18, 1958 - W. C. Hanson, "Studies Involving Wildlife a t  HAPO" 

E. Publications 

a. HW Documents 

Sullivan, M.F., P.L. Hackett, S. Marks, and El, C. Thompson, "X-Irradiation 
of the Sxteriorized or  in s i t u  In t e s t ine  of the  liat," Document HW-52896 
(UNCLASSIFIED) January 1958. 

b, Open Li te ra ture  

None 



OPERATIONS RESEARCH & SYNTHESIS OPERATION 
MONTHLY REPORT 

January, 1958 

ORGANIZA!CION AND PERSONNEL 

There were no s igni f icant  changes i n  personnel t h i s  month. 
(P 

, OPEWL!CIONS RESEARCH ACTIVITlES 

Economic Studies 

Planning f o r  the construction of an economic model of IIAPO, with p m t i c u l a r  
reference t o  the work being &ne a t  Appliance Park, was continued. Further 
discussions w i t h  Dr. Martin Shubik are planned during February. 
continued on the series of papers discussing the mathematical formulation of 
per t inent  economic concepts. 

Work was continued on the appl icat ion of learning curve concepts t o  the pre- 
d ic t ion  of fu ture  operating and c a p i t a l  costs .  This theory seems t o  f i t  the 
data f o r  plutonium cost  very w e l l ,  bu t  the question arises as t o  whether o r  
not these curves are unique o r  a function of the general economy of 'growth" 
industr ies  during t h i s  period. I n  order t o  check t h i s  point  s imi la r  curves 
f o r  several  other industr ies  are being examined. 

Further work was done during the month toward fonmrlating and describing the 
impact that f u l l  adoption of the economic ground rules would have on Hanford. 
Both p lan t  operation and cap i t a l  additions have been considered since it is 
impossible t o  appropriately evaluate cap i t a l  additions without simultaneous 
optimization of p lan t  operations under the prescribed conditions. 
coming apparent that fu l l  use of the ground rules w i l l  involve a numerical 
system of engineering analysis  of appreciable magnitude. 

Discussions were held during the month w i t h  members of the Advance Engineering 
Operation of the Reactor and Fuels Research and Development Operation concerning 
the f i e l d  of application of the plutonium recycle process d i c t a t ed  by economic 
considerations. 

Work w a s  

It is be- 

CPD Control Study 

A document giving the general scope of the CPD Control Study was issued. 
basic process flow diagrams have been brought up t o  date and verified with the 
process engineers. 
and out of each process vessel  have been organized and produced f o r  the Purex, 
Redox, Recuplex and 234-5 processes. 
sentat ion of the process i n  a form convenient f o r  the examination of the 
relat ionships  between source data and accountabili ty information. 

The 

Matrices describing all current ly  feasible t r ans fe r s  in to  

This system permits a concise repre- 

I 2 3 1 8 2  I 
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The co l lec t ion  of operatAg procedures, vessel  instrument-t on, overflow 
volumes, flow rates, anslytical requirements and sampling f a c i l i t i e s  was 
completed f o r  Redox and Recuplex and is  being compiled f o r  Purex and 234-5 
This information w i l l  &.so be presented i n  matrix form. A detailed tabu- 
l a t i o n  of Redox and Purex material t r ans fe r s  is being examined t o  gain an 
understanding of the flow of accountabi l i ty  information. 

Other 

A t  the request of the Ut i l i t i e s  Operation, R & U, the e l e c t r i c a l  distri- 
bution study previously completed by the Operations Research Section is 
being brought up t o  date and extended. 

Discussions w e r e  held with Purchasing and Stores management concerning mea- 
suring and the measuring process. 

Further discussions w e r e  held with D D  Employee Relations personnel i n  connection 
with s e n s i t i v i t y  s w e y  results. 

STATISTICAL AND MATHE3lATXCAL ACTMTIES IN SUPPORT OF RESEARCH PROGRAMS 

2000 Program - Metallurgy 

Further discussions were held w i t h  personnel of the Coating and Corrosion 
Operation concerning a recent ly  completed in-p i le  experiment t o  invest igate  
the corrosive propert ies  of M-388 and 1245 aluminum a l l oys .  
purely mult ipl icat ive model f o r  uniform corrosion does not account f o r  the 
var iabi l i ty  i n  the data from these experiments. 
a ture  as the fundamental independent var iable  was suggested, and an IBM 650 
rout ine f o r  f i t t i n g  the new model t o  current data is now being wri t ten.  

The current 

A new model t r e a t i n g  temper- 

2000 Program - Reactor 

For a member of the  Physical Metallurgy Operation, Fuels Development Operation, 
a non-linear p a r t i a l  d i f f e r e n t i a l  equation which arises i n  the theory of 
diffusion was transformed in to  a l i n e a r  equation whose solution was eas i ly  
obtained. 

2000 Provam - Separations 

Work was continued on the determination of confidence limits on the square of 
the slope parameter i n  a l i n e a r  regression scheme. This problem arose i n  the 
determination of the buckling of a random dumping of uranium slugs i n  a bath. 
Closer examination of the experimental s i t ua t ion  revealed a between-experiments 
var ia t ion  not accounted f o r  i n  previous models. 
matical model was postulated,  and confidence in te rva ls  f o r  the mathematical 
expectation of the slope were derived. The results w e r e  reported o r a l l y  t o  
personnel of the C r i t i c a l  Mass Physics Operation. 

A s  a consequence a new mathe- 

1 2 3 1 8 2 %  
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4000 Program - PIP 

Further analysis  w a s  done on new data from a Ceramic Fuels Development Operation 
U02 capsule i r r ad ia t ion  experiment t o  determine the  dependency of f i s s i o n  gas 
a c t i v i t y  on packing density,  enrichment, neutron f lux,  exposure time and surface 
area. 
as a concomitant var iable  i n  a covariance analysis  yielded r e s u l t s  which 
cor re la te  much better w i t h  current  theory than those from the previous analysis  
based on two a r b i t r a r y  neutron f lux  levels. 

The use of accurate data on the average neutron f lux  f o r  each capsule 

6000 Program - Biology 

Experimental data on the deposit ion of sr-89 i n  lambs were re-analyzed with a 
view t o  determining the s t a t i s t i c a l  significance of various fac tors ,  including 
spec i f i ca l ly  the gluconate ion of sodium and calcium compounds. 
the invest igat ion were reported t o  in te res ted  personnel of the Experimental 
Animal Farm Operation. 

The results of 

Experimental data on the in t ra t rachea l  administration of Pu t o  dogs were statis- 
*, ical ly  analyzed f o r  the Pharmacology Operation. Estimates of the rates of 
f e c a l  and urinary excretion were obtained and reported o ra l ly  t o  in te res ted  
persons. 
a l so  being analyzed f o r  the Pharmacology Operation. 

Excretion data from a n  inhalat ion turn-over experiment with mice are 

Work was continued on a generalized mathematical model of migration t o  describe 
the t r a n s i t i o n  of radioactive t r a c e r  p a r t i c l e s  from region t o  region within an 
experimental animal. 

A t  the request of the Aquatic Biology Operation, work has begun on the statis- 
t i c a l  analysis  of data from miscellaneous f i sh  tests. 

STATISTICAL AND MATHEMATICAL AC!l!IVITIES FOR THE PRODUCT D.EPAR?MENTS 

Process Control - Fuels Preparation Department 

A. discussion of plans t o  be used i n  the acceptance sampling of I and E fue l  
elements rejected by the Penetration Tester was given i n  a l e t t e r  t o  T. D.' 
Naylor, "Sampling Plans f o r  Penetrat ion Tester  Rejects, " 1-28-58. A double 
sampling scheme was proposed as a possible  means of reducing necessary sample 
sizes, and c r i t e r i a  f o r  proper choice of l o t  s i ze  were included. 
emphasized that experimentation current ly  under way, which is  designed t o  
t e s t  the ef f ic iency  of the instrument, would be helpful  i n  t e s t i n g  the 
v a l i d i t y  of the assumptions underlying the proposed sampling plans.  

It was 

Further t r a in ing  sessions on techniques and pr inc ip les  of s t a t i s t i c a l  qua l i ty  
control w e r e  conducted f o r  Quality Control technicians and engineers as re- 
quested. The dangers of over control  of a process and the need f o r  a process 
capabi l i ty  study w e r e  v iv id ly  demonstrated. 
l a i d  f o r  conducting such 8 process capabi l i ty  study. 

Preliminary groundwork has been 

Experimentation has been designed t o  evaluate the e f f e c t s  on c e r t a i n  r e j e c t  
rates of using reclaimed M-388 aluminum i n  the canning process. 
savings can be affected i.f it is found that the e f f e c t s  are not deleter ious.  

Considerable 
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Production Tests - I r rad ia t ion  Processing Dept. and Fuels Prep. Dept. 

Data from the non-enriched port ions of production t e s t  I P - 3 0 - A  were analyzed 
t o  determine the  hole s i ze  f o r  cored slugs optimum with respect t o  i r r ad ia t ion  
e f f e c t s  On "srp, diameter change, and/or breaking strength.  This test repre- 
sented the first successfully completed Lat in  Square arrangement f o r  treat- 
ments i n  a production test and the resu l t ing  data analysis  w i l l  be valuable 
i n  designing future tests i n  t h a t  several var iables  previously ignored could 
be evaluated by means of t h i s  design. (m-54596 RD, "Analysis of Data from 
Production Test I P - 3 0 - A :  Determination of Optimum Cored Slug Hole Size,"  
1-20-58. ) 

The analysis  of data from Production Test PT-610-60 MT is almost complete. 
This t e s t  was designed t o  determine the r e l a t ive  dimensional s t a b i l i t y  of 
s lugs machined from v e r t i c a l l y  heat  treated rods having various quench t r e a t -  
ments. Five d i f f e ren t  treatments, including a standard, were involved, and 
a Lat in  Square design was used. A report  w i l l  be issued i n  February. 

Profilometer Study - I r r ad ia t ion  Processing Department 

A profilometer has been in s t a l l ed  i n  the C-Basin t o  measure warp, diameter, 
e l l i p t i c i t y ,  and length of irradiated f u e l  elements. Brass standards have 
been measured by t h i s  profilometer i n  a se r i e s  of runs i n  order t o  evaluate 
i t s  precis ion and accuracy. The resu l t ing  data are current ly  being analyzed. 

Rupture Studies - I r r ad ia t ion  Processing Department 

I n  connection w i t h  rupture s tudies ,  it is  of i n t e r e s t  t o  estimate how many 
tubes i n  a given p i l e  have one o r  more s lugs operating above a given power 
leve l .  Using randomly selected weasel data, which yielded the power fac tors  
f o r  the m a x i m  powered slug i n  each tube, it was possible t o  estimate the 
number of tubes whose maximum powered slug would be expected t o  have a power 
f ac to r  F with d; 
of values (F, d; ) . 
Two sets of curves uaeful i n  designing and analyzing run-to-rupture tests were 
prepared as requested. 
exposure x as a function of x f o r  d i f fe ren t  confidence leve ls ,  given that 4 
tubes areexposed t o  exposure G without a rupture.  
determining t o  w h a t  exposure n tubes must be i r rad ia ted  without a rupture i n  
order t o  demonstrate a given ymrovement over a second set of 2 tubes which 
a re  discharged a f t e r  having sustained one rupture a t  exposure E .  

confidence. Curves were prepared fo r  d i f f e r e n t  combinations 

One set gives the upper l i m i t  of the rupture r a t e  a t  

The other i s  useful  i n  

Radiation Exposure Study - Chemical Processing Department 

S t a t i s t i c a l  ass is tance is being given in  connection with a rad ia t ion  exposure 
s tudy i n  "Z" plant .  
the e f f e c t s  of p i l e  exposure on ce r t a in  rad ia t ion  measurements. 
sampling program t o  evaluate the e f f e c t s  of moving across the various tasks 
within the "Z" p lan t  w i l l  be analyzed t o  determine how accurately one can 
predic t  exposures based on ce r t a in  input data. 

His tor ica l  data have been studied i n  order t o  determine 
Data from a 



Fina l  Product Specif icat ions - Chemical Processing Department 

Tolerance statements are being prepared f o r  weapons p a r t s  which w e r e  shipped 
t o  Los Alamos during the fourth quarter  of the calendar 
ments demonstrate the conformity of the product qua l i ty  

Other 

Appropriate methods of inverting a complex power series 
member of the Research Engineering Operation, I F D ?  

