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RESEARCH AlJD cIEvELO€MXNT ACTIVITIES 

Uranium Me tallurffg 

Tensile Properties. 
sleeve and canned in  a IkK-filled Zircaloy-2 capsule, was examined a f t e r  i r radiat ion 
t o  determine the woperties of material exposed a t  beta or gamma phase temperatures. 
T h  specimen was exposed s a  days i n  the MFR for an estimated exposure of 0.02 per- 
cent burnup (185 MWD/T) a t  aa estimated temperature of 800C. The sample appearance 
a f t e r  exposure was excellent and there was no evidence of surface i r regular i ty  or  
bumping. The 0.250-inch diameter of the t e s t  specimen had increased approximately 
0.022 inch. 
following table with data for the same material exposed t o  0.018 percent burnug a t  
150C and an unirradiated control sample. 

A natural  uranium t ens i le  sample enclosed with a uranium s p l i t  

The tens i le  data obtained from a room temperature t e s t  are  give= i n  the 

Tensile Properties of Irradiated U r a n i u m  

Exposure Bxposure 0.e Y.S. u l t .  S t r .  E l o w  
Percent burnu2 Temperature 1000 ps i  1000 p s i  $ in 1 in. 

19 f 1 0 37 *8 97 -1 
o .ma 150C 60 .3 84.4 0 .8 
0.02 ( e s t )  8OOC ( e s t )  - 61.0 41.0 

Fracture of the sample contained bright arear3 typical of large grained cleavage. The 
lar ultimate strength is  probably due t o  some extent t o  the large grain size produced 
by heating in to  the gamma phase but the data indicate that high temperature irradiation 
does not reduce the embrittlement suffered by uranium during irradiation. 

Activation EnerRg. 
beta phase on the activation energy required for  alpha phase recrystal l izat ion of urani’m 
has been completed. 
specimen cooling ra tes  of 4.4, 9.4, 250 and ’jOOC/second were establishe for  temperatures 
of 580, 596, 620 and 640~. Utilizing the Arrhenius r a t e  equation.(Ae-QbT) the activa- 
t ion  energies (Q)  and A values were calculated and are  shown in the followiLg table. 

A study i n i t i a t ed  t o  determine the effect  of cooling r a t e  from the 

Time-temperature relationships for recrystal l izat ion a t  J o d y  

Cooling Rate A c t  i va t  ion Energy 
c /se cond C a l / M c l  A Value 

4.4 
9 .4 

250 
500 

4.84 x 1022 

3.86 x 105 . 

3.52 x 10l8 
2.04 x 10” 

The activation energy decreased with increased cooling ra te .  
the accepted theory that the activation energy should remain re la t ive ly  constant as a 
function of s t ra in .  

T h i s  is a departure from 

I 2 3 6 2 5 0  
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Diffusion Studies. 
Investigated to provide a basis for interpretation of the results from irradiated 

Diffusion In non-irradiated U / A l S i  and U/Zr  couples is be- 
- 

couples. F i n a l  results from seven couples are s h m  in the following table. 

Maximum Diffusion of Uranium into AlSi and AlSi into 
Uranium From the Original U/ALSi Interface 

Temperature Time U into A l S i  AlSi i n to  U 
C DAYS (miis 1 (mils) 

200 
200 
200 
200 

15 
15 
44 
44 

305 15 

0 -3 
0 02 
0.6 
0 -5 
2 .o - 2.1 
6.6 

0.3 
0 .2 
0.4 
0.4 

1.4 
4.2 

1 *5 

Each couple was cross sectioned six times and the maximum diffusion into the planes 
thus produced was recordsd. 
the maximum penetration that could be expected in each couple. 
were annealed 300 days at 5OOC under a pFessure of 10,000 psi were cross secticned three 
times in planes perpendicular to the diffusion interface. 
examination failed to reveal any points at which diffusion occurred. These couples will 
be cross sectioned another seven times. 

The data were analyzed statisticallg in order to determine 
Two V/Zr couples that 

Extensive metallographic 

Thermal Stresses. 
fuels has been developed. 
radial dependent coefficient of viscosity. 

A method of evaluating the thermal stresses In cylindrical reactor 
T h i s  method utilizes a viscoelastic model with a time and 

B~rnue. 
had been exposed to approximstely 150, 300, and 600 W/T at HAPO. 
determinations were 0.18 percent burnup of the total atoms (1% MWD/T>, 0.031 percent 
(270 MUD/T), and O.O7> percent (654 W I T ) ,  which agree well with those predicted. 

Samples for burnup determination were cut from uranium tensile specimens which 
The results of these 

Plutonium Metallurgy 

The responsibility for Project Whitney was transferred from the Chemical Processing 
Department to W o r d  Laboratories Operation. 

Xenon Diffusion 

' Data for the diffusion of Xenon io. silver have been completed and are  shown in the 
f ollowiag table. 

D500 * 6.3 x 10-11 c&/sec 

D600 = 4.8 x 10-10 cm2/sec 

D700 = 2,9 x 10-9 cm2/,ec 

9 3 5  = 4.9 x 10-9 cm'jsec 

D ~ O O  1.02 x 10-8 cm'/sec 

-0- 
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These data 

D -  

D -  

Graphite 

Samples of 
lengths of 

obey the following formula for difflxsivity versus temperature: 

D g e - H h  

0 .036e-37, %obT 

graphite irradiated in the MIB showed a physical contraction in the sample 
0.04 percent. It is estimated that the samples received a Hanford equiva- 

lent exposure of 0000 MD/AT. 

Measurenents completed on the weight losses experienced by graphite samples exyosed to 
high temperature water and steam shoved significant attack on the samples at steam 
temperatures above 7OOC . 
Plastics 

Samples of plastic materials irradiated in the gamma facility at the MFR exhibited an 
absence of a rate effect. 
can be performed at high fluxes and the results applied at the lower fluxes encountered 
in service. 

If this phenomena is correct, rapid material evaluation tests 

A luminUm Corrosion 

Examination of corrosion data for slumlnum in low flow rate deionized water at 350C 
has shownthat corrosion is dependent on the square r o o t  of time for a longer period 
than literature sources indicate. A transition to a linear dependence on time appears 
to occur 2 to 5 months depending on the alloy. 

Corrosion products formed on alumiaum in water at high temperatures consists mostly Of 
boehmite which progresses from an amorphous structure on the "metalside" to a randomly 
oriented crystalline state and finally to a highly  oriented crystalline state on the 
"water-side" of the film. 

A study is being made to determine which component of the reactor coolant affects the 
corrosion of aluminum. The strongest effect WELB that of pH. 
at a pH of 5 to 7 and five times this amomt at pH 4 and 8.5. 
ing effect in the region pH 4.3 to 6.6. 
creasing corrosion about ten-fold. 

Tests have been run in several of the EIMO loops to determine the effects of phosphate 
ion, aluminum ion and low pH 011 aludnum corrosion. A corrosion rate of 0.02 mils/ 
month has been observed after an exposure of nine weeks to water of pH 4.5 at 250C. 
T h i s  rate is lower by a factor of 50 than rates observed in dynamic systems using neu- 
tral pure water. No inhibiting effect of the aluminum ion has been noted at a concen- 

Corrosion was at a minkux 
Phosphate had an inhibit- 

Citrate had a definite corrosive effect, in- 

tration of 0.01 ppQ. 

Emination of several aluminum alloys discharged from the out-of-pile H Loop indicates 
a general decrease in corrosion rates after 70 days exposure. The equilibrium corros~ol  

-9- 
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r a t e s  of the coupons were 0.20 t o  0.38 mils/month o r  approximately one-half t o  one- 
third of the initial rates. Additional tests w i l l  be run to determine whether in- 
reactor ra tes  w i l l  decrease a f t e r  60 t o  70 days. 

Titanium Corrosion 

Samples of CommerciaUy pure t i tanium (A-55) were enclosed i n  capsules containing 40 
and 70 weight percent n i t r i c  acid and held at  145C for  a period of two months. 
samples, following the exposure, showed no ignit ion sensi t ivi ty  when checked by abrasion 
and impact. Corrosion rates observed were 0.0003 inches penetration per lconth in 70 
weight percent HNO3 and l ess  than O.OOOO5 in 40 weight percent acid. 

Commercially pure titanium was exposed t o  a concentrated solution of boiling UNH. 
significant a t tack occurred nor bas pyrophoricity been noted. 
l e s s  than 0.0001 inches penetration per month. 

The 

No 
The corrosion r a t e  was 

Tensile Properties of Zircalog-2 

Post i r radiat ion e m t i o n  w a s  s ta r ted  on Zircaloy-2 tens i le  specimens exposed in the 
MTR 
7 x lo2' nvt (thermal) 
pre-irradiation control results . 

The  estimated neutron slposure of the material was 1.4 x 1@* nvt (>I Mev) and 
The data obtained a r e  shuwn in the following table along with 

Tensile Properties of Irradiated Zircalog-2 

Mo ulus 
0.2$ T.S. U l t .  S t r .  Elongation 2 H i s t o q  lo00 psi lo00 psi  $ in 1 in. 10 psi 

Annea led 43 -9 
Control 44 -3 

irradiated 70 -5 
Percent c-e (avg) t60.0 

Annealed and - 
66.8 
70 .o 
77 -8 
82 -7 

+17 05 

22 14.6 

15 
12 15 - 41 n i l  

24 15 -0 - 

The changes observed compare favorably w i t h  the maximum c 
Zirconium irradiated a t  W o r d  t o  ap exposure of 2.4 x 13'n* (thermal). 

e determined for  annealed 

Standard Uranium Fuel Elements 

Failures. 
between reactor failure rate and inspection.reject  r a t e  was issued. 
sents strong evidence t h a t  bond and braze porosity due p r i n c i p l l y  t o  gas evolution 
from the uranium core i s  a hsavily contributing cauae of in-reactor fa i lure .  

Orre of the standard fuel elements being corrosion tes ted  in a 1706 XE in-pile tube 
ruptured. 
had attained en exposure of 479 MWDh. 
X x a m i n a t i o n  of two s p l i t  type failures from XU Reactor were completed. The failure 
OCCming i n  tube 0986-KU had attained an exposure of 668 WD/T and that i n  0990-rn 
reached 753 MWD/T. 

A report (RU-45211) demonstrating and discussing the excellent correlation 
This report pre- 

It was a core failure of the longitudinal s p l l t  variety. This fuel element 
There was no indication of excessive attack. 

Both failures resulted f r o m  an unusually large number of 2 t o  8-mil 

- 10- 
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inclusions i n  the normal reactor grade uranium. 
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Cleaning. 
removing possible copper contamination from canning sleeves pr ior  t o  use. 
a t t rac t ive  reagent was a mirture of chromic acid and sulfuric acid.  

Laboratory t e s t s  were made t o  evaluate various etchants for  the purpose of 
The most 

Welding. 
i n  a strong magnetic f ie ld ,  has demonstrated t h a t  it should be suitable t o  automatic 
welding applications because the mrt t o  be welded i s  heated uniformly and no crater  
weld is formed. 

The Roto-Arc welding process, consisting of a cylindrical electrode located 

I and E Fuel Elements 

Forty vacuum canned I & E slugs were evaluated t o  es tabl ish a standkrd cansing procedure 
T k s e  slugs showed good quality with respect t o  (1) residual can wall (2)'camplete wet$- 
ing and (3) absence of voids or inclusions. Several assemblies exhibited excessive san 
w a l l  penetration and p o r  bonds. One hundred slugs w i l l  be examined in  the near futuro 

The occurrence of small black surface inclusions i n  the weld beads of I & E  slugs which 
were canned i n  a, manner similar t o  the "F" process were p a r t l y  responsible for  ar, ab- 
normally high weld rejection rate f o r  these slugs. 

Experimental tests t o  es tabl ish in s t ab i l i t y  characterist ics of an I & E  fue l  columc 
were in i t i a t ed  on the f u l l  scale, low pressure e l ec t r i ca l  prototype mockup. 
simuleted active zone consisted of a 1.43" O.D. cupro-nickel rod with a 3/8" hole 
d r i l l ed  along the axis. The heater rod was located inside an e lec t r ica l ly  insulated 
B-D-F type process tube. 
and a hole flow of 18 gpn.. A t  750 kw tube power, 753' i n l e t  water temperature sod 50 
gpm t o t a l  flow, 695 of the total heat generated was found t o  be d iss imted  t o  the 
annulus. 
t o  the tube was reduced stepwise t o  a flow of 3 l t o  32 gpm. 
remained a t  i n i t i a l  values of 1.83 and 2.2. 
r a t io s  t o  decrease. These resu l t s  show that f o r  730 kw t o t a l  heat generation and v i th  
400 psig pump discharge pressure the system is stable t o  a t  l eas t  18.9 gpn in  spi5e cf 
the fac t  that boiling was occurring in  the annulus. 

The 

Flows were adjusted t o  give an init ial  annulus flow of 3 gpm 

To determine pressure-flow characterist ics f o r  the en t i re  tube, the t o t a l  flok 
F l m  and heat removal ra t ic  

Further reduction in flow caused both 

Using information gained from the in-pile i r radiat ion of I & E fue l  elements, a study 
was made of the relationship between the high temperature a t  the top of the amulus 
flow channel and the bulk temperature a t  the out le t  of the process tube. 
t h a t  the r a t i o  of the two temperatures is  as high as 1.6 i n  some cases asld that the 
r a t i o  increases s l igh t ly  with time. 
eccentric position of the fue l  element in the process tube. 

ResuLts show 

The high temperatures a r e  probably due t o  the 

Enriched Fuel Elements 

Ten "E" slugs were irradiated i n  the in-pile locp a t  H Reactor for  47 days, using water 
with pH 5.4 a t  an average outlet  temperature of 195C. Corrosior: data obtained oa these 
slugs a t  effective surface temperatures of 225C indicated aluminum corrosio?l ra tes  of 
3 .O mils/month. 

1 2 3 8 2 5 4  
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Hot-€ressed Fuel Elements 

Preliminary evaluation of a l o t  of vacuum-hot-pressed sol id  fuel elements from Sylvania 
has been completed. 
than the HAP0 hot-pressing process. However, the slugs from Splvania are inferior ia 
(1) closure quali ty (2) surface q u a l i t y  and ( 3 )  conformance Y i t h  dimensiw specifica- 
t ions . 

The SEP hot-pressing process appears t o  yield a bet ter  prodcct  

Insulated Fuel Elements 

Examinatioa -das continued on an insulated cored urallium themocmFle slug which was 
irradiated in the KTR. The material exhibited some inclusioas and b lov-?des  . %is 
indicates that recrystal l izat ion had occurred a f t e r  the gases causiag the b lox -b le s  
had been driven t o  the grain boundaries. 

