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

nor the commission, nor any person acting on behalf of the Commission: 

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

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

As used in the above, "person acting on behalf of the Commission' includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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BUDGET AND COST SUMMARY - 
October  operat ing cos t s  totaled $2, 774, 000, an  inc rease  of $77, 000 

over  the previous month; f i s ca l  year - to-da te  cos t s  are $10, 689,000 o r  33. 170 
of the  $32, 269,000 cont ro l  budget. Hanford Labora to r i e s '  r e s e a r c h  and 

development c o s t s  for  October  compared  with last month and the control  

(Do l l a r s  in 
thousands 1 

HL P r o g r a m s  
02 
03 
04 
05 
06 
08 

Sponsored by 
NRD 
IPD 
C P D  

Tota l  

C u r r e n t  
Month 

$ 79 
51 

1224 
127 
269 

9 

Previous  
Month 

$ 80 
40 

1196 
127 
27 5 

9 

T o  Date 

$ 318 
158 

4 638 
496 

1067 
48 

budget are shown below: 

C O S T  

* Includes $12 thousand yea r - to -da te  adjustment  
for  cha rges  t r a n s f e r r e d  to  o the r  accounts 

RESEARCH AND DEVELOPMENT 

1. Reac tor  and F u e l s  

1759 

173 

137 
$2 127 

5a 

1727 

174 
68 

$2 077 
1 oa 

6 725 

635 
245 
463* 

$8 068 

Budget 

$ 1180 
250 

13 485 
1456 
3 604 
100 

20 075 

1761 
6 60 

1 668 
$24 164 

% 
Spent 

27 
63 
34 
34 
29 
48 
33 

36 
37 
28 

- 

3 370 

Up t o  0. 5% of the t r i t ium generated in l i thium-aluminum ta rge t  
e lements  w a s  r e l e a s e d  f rom the t a r g e t  a l loy during i r r ad ia t ion  f o r  2 months 

at N-Reactor  conditions.  

On drop- tes t ing  a n  N-fuel a s sembly  which had been i r r ad ia t ed  to 
2600 Mwd/ton, the outer  tube su f fe red  a br i t t l e  t r a n s v e r s e  f r ac tu re ,  but 

the inner  tube did not appea r  damaged. 
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Capsules  have been p repa red  to evaluate the swel l ing r e s i s t a n c e  of 

Zi rca loy-c lad  uranium meta l  containing a submicron  s i z e  d ispers ion  of 

uranium carb ide .  

Aluminum-clad, s imula ted  t a r g e t  e lements  containing Al-1  wt% L i  

c o r e s  are being fabr ica ted  fo r  cold physics  t e s t s  in N-Reactor .  

I r rad ia t ion  tests with NaK capsules  have provided da ta  on the s t r a i n  

capabili ty of Zi rca loy-2  cladding as a function of clad thickness  uniformity,  
t e m p e r a t u r e ,  and exposure .  Below an average  clad t empera tu re  of 325-  
3 5 0  C,  the clad s t r a i n  l imi t  is approximately 1.570 before  necking occur s ;  

however,  th i s  cladding s t r a i n  l imi t  i n c r e a s e s  above 3 5 0  C. 
is less than 0. 570 if the  cladding is s t r i a t ed .  

The s t r a i n  l imit  

Tes t ing  w a s  continued in the K - 1  Loop to evaluate  use  of NH40H as 
a subs t i tu te  for  LiOH to adjust  pH of N-Reactor  p r i m a r y  coolant. 

l eve ls  w i th  NH40H are low and no turbidi ty  of the wa te r  w a s  noted. 

The c rud  

P r e l i m i n a r y  t e s t s  indicate that perace t ic  acid can be used without 

peroxide to  dissolve U02 a n d / o r  U f r o m  rup tu re  deb r i s .  

tor i ly ,  with s o m e  s a m p l e s  having attained an  exposure  of 7 x 1O2l nvt. 
The long- te rm i r r ad ia t ion  of N-Reactor  graphi te  continues satisfac - 

The addition of 1/270 CF2C12 reduces  the  rate of air oxidation of 

CSF and EGCR graphi tes  by f ac to r s  of 3 and 4, respec t ive ly .  

P r e l i m i n a r y  information w a s  obtained on the effect of heat t r a n s f e r  

on co r ros ion  of aluminum in 120 C p rocess  w a t e r .  A t  a heat flux of about 

7 0 ,  000 Btu / ( f t  ) (h r ) ,  the  co r ros ion  rate w a s  inc reased  by a f ac to r  of 3 .  6. 2 

Examinat ion of PRTR fuel e lements  showed s o m e  g ray  scuff m a r k s  

under  the w i r e s  of the t h r e e  A1-Pu e lements  that had been charged into the 
r e a c t o r  without the usua l  p re i r r ad ia t ion  autoclaving. 

these e lements  are now loose,  a fea ture  common to  all A1-Pu al loy PRTR 

e lemen t s .  

The spac ing  w i r e s  on 

.- 
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Two U 0 2 - P u 0 2  mixed oxide fuel e lements  with broken rod  w i r e  
wraps  w e r e  Fepaired in the PRTR basin.  

A new Model 1220-B  Dynapak machine w a s  successfu l ly  used to  

impact  15 lb cans of U 0 2 - 1  wt% P u 0 2  fo r  PRTR fuel e lements .  

300 lb  of fuel w e r e  impacted on the first day of trial operat ion.  

More than 

The fa i lure  mechanism of a r ecen t  vibrat ional ly  compacted PRTR 
mixed oxide fuel e lement  has  been identified as g r o s s  hydriding which is 

apparent ly  not assoc ia ted  with g r o s s  co r ros ion  (i. e . ,  oxidation), o r  high 

f luoride contamination. However, s ince  o ther  PRTR fuel fa i lures  may have 
been r e l a t ed  to f luoride contamination, rap id  analyt ical  methods have been 

put in u s e  t o  s c a n  all m a t e r i a l s  used in fabr icat ion of PRTR fuel e lements  

f o r  possible  s o u r c e s  of halide contamination of the fuel. S e v e r a l  potential  

s o u r c e s  have been identified and el iminated.  

Studies  are continuing to de t e rmine  the optimum conditions of t ime,  

t empera tu re ,  and humidity for  purifying P u 0 2 .  

A 4-rod  fue l  e lement  wi th  two r o d s  containing s in t e red  U 0 2  pellets 
enr iched  with coaxial ,  Pu-15 wt% Z r  al loy w i r e s ,  was i r r ad ia t ed  to 2x 10 

2 f i s s i o n s / c c ,  genera t ing  a maximum heat  flux of 122 w / c m  . 