- 

year 1958. The state- 
t o  spec i f  ica t ions  . 

were discussed with a 

Consultation services  have been provided Redox personnel on the f e a s i b i l i t y  of 
using a curve based on recent production vs. production cos t  data as a basis 
of comparison w i t h  a so-called 'bogey curve" which is  used as a goal c r i t e r ion .  

Questions a r i s ing  i n  the analysis  of data from a f r ac t iona l  experiment were 
answered f o r  personnel of the Redox Analytical  Control Laboratories. 

OTHER STATISTICAL AlID MATHRMTICAL ACTIVITIES 

Ac t iv i t i e s  f o r  other  Operations 

An invest igat ion was made of the uncer ta in t ies  associated with plutonium yie lds  
and U-235 consumption estimated as functions of m e g a w a t t  days and tonnage. 
Alternate formulas f o r  estimating the variance were developed. 
i n  connection with a requested study of the proposed tube by tube accounting 
system. (HW-54692 RD, "Comments on Tube by Tube Accounting," 1-24-58.) 

This was done 

Work has been completed on ca l ibra t ions  f o r  the C - 1  and E-12 t a n k s  of the Redox 
p lan t .  (HW-54554, " S t a t i s t i c a l  Analysis of the C - 1  and E- I2  Tank Calibration 
D a t a . " )  
l i t t l e  l i g h t  is  shed on recent shortages i n  the UNH storage area. 

The ca l ibra t ions  agree with previous ca l ibra t ions  t o  the extent that  

Discussions were held with the Indus t r i a l  Medical Operation concerning the 
analysis  of the genetic e f f e c t  of x-ray rad ia t ion  on the population of Richland. 

Ac t iv i t i e s  within HLO 

Assistance was given t o  the Reactor Lattice Physics Operation i n  s e t t i n g  up the 
format f o r  a computational routine t o  evaluate a least squares regression l i n e  
and provide estimates of i t s  precis ion.  

Further s t a t i s t i c a l  work was done f o r  the 
concerning the precis ion and accuracy of t h e i r  monthly production U-235 
composite estimate. Data from receiver  analyses are being cor re la ted  with 
September, October, and November HAP0 data to determine whether o r  not there 
i s  a consis tent  bias between the two methods. 

Spectrochemical Analysis Operation 

Work was ini t ia ted f o r  the Spectrochemical Analysis Operation on a precision 
and accuracy study of their new method of i so topic-ana lys i s  based on thermal 
emission mass spectroscopy. 
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Discussions were held with the Radiological Chemical Analysis Operation con- 
cerning the precis ion of t h e i r  fluorophotometer. Specif ical ly ,  the e f f e c t  of 
dupl icate  analyses on precis ion was discussed. 

An evaluation of the 1957 minor injury experience f o r  KLO and FPD w a s  in i t ia ted 
f o r  t he  respective Employee Relations Operations with the hope of determining a 
r e d i s t i c  goal f o r  reduction of minor in ju r i e s  i n  the next year.  

The Radiological Development Operation requested assis tance i n  ca l ibra t ing  
t h e i r  new pulse method of reading penci l  dos imte r s .  Some data from f i e l d  
and laboratory s tudies  have been analyzed, and suggestions were made concerning 
the  d i rec t ion  of fu ture  investigations.  

I n  connection w i t h  the environmental monitoring study, fur ther  work was done 
on determining the relative precis ions of the  w e t  chemistry and the gamma spectro- 
scopy methods of assaying vegetation 1-131 content. The r e s u l t s  of t h i s  evalu- 
a t ion  are i n  l i n e  with the f ac to r  of three previously mentioned by the Analytical  
Chemistry Operation. 

S t a t i s t i c a l  and Mathematical Research and Development 

The study of s ta t ionary  time series was continued. 

OFFSITE VISITS AND VISITORS. 

D r .  Arnold Fr i tch ,  D r .  Kuan Sun and Charles C. Thomas of the Westinghouse 
Elec t r ic  Corporation v i s i t e d  the Operations Research & Synthesis Operation 
on 1-29-58 f o r  discussions connected with Operation Pool.  

W. H. Bloodworth of t he  Operations Research and Synthesis Consulting Service 
v i s i t e d  on January 21 and 22 f o r  consultation on operations research problems. 

There were no o f f s i t e  v i s i t s  during the month. 

CAB : 3bk 
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RADIATION PRUI'ECTION OPERAnON 
MONTRLY REFORT - JANUARY, 1958 

A .  QRGANIZATION AND PERSONNEL 

Organization 

No significant organization changes occurred. 

Force S- 

Exempt 
Nonexempt 

Hw-54760 

12-31-57 

44 
152 

1-31-58 

43 - 123 

Total 196 166 

B. ACTIVITIES 

Radiation Monitorinq 

Routine surveys for custmers located in the reactor areas indicated no unusual 
conditions except for minor amounts of particulate contauination in the 100-B Patrol 
Headquarters which was attributed to the recent contamination status of the 107-C 
tank. 

- 

Excessive concentration of plutonium air contamination occurred in the 23lbuilding 
from a spread of plutonium contamination of undetermined cause. 

Normal radiation work was accomplished in Hanford Laboratories facilities in the 300 
Area. Exposure rates ranged up to 5 r/huur. 

Conferences were held with AEC-I100 and the U. S. Army to discuss mutual aid in emer- 
gencies and radiological training for a new military component. 
were held on retraining AFX: couriers, the course for offsite monitoring teams to be 
given at Idaho Falls and HOO-HAPO emergency plans.  

A detailed report of Radiation Monitoring is contained in HW-54844. 

Other discussions 

Regional Monitoring 

The average weekly emission of 1131 was 6 curies. 
7 curies. 
level of one-third that measured in December. 

The average for the last year was 
Iodine-131 deposition on local vegetation decreased to a more normal 

Raw water analyses at 100-F and Pasco showed 9.6$ and 3.e respectively of the con- 
tinuous occupational MFCGI. 
effect of a line break of the 100-ICE and 100-KW effluent lines would cause excessive 
contamination of the 100-D Area drinking water. A summary report of this study W i l l  
be issued in February. 

A study, currently in progress, indicated that the 

A detailed report of waste disposal monitoring is contained in HW-54836. 
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Exposure Evaluation and Records 

F-2 

Four cases of plutonium deposition, a l l  appearing to  be less than 1C$ of the MPL, 
were conf'irmed during the month. One case had potential  fo r  substantial  deposition 
and involved a process operator who wa8 sprayed with a plutonium solution resulting 
i n  nasal smears up t o  hQ,OOO d/m Pu and loose f ac i a l  contamination i n  excess of 
40,000 d/m. 

A t o t a l  of 216 confinned plutonium cases is  on record, including a t o t a l  of 18 
cases which occurred i n  1957. Several cases s t i l l  p e d  confirmation. 

Four technical overexposures occurred. 
a wirmun whole body. dose of 745 mads including 115 m r .  
sures and involved a maximum dose of 3.6 rads t o  the hands. 

Two were whole body exposures and involved 
Two were localized expo- 

Work was started i n  Chemical Research and Development on procedures f o r  determining 
plutonium and f i ss ion  products i n  bioassay samples w i t h  the  objective of on-plant 
sampling. 

Radiological Development 

Reproducibility w88 improved i n  the densitometer measurements made on badge film by 
increasing the aperture s ize  of the densitometer and collimating the l igh t  on both 
sides of the film. Testing of the Eastman 
Personal Monitoring Film Type I1 continued for  both fading and consistency of product. 

Equipment modifications were scheduled. 

As a resu l t  of HAP0 interest  i n  protective clothing specifications, AM=-HOO has 
in i t ia ted  a survey of otMr atomic ins ta l la t ion  clothing specification ac t iv i t ies .  
Very l i t t l e  work in this area appears t o  have been done a t  other s i t e s .  

Additional data collected: with the low-level pencil reading device werqvery encour- 
aging for  application i n  regional measurements. 
house locations i n  surrounding communities t o  obtain background measurements. 

Pencils were placed st various 

Development of methods f o r  f ie ld  use i n  estinating surface dose rates  w a s  active. 
Work a l s o  progressed on the fabrication and tes t ing of the double moderator neutron 
dose ra te  meters. 

Calibrations 

Modificatiomon the calibration wells were completed. 
operating condition. 
quirements. 
two years. 

This puts both wells i n  good 

There w i l l  probably be no need fo r  additional instruments f o r  the next 
Field user groups were surveyed for  portable instrument re- 

The preparation of f i e ld  check sources was cmpleted. 
groups w i l l  provide a complete set of identical  sources f o r  use i n  checking the 
operability of portable instruments 

This  added service t o  f i e l d  

Radiological Consultation 

Several discussions were held on the tabulation of dose t o  the gonads during diag- 
nostic examinations a t  the Kadlec Hospital. Factors were selected f o r  application 
t o  the  gonad dose of the fetus,  and procedures t o  be followed i n  calculating the 
effective genetic dose were designed. Supplemental measurements of the gonad dose 



following recent changes in procedures including better coning of the 
the use of faster film were scheduled. 

HW-54760 f"q *-- 

machines and 

An Emergency Handbook draft prepared by a Subcommittee of the National Comnrittee on 
Radiation Protection and Measurements was reviewed and comments were made. 

Radiological Disaster Studies 

The calculations on dispersion an3 deposition of radioactive materials from a 
reactor accident were extended to provide plots of the areas exposed t o  given 
levels. 
and permit the rapid estimation of the area contaminated to a given level. 
curves were obtained for gross fission products and halogens. 

These curves supplement the previously issued curves on distances involved 
Separate 

The limits used in estimating lethal conditions as well as other damaging conditions 
to individuals exposed to a cloud from a reactor accident were reviewed and new 
limits derived. It w a s  found that the limits for damage of this nature were depend- 
ent upon the wind velocity and to some extent upon the meteorological conditions 
because of the assumed variation in rate of deposition from the cloud and the con- 
sequent change in total body irradiation from the material deposited on the ground, 

Columbia River Studies 

The annual Columbia River Advisory Group meeting was conducted January 14-16, and 
included a tour of the project, a lecture at the Plutonium Recycle T a t  Reactor model, 
and talks on radioactivity, heat, and other pollution of the Columbia River. 

C. EMPLOYEE RELATIONS 

Safety and Security 

There were six medical treatment injuries for a frequency of 1.89. 
violations occurred. 

No security 

Suggestions 

Three suggestions were submitted by RPO personnel. 
in RPO for evaluation, and evaluations on seven suggestions were completed. 

Eight suggestions were received 

Relations 

The scheduled ROF of thirty clerical employees in the Exposure Evaluation and Records 
Operation was completed without incident 

Negotiations with the Regional Monitors continued without significant progress. 