Projection Fuel Elements 

A t e s t  t o  a id  i n  the corrosion evaluation of projectior: fue l  elernentc hes c:x- 
pleted. 
days. No l x a l i z a d  attack was sppar- 
ent.  Film patterns downstream of the projections indicate the pclssibilitg of s p t s  
oa the surfaces of the heat generating fue l  elements. Such hot spots can be n source 
of excessive corrosion leading t o  jacket fa i lures .  Tests hare also been made'+,o deter- 
mine the rupture characterist ics of projection fue l  elements. Two faili;ires h u e  been 
induced i n  the Flow Iaboratory using defective fue l  elements i n  145C process water. 
Both fai lures  resulted i n  corresponding fa i lure  of the process tube. 
ing of the process tube occurred adjacent t o  the fue l  element projection,s. 

The fuel  elements were exposed in process water a t  125C f o r  peric;da up t o  94 
A corrosion rate of 0.9 mils/month w a s  observed. 

The greatest swell 

Tests made an A l S i  canned fue l  elements with ribbed supports attached by resistance spot 
welding showed that this method of attacbment offers several sdvazltages over other 
methods . 
Uranium-Msgnesium Fuel Elements 

Three powder metallurgical U-Mg samples from K4PL have been ret t lved from the MTR. 
Two samples were irradiated t o  1000 MWDD and the t h i r d  t o  about ?KO p/IwD/b. 
porosity appears t c  have developed i n  the U-Mg material, p E s i ' c 1 ; ~  6 sirteriry e f fa s t .  
The U-Mg material was stuck t o  the aluminum capsule. This could te dtie t o  iz te r -  
diffusion of A1-U or A1-Mg t o  form a bond. 

Micra- 

Experiments are being prformed t o  determine whethe? U-big matrix f se l  mat<erFal  CZC he 
fabricated by campsting U - s i u t  with Mg. 

-12- 
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PHPSICS AND INSmmTIm 

Lattice Testing Reactor 

Operation of the Lattice Testing Reactor continued routinely during the month. 
were three unscheduled shutdowns and several improvement items were completed. 

There 

Experiments were performed t o  t e s t  the val idi ty  of methods used for determining k, 
i n  the Lattice Testing Reactor when large l a t t i c e s  a re  used. 
11-1/4 inches, 10-1/2 inches and 9-1/2 inches were employed. 
further analysis of these experiments a re  i n  progress. 

Latt ice spxings  of 
Interpretations and 

Thermal Test Reactor 

Preliminary calibrations of the control rods i n  the T h e m 1  Test Reactor showed a 
value of 60 cents each. 
These calibrations show maximum rates  of addition of react ivi ty  of 3.4 x 10-5Akk/sec 
f o r  the individual control rods and 2.3 x 10'4Ak/sec f o r  the f i n a l  safety sheet. 
Safety rods are  valued a t  53.5 cents each. 
result ing from the fue l  pieces and water reaction was determined t o  be one cent per 
h o b .  

The value of the last safety sheet t o  be removed is $1.66. 

The reac t iv i ty  d r i f t  caused by bubbles 

The addition of 100 ppm sodium dichromate reduced this t o  0.08 cents per hour. 

High Temperature Exponential Experiments 

The high temperature exponential p i le  (approximately and eight-foot cube with 7-1/2- 
inch l a t t i c e )  has been heated t o  lOOC with a good temprature distribution throughout 
the p i le .  
measurement region. Buckling measurements at room temperature show that the six-inch 
t h i c k  magnesia block used on the p i le  surface for heat insulation purposes increase 
the extrapolation length by about 1.85 cm over the bare pi le .  Buckling i s  a lso being 
measured as a function of p i le  temperature up t o  3OOC with the f i r s t  measurement above 
room temperature being taken a t  lOOC. 

The temperature was consfant t o  within 2C throughout the neutron flux 

E m  i c he d-Uranium Graphite Lattices 

Additional measurements concerned withE-8 loadings f o r  tritium production have been 
made i n  4 f t  x 4 f t  graphite exponential piles.  
various r a t io s  of ll t o  E material t o  select  t h e  best r a t i o  fo r  possible loadings i n  
the Eanford Reactors. The E slugs are  uranium, enriched t o  0.94 weight percent 0-235, 
and are 1.34 inches in  diameter and 6 inches long. The N material i s  aluminum-lithium 
alloy, 3.5 weight percent l i t h i u m ,  and is 1.34 inches i n  diameter and 0.909 inches 
long. The resu l t s  of wet and dry measurements aze shown below. 

BuckUng is  being determined f o r  

1 2 3 6 2 5 b  
-13 - 
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Lattice S-gacinq N/!E 
I length r a t i o )  

7-3/16" o .076 
o .076 

7-3/16" no I Material 
no I Material 

Pi le  Condition 

wet 

w e t  
*Y 

w e t  
b Y  

wet 
&Y 

1.9 

-14.5 
3 -6 

Enriched-Uranium, Water-Moderated Lattices 

Four buckling measurements were made with enriched hollow fue l  elerneats i n  light water. 
These fue l  elements were enriched t o  1.007 weight percent U-235 and were 1.66 inches 
i n  outside diameter and 0.94 inches i n  inside diameter. 
positioned i n  Type 2s aluminum tubes. An aluminum thimble was positioned within the 
inside diameter of each fuel rod. A fue l  rod consisted of eleven b i a c h  f u e l  elements 
in a tube. The resu l t s  were as follow: 

These fuel  elements wsre 

Center Tube Ref lector  
Lattice Spacing Condition Buckling 

(hexagonal geometry) 

2.45n wet 2 -33 6.94 cm. 27% 
2.45" dry 1 *93 7.14 2530 

2.70" wet 3 -09 6.68 153 0 
2 .7oW am 2.69 6 -80 1620 

Vhe ref lector  savings were assumed from Brookhaven data on water-mcderated 
uranium la t t i ce s .  

When these resu l t s  are  combined with previous data fo r  2.05-inch and 2.20-inch- 
la t t ices ,  it is  possible t o  estimate the meximum obtainable buckling fcr this  fuel  
element i n  l i gh t  water. 
tions occurs at a + O b  volume r a t i o  of about 1.86 and is 3000 x l W 6  cm-L. 
maximum buckling with no water in the center tube occurs a t  a H20/U volume ra t io  of 
1.70 and is about 2600 x 

cm-2 when the q O / U  r a t i o  is  1.36, i.e., buckling curves plotted as  E. functioc 
of the H20/U r a t i o  cross a t  this point. 

The maximum buckling with the center tube i n  t2re9wet condi- 
The 

cm-2. Under e i ther  condition the buckliM iG ,2500 x 

- 14- 
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Urap Around Fuel Elements 

A series of P calculations have been completed t o  determine the t h e m 2  neutron flux 
distribution in 8-3/8-inch and 7-1/2-inch l a t t i ce s  with aluminum-oralloy wrap around 
fue l  elements and an aluminum-lithium target.  The compositions and dimensions of the 
fue l  components a re  shown below. 

3 - 

Fuel Element (23 and 25 w/o U-235): Inner Water Annulus 

Fuel material thickness: 0.065" 
Cladding thickness:  0 .O3O" 

(bonded t o  the inner and outer surface) 
Fuel element I.D.: 1.190" 

( cladding included) 
Fuel element O.D.: 1.440'' 

(cladding included) 

Li-A1 Target (3.5 w/o L i ) :  

Annulus thickness : 0 ,060~~ 
Annulus I.D.: 1.070" 
Annulus O.D.: 1.190" 

Outside Water Annulus: 

Annulus thickness: 0 .O73" 
Annulus I.D.: 1.40" 
Annulus O.D.: 1.550" 
O.D. of process tube,: 1.744" 

Diameter: 1.010" 
Cladding thickness: 0 .O3O" 

The calculations indicate tha t  a reactor completely loaded with a fue l  assembly of this 
kind w i l l  always lose reac t iv i ty  upon the loss of water coolant. When the water i s  
removed from the inner annulus, the target  material i s  placed in a region of higher 
neutron flux which resu l t s  in a lower u t i l i za t ion  i n  the fue l  element. 
meters determined from the calculated flux distributions a re  given below. 

Lattice - Conversion 

Lattice para- 

Enrichment f fue l  element f L i - A 1  k, R a t  i o  

0.4792 
0.4943 
0 -5055 
o 3183 
o ,4886 
0.3050 
0 *5153 
0.5294 

0.4368 
0 03929 
0 -4121 
0 03714 
0 -4451 
0.4019 
0.4198 
0 03798 

- 162 
, 16 

89 
105 
-4 
41 

102 
159 

0.9144 
1 .oogo 
1.0514 
1.0600 
0 -9973 
1.0308 
1.0538 
1.0826 

0 .g1 
0-79 
0-81 
0 071 
0 091 
0 -79 
0-81 

f fue l  element and f L i - A l  a re  the therms1 ut i l izat ions of the A1-U-235 fuel  element and 
the A 1 - L i  target material respectively. 
absorption in  Li/neutron absorption i n  n-235 . The conversion r a t i o  is  equal t o  the neutron 

Fuel Element Disadvantage Factors 

The disadvantage factors ( r a t i o  of the thermal neutron flux a t  the mtside  edge Gf the  
fue l  element t o  the average over the in te r ior )  have bee3 determined f o r  a series Of 
natural  uranium fue l  elements. 
approximation t o  the transport equation. The calculations were carried out on the 702 
d ig i t a l  computer and resul ts  of these calculations a re  l i s t e d  below, 

The neutron flux was calculated by means cf the P3 

1 2 3 8 2 5 8  
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Outside Diameter 
of Fuel Element 

(inches) 

o .926 
1.360 

1.660 
1.660 
1.660 
1.360 

1 -175 

1.448 

Inside Diameter 
of Fuel Element 

(inches) 

0 .oo 
0 .oo 
0 000 
0 -00 
0 000 
o -81 
1.10 
0.50 

Disadvazltage Factor 

1.146 
1.222 
1.276 
1.315 
1-391 
1.217 
1.120 
1.203 

HW- 46066 

Cross Section Measurements 

The automatic neutron spectrometer has been used to examine the fission crc5a sectiozs 
of Pu-240 and Pu-241. 
8 long exposure in the Materials Testing Reactor. 
tained from a plutonium sample enriched in Pu-240 by the electromagnetic separatiom 
process at Oak Ridge National Laboratory. 
fission cross section in the 1 ev resonance. 
fission cross section of Pu-241. 

The work on Pu-240 was done using plutonium which had received 
The results agreed with %ata ob- 

Results confirmed the existence of a smll 
Data is currently being taken on the 

Critical Mass Calculations 

The method for computing critical masses of bare metal reactors using model non-escape 
probabilities has been used to calculate the critical mass of a bare plutonium sphere. 
The results are within less than m e  percent of the value determined by the Los Alamos 
Scientific Laboratory. 
and promises to be of value in nuclear safety and other types of calculations. 

The method involves campu=atively little computational effort 

Sutton's Diffusion Equation 

Analysis of the observations yielded a value of 1.6 for Sutton's stability parameter "n" . T h i s  is somewhat smaller than the value of 2.0 assumed by Shorr and coasiderably 
greater than Sutton's upper theoretical limit of 1.0. 
siderable doubt on Suttm's formulation of the virtual diffusion coefficient, Cz, sincc 
this quantity is imaginary for values of "n" greater than 1.0. 
tentatively resolved by assumlng that "n" is a function of the inteasity of the turbu- 
lent motions and ranges from 0.0 to 2.0, the lower Umit being associated with naximum 
turbulence and the upper limit with laminar flow. 

This result also throws con- 

T h i s  prolJem '78s been 

Atmospheric Physics 

Experimental data collected during periods of stable temperstwe stratificatim duriag 
the summer months was analyzed. Analyses of the vertical distribution of cmcentratia 
downwind from the source shuwed that, while variance of this distribution could be 
specified with a satisfactorily small uncertainty, all valid statistical tests suggest6 
the tracer concentration was not normally distributed in the vertical directis3. A 
persistent anomaly observed in these experiments was an excessively Ugh carcentration 

1 2 3 8 2 5 9  
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of t racer  material a t  the centerline of the plume and a t  1000 fee t  from the source. 
In the single observation of the ver t ica l  distribution of the t racer  material st both 
1000 and 2000 fee t  from the source this anomaly was observed a t  2000 feet .  

Instrument Research and Developnent 

Preliminary work has demonstrated the f eas ib i l i t y  of an instrument t o  masure i z te r -  
vals in the millimicrosecond range. 
velocity of neutrons generated by bombarding a suitable target w i t h  a pulse from the 
Van de Graaff Accelerator . 

Such an instrument i s  useful i n  measuring the 

The study of plutonium x-ray counters f o r  t h e  body monitor w a s  cozceLtratod c a  findi-cg 
and eliminating sources of background. 
found t o  be radioactive reduced the background of a counter t o  one-sbth i t s  o r i g t m l  
value. 
t b e  x-rays entered the counter. 

Improved shielding and removal of materials 

A large share of the background had come from a beryllium wiridow tkz-o@i W U C L  

The questions involved in specifying the m i n i m u m  detectable aaount of a radioisotope 
for a body monitor or  other counting f a c i l i t y  were examined. 
suitable fo r  body monitor work I s :  the MI)A is  the amount which can tie expected t o  be 
detected 9 8  of the time when three successive counts equal t o  or greater thaE  a 
c r i t i c a l  count are  said t o  es tabl ish the presence of the radioisctope; the c r i t i c a l  
count chosen so t h a t  0.1s of uncontaminated subjects can be expected to be judged 
contaminated erroneously. 
the MI# can be estimated from data on counter sens i t iv i ty  and backgrourd. 
plutonium counter has an MlU of 0.09 microcurie fo r  plutonium a t  the center of the 
chest  . 

The meaning chosen as 

The probability relations involved were worked out so that 
The p e s e s t  

A scattering chamber was fabricated f o r  use In an experiment t o  measure W for  protons. 
In this chamber a portion of the Van de Graaff accelerator beam w i l l  be deflected a t  
r igh t  angles t o  the =in beam by scattering in a th in  gold f o i l  t o  form a low inten- 
sity, monoenergetic beam fo r  the experiment. A method was found for mounting th in  
nickel f o i l s  so t h a t  the scattered beam could pass from the accelerator into the 
measuring apparatus and yet the accelerator vacuum not be l o s t  by leakage of a i r  a t  
the window . 
A constant temperature bath w a s  fabricated in  Ip-epration for  calorimetric work a t  the 
electron Van de Graaff . Further improvements were made i n  the t e c U q u e s  of gamma ray  
calorimetry. More care i n  eliminating transient effects at the start  of a measurement 
resulted i n  be t te r  reproducibility. 
have different noise levels increased the sens i t iv i ty  of the system. 