19  

C eramographic  examinat ion of a n  i r r ad ia t ed  s imula ted  rejuvenated 
fuel rod  showed that the c e n t r a l  z i rconia  tube r ema ined  intact and the 
enr iched  uranium oxide contained within the  tube re loca ted  rad ia l ly  to f o r m  

a c e n t r a l  cavity. A second rejuvenat ion would be feasible .  

Twenty capsules  containing hydrogen-sintered Tho2 - P u 0 2  pellets in 
five composi t ions ranging between 2 . 2 3  and 1 8 . 4 8  wt% Pu02 are being 
i r rad ia ted .  

The eleventh PRTR p r e s s u r e  tube d ischarged  had a 20 m i l  deep 
T h i s  flaw has been caused  t o  propagate  through the tube wal l  by a flaw. 

p r e s s u r e  of 9200 ps ig  at room t e m p e r a t u r e .  

eight t i m e s  greater than PRTR opera t ing  p r e s s u r e .  

This  p r e s s u r e  is m o r e  than 

1 2 2 8 1 1 5  DECLASSI FED 
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Evidence shows that r e a c t o r  exposure  damage is sa tu ra t ing  in the - 
PRTR Zirca loy  p r e s s u r e  tubes (i. e . ,  meta l lurg ica l  p rope r t i e s  are now 

changing m o r e  slowly with exposure) .  

tubes fo r  des t ruc t ive  examination wil l  be reduced f rom approximately one 

e v e r y  2 months to  one e v e r y  6 months (the ac tua l  r emova l  rate will  be based 

on Mwd of operat ion) .  

Consequently, the rate of removing 

Since May 1963, t he re  have been p rogres s ive ly  fewer  c a s e s  of high 
zirconium concentrat ion in  the PRTR p r i m a r y  coolant DZO, possibly due 

to  the inc reas ing  numbers  of fuel e lements  wi th  wide support  pads.  

Analysis  of air flow data  taken in the PRTR fuel examination facil i ty 

indicates  that  the allowable power leve l  of fuel e lements  under examination 
can  be inc reased  f rom the p re sen t  l eve l  of 1 kw to 5 kw. 

The volume of m i c r o c r a c k s  in high quality a s - c a s t  plutonium w a s  
reduced ,  and the r e su l t i ng  me ta l  densi ty  w a s  inc reased ,  by rapidly cooling 

through the beta-to-alpha t r ans fo rma t ion  during cast ing.  

The deformation of plutonium during alpha-to-beta  and beta-to-alpha 

t r ans fo rma t ions  was de te rmined  to i n c r e a s e  f rom z e r o  at 100 ps i  t o  2 .  59‘0 at 
1600 ps i  at an  ave rage  t ransformat ion  rate of 1 - 2 % / h r .  The t ransformat ion  

s t r a i n  was v e r y  nea r ly  a l i n e a r  function of applied stress. 

S t r a i n - r a t e  sensi t ivi ty  exper iments  with polycrystal l ine molybdenum 

have given r e s u l t s  which sugges t  that  s t r a i n - r a t e  cycling has been conducted 

between reg ions  of different  s t r e s s - s t r a i n  rate dependence and thus can lead 
t o  e r roneous  conclusions.  This  observa t ion  m a y  have f a r - r each ing  implica-  

tions on the validity of exper iments  in deformation r a t e  theory.  

A series of exper iments  has  ver i f ied  the exis tence of four  distinct 

reg ions  in  the cu rve  of room t e m p e r a t u r e  yield stress vs .  log s t r a i n  rate 
f o r  polycrystal l ine molybdenum. 

It  has  genera l ly  been accepted 
to  f i ss ion  gas  induced swel l ing than is 

that thorium is much m o r e  r e s i s t a n t  
uran ium.  Recent s tud ies  have 
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A computer  p rogram w a s  wr i t t en  to r e c o r d  data  and calculate  
c e r t a i n  f ac to r s  f r o m  data  of radioact ive par t ic le  inhalation s tudies .  The 

p rogram a l s o  fits the percent  body burden as a power function of t ime  by 

method of least s q u a r e s  and ca lcu la tes  95‘70 confidence l imi t s .  

SUPPORTING FUNCTIONS 

PRTR output for  October  was  1248 Mwd, for  a n  exper imenta l  t ime  

efficiency of 78‘70 and a plant efficiency of 57. 570. 
ing per iods  during the month, one of which w a s  te rmina ted  for  scheduled 

refuel ing and planned maintenance,  one was  te rmina ted  manually due to 

ventilation unbalance,  one was  te rmina ted  by a spur ious  log N per iod t r ip ,  

and one opera t ing  per iod continued through month-end. A s u m m a r y  of the 
fuel  i r r ad ia t ion  p rogram as of October  31, 1963, follows: 

T h e r e  w e r e  four  ope ra t -  

P r o g r a m  
A1-Pu u02 pu02-u02 Other  Tota ls  

- No. Mwd - No. Mwd - No. Mwd No. --- Mwd No. Mwd 

85 8700.3 In-Core  18 1636.7 0 67 7063.6 
Maximum 100.9 171.8 
Average 90.9 105.4 

In Bas in  25 1895.0 32 3815.0 13 382 0 1 7.3 71 6099.3 

Chemica l  
67 4275. 1 P r o c e s s i n g  - 32 2309.3 - 35 1965.8 - - -- 

P r o g r a m  
Tota ls  75 5841.0 67 5780.8 80 7445.6 1 7.3 223 19074.7 

Note: (Mwd/Element)  x 20 = Mwd/tonU for  U 0 2  and P u 0 2 - U o 2  

A total of 71 r e a c t o r  outage hours  w e r e  charged  t o  r e p a i r  work. 
Main i t e m s  w e r e :  

D 2 0  and helium leaks 
F l a s h  tank r e p a i r s  
Ion exchanger  rep lacement  
Valves 
Instrumentat ion 

16 hr  
11 h r  
11 h r  
8 h r  
8 h r  
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The  Qctober heavy wa te r  inventory indicates  a loss of 859 l b  for  

the month. 

Operat ion of the  PRCF was rout ine fo r  the month, involving both 
i r r ad ia t ed  and uni r rad ia ted  PRTR fuel e lements  with a D 2 0  modera to r .  

The facil i ty was  shut  down at month-end for  scheduled conversion to H 2 0  
modera to r .  

T h r e e  opera t ing  runs  in the F u e l  E lemen t  Rupture  T e s t  Fac i l i ty  
w e r e  completed.  
surv ived  s e v e r a l  ex terna l ly  caused d is turbances .  