123-1029 
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REGIONAL NONITORING 

The general f indings a re  summarized i n  the follDwing: 

Sample m e  and Location 

OrLnking Water and 
Related Materials 

Benton City Water Co. Well 
100 Areas 
200 Areas 
Pasco, Kennewick, McNary Dam 
Baclswash Sol ids  - 

Back-msh Liquids - 
Anthracite, Sand F i l t e r  - 

Pasco F i l t e r  Plant 

Pasco F i l t e r  Plant 

Pasco F i l t e r  Plant 

Other Waters and 
Related Materials 

200 West Wells 
200 E a s t  Wells 
Wells Near 200 Areas 
0itlyir-q Wells 
Columbia River - 

Xanford Ferry 
Columbia River - 
Below Reactors 

Columbia River - 
Paterson t o  McNary 

Columbia River - Mud 
Raw Water - Operating Areas 
Reaczor Effluent Retention 

Reactor Effluent Retention 

1-131 i n  Farm Wastes t o  

1-131 i n  Columbia R i v e r  - 

Edsins t o  River 

Basins t o  River 

River 

Fanf ord 

A 3 t i v i t y  
- Type 

alpha 
beta 
beta  
beta  

beta 

beta  

beta 

beta  
beta 
beta 
beta 

beta 

beta 

beta 
beta 
beta 
beta  

alpha 

I -131 

1-131 

Average 
Act iv i ty  Density 

pc cc 

a 
(0.02 to 2.1) x 10-5 
1.0 x 10- 

(2.9 t o  6 . 5 )  x 
(0.05 t o  7.4) x 10-6 

Trend* 
Factor 

+3 

+2 

- -  < 2 x 10-7 t o  2.4 x 10-3 

(< 2.0 t o  2.5) x 10-7 

-- < 2 10-7 to 5.1 x 10-2 -- 
-- 

5.9 x 10-5 

2 x 10-7 t o  1.6 x 

-- 
-- 3.7 x 10-5 

0 -- 8.7 x lo - '  
-- (0.2 to 2 . 9 )  10-4 -- 

(0.01 to 4.8) 10-5 

(0 .5  t o  1 .2)  x 10-2 
20,000 t o  j9,ooo pc/sec/reactor - -  - -  
< 0.04 pc seclreactor  -- 

-3 
< 5 x 10- 
2.2 x 10-7 

1. j 10-7 

-- 5 
-- 

* The trend f ac to r  shows the n-fold increase (+) o r  decrease ( - )  from last month, 
where the values of n l e s s  than 2 will not be noted. 
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Average 
Activity Activity Density 

Sample m e  and Location Type pc cc 

Atmospheric Pollution 

Gross Alpha Emitters alpha (< 0.2 to 3.8) x 10-15 
Gross Dose Rate - 
Gross Dose Rate - Separations Areas 

Residential Areas 

beta-gamma 0.4 to 2.5 mrad/day 

beta-gamma 0.3 to 1.6 mrad/day 
Active Particles - 
1-131 Separations Areas 1-131 (1.9 to 3.7) x 10-13 
1-131 Separations Stacks I -131 0.8 curie/day 

Separations Areas beta (0.03 to 1.6) x 10-l~ 

~utikniUm - Separations 
Stacks RU-103-106 o .01 curie/day 

Active Particles - Wash., 
Active Particles - Project 0.02 to 0.07 ptle/rn3 

0.004 to 0.34 ptle/rn3 
-- Idaho, Ore., Mont . -- 

Ve zetation 

Environs of Separations 
Areas I -131 5.1 x 10-6 pc/@ 

Residontial Areas I -131 2.3 x 10-6 pc/gm 

< 1.5 x 1-131 
Eas'Gern Washington and 

Fission Products Less 1-131 
Oregon 

Wash. and Ore. beta 9.1 x 10-5 
Alpha Emitters - 
Separations Areas alpha (0 .5  to 9.9)  x 10-6 pc/gm 

Trend* 
Factor 

&O 
-5 -- 

+2 
+10 

-3 
-3 

+3 

* The trend factor shows the n-fold increase (+) or decrease ( - )  from last month, 
where the values of n less than 2 will not be noted. 



Year to  
Date 

1,851 
1 184 
1,977 

1 
0 
4 

Lost 
Readings 

3 
3 

Hanford Minor 8~ Major 
Laboratories Construction Others Jan. 

FNIIATION MONITORING 

47 187 1851 
32 206 1184 

219 1977 
0 1 1 
0 0 0 
0 4 4 

2 

1617 
946 

1756 
0 
0 
0 

Special Work Permits 
Routine and Special Surveys 
A i r  Samples 
Skin Contamination 

+Class I1 Radiation Incidents 
* j c C l a s s  I1 Radiation Incidents 

EXPOSURE ENAIUATION AND RECORDS 
Pencils Paired Readings Paired Readings 

Over 280 m r  100-280 mr 

47 
47 

Processed Gamma Pencils 

9 
9 

January 67,064 
1958 t o  Date 67 J 064 

Beta-Gamma Film B e e s  
Badges Readings Readings Readings Lost Average Dose 

Processed 100-300 mads 300-500 mads Over 500 mads R e a d i n g s  Per Film Packet 
mrad(0w) m(s) 

17 42 3.54 8.76 

- -  Lost Average Dose 

Processed 100-300 G a d s  300-500 mads Over >w maus Readings Per Film Packet 
mrad(0w) m(s) 

17 42 3.54 8.76 January 23,695 770 

Date 23,695 770 
1958 t o  

27 

17 42 3.54 8.76 27 

Slow Neutron Pencils 
Pencils Paired Readings Lost 

Over 12 mrem Readings 
Paired Readings 

4-12  em 

40 
40 

Processed 

0 
0 

3 
3 

Lost 
Readings 

2 
2 

Readings 
Above 50 mrem 

6 
6 

Badges 
Processed 

1,123 
1,123 

Fast Neutron Film Badges 

January 
1958 t o  Date 

1958 t o  Date 

1,312 
48 

Bioassay 

Plutonium : Sample s 
Results 

1,312 
48 

Assayed 
above 2.2 x pc/sample 

I 1  

1,350 
1 

1,350 
1 

Fission Product: Samples Assayed 
Results above 3.1 x 10-5 pc FP/sample 

Uranium: Samples Assayed 

*HID Radiation Monitoring Custmers 
Mother Plant Components 
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U r a n i u m  Analy ses Following Exposure Following Period of No Ecposure 
units of 10-9 pc u/cc Units of 10-9 pc U/CC 

Number Number - -  

Sample Descripkion Maximum Average Samples Maxinwn Average Samples 

Fuels Preparation 15.8 4.41 42 10.8 2.78 39 
W o r d  Laboratories 72.5 
Chemical Processing 61.4 9.49 105 39 *1 
Chemical Processin@ 24.4 9.22 15 
Special  Incidents 0 
Random 11.3 12.7 35 

19 
4.95 91 

4 

10.1 18 11.9 2*98 

-- 1 5  -9 -- 39.7 -- 0 -- 0 -- -- 
*Samples taken p r i o r  t o  and after spec i f ic  job during work week. 

1958 t o  Date T r i t i u m  Analyses January 
0 0 Samples Assayed 

Thyroid Checks 

Checks Taken 
Checks Indicating .01 pc 

Hand Checks - Alpha - Beta-Gamma 

CALLBRATIONS 

Portable Instruments 

CP Meter 
Juno 
GM 
Other 

5 
0 

5 
0 

Number of Units  Calibrated 
January 1958 t o  Date 

1 J 012 
340 

1,387 
210 

1,012 
340 

l J  3a7 
210 

Total  2,949 ~ 2J949 

Personnel Meters 

Badge Film 
Pencils 
0 ther 

Total  

Miscellaneous Special  Services 

Total  Number of Calibrations 

ARK:bh 

1,080 
832 
395 

2,307 

1,339 

6,595 

1,080 
832 
395 

2J307 

l J  339 

RADIATION PROTECTION 
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LABOBATOHP AUXILIARIES OPERATION 
MOKFBLY REPORT - JANUARY, 1958 

G E m R u  

Safety performance of the Operation was considered sat isfactory.  There were no 
major injuries; the minor i n j u z y  frequency rate was 3.36 per  cent which is sub- 
s t a n t i a l l y  above Decenfber experience but well  within established control limits. 

The absenteeism rate was 3.26 per  cent, an increase of about 0.29 per cent 
above December experience. T h i s  r a t e  is  below the expected ra te .  

There were no securi ty  violations charged t o  the Operation f o r  the sixth con- 
s ecutive month. 

There were no grievances f i l e d  during the  month. 

TECHrmCAL SHOPS OPERATION 

Total  productfve tfm f o r  the month was 12,920 hours. 
backlog is 23,237 hours of which 40$ is  required i n  the  current month, w i t h  
t he  remainder dis t r ibuted over a six month period. 
the  monzh wks 1.796 (294 hours) of the t o t a l  available hours. 

The t o t a l  shop work 

O v e r t h e  worked during 

Distr ibut ion of time w a s  as  follows: 

of Total  

Fuels Preparation Department 1701 13.2 
I r r ad ia t ion  Processing Department 1568 U.1 
ChedCal Processing Department 763 5.9 
Hanford Laboratories Operation 8703 67.3 
Construction Engineering Operation 46 .4 
Miscellaneous 139 1.1 

Customer demands f o r  service remained firm i n  a l l  components with the t o t a l  
backlog of work increasing approximately 1%. Overtirae work increased over 
the previous month but remains a t  what is  considered a nominal level. 

Safety and securi ty  performance was considered sa t i s fac tory  w i t h  no major 
violations.  

The absenteeism r a t e  increased from 2.4% f o r  the  previous month t o  2.97$ 
f o r  the current month. This increase seems t o  be mainly a t t r ibu tab le  t o  
the prevalence of a form of f lu .  

The minor injury r a t e  was average for the operation. 

TECHNICAL IKFOEZ)rlATION OPERATION 

On January 1, control  of the 234-5 Comprehensive Data Sheets was t ransferred t o  
the SS Accountability Operation, Relations & U t i l i t i e s .  The move re su l t ed  from 
a suggestion by an employee of Technical Information. 
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The plan fo mduce the e l e r i c a l  work fc rce  in Technical Illformation by two 
persons was c a r r i e d  aut during the mollth. 
damgrade i n  the process, "bunping" a General Clerk B In the  Employee Relations 
Operation. 
InfOnnatiOn. 

A systematic r e v i e w  of aU. the c l e r i c a l  p o s i t i o m  in Technical Infomation was 
b egu&. The T e c m c a l  Izfonnation Manager, S u ~ e r v i s o r s  , and the Spec ia l i s t ,  
Technizsl Idsr?natioa Procedures, met weekly with the Wage Administratioc 
representative %o review the :cibs. 
HLO's Financial  Operation is a l s o  p r o v i d i q  counsel. The aim is  t o  compare 
Technical 1afe.rmatfoz jobs w i t h  one another and v i t h  representative "bench 
mark" jobs 13. other  Departmnta and Operations. 

The  Employee Relations Spec ia l i s t  is LntervieviEg a l l  personnel i n  Techoical 
Information t o  gather =her information on tb a t t i t u d e  survey zonduc$ed 
last  Sep%ember. A l l  Supervisors have been interviewed, in tenviews  are  pro- 
ceeding with the  exempt noc-supervisorg staff, and arraagements have been 
2mpleted f a r  h i m  t o  met with the non-exempt employees i n  groups of f i v e  
3r six. Results of the ia-terviewa w i l l  be s e d  t o  improve the climate of 
the Operation. 

The Office Prcjcsdures Spec ia l i s t  i n  F i n m c i a l  Operatioil has thoroughly in- 
vestigated the p c s s i b i l i t g  of coldbiniog c l a s s i f i e d  riocument dlalivsry with 
t h e  p lan t  mail. rims, as  suggestad by Relatioxis & Ut i l i t i e s  Operation, and 
concluded that it i s  not pracsicai .  The p o s s i b i i i f y  of ha- C h s n i f i e d  
F i l e s  aessergers handle th-3 Registered Deliverg f o r  the plant  w a s  a l s o  in- 
vestigated and deemed impractical. The present arrasgements appear t o  be 
the most, effic',ent. 

There Yere a number of develqments i n  the Clanai f2ca t iaz-Deciss i f ica t ion  
f i e l d  ?&hg +,he month: 

Om General Clerk A received a 

The Lat te r  t b n  moved i n t o  a G e a e r a l  Clerk C opening i n  T e c w c a l  

The Office Prxedures  Spec ia l i s t  from 

(1) The HOC OlassificatiC2 Codt)Yee m e t  on December 30 t o  mview 
RW-54095 
OC-DGC-b& and Pmposed Bevisioi2.s t o  OC-DOc-b5 and E-DOC-48". 
Certain zhanges in these documents were recomended. 

On JanuXy 29th a revised HalL93rd CEassifica+i!n Guide was 
cozpletad and formrded 50 the HGO Clasa4ficati13n C o d t t e e  
far rse-ew. 
f i c a l l y  designated fo r  this assignmeat. HW-55000 is an extensive 
revision of the or ig ina l  Guide. 
xunTered w i t h  the first Guide resl;'%d fro= the detai led top ica l  
breakdom.. 
cat ioa policies and made somd c l a s s i f i c a t i o n  judginents d i f f i c u l t .  
Fclr this reasan, the intent, of the c l a s s i f i c a t i o n  pol ic ies  as they 
apply t o  Hanf'qrd was given a great deai of a t tent ion.  
intea* vas agresd uponp +,he revised Guide was - i - t t e n  t? log ica l ly  
r e f l e c t  this intsnt. 
associated with the or ig ina l  Guide have been eiiminated. 