Interchange of two recorders which were fourrd t o  

The experimental beta-gamma Scin t i l l a t ion  Dose Rate Meter was modified t o  prsvide an 
energy dependence curve f lat  from f i f t y  key t o  two mev. 
reducing the weight per square centimeter of the l i gh t  s h i e l d  and the crushed antbra- 
cene crystal  t o  optimum values. 

T h i s  was accomplished by 

Standardized t rans is tor  c i rcu i t s  were developed for  portable instimezttatFo:: i i t i l l z b g  
photo engraved printed circui ts .  This is a s tep toward more rel iable  ard ~ 0 1 8  service- 
able portable survey instruments. 
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Laboratory tes t ing  of the W e l l  Water Velocity h d i c a t u r  C i rcu i tq  wab cau2Leted. 
instrument is designed t o  ir.fifr-nt,e the azimuth direction and magnitude components of 
the underground water .velocity. 
;a1 conductivity methods employing electrolyte addition t o  the water 

T h i o  

The eomponents are ascertained by u t i l i z ing  e lec t r i -  

A n  instrument was developed for rapidly measuring the resolution c a p k i l i t i e s  and 
gain of multiplier phototubes. 
best  suited for particular applications. 

It is  expected t o  be useful i n  selectir-g F h G t O t U b e S  

A plan for  the e l ec t r i ca l  c i rcui t ry  on the Developnental S l i t  CbruCra xes comphted. 
T h i s  camera i s  designed t o  produce a f l a t  surface p i n t  of EL cylindxieal ob,iect by 
rotating the object so that the surface passes by a s l i t  i n  the cemeia ~ ; $ i i c s l  s;vatam. 
The film movement is'synchronized with the cylindrical  object movement; lielice, tLe 
photograph shows the en t i re  cylindrical  surface as  though it were f l a t .  

REACTOR TECHmOLooT 

Reactor Optimization Program 

The aim of the Reactor Optimization Program i s  t o  develop a methcrd of readily estst-  
l ishing an optimum reactor design fo r  any probable combination of technological ar?c? 
economic conditions. The initial phase now w e l l  underway i s  concerned with stcdying 
graphite moderated plutonium producing waste heat reactors employing water cooli-. 
Functional engineering calculations covering 200 caEes were completed during the month 

Eight t r ia l  cases .were run on the long-term irradiations calculation Fogram. 
concluded that (1) qualitative difference8 between these and ea r l i e r  resul ts  are a t t r i -  
butable t o  the improvements in formulation, such as the Np-239 effect  (2)  th large 
positive reac t iv i ty  temperature coefficient contribution from plutonium a t  the higher 
moderator temperatures is direct ly  exhibited in these resu l t s  and (3 )  u t i l i t g  of the 
present calculation is res t r ic ted  by the rehatively low operating speed of tLe IBM 702 

It is 

__. ---_-. m- 
4 

I Plutonium Recycle Program 

The reactor believed t o  offer the greatest  advantages for  the Plutonium Becycle Fro- 
gram would be a pressure tube, single pss,  heavy water cooled and moderated, mcdified 
calandria type reactor. The high pressure, high temperature coolwit streax is corrtaioe 
within thick-walled Zircalog process tubes which are  thennallg insulated fro5 +,he 
moderator by ia 1/4-inch gas gap. 
jacketed process tubes individually piped t o  circular headers ami t b u c e  t o  heat ex- 
changers and pumps. The heavy water moderator i s  contained within an aluifmm tauk. 
The moderator temperature is  regulated by a s e p r a t e  heat exchanger and pump2~  sj;sten< 
Necessary water treatment, t es t ing  f a c i l i t i e s ,  examination and storage f a c i l i t i e s  are  
provided. Provision is made f o r  segregating and dispersing of highly radioactive watez 
containing ruptured fuel products. The control system involves (1) quackant r6k&tioz 
of moderator temperature (2) adjustment of moderator height i n  tax& and ( 3 )  gJssi%lp 
localized regulation of areas within the modentor. 
plished by dumping the moderator. 
injection of high cross  section solution in to  the coolant. 

The prime heat removal c i rcu i t  cocsis+,s of 151 

Rapid shutdown wo-dd 3e acccm- 
A backup 3X safety system would be grmide6 br 
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Three coolant circulation systems have been considered (1) t h  annuk~s return (2) 
the central tube return and (3) the single p s s .  
single gas8 systems, a cluster of nineteen rods on heXagO1~1 spacing gave the most 
compact design. For the single psss system, a cluster of twenty-one rods arranged 
in two concentric circles vas most compact. In most cases 8 U02 care density 90 
percent of the theoretical was assumed. For the case of the most compact r~exs.gocal 
cluster, calculations showed an increase to 95s of the theoretical density would 
luwer the msximum temperature from 1480 to 1570C. 

For the annulus return and the 

The uranium-bearing fuel elements consist of U02 in circular rod clusters z l r cou im 
clad or concentric cylinders zirconium clad. The plutonium arrrichmect; elements will 
probably be made in rod form so that they will be interchangeable with UO2 alezeuts. 

The disadvantage factor (ratio of surface to average flux) was calcultitad fur two coa- 
centric ring U02 fuel element cases. 
results were: 

Diffusion theory approximations were used. The 

Inner ring 
Outer ring 
Central rod 

%* 
2 -060 

O.D. 
lX5 Case I 
3 .I20 Case II 
0375 

Assuming 85s theoretical denslty of the U02, the disadvantage factor f o r  Case I was 
1.08 and f o r  Case 11 was 1.10. T h i s  factor was calculated and plotted f o r  comectric 
cylinder configurations of 855 density U02 with 0. Do's f r o m  2.0" to 3.8" and I. D.us 
from 0.0 inches to 3.5 inches. 

Alternative fuel element coafigurations for the PRP Reactor were analyzed to detemke 
the configurations which require the least zirconium in the jackets and process tubes 
per pound of uranium. 
cluster in a 3.25" 1.D. process tube and a concentric cylinder element sized to fit 
a 3.25" I.D. process tube. The cost of fabricating the concentric cylinder elements 
will be approximately half the cost for cluster elements. 

The elements which appeared most attractive were a 19 rod 

Support spiders, designed to hold the rods of a cluster fuel element ir, a fixed 
geometric Fattern in o process tube, were fabricated by spot welding. 
conditions are used, this process is quite satisfactory. 

Wlien prop= 

A Zircaloy capsule containing a sintered uranium dioxide core a d  k a v L &  &.a argon 
filled annular gap between core and claddi2lg varying from 0.001 inch tc 0.011 b c h  
has been irradiated in the MTR. Preliminary e m t i o n  shws that the generally 
accepted small dimensional tolerances for uranium dioxide fuel cores can be rehixed 
and lasger tolerances accamodated. The predicted maxbm central core temperatures 
are 1400C, 2660C, and 2880C for annular gaps of 0.001, 0.006, and 0.011 inckes 
respectively. 
central core melting at a point adjacent to a gap of 0.011 inch. 
that chemical reaction occurred betveea the Zircaloy cladding and overheated UO2 V M C h  
f e l l  into contact. 

These temperatures were predicted as the worst cases acii represent 
Tbre was 130 evidenca 
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The plutonium fuel  elements present man7 uncertaiEties. 
placing them i n  the reactor, f o r  processing t h e m  with and without blending and f o r  
i r radiat ion a t  varying burnup levels a re  endless. 
the best approach t o  solution o f t h i s  problem. 

The possible schmes fcr 

Studies are being made t o  iietermine 

A preliminary estimate 02 the fuel cycle costs f o r  a Ewer gcudwiw 2Lut; i l ium recycLe 
reactor has been p r e m e d .  
exportable e l ec t r i c  pwer, the fue l  cycle cos ts  were estimated t o  range frm 10 to 
12.5 mils/kwh. Of‘ this to ta l ,  chemical processing and p l u t o n i u  fuel e i G m 2 r t  fabrica- 
t ion  were estimated a t  8.6 t o  9.7 mils/kvh. It is estimated that successful dev2lop- 
ment e f for t s  on inexpensive chemical processing and plutonium fuel eiemtr;t fabrlcttti --- 
techniques could ultimately reduce cycle fue l  cost t o  the r awe  of 2-4 n i l s / h h  fcir Y 
reactor of this size.  

A report on the preliminary design scope of the Demonstration Reactor (IN-45323) was 
issued during the period. 

Assuming a 200 MW heat output reactor p s i k c i z q  jJ Mw of 

Alternate Coohnt for  Hanford Reactors 

The in-pile organic t e s t  loop, CIRA-2, was star ted up i n  the KE Reactor on September 27. 
After 1.3 hours of operation, a sample of 75 percent MIPB-25 percent BP solution was 
drawn off and the radioactivity was determined. . .Additional loadlags w i l l  be =de. 

‘Burnout Tests on Hanford Process Tubes 
. . .  

Calcuhtions have been completed using the data of the e l ec t r i ca l  S G t O t Y p  burnout 
t e s t  runs on stahdard”.MPO process tube geometries of July and August. The results 
were comwable t o  those obtained from a previous TUP. Steam qualities were determine& 
for two different conditions of burnout (1) the first indication of P decrease of a 
heat transfer coefficient or r i s e  in heater surface temperature and (2) by heat surface 
temperatures reaching SOOC. 
cases and represented the conditions beyond which there w o u l d  be r i s k  of m e l t i n g  
aluminum clad fue l  elements. 

Arbitrari ly,  SOOC was the termination of the run b must 

Hanford Reactor Effluent Studies 

The investigation t o  determine the source and mechanism f o r  the prcduction of‘ r a d i o -  
isotopes i n  reactor effluent water was continued. Calculatlons inilicated t p a t  the 
concent*ration of sodium i n  reactor cooling water was too low t o  account 9cr tke ob- 
served concentrations of Other pcjasitle SirLirCe a24 i n  the reac tor  effluent water. 
f o r  the production of Na2{ include the reactions Mg24 (n,p) aod A127 ( n , d  Na 2 t  

The concentration of 
using a cros6 section of 3.1 x lom4 barns, an estimated corrosion rate of 0.001 mil 
per month fo r  aluminum, and a minimum i r radiat ion time of 3O.days.  
t h a t  although the i r rsdiat ioa of aluminum probably does contribute Na” t o  the reactor 
effluent water, the amount produced undsr the conditions described i s  s~uall cmmred 
t o  the observed concentration of approximately 1100 d/m/ml. 

The concentration of Na24 i n  reactor effluent water result ing fram the i r radiat izn of 
magnesium i n  reactor cooling water was calculated. A cross sectiori of 6.8 x 10-2 
barns, an average concentration of 40 ppn for  magnesium in coolirg water, aEd an 

i n  reactor effluent water was calculated t o  be 3 d/m/ml by 

T s hslicates 
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estimated holdup time cf two hours were used for the c a l c u h ~ 2 . o s .  " I 2  czrcentrtitfm 
of Na24 produced under such conditions would be about twice as high as the concentra- 
tion of Na24 ordinarily observed in reactor effluent water. 
magnesium is a possible source of most of the Na24 in reactor effluent water. 

The concentration of Cu6' in reactor effluent water raauitirq: f'r.orn tt:e i;':~di=tio:i 
of copper normally present in reactor cooling water was cai.oniated. Tiqt! ::orcentra- 
tion of copper in reactor cooling water was assumed to be 0.695 ~ p d ,  tfz aversge 
concentration of coppr in Columbia River water. Tlie Lddup tirue f o r  cqlpr in the 
reactor was determined experimentally to be 8.6 minutes. Usiw tlies* values f o r  1iOU.i- 
up time and concentration of copper in reactor cocling wster, a2 avaxge m u t r o n  flus, 
an the therm1 neutron cross section for copper, the calcillsteJ c;xzarLtxkLat 
Cug4 in reactor effluent was approximately 1800 d/m/ml. The obseroed average Cx'" 
concentration in reactor effluent water is about 2000 d/m/lL;L. 
sent in river water probably is sufficient to account far most of' t1-e CuZ4 in raac:tsr 
effluent water within the limits of the assumptions used for tlie col.cu3lations. 

This iadicates that 

??% 

The c o p p r  zwmll$ yre- 

A study was completed and a recommendation made r a l a t i q  to dispssal er' r e a c t o r  
effluent during purges while operating the reactor. 
during purges be discharged to the river, with certaio limitations and contrsls :?efiLed 
By purging as frequently as permitted under the recommended controls, the ulsxhun 
increase in dosage rate to huIllans is estimated at less than 5% mer t h t  rsskltin& froru 
discharge of normal effluents to the river. 

It was recommended t k t  3ffliieat 

Potential waste disposal and radiological safety poblerus arisiw from circulating 
dilute phosphoric acid in a pile experimental test loop were investigated. It vas 
concluded that for the anticipated experiment only minor protective measures waul6 be 
necessary. Estimates of final concentrations of Pj2 in the water were so lox that 
disposal problems are not expected to be difficult. 

Machine computation of reactor effluent data proceeded to the pint of makir-8 avail- 
able the functions necessary to determine statistical correlation between fissior 
product concentrations. 
radiochemical analysis for separate fission products if good correlz-lim is fomci 
bei;ween isotopes. 

The result of this study may minimize the wed f o r  e ~ t e i 5 i T e  

Complete fractionation of trace amounts of yttrium and the fcjur rara eartr-si ~eod:nuiiu11, 
promethium, samarium and europium was accomplished with ta 2.2 ram bq 4.3 CUI c c k m  of 
D m e x - S W  cation exchange resin in the ammonium form. 
lactic acid and required 40 hours. 
but the present technique will be satisfactory for preI.iminsry iLXe3tig~tkZf3 of the! 
rare-earth radioisotopes in reactor effluent water. 

Elution was wide with 0.4'54 M - 
T h i s  time could be reduced by f d r t L e 2  tlevelopneut, 

Group separation studies of radioisotopes by a modified qualitative PGBiysis scLeme 
were started on reactor effluent water to determire the pzesence of tmce ra3iuactive 
constituents and to test the feasibility of gamms ccunting in ccqjmctiu rf-ch these 
group separations for rapid analysis of reactor effluent water. Trace (1ess.than O m  
percent) short half-lived isotopes emitting gamma rays of 0.3, (3.63, c.7-c.8, ezd 2.G 
MeV have not yet been identified. 
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N a l f i l m  1 and 2 cationic and anionic exchange rnemkrxes (Natiurul A l u w i a t e  Cuqoza- 
t ion)  were tested in  a three comgartment electrolysis ce l l .  
anionic and c a t i o n i c  radioisotopes i n  reactor effluent water made 0.3 
acid was made by applying a potential  of 25 volts across the ce l l .  
remaining on the memb-ranes were removed by electrolyzing amcdiun 1iitl7ite col:itio-?. 
T h i s  separation technique may prove useful i n  the stuQ of the rz i i iois5to~a c m p s i -  
t ion  of reactor effluent water. 