The f ina l  r u n  went 8 days without interrupt ion and 

Tota l  productive t ime  in the Technical  Shops Operation f o r  the period 
w a s  23, 275 h r .  Distr ibut ion of t ime  w a s  as follows: 

Man-Hours 70 of Tota l  

N-Reactor  Department  2 876 12. 36 
I r rad ia t ion  P r o c e s s i n g  Department  4 280 18. 39 
Chemica l  P r o c e s s i n g  Department  480 2 .  06 
Hanford Labora to r i e s  15 639 67. 19 
Hanford Util i t ies and Purchas ing  Department  0 - 

Tota l  productive t i m e  for  Labora tory  Maintenance Operat ion w a s  
18, 500 h r  of 20 000 h r  potentially avai lable .  
91% was  expended in suppor t  of Hanford Labora to r i e s  components,  wi th  the 

remain ing  970 d i rec ted  toward providing s e r v i c e  fo r  o ther  HAP0 organiza-  
t ions.  

Of the total  productive t ime ,  

Manpower uti l ization for  October  w a s  as follows: 

A .  S h o p W o r k  2200 h r  

B. Maintenance 7000 h r  

1. Prevent ive  Maintenance 2200 hr  

2 .  Unscheduled o r  Emergency  Maintenance 1400 h r  

3. Normal  Scheduled Maintenance 3400 h r  

4. Over t ime (Included in above f igures)  760 hr  
C .  R&D Ass is tance  9300 h r  
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A t  the r eques t  of RLOO-AEC, e s t ima tes  of $420,000 fo r  cons t ruc-  

tion and $80,000 for  r e s e a r c h  and development w e r e  developed f o r  F Y  1964 

for  initiation of the Containment T e s t  P r o g r a m .  

of the  facil i ty to be located in the T Plant  are es t imated  at $870, 000. 

Tota l  construct ion cos t s  

The  N-Reactor  model w a s  installed in the Vis i tors  Cen te r ;  approval  

to opera te  the Vi s i to r s  Center  has  been extended without a t e rmina l  date.  

The following data  show the magnitude of Hanford visitations:  

Number of Vis i tors  
In October  Since June 13, 1962 

Vi s i to r s  Cen te r  1488 
Plan t  Tours 197 

58, 113 
n. a. 

HAP0 profess iona l  r ec ru i t i ng  activity this month is summar ized  

be low : 

Acceptances Reject ions Open Offers  
V i s i t s  Extended Received Received at Month End 

Ph.  D. 3 1 0 4 1 

BS /MS (Di rec t  
P lacement  ) 0 2 1 0 2 

BS/MS ( P r o g r a m )  4 0 0 4 

One technical  graduate  w a s  placed on permanent  ass ignment .  Two 

graduates  joined the  p rogram,  bringing the c u r r e n t  s t r eng th  to  76.  

Authorized funds f o r  s even  act ive pro jec ts  total  $6, 424, 500. The 

total  es t imated  cos t  of these  p ro jec t s  is $10, 269, 000. 

September  w e r e  $1 ,261 ,000 .  

Expendi tures  through 

-- - 

Manager ,  Hanford Labora to r i e s  

HM Parker : JKG:dph 
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REACTOR AND FUELS LABORATORY MONTHLY REPORT 

OCTOBER 1963 

TECHNICAL ACTIVITIES 

A. FISSI- MTEBLALS - 02 PROGRAM 

1. Metallic Fuel Develapment 

High Temperature I r r ad ia t ion  of Tubular Fuel Elements. 
i r r ad ia t ion  examination of a KSE-5 element i r rad ia ted  in ICER Loop 2 

Post- 

t o  1350 EaJD/T at  a volume mean f u e l  temperature of 535 C has been 
completed. 
i r r ad ia t ion ,  and most of t h i s  increase appears a t t r i bu tab le  t o  
fission gas porosity.  
a smU. part of the  volume increase m y  be a t t r i bu ted  t o  grain- 
boundary tearing. 
the  bonded end caps and near the  cladding, small i r regular  holes 
have f o m d  i n  grain boundaries. A small par t  of the volume in- 
crease may also be a t t r ibu ted  t o  intergranular cracks observed a t  
the  center of the  f u e l  sect ion,  These cracks are associated wi th  
t h e  thermal contraction of the f u e l  which OCCUTS a t  reactor  shut- 
down. 

The fuel experienced 2.28$ increase i n  volume during 

There i s  microscopic evidence, however, t h a t  

In the  lower temperature zones of the  f u e l  near 

Target Element Development. 
mental lithium-aluminum ta rge t  elements i n  KER Loop 2 has continued 
at  a coolant pressure of 1600 p s i  and a calculated t a rge t  temperature 
of 300 C. 

I r rad ia t ion  t e s t i n g  of e ight  experi- 

The eight  t a rge t  elements which were discharged from Loop 1 a f t e r  
60 days a t  fu l l  reactor  power a r e  being evaluated i n  Radiometal- 
lurgy.  No over-al l  dimensional changes in the t a rge t  elements were 
detected with the  exception of a O.l$ increase in the length of 
th ree  of t he  elements. The measured bulk dens i t ies  of' the  lithium- 
aluminum core, tnt: OD or' me core auci Lhe volume 01' tne cent ra l  hole 
of t h e  core a l l  agreed w i t h  p re - t e s t  values and show t h a t  no mea- 
surable swelling had occurred. 

Cas samples taken from the  cent ra l  holes of four of the t a rge t  
elements showed t h a t  up t o  0.5% of the t o t a l  tritium was released 
f romthe  t a r g e t  a l loy .  However, gas samples taken from the  annulus 
between the  aluminum can and the Zircaloy-4 can of each element 
contained no measurable tritium. Various samples of the Zircaloy-4 
and aluminum cans have been taken and w i l l  be analyzed f o r  tritium. 
Samples of t he  Li-A1 cores have been taken and w i l l  be analyzed -- 
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6 f o r  tritium, helium, and Li . 
productian and evidence of mass t ransport .  

These data w i l l  y ie ld  t o t a l  gas 

Drop Tested N U .  
component of an "N" f u e l  assembly that w a s  drop-tested i n  the KE 
viewing f a c i l i t y  has been made a t  Radiometallurgy. 
tube broke t ransversely near i ts  center in w h a t  appears t o  be a 
b r i t t l e  manner. 
f-ntation associated w i t h  the  f rac ture .  The outer component 
t e s t ed  had a t ta ined  2600 MJD/T exposure and experienced 1.4 vol$ 
increase during i r r ad ia t ion .  The inner tube of the assembly d id  
not appear damged a s  a r e su l t  of drop t e s t ing .  