"Prop68ed Hanfofi Productior. Reactor Suppl3mer;t t o  

(2)  

The G d d e  was prepared by a HAP0 t a s k  force speci- 

Moat, of the d i f f i c u l t i e s  en- 

This approach tended t o  Gbscure the basic c l a s s i f i -  

After the 

It i s  bslieved that most af the disadvantages 
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(3)  

(4) 

Another feature  of 
which would permit 

the revised Guide i s  the inclusion of a section 
many of the research and development a c t i v f t i e s  

of the Laboratories t o  be handled RS unclassified.  
the work of the Laboratories has been c lass i f ied  because of i t s  
d i r ec t  re la t ioaebip t o  the Hanford production process. 

In the pas t ,  

HW-54093 Rev. 1, which incorporated suggestions made by the HOO 
Class i f ica t ion  C o d t t e e ,  plus other changes found necessary 
during the preparation of the revised Hanford Classif icat ion Guide, 
was forwarded with the Guide f o r  r e v i e w  by the  Classif icat ion 
C oxnittee. 

Comments w e r e  prepared f o r  GE-AEC Security on a proposed HAI? 
supplement t o  AEC Manual Chapter 2801 (not yet  received) re la t ing  
t o  the  control of documents containing Atomic Weapon Data. Comments 
primarily urged elimination of the d is t inc t ion  between Atomic Weapon 
Data reports and Atomic Weapon Data documents. 

A F i l e s  messenger returning from 700 Area f a i l ed  t o  stop quickly enough t o  avoid 
h i t t i n g  another government ca r  driven by an HLO employee. 
ca r  was $73.00; t o  the other  car,  $25.00. 
t o  report  the accident t o  Richland police,  but since he had a large number of 
c l a s s i f i ed  documents i n  his possession and the  F i i e s  vaul t  was t o  be locked i n  
15 minutes, he proceeded t o  the 300 Area and reported t o  Pa t ro l  there.  

Damage t o  the messenger's 
The messenger should have stopped 

The annual bven to ry  of SECRET Research and Development reports was completed. 
Results reported t o  C.E. Security a re  a s  follars:  

(1) 

(2) 

There a re  12,137 accountable copies of which 380 are  Atomic Weapon 
Data reports and 11,757 are  Research and Development reports.  

Twenty-seven copies a re  unaccounted for. 
as missing on previous annual inventories. 
Atomic Weapon Data report .  

A l l  of these were listed 
None of them i s  an 

The inventory of F i l e s '  holding was resumed despite the f a c t  that lists are not 
yet  available fromData Processing. 
against  the F i l e  Record Cards, which a r e  the basic inventory record. 

In the interim, documents are being checked 

Data Processing plans t o  prepare the master document accountabili ty tape on the  
weekend of Februarg 1 and 2 .  F3.l.e~ Operators have finished keypunching the two 
month's backlog of source data referred t o  in the Rovember report. 
necessary t o  work 46 overtime hours t o  complete the job, since there  Were 
37,640 cards backlogged. 
r a t i o n  i n t o  the master tape. 

It was 

These cards were sent  to Data Processing f o r  iacorpo- 

Security has given permiesion for the pro jec t ion is t  from Acquisition & Cataloging 
t o  carry c lass i f ied  films t o  showings. 
of charging the film t o  the lndivldual in charge of the sh- and delivering 
it t o  h i m  via F i l e s  messenger. 

This new procedure replaces the old system 

Under the old system, the f i lm was in transit 
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more than it was in use, and close scheduling (and maximum u t i l i z a t i o n  of the 
fiims) was d i f f i cu l t .  The proJect ionis t  wili make cer ta in  that those viewing 
the  fi lm have proper access authorization. 

A s  indicated last m a t h ,  Cammission regulations now require that a b i l l  be 
prepared f o r  a l l  unclassified repor ts  shipped by Technical Information t o  the 
Office of Technical Serelces, U. S. Department of Commerce ( the  AEC's sales  
ou t l e t  f o r  unolassified reports) .  
2-e for iC0 copies canw to $11.45 ($5.75 for page costs and $5.70 f o r  mailing), 
an  m o u t  M y  worth the time required t o  prepare the necessary fonns and take 
3he packages d m  t o  the Central  Mail room f o r  weighing. 
used -- $00.25 per  page of the report--do not begin t o  pay for the ac tua l  expense 
of the repor%. 

The  f i rs t  bi l l ing  was made this moath. The 

The page cost  f igures 

RADIOGRAPHIC TESTWC OPEBATIOH 

Act ivi ty  f o r  the  Radiographic T e s t i n g  Operation remained a t  a high l eve l  f o r  
Jcs~lttarjr. A record nlflPber of tests was made a?ld even more s igni f icant  was the 
iarge icsmase in the amouct of material  examiced. 
made af which 74.0 were  radiographic exposures (izidLw x-ray and gamma-ray) 
and 2067 were supplemsntary tests. The suppismentarg t e s t s  consisted of work 
vi*& dye pelletrant, dimensional checking, eddy current, and ult rssonics .  The 
f e e t  of nratarial examimd was up over gOGO? aboct a four-fold increase over last 
year ' s  average. Work was done f o r  17 differen* ozgazIizationa1 components 
representing a l l  of the operating departments anci ssw-ce o p c a t l o m .  A t o t a l  
of 22 reperts were issued deta i l ing  test f L d i n g s  vith zoz~Luafons and recom- 
mended ac+,iGz. 
o x a s i o =  f o r  advice and information =.egazdi;=g general t3st in.g theory and 
spp2icatia.s 

A total of 2807 t e s t s  were 

Radiographic Testing Operatio3 vas consul';ed 01: 16 di f fe ren t  

N o  n o ~ k  re la ted  t o  cors%rucci;im projects 3383 don? during this month. 

B. Fabficaticn 

Field work vas completed on the  L-*CeX Package being fabricated for Purex. 
T h i s  -$ark 7a3 a lnajor p m j e c t  t h a t  extended some t en  moaths, being s ta r ted  
ix: Apri l  of 1937. 
(40 f e e t  high by 20 f e e t  square) but a l so  i n  the amomt of welding which 
was necessary t o  examine. 
involv',ng pipe s i ze  varying from l/2 inch O.D. t o  8 iaches O.D. 
this nuriber of seems over 1400 radiographic exposures were made. 
half of + a s  number were made on the stricture itself. 

The fabricat ion was cot only  large in physical s ize  

A t o t a l  of 600 weld seam6 were radiographed 
To examine 
About 

1 2 3 1 8 3 8  
UMCLASSIFIED 
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C. 

D. 

E. 

Maintenance 

In the straight maintenance category two jobs were done. 
evaluation of possible damage to a locomotive center r ing  and eye, a 
support member attaching the locomotive body to the wheel trucks. T h i s  
particular part had been bent during maintenance of the locomotive and 
it was necessary to straighten it. 
with the straightening, but some questionable areas were discovered origi- 
nating from the fabrication processes used in making the part. 
was a damaged heat exchanger that had been subjected to excessive temperatures 
and pressure. 
was determined to be extensive. This failure was interesting in that it 
demonstrated the mode of failure of an over-stressed pressure vessel. In 
addition to the original crack which occurred in a longitudinally welded 
seam, additional transverse cracks were discovered in the essociated girth 
weld. 

O n e  involved 

No damage was found that was associated 

Also examined 

The vessel had failed by splitting and the extent of damage 

In the preventative maintenance category some additional work was done on 
detecting the extent of possible stress corrosion damage to stainless 
steel pigtails. 
for sectioning to correlate eddy current results. To determine the condi- 
tion of copper tube heat exchangers at the condensate return header, trial 
radiographs were made. Clear pictures were obtained showing the construction 
features and the internal wall condition, On the one heat exchanger examined 
no appreciable corrosion was evident though build-ups of scale and calcium 
and magnesium salts could be detected. 

Additional units were examined and suspect pieces selected 

O n l y  one job was concerned with the safety aspects of maintenance. 
was continuation of the work on the autoclaves in the 303 Area. All of 
the autoclaves are being examined in at least one location and others are 
being more completely examined where visual evidence indicates doubtful 

T h i s  

quality. 

Qualifications and Certifications 

A small number of welders qualification 
conformance with applicable codes. These coupons included both stainless 
steel and aluminum weldments. 

coupons were examined to determine 

As-Received Material 

Work was continued on the program for Stores involving the radiographic 
examination of longitudinally welded stainless steel pipe. Initial work 
was done on 3 and 4 inch schedule k0 stainless steel pipe and the msults 
indicated about a 50 per cent rejection rate on the material. 
was suitably marked and sorted for proper identification and storage. 
Some of the smaller sizes in stock are now being examined. 

The pipe 

UNCLASSIFIED 

1 2 3 1 0 3 9  
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For the PRTR fue l  fabr icat ion program tubing stock of d i f fe ren t  materials 
were examined. Carbon steel, s ta in less  s t e e l ,  and zirconium a l loy  tubing 
used i n  the fuel element assemblies was evaluated f o r  i n t eg r i ty  as  jacket 
material. 

F. Assistance in Research and Development 

A large amount of the Research and Development assistance work was associ- 
ated with problems re la t ing  t o  various f u e l  element configurations. 
Included were uranium oxide ceramic elements, PBTR f u e l  elements, and MIX 
fuel pla tes .  
concerned w i t h  the in t eg r i ty  of closures. 
were investigated: 
were examined in  e f fo r t s  aimed a t  es tabl ishing sa t i s fac tory  casting 
practices;  the other was the d i rec t  casting of core materials i n to  clad- 
ding tubes. 
examined in addition t o  experimental heats of d i f fe ren t  plutonium percen- 
tages f o r  manufacture of the core slugs. 

Most of the work w i t h  uranium oxide wafer assemblies was 
For the PRTR work two areas 

Aluminum castings with various amounts of plutonium 

For the MTR fue l  p la te  work, a number of t r i a l  p la tes  were 

Development work associated w i t h  the successful fabr icat ion of tubular 
products continued t o  occupy a maJor port ion of the Radiographic Testing 
Operation's t i m e .  carbon s t e e l ,  s ta in less  s t e e l  and zirconium tubing, 
made by various fabricat ion processes and by various suppliers,  were 
examined f o r  i n t eg r i ty  and dimensional tolerances. 
process tubing were a l so  examined. 
BDF sized zirconium tubes f o r  possible use i n  a t r i a l  tubing. No serious 
d i f f i c u l t i e s  w e r e  found in the tubing other than considerable wall th ick-  
ness variations and eccentr ic i ty .  
tolerances, the eccentric condition d i d  not permit entrg of the tubes i n  
the graphite blocks. Further development work is  being done t o  a l l ev ia t e  
this condition. 

Both BDF and KEB sized 
Extensive analysis was made of eight 

Though the tubing was found t o  be within 

A large amount of miscellaneous work was a l so  done on various materials 
and assemblies. Zirconium figured i n  two of these jobs. 
examination of zirconium bu t t  welds in tubing and the other, the exami- 
nation of cas t  and machined zirconium end pieces f o r  PRTR f u e l  element 
closures. In te res t ing  samples of s ta in less  s t e e l  welds were examined 
containing tungsten inclusions tha t  had been p a r t i a l l y  attacked i n  the 
Huey t e s t .  
caused acclerated corrosion. Miscellaneous assemblies examined included 
an in-pi le  heater,  various thermocouple constructions, and NaK covered 
zirconium, thorium and uranium specimens f o r  p i l e  i r rad ia t ion .  

One was the 

This work was done t o  es tab l i sh  if  the presence of tungsten 

UNCLASSIFIED 
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Testing S t a t i s t i c s  

Bo. of F t .  of Weld No. of 
Component Tests or  Material Pieces 

A. Chemical Processing 207 

B. Construction Engineer- 8 

Department 

ing Operation 

C .  Fuels Preparation 4 
Department 

D.  Hanf'ord Laboratories 2397 
Operation 

49-112 115 

2 7 

5 4 

8357-1/2 481 

E. I r rad ia t ion  Process- 74 185 
ing Department 

F. Relations & U t i l i t i e s  117 573 
- -  Operat ion 

Totals 2807 9172 

1 

35 

643 

- 

Description 

SS process vessels and 
piping 

SS and A 1  welder q u a l i -  
f i ca t ion  coupons. 

cS pressure vessels. 