Complete sep rb t ion  of 
i n  n i t r i c  

The zedioisstopes 

Beta ac t iv i ty  of the DR Reactor effluent increased 30% compared t o  t.t; p a i i w s  nlcratL. 
The largest  increase was fo r  the RE+ Y fraction i n  the yortioz of tke r.es.ctc~ wtAch 
was uskg S e w a n  treated water. 
Separan 2610- w a s  terminated for  this treatment season on A u g u s t  31.  

Treatment of the DR Reactor cazlir4 t;atAar w i t h  

CBEMISTRY AND SEPARATIONS €BOCESSES 

Hydrolysis of DBP i n  HNO3 

Further studies on the r a t e  of hydrolysis of dibutgl phosphate iz G ~ A " J : &  .d t ; r ic  acid 
(at  l09C) showed t h a t  the hydrolysis constant for  DBP increases essent ia i iz  lkearl:I 
with EN0 concentration i n  the range from two t o  eight malar. 3 
Chemical Preparation of Uranium (IV) Fluorides 

Eleven expriments were performed t o  t e s t  the f eas ib i l i t y  of redxciw ire-1 n i t r a t e  
with powdered iron i n  the absence of fluoride. The reduction of uraayl io% by irO2 i s  
mmplicated by the competitive reactions of the reducing agent with citrate an3 kydro- 
gen ion. Despite e f for t s  t o  control these side reactiolls by coolirg the system, aJ.dirzg 
c i t r a t e  suppressor, maintaining low ac id i ty  and adding sulfate t o  s tabi l ize  the  u l .a r ium 
(IV) ion, the yields of sodium uranic fluoride were on ly  50 t o  75 percent 
trast, the reduction of 0.3 molar uranyl sulfate gave yields cf 99.9 perzent 22 t h ree  
experiments. 

In  c m -  

Leaching of Fission Product Activity from Irradiated U r a n i u m  by B s i l i z g  l e ; ~ c ~ 7 7 1  
Diphenyl 

An exploratory experiment is in progress t o  estimate t2ie r a t e  a t  ueich & c t i y i t x  wouM 
be transferred t o  the coolant i n  the event of a slug rupture in a reac tm cooled wit& 
isopropyl diphenyl. 
f o r  approximately 90 days, w a s  exposed t o  boiling isopropyl dipb.e!wl* A 2 t t e r  73 kmrs 
Of exposure under reflux conditions, about 2 .8 x 107 gama c/u azrd '7.2 x 10'; bets C ~ E .  
had been transferred t o  the l iquid phase. T h i s  cozrespozds t o  a lcss or' nbcxt 3 x lP3 
gamrna c/m and 2.4 x lo7 beta c/m per square centimeter of metal surface. 
greater by a factor of f ive  than would have been predicted on the basis of reported 
corrosion ra tes  for  uranium in biphenyl (i .e ., 3 mg/cm2/mo) 

A 7-gram sample of uranium, i n a d i a t e d  t o  849 MwD/T azd cooled 

T U s  is 

Most of the ac t iv i ty  found i n  the l iquid phase was zirconium-niobiuu a38 mtherduu, 
and these appeared a t  essent ia l ly  the same ra te .  
l iquid phase was suspended particulate matter, but the proportior; of t k i s  b s  pbfit p+, 
been established. 

A portion of th6 ac t iv i ty  h the 

I 2 3 8 2 b 5  
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Semiworks .Operatian of t h e  smiworks i n  200-E Xraa has ;-e52 K:ZTLLLC :a 

- 
.* - 

- Mini,. R u n s .  Two addi t iors l  Mini runs were mde t o  . t es t  tLz a k i . l f t g  c;f Varsecs t;g 
improve zirconium-niobium decoataloinstioii. 111 the f i r s t  rux a gawla decocteml.=tior 
factor of 1.3 x 105 was obser-ced. 
-s ta te  operation w a s  reached. The gross gamma decoatamiIlztfo-, fac tor  in, t k i s  s;eCarA 
run was 2 x lo5 and the product gamma ac t iv i ty  was s t i l l  decreasing t;Lw t.he I"LX vas 
terminated. 
gamma ac t iv i ty  of aged na tura l  uraaium. 
uranium product specifications by a factor  of about twenty. 

In the SBCOL;~, the feed was exb i~s?" ,~ ' '  'k~fsx ::teacl..y 

The ruthenium ac t iv i ty  i n  the orga,nic product w m  mQ ak,i+-i twice t k e  
However, the zircc&i:.JI: c0zt.cz-t e x k c t k t  

Extraction Behavior of Zirconium. A d d i t i c j u a l  evideoce h a  teen a>tain=d ir s:tr~f..::3; GI? 
the hypothesis t h a t  the natural uranium fue l  element ccitaLab: a'il Lp:.zLt> c ~ p s ~ L L ;  iL' 
decreasing the extraction of Z r  iu to  e i ther  TBP or W. A preT,iQ:.skj repx:?.~.? e:ixm!.- 
ment was repeated with a cew batch of Purex slant dissc1Te;r scl~t$oz. Hes:iL%s ~ f '  53t!i 
experhezlts show that when diluted dissolver s O l ? i t i O c  i s  coctuctaci Vi . t l i  5:; p r 2 e J c - t  LIP 
i n  Shell  E-2342, the zirconium d i s t r i b u t i m  ra t ios  are 3 t o  XI tims lwer  ttEz w l s u  
(1) the result ing organic extracts a re  recoutacted w i t L  cold aquecxs E O l I : t . i 0 2 C  if tk.w 
same gross compositions as the original solution or ( 2 )  sclutions p r q a e c !  f ~ x m  cry- ,  
s t a l l i ne  uranyl n i t ra te ,  n i t r i c  acid and purified zirconium tracer were en:plcge:!. . 
Thus, it appears t h a t  hydrophilic zirconium species were present ;-31 the s.me CGK!CBP- 

t r a t ion  in  the two batches of plant dissolver solution tested. 

In other experiments, samples of metal from different sources teW:ed difx'ereztlg. 
A hydrophilic zirconium species has been found in several experiments io which uranium 
metal supposedly similar t o  tha t  i n  current use is dissolved in n i t r i c  acid ar:d the 
resultant solution spiked with zirconium tracer .  However, ao such effect was cbsenre4 
w i t h  solutions prepared (1) by dissolution of a uranium-silicor; allog ( 2 )  1~7 ciesc.ixtiec 
of "Derby" metal or ( 3 )  f r m  crystal l ine uranyl n i t r a t e  halahydrate. 

Expzriments were a l so  performed i n  which solutions premred L j r  dLssul.7rill;; k~i l ' ics  c ~ f  
the suspect uranium metal were subjected t o  exhaustive eatractions with TbI' 8 d  

bulk of the uranium removed prior t o  spiking w i t h  zirconium tracer.  
ditims the extractabi l i ty  of t h e  zirconium into either TEP or  TTA vas r'ourd to ce 
significantly reduced over t h a t  found for  synthetic s o h t i o z s .  
uranium can be readily separated fro= the agent r e spns ib l e  fa" delressirg t h  d i s t r i -  
bution coefficient of zirconium i n  these systems. 

Ur-der t k s e  C m -  

TLLLB, It a p p a r s  tL%t 

Experiments on successive scrubbing were perfamed v i t h  I d.1 p ~ c i ; s s  c o r _ c s z t r a ~ i ~ 2 5  ~ f :  
uranium and with ei ther  fresh 30 percent TBP in ShU. E-2j42 a r  a s a ~ x l e  c': tte h r e X  
p3ant solvent inventory. The results show the deleterious effect  of' s o l ~ a t  degricia- 
t ion  products . 
by a factor of about 2.6 through the four scrubs necdsmrgi 50 rsduce t.ke oYgazLc 
Z i r C O I I i U m  concentration by a factor of one hundred. By CCJ'ltrast, fa22 b C 3 I b S  Of the 
used solvent sufficed t o  reduce the organic zirconium ccmcentratiou br a factor Oi' OEk" 
abo-at twenty, and the zirconiurt l is t r ibut ion r a t i o  at  tkis pcict WES rLm-rcA-1 &?=cater 
than i n  the f irst  scrub step. 

With the fresh solvent the zirccmium 5istribiiticjn czefficisct  increased 
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Regetition 02 these experiments w t h  the same solveats but w th a n u n  J:,vG uranium 
concentration gave very similar resul ts .  
coefficient a t  a given scrub s tep t o  t h a t  i n  the f irst  scrub was plotted against the 
fract ion of the i n i t i a l  organic ac t iv i ty  remaining i n  the organic phase, ideEtical 
curves were obtained fo r  both high arrd low uranium concentrations. 

When the r a t i o  cf the zirconium distribution 

Fission Product Chemistrg. 
performed OI? samples of plant dissolver solution i n  an effort t o  typify the ~ U + , ~ Y L L U L  
and zirconium species which l i m i t  decontamination i n  the Purex process. 
t o  date indicate t h a t  the behavior of ruthenium i s  muck as expected 1. e*,  the . 
bulk of the ruthenium is present as an organophobic s p c i e s  with a swll f :x t ra :* t ICp.L 

coefficient. A small fraction, hasever, consists of O ~ C  or mare e&trsc:”Jklt: c ; r @ r G -  
pb i l l i c  species. 
other sloxl~, i f  a t  a l l .  A s  would be expected, the extraction cooffieiezts of ‘re‘& 
increase with decrease in percent saturation of s01vor;t. T h  z i r z o ~ i m  resulxs iar- 
m i t  several izlterpretaticns. 
azld organophillic species i n  inert equilibrium. 
extent of organic saturation did not effect  the extraction coafficiect, uk izz  had 3 
lswr zJalue than expected (4  x loe4 versus about 2 x 10-3) 

A ser ies  of multiple extraction-scrcib studies ~ V B  leer- 

Tke resul ts  

The  organophobic and organophillic species equi l i t ra ta  with ea-L 

A s  with ruthenium, there i s  indiestLon of r,rSa=lcph?L-c 
Unlike rutlieniwn, F, c k r g e  2”- fhs 

I 0-Column. 
Plant I O  column. 

Work continued on the developnent of an improved cartridge for  tne >rex  
Twenty-four “cold” I O  column flooding runs were made i n  a 3-ir-t-b- 

diameter glass pulse column with a 21-ft.-high cartridge. 
with the influent streams a t  ambient temperature and heated t o  5OC. was uced. 
organic phase continuous operation was investigated. 

Purex Bw Mo. 3 Flcwsheet 
hl;l 

S-Y OF IO coLm mns 
Pulse Amplitude = 0.5 in.  L/V - 0.33 

Freq ., 
Cartridge cyc . /kin. 

10% f ree  area 98 6 
SST nozzle plates(1) 110 * 6 

235 free area 
fluorothene 102 f 2 
sieve plates(2) 60 

92 = 2 

Fluorothene and SST 102 f 2 
sieve plates 115 * 5 

60 

Fluor o t hene 93 3 
and SST nozzle 103 * 3 
plates 60 

23$ free area 115 5 
SST nozzle 130 * 5 
plates 110 * 5 

Volume Velocity 
G a l .  /( Hr . ) (Sq .Ft .) 

635 
630 

630 
630 

1650 t 150 

610 
640 

1300 5 45 

640 
620 
1785 

Temp., C. 

25 
50 

25 
50 
50 

25 
50 
50 

25 
50 
50 

25 
50 
50 

1 2 3 2 2 b - l  
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Notes: (1) 1 /8 - in~h  holes, 10 percent free area, 4-inch $Late s p x l f z ,  0.9k-ir~b- 
deep nozzles pointed downward, (2) 3/16-inch holes, 23 percent frae area, Lc-inct 
plate spacing. 

Pulsed Spray Column. Studies u t i l i z ing  a smrse ly  mcked 1.2-ft .-high, l - i ~ ' k - U b % -  
meter Pulse column were continued. These runs ut i l ized  30 voluma p r c e n t  TBF i n  
Shell  E-2342 as the organic phase and 2.5 weight percent sodium cartouate as ~ ; t e  
aqueous phase. 
four fluorothene sieve plates with 3/16-in.-diameter holes and 23 percent. free area 
located 1, 4, 7, and 10 fee t  above the organic phase i n l e t  and ( 3 )  fou-  s ta irLlass  
steel  louver plates with 23 percent f ree  area located as above. 

If plates a re  used a t  a pulse amplitude of 0.5 in .  and an L/v of 0.33, naizlcitr the 
plate  material nor the choice of continuous phase had a strong ir,.fluezlca orA floodLr4 
frequency. 

Flooding characterist ics were determined with (1) empty rclillun (2)  

Cesium Recovery from Purex Waste. Work on the zinc cesium ferrccymiis  pz-.YsceL;s coz- 
tinued during the month. Major e f for t  was expended on prepmatlots for e x t a r 5 i q  the 
f u l l  level  demonstrations t o  feeds of higher specific ac t iv i ty  (about 6017 MWD/T i3- 
stead of 200 MWD/T) and for  determining the radiation s t ab i l i t y  of the ~ - S I ? L X ~ ,  by ufid 
of the VErn de G r a a f f  generator. Scouting studies were elso continued c'1 mems T O  
overcome the deleterious effects of aluminum and mercury which would 1,s intrcduced 
in to  the Furex IWW i n  event of the adoption of continuous mercury catal3zed dissclu- 
t ion  procedures. 

Strontium and Cer ium Recovery from Purex Waste. 
eliminating uranium interference i n  the oxalate precipitation s tep appsars t o  be acid 
precipitation of uranium as the peroxide. T h i s  method avoids corrosion problem 3 ~ d  
recovers the uranium in a fonn convenient for  recycle t o  pzocess. Gxala ta  Fracipita- 
t ion  from the peroxide supernate precipitated the rare earths and l e f t  t he  strontium 
i n  solution. Iodate precipitation of cerium (IV) was found t o  le a promisiw waj Of 
Separating cerium from the other rare earths. Further work has been doce t o  optimize 
the iodate sepuat ion.  

The most satisfactory rnetlsd f a r  

An'alternative separation of cerium from the other rare earths br pri.chg;lit,*tim of 
ceric phosphate or pyrophosphate was further examined. No cmgletalg satisfactory set 
of conditions were established. Cerium losses were low wi th  phGsphte Is 3.5 M - n i t r i c  
acid; however, strontium and the rare earths a lso  carried. 

Redox 

Substitution of Calcium n i t r a t e  for  ANN. 
solution of calcium n i t r a t e  i n  place of the aluminum nitrate sal t ing agerit ~ I L  the 

process control with calcium nitrate alone and i n  mixture w i t h  alumirrun! r i t r s t e  W i l l  
be investigated before more detailed process ana economic evalmtir,n_ i s  vr2ertaker. 