V i s u a l  examination of tne outer and inner 

The outer 

There is no evidence of bond f a i l u r e  or fue l  

fie1 Fouling Detector. 
fabr icated f o r  use as prototyype f u e l  fouling detectors  f o r  N- 
Reactor. 
1 wt$ zirconium a l loy  clad with Zircaloy-2. Four were prepared 
using double-sheathed Zircaloy-2 c l ad  t h e m c o u p l e s  brazed in to  
the f u e l  rods with zirconium - 5 wt$ beryliium al loy,  and four  a re  
assembled xith a s t a i n l e s s  s t e e l  sheathed thermocouple sealed in to  
each rod using a campression ring. 
thermocouple was sent t o  Idaho F a l l s  f o r  short term i r r ad ia t ion  in 
the  GllR P-7 Loop, t o  evaluate i ts  performance i n  high temperature 
pressurized water. 

Eight thermocoupled f u e l  rods have been 

These elements a re  thorium - 1 . 5  wtdp enriched uranium - 

One element having a Wrcaloy-2 

I r rad ia t ion  Test of Uranium w i t h  Fine Carbides. 
sources indicate  that a f ine ly  dispersed second phase i n  uranium 
can reduce s w e l l i n e ; .  
t o  involve the l imi t ing  or stopping of the migration of small 
f i s s ion  gas pores thus preventing t h e i r  agglomeration in to  large 
pores. For a given amount of f i s s ion  Gas generated, the small gas 
pores, through t h e i r  g rea te r  surface tension r e s t r a i n t ,  w i l l  cause 
considerably l e s s  uranium swelling than t a e  la rger  pores. 

Data from several  

The mechanism whereby t h i s  occurs i s  believed. 

To investigate the a b i l i t y  or a submicron dispersion of uranium 
carbide t o  reduce uranium swelling, three NaK capsules a r e  being 
prepared f o r  i r r ed ia t ion  in  the KL'R o r  ETR. 
w i l l  compare the swelling performance of two Zr-2 clad uranium fue l  
rods iden t i ca l  i n  uranium composition, but with one having a uranium 
carbide s i ze  of 2-5 microns and the other a carbide s i ze  of l e s s  
than 0.5 micron. The f i n e  carbide uranium samples were produced 
from c h i l l  cas t  uranium shot which was coextruded w i t h  Wrcaloy-2 
t o  give a clad rod of near t heo re t i ca l  densi ty ,  
w i l l  be i r r ad ia t ed  t o  approximstely 0.3 and 0.6 at,$ burnup. The 
t h i r d  capsule w i l l  contain t w o  f u e l  rods of tke f ine  carbide and 
w i l l  be i r r ad ia t ed  t o  approximately 1.0 at$ burnup. 

Two of these capsules 

These two capsules 
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Fabrication of the f u e l  samples and capsule p a r t s  i s  completed 
and assembly of the  capsule s t a r t ed .  
capsules i s  scheduled t o  begin i n  December. 

Target Element Development. 
test  and f o r  a poison column loading i s  under way. 
aluminum cast ings were made and extruded on the 333 press in to  
b i l l e t  tubes.  
t he  new "Cindol" aluminum lubricant  and F i sks  "604." 
qua l i ty  o r  The extrusions was poor. 
cants,  d ie  core angle,  extrusion speed, d ie  temperature and b i l l e t  
temperature w i l l  be determined on the 306 extrusion press using 
p i l o t  b i l l e t s .  
made together with two d ie  s i zes .  
give the  same extrusions,  
most complete. 
tubes, and cast ings have been made of the  aluminum - 1$ l i t h ium 
core a l loy .  
The l i t h i u m  attacked t h e  graphite crucible a t  temperatures over 
500 C through intragranular  corrosion, resul t ing i n  complete f a i l u r e  
within minutes. 
heavy layer  of Zre, then carefu l ly  cleaning a f t e r  each m e l t .  
Piping in  the cast ing was minimized by ch i l l i ng  the mold w a l l  by 
water cooling co i l s ,  vibrating the  mold during metal so l id i f i ca t ion  
and constantly hot tapping. 
f inal  cleaning f o r  b i l l e t  preparation., 
elements within the  dr iver  elements or  process tube a re  being 
fabricated from 8001 aluminum sheet,  w i t h  s t e e l  shoes t o  prevent 
aluminum rubbing onto the Zircaloy surfaces.  Present goals c a l l  
f o r  fabr ica t ion  of one tube of poison elements and two tubes of 
t a rge t  elements f o r  N-Reactor by November 15 ,  followed by f a b r i -  
cation of two addi t ional  tubes of t a rge t  elements by December 1. 

I r rad ia t ion  of tnese 

Component fabr icat ion f o r  a physics 
Massive 

Extrusions were nade cold, using a combination of 

Extrusion constants, lubr i -  
The surface 

For t h i s  purpose ten composite b i l l e t s  have been 
B i l l e t  s ize  was adjusted t o  

Final composite b i l l e t  assembly is  a l -  
B i l l e t  she l l s  have been machined from the b i l l e t  

A major problem was encountered i n  melting the  a l loys .  

This w a s  overcome by washing the crucible w i t h  a 

An aluminum br igh t  e tch w a s  found f o r  
Supports t o  center t he  

Hot-Headed Closure Studies ,  
f u e l  elenvents were prepared. 
cap welding. 

Seventy hot-headed sections of N-inner 
These are being processed f o r  end 

Subsequent t o  welding they w i l l  be subjected t o  a 
series of evaluation tests. 

Work on the development of projection welding methods f o r  outer 
fuel elements similar t o  those applied t o  inner elements has con- 
t inued. 
and sect ions of N-outer elements have been hot-headed and prepared 
f o r  end cap welding. 
elements are proceeding, 

Cladding Deformation Studies. 
a t o t a l  of 94 Zr-2 clad uranium rods have been i r rad ia ted  t o  prov$..de- 

Tooling f o r  welding has been designed and constructed 

Effor t s  t o  projection weld end caps t o  the 

Thirty-six N a K  capsules containing 
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d a h  a n t h e  s t r a i n  capabilities of Wrcaloy-2 cladding as  a 
function of cladding thickness uniformity, temperature, and 
exposure. 
and dianreter mcasurements completed. 
rods are in agreement with previous data re la t ing  man cladding 
tepperature t o  total uniform cladding strain f o r  samples with 
small  (k 0.002 inch) cladding thickness var ia t ions.  Below an 
average cladding temperature of 325-350 C ,  the t o t a l  cladding 
strain limit, before p l a s t i c  i n s t a b i l i t y  or necking occurs, i s  
approximately 1.5s. Above cladding temperatures of 350 C,  the 
strain limit increases.  From t h i s  analysis of the data it is  
concluded that i r r ad ia t ion  damage plays a s igni f icant  ro le  i? 
cladding i n s t a b i l i t y  below 300-350 C. 