CS, SS, and Z r  tubing 
PRTR, m2, and XCR f u e l  
elements. CS pressure 
vessel ,  cu heat exchanger 
KER and BDF process tub- 
ing. Misc. materials and 
assemblies. 

Z r  process tube. 

SS welded pipe,  Locomotive 
springs. 

FACILITIES ENGINEERING OPEBATION 

Project A c t i v i t g  

The progress of project  work durFng the  month is  summarized on the attached 
report .  
proposals f o r  new projects a re  awaiting AEC action (excepting 

HLO has 15 authorized Plant Acquisition or Equipment Projects.  Six 
a c t i v i t i e s ) .  
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E n g i n e e m  Services 

Following is the status of engineering service work: 

T i t l e  

Contaminated Waste Chute, 327 Building 

- 

Thermal Expansion Layout 

Impact Tester 

Hot Miscroscope 

Vacuum A i r  S a m p l i n g  System, 108-F 
Building 

Hood Repair and Relocation, 329 
B u i l d i n g  

Whole Body Animal Counting Room, 
141-F Building 

Breathing A i r  I n s t a l l a t ion ,  
141-FS Building 

Correct Leaking Pump Seals i n  Plat ing 
Laboratory, 306 B u i l d i n g  

Correct Noisy Heating Coil i n  
3760 Building 

Budget I t e m  B-75916, Additions t o  the 
Radiometallurgy Building 

Alterations t o  Room 313, 3706 Building 

Eight S ta t ion  Iatercom System, 326 
Building 

Status  - 
Job about 90$ complete; should be 
completed the first week of February. 

Because of shortage of funds, sponsor 
requests deferment t o  FY 1959. 

A s  above. 

As above. 

Project proposal written; deferred 
unti l  FY 1959. 

Work complete. 

Work complete. 

Tests f o r  sa t i s fac tory  operation 
with masks were successful. De- 
fect im,  par t s  found in  leaking 
t rap  a re  being replaced by vendor. 
Final acceptance expected a f t e r  
these are  ins ta l led .  

Mechanical Seals have been re- 
ceived and Adapter Flanges made 
i n  Technical Shops. Ins ta l la -  
t i o n  t o  be complete by February 1, 
1958 

Modifications have corrected the 
trouble,  as the noise has not 
recurred. 

Project proposal being prepared. 

Work pending. 

Cost estimate has been made. 
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T i t l e  - Status 

-- 

Preliminary Scoping and E s t i m a t i n g  f o r  Various systems are  being invest i -  
C r a n e  Improvements, 327 Building gated. 

Replacement of Sump Pump, 329 Building A check was made through the BP 
F i l e  f o r  spare pa r t  data on the 
exis t ing pumps. These a re  obtain- 
able and are  being ordered. 

Design and Drafting Services 

Cesium Iso la t ion  and Packaging - revised scope drawings showing a change i n  
the packaging unit w i l l  be issued a t  end of month. 

Drawings a re  being produced f o r  relocating Elmo No. 3 Test Loop from 3706 t o  
185-D Building. 
enclosure and extension of re lated u t i l i t i e s .  

Work w i l l  include a new design of the t e s t  section, and 

Fluid Mechanics Test Assembly - this i s  a mock-up of an experimental process 
tube f o r  obtaining heat t r ans fe r  information. 

14 Ton Cask Cart - this c a r t  w i l l  be used f o r  t a n s f e r  of casks containing 
i r rad ia ted  samples i n  327 Building. 

Maintenance and Building Engineering Services 

The Report Ed i t ing  group of Technical Information was moved from 328 t o  3760 
Building. 
Engineering. 

Minor rearrangements i n  328 Building were made by F a c i l i t i e s  

The i n s t a l l a t i o n  of the propane storage tank has been delayed awaiting valves. 

Building 3707-C w i l l  be a l te red  i n  order t o  b e t t e r  u t i l i z e  exis t ing space. 
Plans are  presently being drawn f o r  this change. 

The rearrangement of the per iodical  routing and bindery operations is progress- 
ing with the approval of the approp2lation request f o r  addi t ional  stacks. 
purchase requis i t ion  has been submitfed. 
l i b r a r y  col lect ion can be rearranged. The planned stack arrangement w i l l  
provide adequate space for the new periodical  routing room. 

The 
When the stacks are received the 

Engineering Requests have been issued to: 

( a )  
(b) 
(c )  

Prepare project  proposal t o  increase e l e c t r i c a l  capacity - 328 Bldg. 
Reconrmend f i l t e r  f o r  vacuum exhaust - 325 Bldg. 
Recommend sound and temperature control - key punch room, 3760 Bldg. 
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A br i e f  comparison of HM) building operations costs  with those of buildings 
i n  Philadelphia was issued this month. 

A n  engineering study of the foundation settlement of 141-N Building was com- 
pleted,  and ac t ion  is being taken f o r  correction. 

A Plan t  and Equipmsnt Transfer document was i n i t i a t e d  which recommended the 
t ranafer  of B u i l d i n g  2708-E from BLO t o  CPD. 
during reorganization. 
Further use by HLO is  not expected nor is  maintenance warranted without major 
r epa i r s  . 

This building was acquired 
Its use t o  HLO is f o r  storage of w e U  d r i l l i n g  samples. 

The budget f o r  Landlord AulGtion of Biology Operation required t h a t  cer ta in  
economies be made. 
maintenance a c t i v i t i e s  w i t h  only minimal  preventative maintenance work 
allowed. 
t i e s .  

This was accomplished a t  possible expense of planned 

T h i s  economy measure does not a f f ec t  J an i to r i a l  Services or u t i l i -  

The Hanford Laboratories Office and Equipment Budget work sheets f o r  IT 1960 
and Revised Fp 1959 were dis t r ibuted f o r  forecast  estimates. 

The procurement and i n s t a l l a t i o n  of the Shielded Cave in the 325 Building 
(AB-57-HL2-47) is as  follows: 
$20,692; balance l e f t  is &7. 
runs a re  scheduled f o r  week of February 3. 

Survey and Inspection of Preseure Vessels - i s  e s t i m t e d  t o  be 74$ Complmh. 
Thickness measurements and final calculations t o  determine safe  operating 
pressures a re  remaining items of work. 

Expenditures and cormnitments on 1-26-58 were 
Work i s  estimated t o  be 9% complete. Hot 

R. H. Scott  held a meeting on January 23 f o r  inquiry of B ruptured pressure 
vesse l  a t  189-0. He w i l l  issue a report of the accident which w i l l  include 
recommended action. 

LABORATORIES ADMINISTRATIOM & TECHXICAL LIAISON 

Two new Organization and Policy Guides were issued. 
issued on specif ic  sections of s igh t  exis t ing guides. OFG No. 02.3.1, 
Approval Authorizations,has been revised and expanded. 

Timely revisions were 

Contract No. SA-40 with S ta te  College of Washington f o r  acquis i t ion of 
swine was signed and Consultant Agreement PJo. CA-178 with D r .  Raymond E .  
Zirkle f o r  services was processed f o r  renewal f o r  another year. A new 
contract i s  being negotiated w i t h  D r .  Franklin I. Badgetly of the Depart- 
ment of Meteorology and Climatology, University of Washington, f o r  con- 
su l t i ng  services.  D r .  E. J. Ordal of University of Washington was approached 
t o  enter  i n to  a consultant contract  t o  serve the Biology Operation. 

UNCLASSIFIED 
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Assistance-to-Ha& ~ r d  authorization No. ATH-HL, - 8 was approved for a 
dynamic study of a solvent extraction system by General Engineering Laboratory 
f o r  Chemical Research and Development Operation. 
the Metallurgy and Ceramics Research Department is being considered fo r  
services f o r  Physics and Instnmrent Research and Dev'elapment Operation. 

Another authorization with 

The cloee-out of a purchase order with gApL fo r  BF 
again and additional steps taken t o  arrange fo r  f d a l  payment. 

counters was reviewed 

One request f o r  a pic- truck w a s  made t o  Transporation and Maintenance 
Operation f o r  immediate assignment t o  Biology Operation. Further, the 
budget for FY-1960 and revision of budget fo r  ?T-1959 fo r  automotive and 
heavy mobile equipment not included i n  construction projects were submitted. 

JL Boyd:lt 
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On January 31, 1958 the staff of the -ford Laboratories Operation to ta l led  ll25, 
including 506 exempt and 619 nonexempt employees. 
there were 439 with collage degrees including 42 l  technical degrees as  follows: 

O f  the t o t a l  exempt employees 

221 103 97 
In addition, there were 36 nonexempt employees with college degrees. 

Distribution among the nine leve l  3 components is included in Table I. 

Nine members of the Armd Forces Special Weapons Project started a Six-Weeks' 
training program in radiation protection on Janua,ry 6, 1958. 

The AEC has a p p r m d  our proposal for  the 1958 Sunnner Inst i tute .  C A. Rohrmssn 
WiU. represent BLO a t  the selection c o d t t e e  t o  be held in Washington, D C. i n  
Febmary . 
Preliminary planning f o r  the 1958 AEC Radiological Physics Fellowship m i n i n g  
Program is being carried out by a member of  the Rsdiation Protection Operation. 

Twenty-one Technical Graduates and seven Technician Twinees were on assi&nzaent 
within BLO a t  month's end. 

Sixteen employees attended Written Communications, 10 employees completed Under- 
standing People, 5 managers attemded R&U's Mmagament Conf'erence on Communications, 
and 3 employees completed the Engineering Data Processing Course. 

Eight HLO employees participated in the January Area Tour for  Women. 
final tour of R&U's program. 
opportunity t o  take these tours. 

This was the 
AU. interested HLO women employees were given aa 

A tour of RLO f a c i l i t i e s  was arranged for  40 Spokane high school science teachers. 

Arrangements were made fo r  a v i s i t  of HLO f a c i l i t i e s  by a four-msn crew assigned 
t o  Edward R. Murrow's "See It 19d' show. 

One manager's luncheon was held fo r  27 exempt employees. 

Thirty-one technical papers and a r t i c l e s  were processed fo r  publication during 
the report period. 

PERSONNEL PRACTICES 

One Calibrator B i n  lack of work status was placed as a Counting Room Assistant 
w i t h  the Analytical Laboratories. 

One Serviceman was removed from RLO r o l l s  as a result of seniority bumping. 

1 2 3 7 8 5 4  



Twenty-eight Personnel Meter Clerks were l a i d  o f f ,  and one was placed i n  IILO. 

One General Uerk A in Technical Information accepted a downgrade t o  a General 
Clerk B In lieu of layoff. The General Clerk B displaced accepted a downgrade 
t o  a k n e r a l  Clerk C. 

Two transfer requests were received during the month of January. 
given fo r  the requests were as follows: 
In l i n e  w i t h  her interests. 

The reasons 
One - desire a change aad one - a job more 

Three one-year, one f m - y e a r ,  two six-year, 
were  issued during the month of January. 

and one eight-year Attendance Awards 

Service Recognition 5 Years 10 Years 1 5  Years 20 Years 25 Years Total - 
Pins issued t h i s  month 8 14 - - - 22 
Total pins out 467 251 1 2 1 722 

A t  the  January Suggestion Board meeting 12 suggestions were reviewed and 10 were 
approved for awards totalling $175. 
been approved, a l l  payments of awards will be withheld pending receipt of such 
approval f’rom the Commission. 

Since the HAP0 suggestion budget has not yet 

Eianford Lsborertories participation in the Employee Benefit Plans as of  January 
31, 1958, is l is ted below: 

Dec. 1957 Jan. 1958 

Insurance 99.5 99.6 
Pension Plan 98.3 98.4 
Savings & Stock Bonus 60.3 60.6 
Savings Plan 7.7 7.5 

Mllitary status of HLO employees is as fol lows:  

s m s  

Reservists Other than lA Technical lon-Technical IA W r i t i c a l  - TOTAL 
Non-Technical 

Standby 12 
Ready 
T o t a l  

1 5  
27 
- 

Ron-Veterans 27 

Tow 54 
3. 