The yoteutial  a c o z m i c  aavarttidc of u s i x  A 

. Redox process was reviewed. Such factors as pH, decoataminstion, waste starags,  acd 

Cesium Recovery from Redox Waste. Work on the removal cf cesium f r o n  R e d x  EUiW 'Cy Z ~ Z C  
ferricyanide scavenging has been extended t o  cover a wider r a q e  of ac id i t ies .  Pcssl.kde 
interference by mercury has been investigated, as has the use of higher ccrcectratisris 

1 2 3 8 2 b 8  
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of precipitant t o  compensate for  the increased solubi l i ty  of z i x  fsrri.c&zi& &t low 
aluminum concentrations. Removal of cesiun from Redox HAW is indspenaent of acidi ty  
from 1.78 8 f ree  acid t o  about 0.4 E-acid deficient, but decliced i n  mare Sasie solu- 
t ions and became essent ia l ly  negligible at 0.68 M acid deficient. With 0.001 M zinc 
ferricyanide, the cesium decontamiation factors 'Fange from 260 t o  800 (k-ithottt-arj 
appareGt trend) and averaged about 503 from 1.78 - M n i t r i c  a c i d  t o  0.4 .c4 - Hcid f!!eficisn: 
am2 dropped t o  1.5 a t  0.68 M - acid deficient. 

Cesium decontamination factors of 277, 480, and 814 were obtaified wLen C.22 M acid 
deficient synthetic Redox HAW solutions containing 0 .OO5, 0 -01, ard S .OS M - mr:1irJ- 

(11) respectively were scavenged w i t h  0,001 M zinc ferricyad.de . Dec\jLtsmfmtios 
factors of 500, 77, and 299 were observed foy solutioos 0.6 M i n  free: a c i d  'c~t ctLeY- 
wise identical  t o  the acid deficient series. It is thus'cviaent that use cf mercury 
catalyzed dissolving i n  the Redox plant w i l l  not interfere  with cesium rexjvs-i-y 't;; 
zinc ferricyanide. 

Since a large excess of zinc is  required t o  obtain high cesium recovery w i t h  z k c  
ferricyanide, the result ing precipitate is  of low specific act ivi ty .  A 2rozising 
method l o r  extracting the cesium has jus t  been discovered. Freshly pri;ciyitated zirc 
ferricyanide is metathesized with ammonium oxalate t o  dissolve the zinc ferrIc,p-.,i4a 
and precipitate the zinc as the insoluble oxalate. Passage of the supernats tkroagh 
an enion exchange column removes the ferricyanide Ion. The e lu t r i a t e  i s  then bci lef i  
down ( t o  expell ammonia), acidif ied with hydrochloric acid, and evaporated t o  b;?lesr 
t o  yield pure cesium chloride. O t h e r  reagents which form insoluble cornpour-ds w i t h  
zinc may prove applicable i n  the metathesis operation. 

Metal Recovery Process 

- U03 Studies. 
chemical  properties, process variables and reaction characterist ics of uranium oxides. 
As a result of an investigation of the surface areas of a large number of uraxium 
oxide and uranium oxide hydrate samples, the following generalizations can be made (1) 
the surface y e a  of Hanford llcontinuous" UO 
value of 1.2m /g ( 2 )  the surface areas of simples of U03 produced i n _  "Ft." calci?~erers 
a t  different si tes do not greatly differ  with each other (3) the surface m e a  of UO2 
produced by reduction with hydrogen i s  much larger when the reduction is dore a t  a I G W  

temperature than a t  a high temperature (4) conversion of Eauford "continiiisus'' U03 t o  
the monohydrate resulted i n  a decrease of surface area t o  about 60 p r c e r d  c;f tLat of 
the original UO3 and ( 5 )  a study of Hanford "continuous" U03 sphercids dx~xed  LO Cczrel- 
at ion between calcination temperature and the surface area. 

Studies were continued t o  es tabl ish relationships between pmsical and 

is remarkably uniform, w i t h  ac s e r a @  

Adsorption of Water by U03. 
was made t o  see i f  this property can be correlated w i t h  the react ivi ty  of the pGwdere 
toward reduction and bydrofluorination. 
na,rrow mesh ranges) were exposed t o  water-saturated a i r  a t  25C. Although some diffar-  
ences i n  the rate of water adsorption by various powders was observed, t t e se  difference2 
could not be generally correlated w i t h  e i ther  the surface area or the reacti-.dty r a t i o  
of the powders. 

A study of the  rate of adsorption or' water ty U 0 3  pob-ders 

Various samples of UO3 powders (sieved t o  
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Removal of Co60 from Stored Uranium Recovery-Plant Wastes. In a previous rzport a 
procedure was described for scavenging stored wastes by reduction of the pH to 1.5 
and precipitation of inert COS as the pH is raised to about 9 .  
is then precipitated at pH 9, Residual Co60 was 4 x 10-5 pc/ml for several trials 
of the procedure of waste from tanks  102 C and 106 TY. 
on wastes s 
residual Cog varied from as low as 3.5 x 10-5 pc/ml to as high as 1.6 x 10-3 pc/ml. 
The reason for these variable results has not yet been determined. 
reached from these studies e (1) that reduction of the pH to 1.3 before COS preci- 
pitation does no improve C 3 O  removal and (2) that precipitation of IQiS is just as 
effective for Co 

Nickel ferrocyanide 

Further study of the procedure 
ples from eight other East Area tanks  has produced variab1.e results; 

Other conclusions 

20 removal as precipitation of COS. 

Waste Disposal. 
specific retention bas s of all TBP wastes scasenged during the month. 
contained camplexed Co 0 In excess of the recommended crib disposal limit 
10-5 pc/cc. 
disposed of on a specific retention basis. 

Recormeendations were made for tank storage or ground disposal on a 
These wastes 

of 4 x 
To date 2.5 million gallons of high C060 TBP scavenged wastes have been 

2 

Plutonium Purification and Fabrication Rocess. 

Nuclear safety checks were made on storage and handling capacities in the polishing 
and mating room of 234-3 Building. This study has led to increased allowable capa- 
cities . 
Ion Exchawe Processes 

A study was made of the potentials for application of ion exchange techniques in the 
chemical processing plants. The most attractive potentials included (1) plutonium 
product concentration (2) plutonium recovery from Purex and Redox waste streams by 
anion exchange (3) final plutonium decontamination and concentration by anion exchange 
to obtain additional decontamination or to eliminate solvent extraction cycles 12: 
Purex and Redox and (4) plutonium removal from u r a n i u m  streams . 
Plutonium Anion Exchawe Rocess 

Work has continued on the recovery of plutonium from the -ex IWU stream. 
psst experiments have disclosed relatively slow kinetics for plutonium sorption by 
anion exchangers under the conditions tested, a practical process requires the use of 
relatively long columns. 
appealing because of the high head pressures needed to maintain process flow rates. 

Elution studies are also being continued. 
eluted f r o m  a ten centimeter coluiux of loaded Dovax-1,  X-8 (50 t9 100 
mesh), at a concentration of five grams per liter using 0.1 molar nitric acid at a 
flow of 0.25 ml/mia. 
a 40 em column was completely eluted (with no gas formation) to yield a poduct of 
60 g/l. 
if the plutonium (111) reoxidized to plutonium (IV) 
maintained, delayed precipitation occurred, usually after 12 to 24 hours. 

Since 

However, in long columns the use of 5 O - l O O  mesh resin is not 

About '70 percent of the plutonium was 

With mired 0.4 m o l a r  ascorbic acid - 0.5 molar sulfamic acid, 

Unfortunately with this system, almost immediate precipitation was observed 
Even if plutonium (111) was 

The use of 

1 2 3 8 2 1 0  
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sulfite as an eluting agent was unsatisfactory 
plutonium (III) sulfate in the resin. 

Isotope Separation - Chemical Exchange 
Dats from the uranium (IV) chlorides - uranium 

due to apparent precipitaticn of 

(IV) TTA complex exctrSLrgi: experiment 
at pH 1.3 are naw complete. 
factor of 1.0003 per stage with the uranium-235 concentrating in the aquious phase 
as expected. Results show that the separation factor of 1.0014 previously found for 
the system uranyl chloride-uranium (IV) chloride-uranium (IV) TTA complex at pH 1.35 
is predominantly due to the uranyl-uranium (IV) exchange. 
factor is 1.0014 and that for the uranium (IV) system is l.OOO3, the rrranLm (IV) 
chloride-uranyl chloride s e m t i o n  factor is calculated to be 1 . O O l l ,  which agrres 
well with the value quoted in Y-184. 

The four stage experiment resulted i n  a separatiorl 

If the comkined separation 

The uranium-238-uranium-235 wtition function ratio fo r  uranyl io3 1;Ers been cslcu-. 
lated to be 1.0011 relative to a completely free uranium (IV) ion. U s l w  t h i s  
reference value, a table of partition 
exchange may be set up as follows: 

u (free) 
Uranyl 
u( IV) c1- 
u (=I4 

It does not seem possible to devise a 
uranyl chloride-uranium (IV) chloride 

functions for the uranium-235-mnium-238 

1.OoOo 
1 .ooll  
1.0022 ( p ~  1.3) 
1 . 0025 

counter-current system which can utilize the - uranium (ZV) TllA complex systeni. The uranium 
(IV) chloride-uranium (IV) TIIA complex system is suitable for a continuous counter 
current process, but the separation factor is so low as to make it impractical in the 
uranium system. 

The sepsation factor for the system Pu (III) - Pu ( m ) 4  is estimated at 1.0008, 
which is likewise not attractive in view of the complexity of the system. 

Flurex Process 

Experiments were continued to establish the relationship between cathode cureat den- 
sity and current efficiency in the Flurex system when 0.0% stannous i m  is praseEt 
in the catholyte. 
densities of 5 amp/in2 and 10 amp/in2, respectively. 
magnitude offer the possibility of markedly reducing Flurex capital c o s t s  h3 ircreas- 
ing the design latitude. 

Current efficiencies were 98 and 93 perceat at CatLGde Cclrrent 
Current densities cf this 

As a result of the successful operation of the Flurex process at higher cstkade 
current densities, experiments were performed to evaluate the tin amalgam cathode 
for reducing uranyl nitrate in the presence of sodium and fluoride ions. The high 
current efficiency obtained indicates the possibility of an Excer process without 
the preliminary ion exchange step to convert uranyl nitrate to u r a q Z  fluoride (or 
sulfate). Such a procesr 
either Flurex or Excer. 

the decontdnati=2 ptertbl of 
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Analytical Developnent 

The f eas ib i l i t y  of assaying plutonium metal t o  a precision (a) of A 0.2 percent by 
the coulometric t i t r a t i o n  method was established. 
being isqued. 

An interim report, HW-43668 is 

In-Line Analysis 

Studies of anion exchange methods for separating p l u t o n i u  frou aruerieiu, curium, 
and f i ss ion  products have been in i t ia ted  u i th  the objective of obtain,ing 6 pretreat- 
ment method for an alpha count in-line monitor on HAW streams. 

A neutron count method fo r  gross plutonium monitoring i s  being desigzed. 
this groject, a suitable preamplifier was designed and the electronics cir-cuLtsy was 
s e t  up and tested. 

To assist 

The main instrumental development phases of square-wave polarograpb k v e  hean com- 
pleted, and an interim report has been issued as HW-43513. 

The Purex process solvent develops a color with usage because of chemical end radia- 
t ion  induced degradation. 
organic color under Purex operating conditions has just  been completed by mears of 
a spectrophotometric examination of plant samples over a period of several weeks. 
As a resu l t  of the study, the sensing uni t  c e l l  dimensions and the best plant loca- 
t ion  f o r  the color monitor have been established. The color  monitor w i l l  t e  located 
on the LCW stream. 

A study of the magnitude and r a t e  of build-up of the 

Chemical Instrumentation 

The calibration was completed on the Stack Effluent Monitor for  the Redox Plant. 
Effluent samples axe collected by a continuous s t r i p  f i l t e r  sampler connected 13. 
ser ies  with a scrubber sampler. The data from these samplers are  applied t o  a 
system that automatically computes and records the quantity of each of three isotopes 
i n  the effluents as a function of time. The system was put in to  operation f o r  
tes t ing operating conditions and f o r  final calibration adjustment. 

A n  experimental High Level Alpha A i r  Monitor was developed and placed l a  operation 
f o r  f i e ld  tests i n  the Redox f ac i l i t y .  The instrument is expected t c i  a lam by the 
time t h a t  an exposed person can inhale approximately 0.2 of the maximum pmcissible 
mount O f  Pu-239. 

The technical specifications f o r  germns sc in t i l l a t i on  monitors (Hw-j9821 - BEV 1) were 
revised t o  incorporate the l a t e s t  development improvements (1) a high gain, high 
impedance amplifier t o  measure the multiplier phototube output current ( 2 )  a molded 
fluorothene sample c e l l  (3)  substi tution of E 180 F pentodes far the 40k~'S i n  the 
different ia l  analyzer of pulse measuring systems (4)  exclusive use of RG11/U signal 
cable and ( 5 )  inclusion of a remote indicating flowmeter. 

A pulse generator c i rcu i t  t o  calibrate count r a t e  instruments at lri RZC? hl& c o - i t -  
ing ra tes  was conceived and init ially tested. Such an instrumeat with a reliable 
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a 
simple c i rcu i t  should prove valuable i n  checking c o m t  rate meters used ir? fixed 
instal la t ions.  When the count r a t e  meter is used as p s t  of a system t3  record 
emission from radioactive isotopes quantitatively, it is essential  that i t s  response 
be stable and reproducible. 
s t ab i l i t y ,  

The c i rcu i t  developed should provide a c m t r o l  on this 

Contact Alpha Counter. A prototype model of a counter desigmd tc uehbuxb t L e  alpha 
ac t iv i ty  of a solution i n  s i t u  (contact alpha counter) i s  being demdoped a ~ t i  tested. 
The sample c e l l  and phosphor uses 8 zinc sulfide phosphor bonded t o  fluor&Lei:e o r  
glass and cwered with a one-quarter mil Teflon film. 
phor from the l iqu id  sample. 
per l i t e r  are  tabulated beluw. 

This f i lm seplratas the phos- 
Results with a solution containing 0.03 gm of p1utor;ium 

Observed Counting Rates - Teflon Protected PhosyLor 

T o t a l  

22 
20,000 
27 I 000 
34, cm 
33,000 

40,000 
34,000 

Background 
COUntS 

A 
6 , ooo 

20,000 
19,000 

13,000 

30,000 
20,000 

Bet  

22 
14,000 
14,000 
14 , 000 
14,000 

10,000 
14,000 

Remarks 

Ini t ia l  counts. 
Solution in c e l l  overnight. 
Solution in c e l l  four days. 
Cycle solution through c e l l  every two 
minutes for  two days. 
Cycle a f t e r  t h i r d  day. 
A f t e r  a s w l e  f lush w i t h  6.5 HNO3. 