A t o t a l  of 54 samples have been examined v isua l ly  
The data from %hese f u e l  

Fromthe data on the striated and uns t r ia ted  samples with a 
mminal cladding thickness of 0.025 inch, an analysis was made 
of the e f f ec t  of s t r i a t i o n  depth on cladding i n s t a b i l i t y .  
Total uniform cladding strain decreases from 1.6$ f o r  an UP 
s t r i a t e d  sample t o  approximately 0.5$ f o r  a sample with a 
single in ten t iona l  s t r i a t i o n  of 0.005 inch depth. 

Three of the  capsules of t h i s  t e s t  contained U - 2 w t $  Z r  fue l  
cores c c e x t m + a n  clad x i t h  Zircalox-2. Four of these samples 
shoved l i t t l e  o r  no local ized strain even though the t o t a l  cladding 
strains were in the range of 2 . 6  t o  2.9$. This cladding per- 
formance is considerably b e t t e r  than f o r  any of the unalloyed fue l s .  

U r a n i u m  Sulfur Alloys. 
NLO w i l l  use uranyl ammonium s u l f i t e  (UAS) t o  replace the uranyl 
ammonium phosphate (UAP) feed t o  the Winlo Process. No work has 
been done on the low end of the U-S diagram (0-1 w t $  S) so  the 
e f f e c t s  of sulfur addi t ions t o  uranium a re  being studied. Two 
hundred grams of powdered umnium mono su l f ide  have been obtained 
from Argonne National Laboratory f o r  invest igat ion of the low 
sulfur end of the  U-S diagram. 
uraniuu~sulfur a l l o y s  of 250-10,000 ppm sulfur. 

An a l t e rna te  scrap recovery process a t  

The powder w i l l  be used t o  form 

Heat Treatment of Uranium-Carbon Alloys. 
t r ea t ing  uranium containing carbon in the high gams uranium phase 
a r e  being studied. 
has indicated carbon losses  when uranium is held a t  tenrperatures i n  
the  gamma range. m o t  uranium (300-400 ppm carbon) specimens have 
been prepared and are now being analyzed fo r  carbon. Specimens a re  
a l s o  being heated t o  temperatures in tne garmrn raqge (800-1100 C )  
and w i l l  be reanalyzed f o r  carbon and examined. microscopically t o  
observe the e f f e c t s  of heat-. 

The e f f e c t s  of heat 

Work by Blumenthal of Argonne National LaboratorJ 
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S ta in less  S tee l  Clad Niobium Woe Fabrication. 
steel clad Nb - 1% Zr tube was produced from a 2.085-inch OD ex- 

A 3" OD s t a in l e s s  
-~ 

t rusion b i l l e t  by a combination of hot extrusion and cold swaging. 
The coextrusion b i l l e t  w a s  designed t o  produce a 0.020 inch th ick  
stainless steel clad over a 0.040 inch w a l l  ITD - 16 Z r  tube con- 

b i l l e t  components were cleaned and the niobium component w a s  
vacuum sealed between the s t a in l e s s  steel and 1020 s t e e l  '0;. DW t o  
protect  the  stainless niobium interface f rom oxidation d u r i r  1, \: - 
heat and extrusion, 

. t a in ing  s a c r i f i c i a l  material  of graphite cored io20 steel. The 

The extrusion b i l l e t  was preheated t o  1250 C and extruded i n  a 
0.030 inch th i ck  graphite sleeve t o  3/4 inch diameter. The extru- 
s ion  was then cold swaged t o  3 inch diameter, the graphite d r i l l e d  
out and the 1020 s t e e l  chemically removed leaving the s t a in l e s s  
steel  clad Nb tube.  

Examination of the tube revealed tha t  l i t t l e  or no diffusion bo:iu 
exis ted between the stainless and the Nb - 1$ Zr. 
a t  the  in te r face  in the  lead half  of the extrusion and can be 
a t t r i bu ted  t o  the d i f f i c u l t y  experienced in making the weld on that 
end of the b i l l e t .  

Oxide w a s  present 

Creep-Penetration Apparatus. 
determining the  hot hardness of materials as a function of t i m e  
have been received from -1linckrodt. 
s l i g h t l y  modified f o r  use with avai lable  laboratory equipment. 
The device w i l l  be b u i l t  and used f o r  invest igat ing various uranium 
a l loys .  

Detailed drawings f o r  a device f o r  

These plans have been 

2. Corrosion and Water Q w l i t y  Studies 

Studies on the  Release of T r i t i u m  from Aluminum-Lithium Alloys, The 
migration rate and containment of tritium i n  aluminum-lithium ta rge t  
materials i s  be- investigated by means of the followirig s tud ies :  

Data on in-reactor  tritium evolution rates in, tke f irst  capsule 
indicated a much lower temperature coeff ic ient  (40 kcal/mole ) than 
has been reported by duPont (140 kcal/mole) f o r  ex-reactor tritium 
outgassing rates. 

A second in-reactor capsule w i l l  be charged i? KE Reactor during the 
current tube outage. The capsule w i l l  operate a t  300 C t o  terminal 
GVR (gas volume r a t i o ,  i . e . ,  cc T2+ Xe per cc or' t a rge t  a l loy ) ;  the 
capsule w i l l  be monitored per iodical ly  t o  see i f  measurable tritium 
is released a t  t h i s  or  higher temperatures. Evolution r a t e s  a l so  
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will be-determined a t  a single temperature with the reactor  up 
and down t o  see if neutron radiat ion levels cause detectable 
changes in tritium evolution rate. 

Zircaloy Corrosion. 
t i o n s  on the  corrosion of Zircaloy-2 were described in  the  August 
m n t h l y  report .  
in 360 C (680 F) pH-10 (L iOH)  deoxygenated water, Zircaloy-2 cor- 
rosion rates increased proportionally on increasing beryllium 
concentration from o t o  5s. 
uranium concentrations on the Zircaloy-2 corrosion rates. 

The e f fec t s  of beryllium and uranium addi- 

It was shown that following 14 days of exposure 

There w a s  no e f f ec t  of 0-2200 ppm 

Except for the  1 .5  t o  2.55 Be-Zr-2 specimns,  the previously noted 
e f f e c t s  are continuing fouowing 28 days of exposure i n  360 c 
pH-10 (LIOH) deoxygenated water. 
beryllium have weight gains of 31.3 
f o r  samples with 3% Be, and 181 mg/ 

-2 samples containing no 
as compared t o  1.75 mg/dm2 
samples wi th  55 Be.  

The 1 . 5  t o  2.36 Be-Zr-2 samples are undergoing a sloughing type 
corrosion so that weight losses  rather than weight gains a re  ob- 
served. 
the beryllium content and is  independent of the uranium concen- 
trations which range from 0-2200 ppm i n  these par t icu lar  saxples. 