31 
20 
3 

0 0 43 
6 1 42 
75 i ss 

*Refers t o  those employees fo r  whom deferments are  currently being requested. 

Deferment Requests Pending 6 
Deferments Denied, Appealed and Pending 0 
Deferments Pending a t  Presidential Appeal Level 0 

1 2 3 1 8 5 5  UNCLASSIFIED 
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UNION RELATIONS 

A t  a meeting held w i t h  Union representatives on Jenusry 28, the Company refused the 
Council's proposal of a "Y" type seniority arrangement for the Ftadiation Monitors 
and the RegFDnal Monitors on the basis t h a t  it would not benefit either the Company 
or  the Union. 
a terminal date of June 30, 1958, a t  which t i m e  they would merge as one seniority 
group. 

Our or iginsl  proposal was offered of separate seniority grmps with 

The Council is now considering t h i s  offer.  

The Company has agreed on a l ist  of names t o  be used for the selection of an arbi- 
t r a t o r  i n  connection with the A. R. Malsi arbi t ra t ion case, and the names of  these 
people w i l l  be submitted t o  the Council for their  consideration. 
l 4mhaJ l  has been named as  a representative on the arbi t ra t ion comanittee. 
case w i l l .  probably come t o  arbi t ra t ion in the near future. 

Mr. T. G. 
This 

Six g r i e m c e s  were received during the mnth  of January--all are jurisdictional 
grievances regarding misassig~ment of work. 
Operation, one i n  Physics and Instrument Research and Development, two in Chemical 
Research and Development, and two in Reactor and lbels .  

One grievance is from the Biology 

The grievances processed by this Operation since January 1, 1957 now t o t a l  29. 
This number includes one non-unit grievance. 
t o  the status of these grievances. 

The following is a breakdam as 

step I 

Answered s a t i s f a c t o r i l p  
Pending time l i m i t  

Step I1 

Pending Step II discussion 
Pending Step I1 answer 
Answered 

S a t i s f a c t o r i p  
Pending time llmit 
Applied for arbi t ra t ion 

12 
2 

1 
2 

11 
1 
1 

* Step I grievances w b i c h  Council indicated a desire t o  discuss a t  Step I1 not 
scheduled for discussion within three months are considered se t t l ed  a t  Step I. 

W t e p  I1 grievances in which the Council formslly applied for arbi t ra t ion 
but for w h i c h  no further action is taken within three months are considered 
se t t led  a t  Step 11. 

TECHKICAL PEmm PLACEMErn 

During the month eight PhD candidates v is i ted  Richland fo r  employment interviews; 
three offers were extended; and six rejections were received. 

434 31 30 8 6 16 9 
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Offer t o t a l s  included 14 offers  extended during the last recruit ing season which were 
open on September 1, 1957. 

Offers accepted do not include seven acceptances received during the last recruiting 
season from people who Were not on our payroll on September 1. 
carry-over acceptances have reported on the roll .  t o  date. 

Four of the seven 

A sumpllary of PhD recrui t ing s t a t i s t i c s  appears in Tsble 111. 

No experienced B S / a  recmiting was conducted during the month of January. 
of th is  ac t iv i ty  since September 1, 1957 is as follows: 

Cases Considered Visited Extended Accepted Open Rejected On the Roll 

A s u m m r y  

Offers 
- 

66 7 6 2 1 3 3 

Two people reported on the  r o l l  during September as a result of offers accepted 
pr ior  t o  September 1, 1957. 

A surrrmary of BS/MS experienced recrui t ing appears i n  mble 111. 

During the month one Technical Graduate was placed on permanent assignment within 
HLO . 
During the month seven new requests for  t ransfer  were received. 
closed, one by terminatinn and one withdrawn. 

Two cases were 

Exempt t ransfer  s t a t i s t i c s  appear i n  Table IV. 

The a t t r i t i o n  of exempt personnel f o r  HLO f o r  January: 

Transfers 3 
Terminations and deactivates 2 

SALARY AND WAGE ADMII'?ISTRA!PION 

Following approval of the 1958 salary review by the RAP0 General mnager, a de- 
t a i l ed  s t a t i s t i c a l  analysis of the proposed salary action versus appraisal distri-  
bution was completed and forwarded t o  the  HLO leve l  2 and 3 managers. 

The Salary Distributlon Dsts report f o r  the four th  quarter of calendar year 1957 
was completed and forwarded t o  HOO-AEC via Relations and Ut i l i t i e s .  

A revised organization directory of HLo exempt personnel as  of  January 1, 1958 
was completed and dis t r ibuted during the month. 

%e following posit ion changes were made during the month: 

Positions Added 5 
Position Ti t les  Changed 2 
Position Levels Changed 3 
Position Guide Revisions 4 
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The coordinated HApo-wide study of semitechnical jobs undertaken last month is 
proceeding satisfactorily. 
w i l l  be forwarded to the HAP0 Employee Relations managers for their review by 
March 1. 
a number of revisions of job write-ups were initiated. 

A p ~ e l i m i r y  repo r t  setting forth recommended changes 

Twenty-three nonexempt jobs were audited during the month and as a result, 

During January, Iaboratories personnel worked a total of 200,384 hours w i t h  no dis- 
abling injuries. 
completed with no disabling injuries. 

There were 32 medical treatment injuries giving a mquency of 1.60 as compared to 
1.77 last month. 

since September 1, 1956, a total of 3,207,628 hours have been 

There were no fire incidents reported. 

Two unusual incidents were recorded: 

Failure of a weld in a code pressure vessel resulted f'rom excessive temperature 
when a gas pocket fomed in the dome of the vessel. 
tion is in preparation. 

A report of investiga- 

Two Government vehicles driven by Iaborstories employees collided in Richland 
with a total damage of $97.50. 

There were  seven security violations reported in Janury. 

Consultations were had with and approvals were given to 18 uperations on 28 problems. 

In addition, consultation was held with a local physician on handling and application 
of an organic coolant in allergy tests. 

Medical examination appointments for HLO employees w e m  95$ fUfilled in J a n v .  
The three employees not ewamined in 1957 also reported for examinations. 

Supervision was informed of one new mzdical work restriction, four continuations, 
and one discontinuation. 

Security Operation was assisted in establishing a program of monthly "Infractor 
Schools" designed to assist employees having security violations to eramine 
reasons for and means of achieving better security perforaoance. 

An analysis of the Attitude Survey scores for significant questions was comgleted 
and discussions initiated with the Laboratory Auxiliaries Operation. The first 
discussion was with the level 3 manager, and subsequent meetings were held with 
him and each of his level 4's. 
it was determined that additional discussions should be conducted with the Technical 
Infomation Operation. 
supervisors in Technical Infornrrtion and with six of the nine individual contributors. 
Detailed notes of the comments =de in all of the discussion periods have been 
made for study and summary. 

As a result of the discussions with the level 4'6, 

The analysis has been discussed with each of the level 5 



It is significant to note that enough time has elapsed since the Attitude Survey 
that most people have forgotten exactly why cert+in attitudes were expressed as 
they were. 
would help in the analysis. 

Mcm knowledge about the validity of "aged" attitude survey scores 

-ger 
Employee Relations 
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TABLE 111. EMPLOYMENT - TECHNICAL PERSONNEL STATUS 

I. Employment 
Non-Exempt Employment Status E. Jan. Non-Exempt Transfer Requests &De. Jan. 
Re quis it ions Transfer Requests 
At end of month 7 11 Active cases at end of 
Cancelled 0 0 month 45 43 
Received during month 5 10 Cancelled 10 3 

2 6 New during month 5 2  
4 1  

0 0  

Filled during month 
Candidates Considered Transfers Effected 
Total Applications 52 21 Planned Transfers 
Total Transfer Requests 
from other at HAP0 

Effective during month 
4 4 

11. Technical Personnel Placement 

Ph.D. Recruiting - HLO - 9/1/57 to date 
On VISITS TO RICBLAND OFFERS 

Cases Con- To Open The 
sidered Extended Visited Visit -- Invite. Extended*Accepted O p e n  Roll - 

Engineering: 
Chemical 
Electrical 
Mechanical 
Met-Ceramics 
Other 

51  
16 
28 
46 

6 

21 
4 
9 

23 
2 

4 2 4 
Science : 

1 1 
1 
2 

9 
2 21  28 7 

1 2 0 0 0 
1 1 0 
30 

10 11 5 Chemistry 205 33 
Physics 188 76 

Math-Statistics 28 3 
Other 26 

T O T U  594 175 

9 
0 
1 - -8 a 9  

- 0 
31 8 48 
- 4 - 

=fer totals include 14 Ph.D. open offers as of 9/1/57. 

BS/MS Experienced Recruiting - HLO - 9/1/57 to date 
On 
The 

OFFERS VISITS TO RICHLAND 
Cases Con- To Open 
sidered Extended Visited Visit - Invite. Extended Accepted Open R o l l  - 

Engineering: 
Chemical 
Electrical 
Mechanical 
Met-Ceramics 
Other 

Science : 
Chemistry 
Physics 

Math-Statistics 
Other 

TOTALS 

6 
6 

10 
5 

12 

10 
5 
1 
11 
?3 

- 
- 
2 
1 
1 

- 
2 - 

-6 



UNCLASSIFIED H-8 

TABL;E IV. Exempt Transfer Cases 

Active cases a t  beginning of month 

New cases: Init iated by employee 
I n i t i a t e d  by management* 

Cases reactivated 

Cases closed: Transfers: Within HLO 
Within HAP0 
Other G.E. 

Withdrawn 
Terminated 

Active cases a t  end of month - 
Total cases - January 1, 1958 t o  date (includes 23 

cases i n i t i a t e d  pr ior  t o  and ac t ive  on 1/1/58) 

January 

23 

2 
5 

1 
1 z 

28 

Total  - 

2 
5 

1 '  
1 
2 
- 
28 

30 

I n i t i a t e d  by employee 12 
I n i t i a t e d  by management* 18 

*Includes ROF's, t ransfers  proposed by employee's mnagement, and requests from 
other G. E. departments. 

TABLE V. Union Relations 

Grievances Processed - Jannarg 1, 1957 t o  date  

Total  Processed 29 (includes 1 non-unit grievance) 

Step I 

Answered satisf a c t o r i l p  
Pending time limit 

I 2  
2 

Step I1 

Pending Step II discussion 1 
Pending Step 11 answer 2 

S a t i s f a c t o r i l p  11 
Pending time l i m i t  1 
Applied f o r  a r b i t r a t i o n  1 

Answered 

-% 

not scheduled f o r  discussion within three months are considered s e t t l e d  a t  
Step I. 

Step I grievances which Council indicated a des i re  t o  discuss a t  Step I1 

$$*k 
but  f o r  which no f u r t h e r  action is taken within three  months are considered 
s e t t l e d  a t  Step II. 

Step I1 grievances i n  which t h e  Council formally applied f o r  a r b i t r a t i o n  

UNCLASSIFlED 2 3 1 G b  I - 
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FINANCIAL OPEBATIOX NONTELi REPORT 

Personnel 

There  were no personnel changes i n  t h e  Financial  Operation during January. 

General Accountinn Operation 

The f ina l  draft of a revis ion t o  HAP0 OPC 05.2 covering p lan t  acquis i t ion and 
construction w a s  reviewed. 
recommendation w a s  included t h a t  we r e t a in  t h e  o r ig ina l  copy of  Appropriation 
Requests rather than submit them t o  Property Management as w e  have &ne i n  t h e  
past .  

In  submitting comments t o  Contract Accounting a 

Assistance was rendered HLO components i n  the  preparation of  approval and agree- 
ment le t ters  covering par t ic ipa t ion  i n  t h e  affairs of  a national committee o f  
t h e  American Standards Association and t h e  fabr icat ion of FYI A 1  Fuel Elements 
f o r  t he  MTR a t  Arco. 

A s  a r e s u l t  of a request received from SS Accountability, forecasts  of requirements 
f o r  diversion of nuclear materials inside production channels covering the  fourth 
quarter of FY 1958 and the  f i r s t  quarter  of FY 1959 were prepared and submitted 
t o  them fo r  consolidation on a HAPO-wide basis. 
Accountability Operation, schedules were prepared t o  assist HOO-AEC i n  the  conduct 
of  Survey 15, Part II. 