Development work is  continuing t o  determine the effect  of increasing cmcentration, 
difference In phosphors, and the s t a b i l i t y  and usefulness of various protective 
coatings and films. 

Rototgpe Uranium Polarograph. A n  imwoved and more trouble-free means of removing 
dissolved oxygen *om waste streams, pr ior  t o  polarographic analysis, has teen tested 
and found satisfactory. He l ium fo r  sparging is introduced in to  the air bleed l ine  
of the sampling system rather than through a s in te r  i n  the electrolysis  c e l l .  
resu l t s  in  a sixuglification of the system, and eliminates the possibility Gf process 
solution gett ing into the sparge line. 

T h i s  

Plutonium Resin Column Controls. Laboratory t e s t s  slim t h a t  EL c o x A x t i T i t y  probe 
isolated *om the res in  i n  a resin dilute  acid mixture is more sensitive tFun m e  ' O G ~  

shielded. A probe shielded w i t h  f ine wire meeh screen was iastallid In the 321 F a t o -  
type res in  column. 
t ions . This probe has performed well under s b u l a t e d  plant flow eozdi- 

Equipment and Materials 

Gold Gaskets. 
lated flange of 304-L stainless steel with a gold gasket was exFsed t o  h c i l i q  65 
weight percent n i t r i c  ac id  f o r  92 hours. Gold gaskets are ncit saitatle i n  prcceas 

Severe galvanic COZTOS~OI~ of the gssketed face occwrred w b n  a simu- 
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piping handling hot n i t r i c  acids or other oxidants. 

Johnston P-19-7 P u m ~ .  
350 ml./min. by using a Polypenco K-51throt t le  bushing with a conical shaft deflector 

Throttle bushing leakage from this pump w a s  cut from 5 gpm t o  

below it. 

Operation with a s e t  of Polypenco K-51 bearings and a 17-4 PB stainlss steel s b f t ,  
using reduced diametral clearances, resulted in fa i lure  a f t e r  1/2 L o w .  

Titanium - Tube Heat Exchanger. 
fabricated for  use as a product concentrator in the Purex Plant, developad tramverse 
cracks in the welds joining the titanium tubes t o  the titanium tube skeet f a c h g .  
Gas analyses have not yet been made of the weld metal, but i s  thought that the 
cracking was due t o  gas embrittlement incurred during the welding operation. Al- 
though adequate iner t  gas shielding was provided on the front side during tLe  fusion 
welding, a i r  trapped between the tube sheet and the tube sheet facing may 4 v e  been 
absorbed into the titanium, thereby reducing the duc t i l i t y  of the welded uetal .  

The prototypical titanium-tule kat exchELnger 

Chemical Compatibilitg. Polgpenco K-51. 
a solution containing approximately 390 g/l. UI’?H and 330 g/l. B O 3  for  25.6 hmrs 
a t  the boiling point, the K-51 decreased 14 percent in weight. After 24 hours in  
100 percent UNH, the K-51 showed no change i n  hardness or physical dimensions hut did 
decrease three percent in weight. After a thorough washing approximstely 5000 counts 
per minute remained on the surface of the K-51. 

The Polypenco IC-21 test has continued. In 

Silicone. Silicone rubber with dacran reinforcement w a s  tes ted by s t a t i c  immersion 
a t  room temperature in 60 volume percent TBP-Soltrol, and 15 volume percent TBP- 
carbon tetrachloride. The sil icone rubber dissolved completely i n  the two solution,s. 

Soil Studies 

The effect  was invest ated of a 1 p m  concentration of Separan 2610 i n  so ution on 

the Units of the experimental measurements, was adsorbed. The adsorption of de, 
however, resulted in a dis t r ibut ion coefficient of approximately 50. A n  hcrease  cr 
decrease of pH from that n o m 1  for  the Separan solution (8.6) resulted i r z  a lesser 
adsorption. The experiments indicated that although Semran has an appreEt  beoefi- 
c i a 1  effect  on the in f i l t r a t ion  r a t e  of water, the use of t h i s  material prcbably i s  
not advisable if the water contains appreciable amounts of Sr9’. 

the adsorption of Cs13 7 , and Pu239 by soil. A l l  of the Cs137 and P L ~ ~ ~  ylthln 

Additional work on the effect of various decontaminating agents 02 t h  edscrpt im of 
Cs137, SrgO and Pu239 by s o i l  indicated that  none of the 11 agents tes ted favored 
the adsorption of a l l  three radioisoto 
a favorable adsorption of Pu239 and Cs 37 at certain pH values, but S r g O  was not 
adsorbed f r a m  these same solutions a t  any pH. 
clusion can yet be made for  disposal t o  the ground of solutions containhg decontbmi- 
nating agents. Each case must be.considered on i t s  own merits. 

. Equilibrium erpriments indicated FS by 
The data indicated that no general con- 

A preliminary investigetion was begun on the possibi l i ty  of disposal t o  the g a l u d  cf 
radioactive wastes containing aluminum on the basis of complete imrrotilizatlo3 Of the 
l i qu id  within an excavation. The initial resul ts  indicated tha t  if  t k e  scil a t  the 
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perimeter of an excavation was treated with sol id  scdium bicarbo-ate, t h e  zcs3i - ! ! ia  of' 
a solution of 1 M  aluminum n i t r a t e  produced a "seal" at  the soil-l iquid icterface.  
Upon standing, tEe solution then slowly formed a gel, presumably a highly hydrated 
aluminum hydroxide. Additional work w i l l  attempt t o  determine the effect  of other 
s a l t s  on the formation of this gel  as well as the s t a b i l i t y  of the ge l  i tself ' .  

Greater r e l i a b i l i t y  i n  the prediction of the behavior of l iquid radiaaecti7;e wastes 
i n  the ground and particularly in  the ground water can now be made as  a res-cilt of 
the determination of the deformation of the Ringola formation sedhents  Lczeatl the 
ground surface and parallel t o  the underlying basalt  in the seven p l a t  s i t e s  6c far 
closely examined. Correlation of the resu l t s  of geological and w&olc=l,icsl s t ta iec  
with f i e l d  tes t s ,  laboratory studies, and monitoririg k t a  indiccrtes t r l a t  tLe pz%aeric 
well network is  minimal and that i t s  2 t o  3-mile spacing is  probably the mcxirmm 
allowable fo r  the solution of the geological groblems pGS8d by the Hseord  site. 
Other means, incluoing regj onal geological mapping, geoghysical sxplcixtiozs, 8z.d 
intensive local  f i e l d  and laboratory studies w i l l  be necessary t o  suppLeniect t!ic 
standard geological c r i t e r i a  which t o  date have proven inadequately definit ive with 
the p e s e n t  network. 

The geological event, i n  which sediments of the lower "blue cla;."' Ringo1.d fLrmticz 
were upwarped with the underlying basalt  east  of the 200 E a s t  Area and 3ceal.13 hY-.?~e 
the ground water table, explains the southeastward direction and high r a t e  CY f lcv 
of the ground waters observed beneath 200 East Area. Several anomalies i n  the p a m d  
water contour maps of the groject, including the former elongate form Gf tfie B-Plaat 
ground water mound and i ts  north-south orientation a re  similarly e q l a i c e d  by the 
stratigraphy and the lateral change i n  permeability. The need for  relocation of' the 
Purex swamps t o  provide be t te r  control on the movement of contaminated groiJd waters 
et  the Purex s i t e  i s  accordingly be t te r  substantiated while the pe fe r r ed  location 
of future cribs a t  the Purex plant and other s i t e s  i s  mbject t o  more precise 8.efi- 
n i t  ion. 

BIOLOGY 

Biological M o n i t o r i q  

As one means for  evaluating potential  hazards of radioac+,ive wabtes ( f i 6 p d B S - d  t.2 .the 
atmosphere, ground, and the Columbia River, t e r r e s t r i a l  animals a r d  ec;tlstl.c a r i ; a l a  
and plants are  regularly assayed f o r  concentrations of rac?ioactive sdxtSrxes is 
them. 

Results are reported for  specimens routinely collected fzm ee1ac-te.i s i tes   EL.^ blm 
the average and maximum contamination levels noted for  the nortL. Trara i s C t 2 r S  are 
an adaptation of the Regional Monitoring method of reporting. 
show the n-fold increases (+) o r  decreases ( - )  from the previcxs moz;tL (uhers values 
of n l e s s  than 2 w i l l  not be noted) axe routinely l i s t ed .  

T h a e  iactors  u k k h  

Atmospheric Contamination. The prrincipsl radioactive colrtamiusKt of stecli ??ai 
separation processes i s  usually 1131. 
by indigenous animals and is deposited i n  their thyroids.  
rabbits' thyroids a re  l i s t e d  below. 

TUS deposits on vegstatiozl W)L(:G is eaten 
Coozer-eatio=s 2i' 113' i? 
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. Location 

1 mile SE of Redox 
Pros s e r  Barr i cade 
Meteorology Tower 
4 miles SW of Redox 
East of 200-E Area 
West of 200-W Area 
100-B Area 
RkS,  M 1 4  
3 miles S of White Bluffs 
Wahluke Slope, E 
Wahluke Slope, mE 

pc I131/g thyroid 
Average Maximum 

8 x 
1 x lo-? 
5 x 10-4 

Trenii 
Factor 

-7 
-8 
-9 
-6 
-2 - 
-3 
-4 
-1W 

-5 9 
-4 * 
- *  

* T h e  last four trend factors compre values with July instesd of A u A s t  s h c e  
corresponding collections are taken bimonthly. 

Although trends are downward as compared t o  the previous mcnth ir two, t k  t L r 3 5 d  
contamination levels are  2 t o  3 times those observed one year ago. 

Swamp Contamination. O f  the several contaminated swamps on the :Iroject, only the 
221-U swamp supports a population of waterfuwl large enough t o  pmit  roLtir;e s a p l -  
ing. Concentrations of waste f iss ion products i n  bone and sof t  t issues are l i s t ed  
below. 

pc ~ ~ l s / g  t issue Trend 
Average M a x i m u m  Factor Specimen 

coots 
bone 
sof t  t issue 

Diving Ducks 
bone 
sof t  t issue 

Puddle Ducks 
bone 
sof t  t issue 

2 x 10-3 6 x 10-3 - 20 
2 10-4 6 x 10-4 -4 

The decrease i n  contamination of diving and puddle ducks i s  a direct  reflectioz of 
a higher proportion of migrant birds among those sampled. 
nation of coots resulted from reduced disposal of wastes into the twang. 

The decrease i n  coztan;i- 

Columbia River Cor&amination . Contamination levels i n  representative aquatic forns 
f o r  September a re  shown i n  the following table. Listed a re  tb 1ocatio.a f'mn wlich 
purely aquat ic  specimens were taken and the principal food of the ampdhiouo speci- 
mens collected. A l l  amphibious specimens were taken near Hanford. For each of these 
two specimen types, the location and principal food, respectively, appesz ts be mcst 
readily correlatable, a t  l ea s t  quali tatively with the contaminatisn 1Gvcls 
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Specimen 

Plankton 
Caddis lsrvae 
Minnows 

Whitefish * 

Specimen 

Shorebirds * 
P,tddle ducks * 
Terns * 
Gulls * 
Mergansers * 

pc Radioisotopes/g Tissue 
Locat ion Averape M a x i m u m  

Hanford 3 x 10-2 
Eanford 2 x 10-2 
Banford 1 x 10-2 
100-H 2 x 10-2 
Hanford 4 10-4 

McNary 8 10-5 
Priest  Rapids 1 x 10-5 

3 x 10-2 
3 x 10-2 
2 x 10-2 
5 x 10-2 
7 x 10-4 
4 x 10-5 - 

pc Radioisotopes/g Tissue 
Principal Food Average MaXirmun 

~ n s i l s , i n s e c t s  1 x 10-2 2 x 10-2 
Insects , 1 10-3 5 H 10-3 

Small f i s h  4 x 10-3 4 x 10-3 
Large f i s h  1 x 10-3 5 x 10-3 
Iarge f i s h  1 x 10-3 3 9 10-3 

vegetation 

Trend 
Factor 

c4 
+2 
t2 
-2 
sli 
9 2  
I 

TreZxi 
F ~ C ~ C Z  

t 3  

& 

- 

- 
- 

* Values are  for edible flesh. Levels of radioactive substances in  bore of wstez- 
fml were 1 t o  3 times those of flesh, and i n  whitefish about tea  times t-mt of 
the flesh.  

The contamination level  of f i s h  is  roughly twice t h a t  of a year ago. 
fowl, however, is but one-half t o  one-fourth of those observed one year ago. The 
difference i n  trend factors is  probably due t o  differences of sanpling dates. Tke 
level  of contamination i s  increasing very rapidly a t  t h i s  time of the year R X ~ .  
samples taken late i n  the month w i l l  be appreciably more radioactive tfisr- those 
taken ear ly  in  the month. 

T h a t  of water- 

The positive trend factors are  typical  of this season, as r iver  flov dicinisheu 2nd 
the average water temperature was a t  a maximum. 
level noted l a t e  i n  summer immediately below 100-H Area diminished as the flew of 
r iver  water decreased and effluent from this area no longer entered the river by the 
emergency overflow f lune. 

The comparatively high coritsdaation 

TO determine w h e t h e r  radioactive substances can be detected e6 f a  dmmtranm as the 
mouth of the Columbia River, about 1200 specimens were collected il?. tkt vicirLC,;-, 
frm the ocean beaches immediately north of the r iver ' s  mouth, and from the sorkherr  
Oregon Coast. A few specimens were a l so  obtained off Cape Cod oc the A t h - t i c  Goes': 
f o r  comparison. Results are  not yet available. 

Fish are routinel? exposed t o  different concentrations of reactor eff lueat  i n  troughs 
i n  order t o  observe direct ly  possible toxic effects which could ~ C C I I Z  i n  t L e  Celunhia 
River. 
ac t iv i ty .  This year juvenile whitefish were used and there i s  some fnf i icaf ix  t h c t  

In  the past, juvenile salmon and t rout  were used f o r  t h ~ s  t p  of norLfor lng 

they my be more-sensitive 
of young whitefish exposed 

t o  reactor effluen* than salmon o r  t r o u t .  T5e - .~rtr,lit~ 
t o  2 percent effluent f o r  about three m m t h  i s  ZLJV tk'ice 



that of the controls. The controls were exposed t o  water pumped from the r iver  a t  

no effects  on salmon were evident un t i l  the concentration of effluent reached 3 or 
4 percent. Uhether the increased sens i t iv i ty  among whitefish i s  due t o  the effect  
of chromate, temperature, or radioactivity is not known. 