The sloughing corrosion appears t o  be eLt i re ly  due t o  

Erosion Corrosion of Alurrclnum Alloys. 
were conrpleted in an ex-reactor loop t o  determine whether aluminun 

Prel ininary experiments 

a l loys  (k-8001 and X-8003) would be susceptible t o  erosion corrosion 
or  other types of accelerated corrosion i n  process water a t  high 
veloci ty  (42 f p s )  a t  95 C .  Sanples were removed a f t e r  1 2  days and 
26 days. The x-8003 a l l o y  showed a smaller veigkt-lass . 
markings were found on the X-dOC3 wnich indicated possible erosion 
corrosion a t t ack  but was l a t e r  foucd t o  be due t o  preparatory 
treatments. 

Some 

Comparison of High and Low Alum Dosage. A t e s t  is  in progress a t  
F-Reactor t o  evaluate the e f f e c t s  of high alum dosage on corrosion 
and effluent a c t i v i t y .  One ha l f  of the reactor is ccoled by water 
treated w i t h  18 ppm alum and the other is G n  r a t e r  t rea ted  wi th  
the  normal amount of alum (5-lj ppm). 
and sodium dichromate is la8 ppm. 

The pH is aaiusted t o  6.0 

Samples of aluminum coated v i t h  protect ive materials and samples of 
carbon steel were removed after 22 days of exposure. 
the aluminum saqles  appear t o  have the protect ive coating s t i l l  i n  
place after exposure. The samples a re  being processed f o r  f i l a  and 
corrosion measurements. 

Several of 
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cancentk t ions  were low (0 -3  ppm). Check samples obtained from 
the  normally staeplaot saxupling system used during previous tests 
indicated s l i g h t  amounts of t u r b i d i t y  and higher so l ids  concen- 
t r a t ions .  

As another measure of t he  crudding tendency of the ananoniated 
coolant, fihe 10- contains two instnrmented crud detectors  (one 
upstream and one downstream). The crud detectors  are s ta i r i less  
steel clad U@ core elements with Wrcaloy sleeves,  each f i t t e d  
with three thermocouples i n  the  jacket.  
i s  i n  the  water adjacent t o  the element. 
t o  leave these e l e m n t s  i n  during the present outage and subse- 
quent operation until they a t t a i n  1600 EFPH (about Januarj). 

A fourth thermocouple 
It i s  present ly  planned 

The data  f r a m t h e  thermocouples indicate  there  was no crud buila- 
up, which agrees very w e l l  with tne  coolant qua l i ty  during t h i s  
period. 
properly and, in general ,  both crud detectors  nave performed 
s a t i s f a c t o r i l y  t o  date .  

Additianal nnannniated coolant tests a re  planned i n  K-4 Loop t o  
determine the  decomposition of ammonia at  higher power leve ls .  
The K-4 Loop is now being modified f o r  t h i s  testing. 

The U@ in the  crud detectors  is  packed t o  65% t heo re t i ca l  density.  
Some ccncern has been expressed that because of the low density,  
the  core might s h i f t  during i r r ad ia t ion  and result i n  thermocouple 
readings which vary with pos i t i ac ,  and generally be d i f f i c u l t  t o  
i n t e rp re t  with respect t o  cruddicg. 
designed in which the  core w i l l  be a cermet of U02 and/or Pu02 
In molybdenum. 
temperatures almost t o  the m l t i n g  point of molybdenum and post- 
i r r ad ia t ion  examination revealed s~ react ion had occurred between 
%he molybdenum and the oxide. 

A l l  of t he  t h e m c o u p l e s  appear t o  be functioning 

A new element is  now being 

Similar elemen%s have been i r r ad ia t ed  wi th  core 

E m l u a t i o n  of DecontamiAna.nts. Laboratory s tudies  recent ly  com- 
pleted have shown that solutions of formic acid - c i t r i c  acid and 
c i t r i c  acid-hydroxyacetic acid e f f i c i e c t l y  decoctami-mte carjon 
steel with low corrosion losses .  
with e i t h e r  sulfamic acid or mornum c i t r a t e  were a lso e f fec t ive  
but were more corrosive than des i rab le .  A l l  solut ions were in- 
h ib i ted  (with West Chexnicai i r h i S i t o r  ) s 

Mixtures of iyydroxyacetic acid 

Further s tudies  were made co improve the forrmrlatiozl or’ the per- 
ace t i c  solut ions used t o  dissolve uranium and uraniuti oxides a f t e r  
a f u e l  element mpture.  The var ia t ion of peracet ic  acid concew I 

(Llpprj;. ion from 2 .4  g/l fo 20 g/l had no e f f e c t  on tne amount Oi’ 
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Results from previous t e s t s  i n  7.0 pH water with 1 .0  ppm di-  
chromate showed tha t  corrosion of aluminum al loys 1100 and 6061 
i s  approximately 13 t o  2 times as great  i n  water with 18 ppm alum 
dosage as i n  water w i t h  low alum dosage, Corrosion of aluminum 
a l loy  x-8001 and of carbon s t e e l  was about the same w i t h  both 
dosages. 

Corrosion on Alumlnum Heat Transfer Surfaces. The corrosion and 
f i lm deposition on an X-8001 aluminum clad e l e c t r i c a l  heater  w a s  
measured after 41 days i n  an ex-reactor loop (TF-20) operated w i t h  
single-pass process water a t  120 C. Calculated heat flux a t  the 
surface was 72,700 Btu/hr/ft2 and the surface temperature w a s  es- 
timated at 150 C. A f i lm of approximately 6 mils was formed and 
the penetration of the aluminum w a s  4 .4  mils. The penetration of 
aluminum coupons (without heat t r a n s f e r )  f o r  the  sanie operating 
period in  the same system w a s  1.2 mils. This study i s  continuing 
with similar x-8001 aluminum heat transfer surfaces being subjected 
t o  similar conditions, f o r  longer exposures. 

Resistance Temperature Detectors. A s i l v e r  plated monel KITD, a 
copper plated monel IiTD, and an uncoated monel RTD were removed 
from Tp-20 after 4 weeks of' exposure t o  p H  6.6, 120 C process 
water. The uncoated monel RTD withstood the conditions very satis- 
f a c t o r i l y  showing no s i g n  of unusual corrosive a t tack .  
plated KllD had copper p l a t ing  flake off  i n  large areas, but the 
monel underneath was not v i s ib ly  damaged. 
showed s i l v e r  p la t ing  blisters broken through i n  so= places.  
money appeared t o  be attacked in these locations.  

The capper 

The s i l v e r  plated F?I'D 
The 

Evaluation of N&OH f o r  N-Reactor Primary Coolant pH Adjustment. 
The program t o  evaluate NWOH as a subs t i t u t e  f o r  L i O H  i n  N-Reactor 
primary system is contlauing. The K - 1  Loop has been operating wi th  
NHl+OH since September 9,  and a t  the time of the  extended shutdown 
f o r  tube replace-nt (October 8 )  had accumulated 450 ef fec t ive  f u l l  
power hours (EFPH). 