Also a t  t h e  request of t h e  SS 

A t  the  request of Contract Accounting and as a r e s u l t  of  exceptions taken by 
ROO-AEX t o  cer ta in  prac t ices  i n  connection w i t h  expenditures f o r  subscriptions 
t o  books and periodicals,  discussions were held with Technical Information Opera- 
t i o n  t o  determine whether o r  not t h e i r  p rac t ices  were i n  conformance w i t h  those 
o f  other l i b ra ry  operations. 
was informed t h a t  t h e s e  prac t ices  were normal and it w a s  suggested that t h i s  in- 
formation be forwarded t o  HOO-AEC w i t h  a suggestion that t h i s  fact  be taken in to  
consideration i n  cer t i fy ing  expenditures of HAP0 year-end closings. 

As a result of these discussions, Contract Accounting 

Appropriation requests receiving f i n a l  approval during t h e  month included: 

58- HL7- 40 
58- HL7- 41 
58- m7- 42 
58- HL2- 42 
58-HL5-44 
58-EL3-45 

58- EIL3-47 
58- aL7- 48 
58 - HL7- 49 
58-HL5-50 

58-a.2-46 

Vacuum Annealing Furnace Fac i l i t y  
EIydrogen Sinter ing Furnace 
Power Tube-Flaring Machine 
Manipulators 
Multipoint Temperature Recorder 
Library Stacks 
Temperature Indicating Recorder 
Eddy Current Testing Device 
Swaging Mchine 
Special Contour &chine 
Wind Instruments 

$10,000 
4,500 
2,100 
6 , 700 
2,200 
4,500 
1,710 
4,000 
10,400 
56 , 000 
21,500 

A revised f inanc ia l  plan f o r  HAP0 w i l l  be received shor t ly  a l loca t ing  HLO an 
addi t ional  $35,000 f o r  2000 Program equipment t o  cover a portion of the cost  of 
Vacuum Creep Testing Units ($38,000). 

UNCLASSIFIFID 
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A budget c a l l  l e t te r  was submitted t o  all l eve l  3 and interested leve l  4 
managers on January 22, 1958 f o r  .submission of requirement f o r  Equipment Not 
Included i n  Construction Projects  f o r  FY 1960 and revis ion of FY 1959 budget. 
This let ter included a format t o  be used and points  t o  be considered i n  pre- 
paring t h e i r  budget. 

Budget studies are i n  the  process of being prepared and reviewed f o r  major 
equipment and construction projects .  

Budgeted funds i n  the  amount of $200 have been t ransfer red  from Financial Opera- 
t i o n  t o  Operations Research and Synthesis Operation f o r  attendance a t  meetings 
of professional and trade soc ie t ies  during FY 1958. 

It has been determined tha t  the  over-accrual of approximately $100,000 for  con- 
t i n u i t y  o f  service during 1957 resu l t ing  primarily from reduced pension costs  
and tax credi t s ,  w i l l  be credited t o  cos t  during t h e  remainder of  FY 1958. 

The remaining funds avai lable  f o r  attendance at o f f - s i t e  t ra in ing  courses and 
seminars during FY 1958 have been a l loca ted  t o  l eve l  3 components. 
t i o n  w i l l  be reflected i n  the  repor t  for  t h e  month of February. 

This alloca- 

A recommended a l loca t ion  of t h e  CY 1958 budget f o r  charges against  t h e  fee has 
been submitted t o  the  muager - HLO. Preliminary estimates indicate t h e  funds 
f o r  conference and other  w i l l  provide f o r  approximately t h e  same l eve l  of spend- 
ing as last year. 
average dai ly  var ia t ion incurred during last year and w i l l  be al located t o  l eve l  
3 components based on t h e i r  estimates of number of t r a v e l  days during 1958. 

The var ia t ion  budget provides f o r  approximately twice the 

Our proposed revis ion t o  t h e  present "Travel Order, Reservation Request and Cash  
Advance Receipt'' has been accepted by all other  HAW components. 
taken t o  have the  revised form placed i n  s tores  stock upon depletion of t h e  supply 
of present forms. 

Steps are being 

A s  a r e s u l t  of Traffic Operation's discontinuing the  service of providing trans- 
portat ion after December 15, 1957, t r a v e l  advances now include funds for  employees 
t o  purchase t ransportat ion on a cash basis .  
re f lec ted  i n  t h e  cash working fund as follows: 

The increased demands f o r  cash are 

Cash Advances 
Number Amount Average Amount 

October, November & December 1957 139 $15,170 $109 
January 1958 51 13,392 262 

Quarterly inventory reports  fo r  the  quarter ending December 31, 1957 were received 
from a l l  HLO custodians of Reactor and Othe r  Special Materials and reconciled 
w i t h  Property Accounting stock control  records. All reports  were found t o  be i n  
agreement w i t h  Property Accounting records. A comparison o f  t h e  December 31, 1957 
t o t a l  ($693,797) with t h a t  of September 30, 1957 ($871,955) shows a decrease o f  
$178,158, pr inc ipa l ly  due t o  t h e  t r ans fe r  of zirconium t o  I P D  f o r  use on t h e i r  
Contracts DDR-28 and DDR-32 and t h e i r  purchase orders HA-58-888-1339 and H8K-889- 
50696. 

UNCLASSIFIED 
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Custodian AccountaSi1i:g Cards f c r  uninstalleii  cataloged equipment i n  the custody 
of Reactor and Fuels Research and Development Operation and Chemica l  Research and 
Development Operation were reviewed and d i s t r ibu ted  t o  Property Control Custodians. 
W i t h  t h e  issuance o f  these ?.srds new Custodian Accountability Cards have been 
issued f o r  a l l  HLO uninstal led cataloged equipment (8,717 items) on the 702 
magnetic tape ,  New Custodian Accountability Cards w i l l  be issued on a current 
basis. 

In  connection with the  a n m a l  physical inventory of uninstal led cataloged equip- 
ment, Missing Plant and Equipment Reports have been received from Radiation 
Protection Operation and Laboratory Auxiliaries Operation, valued a t  $1,205 and 
$101 respectively. 
Property Disposal Request w i l l  be prepared f o r  a l l  HLO missing equipment. 

Upon rece ip t  of a l l  Missing Plant and Equipment Reports, one 

A special  report. - Annual Indus t r i a l  F i r e  Program and Experience - w a s  prepared 
f o r  Contract Acmunting showing the  replacement value of faci l i t ies  and equip- 
ment assigned t o  HLO, including underground i n s t a l l a t i o n  and open-sided s t ruc tures ,  
a t  December 31, 1957. 
$33,052,218 compared t o  a replacement value of $39,898,876. 
increase of $6,846,658 over the  o r ig ina l  purchase pr ice .  
f l e c t i n g  replacement value w a s  furnished by Contract Accounting from the Building 
Cost Index published by Smith, Hinzkman, and Geyels. 

The value of p l an t  and equipment on HLO records w a s  
This r e f l ec t ed  an 

The index used i n  re- 

Building 2708-E, 200-E Area w i l l  be t ransferred t o  CPD i n  February 1958 f o r  use 
by 200-East General Maintenance Operation. Arrangements have been made f o r  € L O  
t o  r e n t  warehouse space from CPD t o  s to re  Regional Monitoring s o i l  samples now 
stored i n  the 2 7 0 8 - ~  Building. 

The standard service l i f e  of portable rad ia t ion  monitoring instruments w a s  changed 
from 10 years t o  5 years w i t h  Commission approval. This was accomplished by re- 
c lass i fy ing  portable rad ia t ion  monitoring instruments from H e a l t h  Instruments t o  
Special Radiation Insfr-ments, Apparatus and Accessories. 
i n  service l i f e  by InstPuments Standards, RLO, w a s  due to :  

The request fo r  change 

1. I n  such a rapidly advancing technology as electronics,  obsolescence occurs 
a t  a much faster rate than i n  more stable indus t r ies .  

2 .  The extensive use t h a t  t he  pool instruments receive here a t  HAP0 r e s u l t s  i n  
more rap id  de te r iora t ion  of the  equipment than a ten-year l i f e  w i L l  accomo- 
date. 

The change i n  service l i f e  resul ted i n  an increase of $2,650 i n  our monthly de- 
preciat ion and a n  adjustment of $74,898 w i l l  be made t o  t h e  reserve account i n  
June when the  annual review of HLO composite depreciation rates i s  made. 

Cost Accounting Operation 

A new Financial Plan f o r  FY 1958 was received from HOO-AEC during January. 
l e t te r  w a s  sent  t o  HLO management informing them of the amounts included. The 
Plan was e s sen t i a l ly  the  same as t h e  Midyear Review ( f o r  operating cos ts )  as it 
appl ies  t o  EL0 w i t h  t h e  exception of t h e  Plutonium Recycle Test Program which 
w a s  $563,000 l e s s  than that requested i n  t h e  Midyear Review. 

A 
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Fuxds al located t o  HLO from the Product Deparzmants f o r  R & D Programs hatre 
been adjusted durlng January as follows: 

IPD - Additional New Prcduction Resctor funds 
Reactor & Fuels R & D 
Physics & Instrument R & D 

FPD - Addit ional  New Production Reactor funds 
Reactor & Fuels R & D 

CPD - Adjustments i n  programs as follows: 

Midyear 
Review 

Chemical Research & Development 
Separations Development $1 502 ooo 
Non- Production Reactor Fue 1 s 

Nuclear Materials Management 
New Production Reactor 

Development 

ReprOCeSSing 530 000 

Reactor & Fuels R & D - Weapons 86 ooo 

$2 118 000 

$130 ooo 
10 000 

$140 000 

$ 75 000 

New Increase 
Allocation (Decrease) 

$1 456 000 $(46 000) 

510 ooo (20 000) 
29 ooo 29 ooo 

83 000 ( 3  000) 
13 ooo 13 000 

$2 091 000 $(27 000) 

Preparation of the FY 1959 Revised Budget and FY 1960 Annual Budget has begun. 
The " c s l l  le t ter"  has been transmitted t o  HLO rranagement f o r  t he  required in- 
formation. Forms, comparison data, sa la ry  averages and other basic information 
are now being prepared. 

Hanford Laboratories w i l l  a l l oca t e  General Overheaa cost  t o  Research and Develop- 
ment - New Production Fteactor i n  accordance wi%h the  pol icy establ ished by I P D  
whereby accoun-ting r u l e s  which govern d i s t r ibu t ion  of  overhead w i l l  i n  general 
follow project-type procedures. Only the  addi t iona l  General Overtead cost in- 
curred by Hanford Labora%ories as d i rec t  r e s n l t  o f  t h i s  program w i l l  be charged. 
This cons is t s  of pwchasing an& receivicg m s ? s  apprcximtely 6.5$ and 2.5$, 
respec t ive ly ,  on the  purchase p r i ze  of d i r e c t  orders and contracts .  
orders o r  contracts i n  excess of $25,000 ( i f  any) w i i l  receive 1.5% f o r  purchasing 
cos t  and 2.5% receiving cost  when a-pFlicSble. 

Individual 

Three new work iden t i f i ca t ion  codes were established during t h e  month as follows: 

Code .52 - Research & Development - I P D  - NPR 
Code .61 - Research & Development - CPD - NPR 
Code .64 - Research & Development - CPD - Nuclear Wterials  Management 

Considerable time has been spent w i t h  management o f  Laboratory Auxiliaries i n  
preparing a calendar year i957 cos t  base for p r p o s e s  o f  measuring calendar 
year 1958 progress toward achieving a 9% cos t  reduction by December 31, 1958 
i n  t h e  Technical Information Operation. Th i s  has been a d i f f i c u l t  job due t o  
reorganization within the  Te>:hnical Infornaticn Operation last September. In  

UNCLASSIFIED 
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addition, s a l a r i e s  were escalated f o r  cost-of-l iving increases and Buildings 
and U t i l i t i e s  cos ts  were corrected t o  present basis. These cost  indexes have 
been established f o r  each leve l  f i ve  operation and w i l l  be shown on operating 
reports  eazh month w i t h  comparisons made t o  annualized calendar year-to-date 
costs .  