' 100-F tha t  contained about 1.2 percent effluent from reactors upstream. In the Fast, 

Metabolism and Toxicology of Radioactive Materials 

It appears that "Scparan", a material now being used i n  t reat ing reactor water, w i l l  
have no toxic effects  on fish. Young t rout  have not been affected by exposure t o  
0.07 pppa f o r  over two months. 
t o  the process water as an a i d  t o  f i l t r a t ion ,  and i s  many times the concentration 
which w i l l  occur i n  the River. 

T h i s  concentration is  twice tha t  specified f o r  addition 

Reactor Effluent. 
effluent radioactive substances which are  not readily detectable by ordinap- methods, 
but s t i l l  may present a biological hazard if. humans or  animals are  exposed t o  t h e m  
i n  drinking water. 
hazard of drinking reactor effluent,  rats were allowed t o  exis t  f o r  about one year 
with reactor effluent concentrated 40-fold being their sole source of drinking water. 

There is  a possibi l i ty  that there may br, present i n  r e a c t o r  

To investigate this and t o  check the accuracy of the calculated 

During the month it was noted that 85 percent of the beta ac t iv i ty  i n  the muscle of 
these rats was due t o  P3* and ths  remaining 15 percent t o  $co. There is a suggestion 
of the presence of a long-lived radioelement t h a t  has deposited i n  the animals. T h i s  
w i l l  be checked i n  some of the animals a f t e r  most of the P32 has decayed. 
t ion  was obtained t o  c la r i fy  the ea r l i e r  resu l t  tha t  indicated that the deposition of 
F32 i n  rats is  significantly less  than predicted by theory. 

No informa- 

Plutonium. 
pigs have been carefully measured. 
in drinking water approwiate fo r  large am-occupational populations, it is necessary 
t o  know the absorption and deposition coefficient f o r  the very young. Rats one-veek- 
o ld  and less  were noted t o  absorb and deposit 10 t o  100 times more plutonium than do 
adult r a t s .  Distribution of plutonium in: rats one-week-old was the same as i n  adult 
rats . 

The absorption and deposition on bone of plutonium fed t o  adult r a t s  aod 
For establishing a permissible limit for plutonium 

Ruthenium. Rats which were two weeks' o r  l ess  old absorbed radioacti-re rutherdun 
from 5 t o  10 times more than adult rats. 
portion i s  deposited i n  the bone. 

O f  the ruthenium absorbed, a higher pro- 

The long-term chronic ruthenium feeding experiment was completed w i t h  anal;;-ses Gf 
animals sacrificed a t  500 days. Previous conclusions were confirmed; depending an 
methods of extrapolation of results from rat t o  man9 kidney, bone o r  tes tes  might 
equally q u a l i f y  as c r i t i c a l  organs. 
of drinking water seems t o  be the most reasonable value. 

The previously suggested MPC of 4 x 10-3 p c / d  

The extent t o  which this and the MPC for  plutonium may be changed because of the 
increased hazard t o  very young animals i s  yet t o  be determined. 
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Iodine. To determine the quantity of radioiodine tha t  may be l y m i t t ~ d  00 local  
vegetation, groups of sheep have received d a i l y  feedings of I 
For sheep, a l i m i t  for vegetation contamination has been f a i r l y  well established. 
are  now being used t o  extend resu l t s  observed i n  the long-term sheep experiment. 
These pigs are supplied by Washington State  College, and in  return, the research 021 

defining the toxici ty  of Iu1 t o  pigs is being extended. This includes a corcdlary 
experiment on the effect  of. high and low plane d ie t  (sufficielit and i r su f f l c i en t  
calories) on the uptake of 1131 by pig thyroids. 
t o  concentrate more 1131 than do the low plane. 
thyroids or t o  less  available stable iodine i n  the high-plane p$gs. 

Prior thyroid damage i n  pregnant ewes appeared t o  increase the 1131 uptake by t k  
f e t a l  thyroid. Among ewes fed 0.15 pc/day, the 1131 concentration i n  tLe f e t a l  
thyroid was about equal t o  or exceeded t h a t  of the d a m  i n  advanced p-egnancy. 
when dams were fed 5 sc/day (since weaning), the 1131 concentration in the f e t a l  
thyroids was 3 t o  4 times t h a t  of the thyroid of the dam. 

- 
for  about five years. 

Pig 

The high-plaIie pigs show a tendeEcy 
The difference may be due t a  lazger 

Xowcvei 

Radioactive Particles.  O f  a l l  potentially hazardous radioactive materials, prtbably 
the l ea s t  is  knaJn about the biological effects than may be caused by i d l e d  radic.- 
active particles.  
jected with hydrosols of -02 a t  0.003 pc/lung and RuOa a t  0.5 pcllung, no more l m g  
tumors developed than among mice injected with iner t  materials. 
t h a t  -02 a t  0.01 pclmouse lung plus a chemical carcinogen did not ircrease the 
incidence of tumors beyond that caused by the carcinogen alone. 

One hundred and eighty days a f t e r  mice were intratracheaub- in- 

It was also f o m d  

New techniques were developed for the preparation of Xu02 particles to be used f o r  
aerosol exposures i n  the future. 
nium oxide colloids t o  make dust for  single exposures and the combustioz of r u t h e d m  
acetate in a hot tube t o  make dilute  radioruthenium oxide aerosols fo r  repeated 
eqosures  . 

T h i s  included the preperation of alcoholic ruthe- 

Gastrointestinal R a d i a t i o n  InJury . 
calculations of MPC's are based on the quantity of the given radioactive substame 
present i n  the intest ine which w i l l  cause the in tes t ina l  walls t o  be irradiated a t  
the r a t e  of 0.3 rem per week. Many assumptions, experimentally unsupported, are 
inherent in this type of calculation. Among the more lmpDr+..ant of these assumptions 
is  t h a t  weakly penetrating radiations, such as alpha m i c l e s  from plutodum, 
actually reach important portions of the in tes t ina l  w a l l .  Another is  that the in tes t -  
i n a l  w a l l  is as radiosensitive as other  internal  organs, m e  of which migkt otherwise 
be considered the c r i t i c a l  organ. 
assumptions involved, r a t s  were eqosed t o  poorly absorbed Y91. The UJ& f o r  o r n u  
ingested Y 9 l  was found t o  be 17 mc/kg. Of the amount fed apwo-tely 0.03 percent 
w a s  absorbed from the t r ac t .  
results,  are consistent with the assumption that the #1 beta par t ic les  a re  as 
effective as X rays i n  causing in tes t ina l  damage. 

For 8ome poorly absorbed radioactive substances, 

In order t o  t e s t  the val idi ty  of sorn oOf the 

The mortality data, when compared with X-irradiation 

Genetic Effects of Metabolized Radioisotopes. When radioactive substarnses are  
deposited i n  living tissues, toxici ty  may be exerted by the effects  G f  the  rodz ing  
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radiations emitted by the decaying substance. If the metabolized radi3active 
substance is a part of an essential molecule, the energy of atomic recoil may be 
sufficient to disrupt the structure of the molecule, If the decay results in 
transmutation of an element to a markedly different element, the new element may 
be foreign to the molecule and change its biological activity. 

If the metabolized isotope is present in germinal tissues, the t o x i c  tffects m y  
be manifested through genetic changes. 
yeast is being used to test the genetic effects of S35, For a coastant amowt of 
S35 (and hence constant energy dblivered to the growing culture), a decrease in 
available non-radioactive sulfur should result in  an increase in mutstiozr =ate 
of the yeast, if the transmutation and recoil effects are irnpbatmt. IC p = Z f G i - a -  
ing these experiments, interesting corollary results were observed. It appears 
that yeast grown on media c o n t a i n i n g  very small concentrations of s u l f u r  &re ~ ~ i 5 r e  
radio-resistant than yeast grown on high concentrations. 
the yeast cells mutate at a higher rate when gram on high sulfur media. 
fundamental significance of these findings is obscure. 

To determine the extent of p;ssi’Dl.e ckmzges, 

It also appeers that 
The 
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OPERATIONS RESEARCH AND SYNTHESIS 

Economic Liaison 

Self-education on "combined operations" was continued with special e m i  s m tLe 
economics and principles of 
r e u t i  onship t o  Hanford reactor operation. Several intensive discussions were Iield 
on the mathematical basls for  cascade operation and different methads were examined 
for  expressing burnout costs i n  terms of cascade parameters. It was noted that the 
penalty for  burning s l igh t ly  enriched uranium instead of normal uranicxu is re lat ive13 
small 

of the Aaseous diffusion plants and the i r  - ---- 

Investigation of Problem Areas 

Preliminary investigations were s tar ted i n  several new problem areas. These Included 
(1) the possibil i ty of developing a model of the factors influencing the cost of 
radiation work which would permit the syetematic study of the effect  of different 
control methods, reduced limits, or Increased dose ra tes  on future operations a t  HAPO 
(2) the creation of a symbolic model of the communication of objectives, rationale, 
and assignments, together with feedback information and i t s  influence on other facets 
of communication ( 3 )  a study of the factors, such as the chemical, phgslcal and 
radiological limitations on the Colbbia  River, which l i m i t  t o t a l  reactor c a p c i t y  a t  
HAPO and (4 )  the possibi l i ty  of keeping records by exception from normal occurrence. 

Reactor Model 

A report was begun on the methematical derivation of those "variab1.e discharge curves" 
which have the property of minimizing the expected occurrence of fue l  element 
ures. 
and predict the frequency of fue l  elembnt fa i lures  under varying power and exposure 
conditions. 
appropriate balance between goal exposure and power i n  the different reactors. 

f a i l -  
Assistance i s  being given i n  determining a functional form which w i l l  explain 

This work is  a prerequisite t o  the analytical determination of tfie 
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RADIATION PROTECTION 

The average d a i l y  emission of 1-131 from chemical processing plants w a ~  0.5 curie with 
a maxbum of 1 curie per day frm the  Purex Plant. 
ards. 
increaeed 14-fold t o  0.15 curie with a maximum daily emission of 0.7 curie. 
f o r  the sudden increase i n  par t iculate  emission waa not determined. 

This is well within the HAP0 stand- 
The average dai ly  emission of beta-emitting particulates *om the Purex Plant 

The cause 

A slug which caught fire on the  rear face of C Reactor resulted i n  a stack emission af 
1.4 curies of radioactive particulates.  
rec t ly  south of  100-B Area. 

These part ic les  were deposited primarily d i -  

One significant case of plutonium deposition occurred. 
was required t o  complete decontaminatik. 
administered as a precautionary measure. I n i t i a l  estimates placed the body deposi- 
t ion  of plutonium below 50 percent o f  the  m a x i m u m  permissible l i m i t s .  ~ 

Hospitalization of the employee 
Zirconium c i t r a t e  and calcium EDTA were 

The method of to ta l l ing  cases of plutonium &position was  modified t o  provide a more 
current t o t a l  of known cases of deposition. There are 195 employees who are known t o  
have plutonium deposition. 
with the routine bioassay program. No cases of whole body exposure exceeding 0.3 r 
per week occurred, as measured by the  film badge program. 

N o  new cases of f iss ion product deposition were detected 

The use of impaction-type continuous alpha a i r  monitors looked very favorable i n  per- 
m i t t i n g  rapid evaluation of plutonium a i r  contamination. Improved sampling rete8 per- 
m i t  evaluation of air contamination within f ive  minutes a~ compared t o  the 24 - hour 
waiting period now required t o  distinguish between plutonium and naturally - occurring 
d p h a  emitters. 

CONDENSED EIDGSURE RECORDS 

TsPe 
Pocket Chambers-gamma 
Pocket Chembers-slow neutron 
Film Badge-beta gamma 
Film Badges-neutron 

Pu Bioassay 
F. P. Bioassay 
u Bioassay 

Alpha Hand Counts 
Beta Hand Counts 
Thyroid Counts 

1 2 3 8 2 8 2  

1216 
1281 
557 
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26 
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0 
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REGIONAL MONITORING 

The general findings are summarized in the  following: 

Sample Type and Location 

Drinking Water and 
Related Materials 

Benton City Water Co. Well 
Richland, N o  RiChf.rulil, 

Benton City Wells 
100 Areas 
200 Areas 
Paaco, Kennewick, M c N a r y  Dam 
Backwash SOUdS - 
BWkwash Liquids - Paaco F i l t e r  Plant 

.Paaco F i l t e r  P lan t  

Pasco F i l t e r  Plant 
Anthracite, Sand F i l t e r  - 
Other Waters and 
Related Materiala 

300 k e a  We- #I, #3, 
200 East W e l l s  
200 West Wella 
Wells Near 200 Areaa 
107 and 108 W e l l s  
Outlying WeUs 
Columbia River - Hanford 

Columbia River - Below 

Columbia River - Pai%erson 

Columbia River - Shore Mud 
Raw Water - Operating Areas 
Reactor Effluent Retention 

Reactor Effluent Retention 

#4 

Ferry 

R eact or s 

t o  McNguy 

B a s i n s  t o  River 

B a s i n s  t oRive r  

Activity 
Tspe 

alpha 
beta 
beta 
beta 

beta 

beta 

beta 

U 
beta 
beta 
beta 
beta 
beta 

beta 

beta 

beta 
beta  
beta 
beta 

alpha 

Average 
Activity Denaity 

/uc /ml 
I 

9.0 10-9 

C HW-46066 

Trend* 
Factor 

-_ (C0.5 t o  1.2) x 10-8 
(0.14 to 3.6) x 10-6 
(0.1 t o  1.4) x 10-6 
((0.05 t o  1.7) x 10-6 

0- 

+2 
+2 

2.1 x 10‘2 -0 

1.8 x loo6 -- 
L O  I 10-4 -- 

-- (2.0 to g.4) x 10-7 
( 5  x lo@ t o  3.4 x 10-1 -2 
< 5  x 10-8 t o  2.0 x 

((0.0005 to 4.7) I: 10-4 
(<5.0 t o  7.0) x -3 

1.8 x 10-5 

-- 0-2 -- 
-I 

((5.0 t o  7.0) x 10- B 

-I 

1.5 x 10-5 +2 

3.5 x 10-7 -0 

(1.5 to 7.4) 10-5 -4 
(<0.005 t o  1.2) x 10-5 

(2.6 t o  8.7) x 1 

( 5 x 1 ’ 9  0- 

+2 -- -- -- 
6,700 t o  25,500 

< 0 . 04 6” /sac /reactor 

* The trend factor shows the  n-fold increase (+) or  decrease ( ->  from last month, 
where values of n-less than 2 will not be noted. 