C o o l a n t  qua l i t y  during the  ent i re  operating period (Sept. 9-Oct. 8 )  
was sa t i s fac tory .  
coolant was controlled at  12-15 gpm. The loop operated a t  a feed- 
and-bleed pur i f ica t ion  rate of 1 gpm, and it was necessary t o  add 
appmximately 0.2 pound of ammonia per day t o  maintain the desired 
coolant concentration. 
w a s  about 8-10 c d / l i t e r  ( s tp ) .  

In general, the ammonia concentration i n  the 

The gas concentration present i n  the coolant 
The HdN2 r a t i o  observed was about 

1-1.5. 

None of the coolant samples.obtained from t h e  continuous flow 
sampling stream were v is ib ly  turb id ,  and the t o t a l  so l ids  
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a 
oxides dissolved but d id  cause more prec ip i ta te  t o  be !!ked. 
The use of 50 t o  100 g/l peracet ic  acid without the peroxide 
gave results comparable t o  the solut ion wi th  the peroxide. A 
test using this modification i s  planned f o r  the  IRP Loop. 

N-Reactor Secondary System Cleaning. 
system was cleaned (by Dow Indus t r ia l  Services) using a three-step 
procedure: (1) a hot water rec i rcu la t ion  and r inse;  (2)  chemical 
cleaning with Vertan 690; and (3)  passivation wi th  Turco 4517. 
Scaled samples and weighed coupons were inserted i n  the piping t o  
monitor the cleaning operation. Inspection of the samples and 
sections of temporary piping indicated the cleaning operation was 
successful and t h a t  an adequate passivation had been obtained. 
Corrosion penetrations of carbon steel  coupons after the hot water 
rinse (10-12 hours a t  150-180 F ) ,  a f t e r  the Vertain 690 descaling 
(17 hours a t  150-205 F) ,  and a f t e r  the Turco 4517 passivation were 
0.04, 0.10, and 0.10 m i l ,  respectively.  
brass were less than 0.1 mil in a l l  solutions.  

The N-Reactor secondary 

Penetrations on s i l i con  

Decontamination Tests of Tubing frm N-Reactor Steam Generators. 
Nondestructive examinations have shown that m y  tubes in  the N- 
Reactor steam generator have areas of intergranular  a t tack,  usually 
hemispherical in shape ranging in depth from 0 t o  over 8 6  pene- 
t r a t i o n  of the tubing wall. Tests were completed t o  determine w h a t  
e f f ec t s  from proposed decontamination processes might be expected 
a t  these  areas. 
of alkaline permanganate f o r  %wo hours, followed by a two-hour 
exposure t o  a le bisulfate decontaminant a t  60 C f o r  two hours. 
A second sample w8s s imi la r ly  exposed but employing a sulfamic 
ac id  decontaminant instead of the bisulfate. Chemical a t t ack  a t  
the gra in  boundaries w a s  found t o  have occurred deeply within the 
intergranular  attacked areas  and w a s  widening the void space be- 
tween the grains .  

One sect ion of tubing was exposed t o  e ight  cycles 

Mild p i t t i n g  w a s  also occurring. 

llvo other tubing samples were exposed t o  26 cycles and 20 cycles of 
the AP-bisulfate process, In these samples the grains had en t i r e ly  
f a l l e n  out of the intergranular ly  attacked regions. 
are being given addi t ional  metallurgical examination. 

These samples 

In the TF-4 Loop, a tes t  has been started t o  evaluate the e f f ec t s  
of repeated decontaminations on N-Reactor heat exchanger tubing. 
n;ree cycles (of a projected e i g h t )  of a lka l ine  permanganate fol- 
lowed by sulfamic acid (Turco 4306-D) have been completed. 

Corrosion Tests of N-Reactor Steam Generator Coxiponents. 
defective steam generator tubing which have been pressurized t o  

Samples of 
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cause *ole defects  a t  the  intergranu-srly attacked areas are  
being exposed i n  a high temperature low (TI?-7) t o  determine 
the leak rates of the  defects ,  whether the defects  increase in 
size w i t h  tine, and whether any differences occur with l i t h i a t e d  
water versus anxaoniated water. 

Tests are continuing t o  determine whether the fumes given off by 
charred purge balloons and charred andamcharred vapor phase in- 
h ib i to r  (VPI )  w i l l  cause stress-corrosion cracking a t  room 
temperature. To date, no visible cracking has occurred on stressed 
specimens exposed 3* months In uncharred VPI or la months i n  
charred purge balloon o r  WI vapors. Localized p i t t i n g  i s  occur- 
ring on the  samples exposed t o  the balloon vapors. Similar tests 
at  80-90 C have been started. 
occurred. 

After seven days, no cracking has 

The vapors given off i n  charring the purge balloon were found t o  
be highly ac id ic  and contained large amounts of chloride,  indica- 
ting the  gas given off is Ha. When VPI i s  heated, dense clouds 
of highly ac id ic  brown nitrogen oxide gases are given o f f .  
a few seconds, t he  vapors becore highly basic probably due t o  the 
presence of v o l a t i l e  amines. 

Within 

Ultrasonic Decontamination of Sample Holders. A method of reclaiming 
sample holders used extensively in corrosion tests i n  radioactive,  - 
high temperature water envir-nts was developed. These sample 
holders were previously discarded after use because it was impossible 
t o  decontaminate the n m r o u s  crevices,  threaded holes, and jo in t s .  
The method developed employs arL ul t rasonic  cleaning uni t .  The cost  
cf the new cleaning unis ($250) was saved during the first applica- 
t i o n  when three sample holders were cleaned t o  background radiat ion 
leve ls .  It is estimated t h a t  the use or' .this procedure f o r  t h i s  
one appl icat ion w i l l  r e s u l t  i n  savings Oi' several  thousands of 
do l l a r s  per year. 
cleaning non-radioactive corrosion samples, 
has reduced the cleaning t i m e  by about a f ac to r  of f ive .  

I n  sddl t icn ,  the uni t  is  being employed in  
In  t h i s  use the unit 

The second of two sets of graphite samples, intended t o  monitor the 
e f f e c t  of Co;! i n  B-Reactor atnosphere confirmed. the results of the  
first measuremnt, showing burnout rates less than the allowed 2$ 
per 1000 operating days ($/KO). The second set was removed from 
Channel 1081 on September 23, 1963; the highest measured r a t e  was 
OA47$/KOD a t  a dis tance of about 115 inches i n t o  the f ront  of the 
s tack ,  

Gas-Atmosphere Studies 
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Thus, B-Reactor monitors continue t o  show the absence of air in- 
leakage and the inconsequential e f fec t  of higher Co;1 concentrations. 
Cansideration is being given t o  the operation of other reactors 
under this  production t e s t  in the near future. 