Detailed l i s t i n g s  of equipment expenditures f o r  t h e  f i r s t  six months as w e l l  
as commitments an4 in-process items as o f  December 31, 1957 were issued t o  
each leve l  three operation t o  assist them i n  t h e i r  planning and control of 
expenditures within budget funds. 

Personnel AccountinK Operation 

Salary Review l i s t i n g s  were returned t o  Personnel Accounting indicating recom- 
mended merit and promotional increases w i t h  e f fec t ive  dates December 31, 1957 
through December 31, 1958. Each l i s t i n g  sheet was approved by the  individual 
ailthorized t o  approve salary changes. An analyses of the  Review w a s  prepared 
and forwarded t o  le-irel 2 and l eve l  3 Managers on January 22. Salary Review 
increases f o r  December 1, 1957 and January 1, 1958 were re f lec ted  i n  salary 
payments made i n  t h e  month of Janmry. 

In  accordance with Pension Instruct ions No. 12 - Report o f  Employees' Contri- 
bution Cards Year 1957, IBM cards forwarded from Schenectady covering each 
individual par t ic ipa t ing  i n  +,he Pension Plan were key punched t o  r e f l e c t  
individual employees' contribution t o  the  Plan during 1957. Transfers in,  
t ransfers  out, refunds and re%ired employees tabulat ions were c e r t i f i e d  as 
being correct  w i t h  our records and a reconci l ia t ion of the  Pension Plan prepared. 
The individual cards and Pension Reconciliation were air  mailed t o  Company 
Employees Trusts Accomting on January 31, 1958. 

In  accordance with instrLetions r e l a t ive  t o  reporting under t h e  requirements 
f o r  f i l i n g  S ta te  Income t ax  re turns  covering payments made by t h e  General 
Elec t r ic  Company during %he year of 1957, re turns  were f i l e d  w i t h  t h e  S t a t e  of 
Idaho, Oregon and California within due dates required f o r  f i l i n g  such returns.  

Instruct ions were received from Sehenectady r e l a t ive  t o  the preparation of the 
annual Federal Tax re turn of Ehployers under the Federal Unemployment Tax Act 
fo r  the year 1957. Attached t o  the instruct ions were three exhibi ts  which re- 
quired completing as follows: 

(1) Analysis of Total  Wages Paid 
( 2 )  S ta te  Summary of Wages 
(3) Annual Return Under Federal Unemployment Tax Act Calendar 

Year 1957 Sunrmary 

Total  wages reported on analysis  of t o t a l  wages on (1) above amounted t o  
$7,812,663. 
$3,616,906. 
above amounted to $3,613,906 and t o t a l  reported f o r  the  S ta te  of Idaho amounted 
t o  $3,000. 
January 31. 

Withholding tax  statements (Form W-2 f o r  1957) were delivered on January 16 
t o  employees o f  HLO. 
1,368 forms were prepared. Gross wages paid t o  these employees amounted t o  
$7,812,663. 

Wages subject t o  Federal Unemployment Tax, (3)  above, amounted t o  
T o t a l  taxable wages reported f o r  t h e  S ta te  of Washington on (2) 

These reports  were prepared and forwarded t o  Schenectady on 

During the  year, including ac t ive  and inactive employees, 

Income tax  withheld from t h i s  payment amounted t o  $1,097,753. 
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Social  security t a x  withheld amounted t o  $ii1,255. 

I B M  cards were prepared on forms furnished by S ta t e  of Washington Unemployment 
Compensation Department t o  indicate S ta t e  *axable applicable t o  each individual 
paid by HLO during 1957. 
mailed t o  Employment Security Department, O l y m p i a ,  Washington on January 30. 

These cards p lus  l i s t i n g  sheets as requested were 

As a r e s u l t  of another rise i n  the  cost  of l i v i n g  index during the  fourth 
quarter calendar year 1957, a .59$ increase i n  the  base rates of most non- 
exempt employees was effective January 27, 1958. The increase w i l l  be re- 
flected i n  weekly s a l a r y  checks t o  be delivered February 7, 1958. 
t h e  hourly based rates of non-exempt employees, week ending 1-12-58, t h i s  
increase would increase the  non-exempt annual payro l l  approximately $14,887. 
The exempt annual payro l l  would be increased approxlmately $346 due t o  an in- 
crease i n  area d i f f e r e n t i a l  payments. 

Based on 

Procedures 

The study concerning suggested consolidation of  p l an t  del ivery service by 
Classified Files and area mail forces  was completed and recommendations sub- 
mitted. It w a s  determined t h a t  t h e  increased p o s s i b i l i t i e s  of operating e r r o r s  
and loss of security cont ro ls  outweighed the  limited benef i t s  of such a con- 
solidat5on; it was recommended t h a t  consideration f o r  t h i s  proposal be dropped. 
A fu r the r  suggestion made concerning t h e  p o s s i b i l i t y  of  F i l e s '  messengers 
taking over a l l  reg is te red  de l ive r i e s  within areas was considered by both 
p l an t  m a i l  and F i l e s  supervision, 
t h i s  plan a l so  was not feasible at  t h i s  tine. 

Results of discussions held showed t h a t  

An investigation i s  being made of t h e  cuzrent and po ten t i a l  needs of work 
addresses t o  be included i n  t h e  main personnel source f i l e  records maintained 
by Data Processing Operation R&UO. 
expressed; w e  are now awaiting more f i r m  estimates o f  t he  cos ts  of maintaining 
these data. 

Some i n t e r e s t  i n  these records has been 

A demonstration meeting w a s  held w i t h  ropresentatives of IBM t o  view the new 
#8200 Time Punch. 
data handling 
The po ten t i a l  p o s s i b i l i t i e s  of these machises are excellent i n  ce r t a in  
applications;  whether they a re  feasible fo r  oill: spec i f ic  use i s  uncertain, 
however, and i s  being studied. 

A suggestion w a s  made t o  Data Processing Operation concerning t h e  using of 
reproducible masters routinely as one copy of output from t h e  I B M  pr in t e r s .  
Coincident with the planned development of Ozalid equipment t o  handle con- 
tinuous forms, t h i s  method appears t o  o f f e r  considerable time savings i n  
handling information being p r in t ed  as outpyt from programs on the computer. 

This time recorder performs an addi t iona l  s tep i n  automatic 
i n  t h a t  it de l ivers  punched cards ready f o r  data processing. 

F ina l  evaluations were made of a proposal made by Bta Processing f o r  mechaniz- 
ing absence accounting using FJPM equipment. Though t h e  proposal designed by 
t h i s  group was, i n  p a r t ,  i n  answer t o  a spec i f ic  request made by us i n  August 
1957, t h e  f inished program w a s  considerably more extensive than w e  had requested 
and proved t o  be too cos t ly  t o  use. 
need f o r  bet ter  in tegra t ion  of The wi shes  of Data Processing and i t s  customers. 

This i s  an unfortunate example o f  t h e  

1 2 3 7 S b l  UNCLASSIFIED 



UNCLASSIFIED 1-7 IN- 5476c En 

Auditing 

The Cost Accounting aud i t  repor t  and the  General Accounts aud i t  follow-up 
were completed as of December 31, 1957. F i e ld  work on the Administrative 
Services aud i t  i s  nearly complete. The repor t  w i l l  be issued i n  January. 

Mea sur  erne n t  s 

Assistance w a s  given i n  es tab l i sh ing  Hanford Laboratories goals f o r  1958. 
nar ra t ive  summarizing measurement s t a t u s  and indicating the  d i rec t ion  of 
fu tu re  e f f o r t s  w a s  prepared i n  rought draft form. 

A 

Payroll  S t a t i s t i c s  
Number of HLO Employees 

Changes During Month 

Employees on Payroll  at  Beginning of Month 
Additions and Transfers i n  
Removals and Transfers Out 
Transfers frcm Exempt t o  Non-Exempt 

Employees on Payroll a t  End of Month 

Overtime Paments During Month 
Exempt 
Non-Exempt ( f i v e  weeks i n  January) 

To t a l  

Gross Pan011 Paid During Month 

Exempt 
Non-Exempt ( f i v e  weeks i n  January) 

Total 

Annual Going Rate of Pa.vroll 

Exernp t 
Non-Exempt 

To t a l  

Average Haurly Base Rate 

Exempt 
Non-Exempt 

Part ic ipat ion i n  Ekmloyee Benefit 
Plans a t  Month End 

Pension Plan 
Insurance Plan 

Personal Coverage 
Dependent Csverage 

U.S. Savings Bonds 
Stock Bonus Plan 
Savings Plan 

No n- - Total E x e m  U.G?U?& 

1 158 507 651 

$4 566 220 $4 507 108 
3 77 1 446 3 466 721 

T S  

$7 937 666 $7 977 8 29 

$4.2469 $4.1675 
$2.4837 $2.4411 

Number Part ic ipat ing Percent Par t ic ipat ing 
January Decembe? January December 

1 1 2 1  1 120 98.4 98.3 

1 172 1 183 99.6 99.5 
733 731 

682 698 60.6 60.3 
7 " 7  84 89 7.5 
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Insirrance Claim 
Emrilovee Benefi5 s 

Jsnilarv De ?ember 
Nwber Asount Number 

Life Insurance 0 $ 0  0 
Weekly Sickness & Azcident 13 973 9 
Coqrehensive Medical 102 6 943 55 

Comprehensive Medical - - 9 722 - 
To tal  3= 242 $- 3e 

Dependent Benefits  

77 
141 

127 

Good Neighbor Fund 

Number pa r t i c ipa t ing  
Percent pa r t i c ipa t ing  

Other S t a t i s t i c s  

Trave 1 

Accounts Outstanding a t  beginning 
Charge s : 

- No. 

Cash issued - by checks 32 
- by currency 51 

Transportat ion 
Othe r  - (Bi l l ings  from other GE 

Components, moving eqense ,  
e t c .  ) 

Less: 
Expense vouchers processed 

Travel expense accounts 23 

expense e t -  a ) .3 
Refund o f  %Prances 44 

Other  (moving expenses, confereni:s 

Bi l l ings  50 snd from HAP0 Compocents- 
NE t 

Ascounts Outstanding at Close 56 

Ages of accounts outstanding 

1 5  days o r  l e s s  
16 - 32 dsys 
Mme than 3C days 

50 
4 
2 

January 
722 
64.2 

January 
$ 7 043 

8 124 
1-3 392 

-0- 

2L5.55 
31 114 

5 832 

3 765 

i 22?) 
10 043 

$21 071 

675 

$18 3L5 

24C 
2 485 

$21 071 

No. - 

25 
32 

94 

38 
62 

20 

14 
6 

Amount 

$ 0  
596 

5 251 

8 293 - 
$14 140 - 

December 
753 

65.0 

December 
$21 548 

5 714 
3 259 
7 080 

2 854 
40 455 

25 540 

2 867 
5 768 

(763) 

$ K A 3  

33 412 

$ 5 462 
1 581 

- 0- 

$22!i3 
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Schedule of Non-Reimbursable Expenditures 

Travel and Living Expense Variation 
Conference Expense and Other 

Activity in Cash Working Fund 

Balance beginning of period 
Increase of Fund 
Cash disbursements 
Replenishments to Fund 

February 11, 1958 

Janu.ary 

$ 105 
-0- $ 3 E  

, r T r  HW-54760 

December 

$ ( 5 1 )  
916 
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INVENTIONS OR DISCOVERIES 

All  persons  engaged in work that might reasonably be  expected to  r e su l t  in 
inventions o r  d i scover ies  advise  that, to the bes t  of t he i r  knowledge and 
belief,  no inventions o r  d i scover ies  w e r e  made in the c o u r s e  of the i r  work 
during the per iod covered  by this r e p o r t  except as l i s ted  below. 
fu r the r  advise  that,  for the per iod therein covered by this  r epor t ,  notebook 
r e c o r d s ,  if any, kept in the cour se  of the i r  w m k  have been examined for 
possible  inventions o r  discoveries .  

INVENTOR 
J. J. Cadwell and Flexible  Clus te r  F u e l  Element  Support 

R. H. Moore 
E. J. Middlebrough Mixing Blade" 

Such persons  

TITLE OF INVENTION OR DISCOVERY 

E'. B. Quinlan 
U s e  of CCl4 as an Oxidant in the KAlC14 System. 

A 
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