I 2 3 8 2 8 3  -40- 
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Average 
Activity Density 

/uc / m l  
Activity 
Tspb 

Trend* 
Factor Sample Type and b c a t i o n  

Other Waters and 
Related Materials (contd 1 

21 pc/aay 
1-131 3.2 x 10-7 

+2 
+2 

1-131 in Farm Wastes t o  

1-131 i n  Columbia R i v e r  - 
300 Area Pond In le t  

R i v e r  

Hanford 1-131 
alpha 

1.1 10-7 
2.8 x 10-5 

Atmospheric Pollution 

alpha 

beta-gamma 1.4 t o  6.7 =&/day 

beta-gamma 0.7 t o  ll.l =&/day 

beta  (0.9 t o  1.3) x LO‘= 
1-131 (2.9 t o  8.2) x 10-13 
1-131 0.47 curie/day 

( t 4  t o  6) x 10-15 -4 Gross Alpha Emitters 
Gross Dose Rate - 

Separations Are- 
Gross Dose Rate - 

Residential Areas 
Active Pasticles - 

Separations Areas 
1-131 Separations Areas 
1-131 Separations Stacks 
Ruthenium - Separation8 

Active Paxticles - Wash., 

Active Part ic les  - Project 

stack8 

Idaho, Ore., Mont. 

+2 

+72 

+- 2 
+6 
+5 

RU-103-106 < 0.02 -ie/dw 

0- 0.04 t o  0.21. ptle/m3 
0- 0.03 t o  0.25 ptle/m3 

-2 
-II 

Vegetation 

E n w o M  of Separations 

Residential Areas 
Eastern Washington and 

Non-Volatile Beta Emitters 

Alpha Emitters - 

Areas 

I 

Oregon iodine (<3 t o  4.6) I loo6 p c / g ”  -75 

Wash. and Ore. beta (0.1 to 1.2) 10-4 p / g m  -3 
(0.6 t o  1.6) I 10-7 UC/@ -0 

/ Sepaxations Areas alpha 

-- iodine (<0.3 to 1.3) x 10-5 pc/gm 
iodine 4 3  x 10-6 jlc/gm -5 

* The trend factor show the n-fold increase (+) o r  decrease (-) fYam last month, 
where value8 of n less than 2 w i l l  not be noted. 



IABQRATo[Rp AUXILIARES 

Principal engineering ac t iv l ty  waa devoted t o  accumulating project and equipment s ta tus  
and cost information t o  be used i n  planning of t h i s  work t o  match FY-1937 budget allo- 
cations. 

Preliminary plana have been made f o r  conducting an engineeing study of 300 Area. Ne- 
gotiations are being made with Fuels Preparation Department t o  obtain the i r  cooperation 
and ausiatance in plarming for  future development regarding t r a f f i c  f low,  area expan-' 
sion and building ut i l izat ion.  

A program is being planned for the annual testing of power boilers.  
sonic thickness measurements will be made t o  detect pipe tha t  needs t o  be replaced. 

X-ray and ultra- 

X-ray examination of zirconium process tubes waa completed. It is  anticipated tha t  a 
large scale examination program smploying a number of tests will develop in  about six 
months , 

Radiographic tes t ing  of w e l d s  in construction materials for Project CG-558 continued on 
a routine basis. 
experienced with cracks in the  w e l d  joints.  

&ellminary testing of high tension e l ec t r i ca l  conneetors is being cerried out i n  anti- 
cipation of field wcrk on the  HAPO e lec t r i ca l  dis t r ibut ion system. 

Steps were taken during the month t o  abollsh the HAPO Non-TechnicalDocument Review 
Board and reassign its duties t o  the Supervisor, Classification - Declassification. 
This proposed change ia awaiting concurrence from the  AEC. 

The piping for DR Reactor waa nearly completed. Some d i f f icu l ty  wan 

The HOO Classification C a m i t t e e  has released the Hanford Classification Guide for 
t ransmi t ta l  t o  Washington far f i n a l  approval. 
ber 26, 

The Guide wan aent t o  V a s n b @ O n ~ ~ ~ -  

Transfer of Icadlec Hospital Library books and periodicals t o  the new Kadlec Methodist 
Hospital was completed, 
HAP0 in the  Inaustrial Medical Librzry. 
records on these. 

Thc secretaries manual far the  preparation and handling of claasified documents, "con- 
f ident ia l ly  Y o u r s "  has been revised. 

Some of the books and subscriptions are being retained by 
The Plant  Library will continue t o  main tab  

I -42- 

1 2 3 8 2 8 5  



HW-46066 
d a u 

0 
d a E 
d 

% 

$ 
4 

cu 
d 

8 
0" 
0 

f 

0 
0 
0 
cu 
A- 

4 

8 
0 
m m 
ri 

4 

8 
0 
m m 
d 

4 

08 

!3 

2 2  
El 

8 m 
87 

8 
0 

m 
ri 

4 

H M  g e  
e 

8 
In 

cu cu 
4 

0 
0 
0 

d 
m4 

8 
0 
m cu cu * 
4 

B 
41 
0 
d 
F9 

0 
\o 

6 
-43- 

I 2 3 C 2 6 b  



m 

d + 
0 
d 

0 
0 

B 

$3 
4 - r .  

1 
I 

I 
I 

E I 
I 

8 

3 
0 
cr) 
4 

8 
0 .  
0 cu 
4 

a s 

z %  
W E 
0 0  

R 

0 
0 
0 

8 
0 
m cu 
* 

8 
0 
cu m 
4 

8 
0 

0 
0 
0 
m 
4 

3 0 
k 
pc 

u I 
rl 

4 
l- m 
d 

d 
k 
0 
0 d  a m  
+ m  

z 2  

d 
k 
0 
% A  
9 3  
Pik a 

0 

d 
7 
w 
0 i 0 * 

0 
Q 
\D 

E5 
0 
01 
\o 

6 
m 
CD 
\D 

I 

8,- ~ 

0 
0 

-44- 
El 

I 2 3 8 2 2 7  



I 
P 

I 
1 

1 
I 

I 
t 

I 
I 

U 
I 

8 
0 
ul 
N 

.I 

Q 
0 
rl 
0 

I I 
1 I 

I 
I 

I 
' I  

1 
I 

B 
N 

4 

8 U 
8 I f l  

8 
2 
0 
cr 

8 
0 
m r- 
- 

n 
0 
tc 
r;: 

E ffi 
W z "1 -45- 



EMPLOYEE RELATIONS 

At the end of September, the staff of the W o r d  Laboratories Opersrtion totaled 1141 
employees, including 463 exempt and 678 non-exempt personnel. 
ployees with college degrees, including 394 technical degrees as follows: 

There were 417 em- 

BS 

209 

- m 
101 
- PhD 

84 
- 

Plans for presenting PBM-1  to EM) personnel have been formulated and will be implemen- 
ted upon approval of. the HAPO-wlde plans by the A E C .  
development were initiated during the month. 
( 2 )  proposed non-exempt personnel developnent program and (3) training activities. 

Studies pertaining to personnel 
These include (1) manpower inventories, 

At the close of the month 23 technical graduates and 9 technician trainees were assignec 
to Hanford Laboratories Operation from training programs conducted by Relations and 
Utilities . 
Final prepazations were completed for the Hanford Laboratories Operation's portion of 
a dry-run of a proposed HAP0 tour by press, rad io  and TV personnel. 

All personnel of the Hanford Laboratories Operation were placed in the new salary struc- 
ture of the Operation during the month. 
for the period ending September 30, 1956 was conxpiled for HLO and forwarded to Person- 
nel Accounting for transmittal to Employee Compensation Services. 

The semi-annual salary administration report 

The employment activities of HLO have been integrated into a --wide program to in- 
sure that non-exempt employees throughout the plant are accorded transfer and other 
privileges on a consistent basis. 

At present, secretarial and stenographic vacancies represent the only critical open- 
i n g s  There are 54 such openings at HAP0 of which 10 are for BLO. 

Re qui si tions open 
Requisitions 
Requisitions 
Requisitions 
Applications 

EMpLoyMEmT - Nm-EXEMPT 

at end of month, ............................ -34 
fiUed...................,.......,...........20 
c89ceUed............,..,....a............,.. 2 
Z.eceived....,..,..,......~.a............,....15 
considered. ................................. -14 

Active transfer cases at end of month. ........................ .26 
New reqtiests. ............................................. 8 
?trassfer effec.ted...............~.................,...,,.. 0 

TRANSFER CASES - EmMPT 
(Lncludes only cases handled by Employee Relations representatives) 

Total cases handled since 9-1-56. ............................. .31* 
Initiated by employee................,....................25 
Lnitiated by managementH.. ............................... 6 

I 2 3 8 2 8 3  



Active cases at end of month ..............................28 
New cases during ~nth............................... 8 

Initiated by employee........................... 5 
Initiated by ~gement~....................... 3 

Cases closed during month............................ 3 
Transfers effected within IILO................... 1 
Transfers effected to other GE.................. 1 
Te~nations...................~.*....~......... 1 

Izuritations 
Extended 

Elect. E=. 

Physics 
Metallurgy 

*Includes cases initiated prior to 9-1-56 
*Includes ROF's, transfer proposed by employee's management and 

requests from other GE departments. 

V W b d  T O W  -1 1* 

A suggestion board consisting of coordinators representing each of the level 3 compo- 
nents except OperatiorsResearch has been established. 
ted during the month by HLO employees representing 2.2 suggestions per 10'0 eligible 
employees. 
V a l .  

Fifteen suggestions were submit- 

Six suggestions are pending board action and one is pending AEC appro- 

d Accepted 

HLO participation in the Employee Benefit Plans as of the end of September is as fol- 
lows : 

Open/ 

1 

!umber Present 
Participating Participation 

Pension Plan 
Insurance Plan 

Personal Coverage 
Dependant Coverage 

U. S. Savings Bonds 
Stock Bonus Plan 
savings Plan 

Good Neighbor Fund 

648 
93 

677 

5 s  
8% 

593 

HLO currently has 209 employees subject to military senrlce of which 87 are reservists 
and National Guards members. 
fied I-A and deferments ha.= been granted or are being processed for 43. 

Recruiting efforts were at a ID' '~ 

vity being directed toward planning for the coming recruiting season. 

Of the 122 subject to selective senrlce, 15 are classi- 

during the month with a major portion of the acti- 

!lZcHmICAL RECRTJITING ACTIVITIES 

on 
the 
R o l l  - 

1 
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-- 
Emerienced ES /Ms 

Extended 

Chemistry 
Math. 
M e t .  Engr.  
physics 
Other 

Accepted Open' the  
R o l l  - 

V i s i t s  t o  Richland 
/ Ine t a t ions  /visited i TO visit1 

1 
1 
2 
1 

~ 

Extended 

1 
1 

1 
1 

During the  month of September, grievances were received and processed as follows: 

Answered - Answered -atis- 
Nmber Sat  isf act- fac tor i ly  - Pend- Discussed 

Step I 

at Step I1 Discussed o r i l y  Withdrawn inp: Step 11 

2 1 1 4 

0 0 0 

Unit a 
men-Unit 0 0 

step II 

Nmber Discussed Step I1 Anawers Given Pending Step I1 Answers 

1 3 4 

In addition, there were two Step 11 grievances carried over from the former organizatfo~ 
HAM!PC vas nut i n  agreement with the Step I1 answers but has not yet taken f'urther ac-- 
tion. One ia considered 88 closed during the month due t o  the expiration of the three- 
month time b i t .  

HLO personnel worked a t o t a l  of 166,684 employee hours during the month with no dia -  
ab- injuries. 
There were no serious incidents during the month. 
jur ies  and there was one f i r e  which caused no injury or property loss. 

There were 43 medical treatment cases for the frequency of 2.58. 
Two incidents resulted in  minor in- 

A 300 Area accident Prevention Cammittee has been farmed with equal representation be- 
tween €Ell and the Fuels Preparation Department. 

Approva l  fo r  use of Separan 2610 f o r  drinking mter cannot be given by Health and 
Safety bec-e eqrproval has not been received from the U. S. Public Health Service. 

-48- 



FINANCIAL 

Basic accounting records for RLO were established as of September 1, 1956, reflecting 
balances transferred from W O  General Books coincident with decentralization. Support 
ing details were a lso  transferred and appropriate accounting procedures have been estab 
lished and are operating. 

Cost accounting ledgers were established for operating costs, research and develop- 
ment and other end functions, and equipment and construction work in progress. 
dures were established for accumulating costs and liquidating costs to research and 
development studies and customers. 

Proce- 

The following control budgets were established for Hanford Laboratories: 

Attendame at Meeting of Professional 
and Trade Societies $18,000 

Charges Against the Fee $ 7,600 

Overtime 1.54 of available man-hours 

Control budgets have been or wiU be established for Level 3 components. 

The gross payroll paid during the month was $570,299.85, of which $3U,842.25 was 
paid to exempt employees and $248,457.60 to non-exempt employees. 
exempt employees represents four weeks. 

Payments to the non- 

Salary  rates for a l l  non-exempt employees, except Technical and Business Graduates, 
were changed to reflect an increase of 34 on base pay rates in accordance with the 
Company’s Better Living Program. The revised rates were effective October 1, 1956, 
and were reflected in weekly salary checks on October 12, 1956. 

A cash fund was established in the 3702 Building for the convenience of HLO people , 

desiring travel advances. 

The HLO Forms Review Program was established in an OPG issued early in October. 
revised forms numbering system was established, which w i l l  result in easier reference 
to forms and more efficient handling. 

A 

Data for measurements systems for Hanford Laboratories and its components were pre- 
pared for Laboratories managers. 
attended a meeting in Schenectady of measurement specialists of Company laboratories 
and components to exchange thinldng and progress on measurements applicable to labora- 
tories . 

On September ll the Specialist - Measurements 

I 2 3 8 2 9 2  
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A l l  Banford Laboratories Operation personnel engaged in  work that m i g h t  reasonably 
be expected t o  resu l t  i n  inventions or discoveries advise that, t o  the best  of 
their bowledge and belief, no inventions or discoveries were made i n  the course 
of t he i r  work during September 1956 except as l i s t e d  below. 
advise that, f o r  the period therein covered by this report, notebook records, i f  
any, kept i n  the course of their  work have been examined f o r  possible inventions 
or  discoveries. 

Such persons further 

H. R. Gardner Heat treatment of zzranivm 

W. J. Bailey 

W. J. Bailey 

H. W. Lefevre & 
J. T. Russell ' 

HW-45015 - Diffusion Welding of Alumi- 
num with the Do&le Acting, Hot Work 
Punch, September 7, 1956 

HW-45016 - Diffusion Welding of ~ l u m i -  
nun with the Single Stroke, Hot Work 
Punch, September 7, 1956 

Time Measurement i n  the Millimicro- 
second Region 
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