Monitors were also replaced in Channel 2577 i n  DR-Reactor. 
samples exposed in Channel 2577 of DR Reactor from November 18, 
1962 t o  October 5 ,  1963, showed a a h n u n  ra te  of 3.5$/KOD a t  about 
80 inches into the stack. 

Test 

Initial Oxidation Studies. 
with carbon dioxide a t  one atmosphere pressure has been determined 
in the temperature range from 750 t o  900 C. The sample w a s  i n  tne 
form of a plate  of dimensions 1 . 0  by 0.4 by 0.25 inch. The sample 
was preoxidized t o  a t o t a l  bumoff of 5% and during the course of 
the experiments an additional 5$ weight loss was sustained by the 
sample. 
versus time w a s  observed. 

The ra te  of reaction of TSX graphite 

A t  each experimental temperature a l inear  weight loss 
The rate data obey the over-all equation: 

Rate (g/g/hr) = 6.38 x 109 exp (-70.2 x 103/IIT) (1 1 

The purpose of t h i s  study with TSX graphite i s  fo r  use in  the N- 
Reactor atmosphere computer code. 
in that  program were based on CSF graphite. 

The.values currently being used 

If, in the accepted mchanism 

Rate = kl PCQ 

1 + k2PCO + "PCQ 

and it is assumed that k2 and k3 are  the same as those given for  CSF 
graphite ( ~ ~ - 7 4 6 6 3 ) ,  then a new value for  kl can be determined: 

kl = 3.75 x lo6 exp ( -65 .5 /~T)  (hr-' m-l) (3).  

4. Process Tube Development 

Project CAH-922 Irradiated B u r s t  Test. 
f a c i l i t y  has progressed favorably during the past month. 
plus fixed fee contractor (J. A. Jones) i s  progressing favorably with 
the ins ta l la t ion  of the heating and cooling systems, the e lec t r ica l  
system and the equipwnt enclosures. The furnace-containment vessels 
have not been received as y e t  (original delivery schedule was 9/15/63); 
however, they were inspected a t  the vendor's shop during the month. 
The vessels w i l l  be completed by the vendor; however, the furnaces 

The construction of t h i s  
The cost 
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must be r ebu i l t  t o  conimn t o  the &sign an t h i s  work w i l l  be 
done Fb the  CPFF cont rac tor ' s  shop (J. A. Jones). The instrument 
panels were observed and found t o  be progressing favorably though 
the o r ig ina l  del ivery schedule of October 24, 1963, was not met. 
The ant ic ipated del ivery is  November 1 5 ,  1.963. 
t he  instruments have been received by the vendor thus permitting 
the wiring and piping hookups t o  be made on the panels. 
project  scheduled completion of 918 (10/31/63) s t i l l  leads the es- 
tFmated completion of 7I.s because of the delayed d e l i v e r ?  of the 
containment vessels and instrument pme l s .  
schedule has not as y e t  been affected by the delayed delivery 
dates  of these items. 

The majority of 

The 

The construction 

S t ress  Rupture Fac i l i t y .  
a t  a capacity during the past month. Testing of the I?-Reactor 
steam generator tubing has continued. Originally,  25 sections of 
t h i s  tubing with flaw depths greater  than 80,; of' the tube wall 
were in s t a l l ed  on a cormon manifold for  evaluation a t  t e s t  condi- 
t ions  of 3000 psig and 300 C (572 F )  as  compared w i t h  a maximum 
design pressure and temperature of 1800 psig and 315 C (600 F) ,  
respectively.  
and the t o t a l  t i m e  at  test conditions is now 845 hours. 
longer sect ions of the  N-Reactor steam generator tubing were tes ted  
a t  6000 psig and 300 C (572 F); four of these sections f a i l ed  in 
less than one hour. 
being prepared. 

This f a c i l i t y  has continued t o  operate 

To date, 1 3  sect ians  of t h i s  material  have f a i l ed  
Five 

A s e r i e s  of tests a t  5000 psig and 300 C a re  

347 SS Tub- From the  ETR P-7 Loop. 
tests were run on sect ions cut from the P-7, 347 SS Loop. 
t e n s i l e  sect ions were cut from both the in-core and out-of-core 
portions of the tube. 
of 4 x 1020 nvt (E > 1 &v). 
i n  ultimate s t rength and yteid strength of 38 and 14@, respec- 
t i v e l y .  
545 while the reduction in area indicated no change. 

Roam temperature t e n s i l e  
These 

The average in-core sectiorL had an exposure 
This exposure produced an increase 

The uniform elongation over the gage length was reduced 

5. Thermsl EIydraulic Studies 

N-Reactor Studies. 
phase and two-phase pressure drops across an N-Reactor process tube, 
piping, and f i t t i n g s  during heat generating conditions. This in- 
formation w i l l  be of par t icu lar  value i n  analyzing hydraulic s t a -  
b i l i t y  conditions f o r  the reactor .  

The experiments were conducted in the T h e m 1  Xydraulics high 
pressure heat t r ans fe r  apparatus using a fu l l - sca l e ,  e i ec t r i ca l ly -  

Experiments were continued t o  determine l iquid-  
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heated model of the downstream half of an N-Reactor f u e l  column 
w i t h  prototypic N-Reactor ou t le t  connector and fittings. 
perimental procedure consisted of varying the coolant f low,  fo r  
spec i f ic  ac t ive  section powers and ou t l e t  riser pressures, t o  
obtain a range of coolant ou t l e t  conditions i n  the subcooled and 
steam qual i ty  ranges. A s  t he  ac t ive  section represents only the 
downstream half' of a fuel column, the i n l e t  temperature was ad- 
justed as flow was changed t o  maintain out le t  coolant enthalpies 
representative of those f o r  a reactor tube operating at  twice the 
t o t a l  power of the laboratory tes t  section. 
measurements were made of pressure drops across the  m j o r  systems 
components. 
rates were measured also.  

The ex- 

A t  each flow step 

Active section power, coolant temperatures and flow 

A t o t a l  of 54 sets of measurements were made during the  month. 
ranges of experimental conditions covered a re  summarized below: 

The 

Outlet Riser Heated Section 
Coolant Outlet 

Conditions 
Pres sure 

psig 

300 500, 750, 1000 100 F subcooled t o  
35$ qua l i ty  

1400 2500 60 F subcooled t o  
12$ qual i ty  

1200 2000 154 qual i ty  
1200 2500 I l k  qua l i ty  
1200 2600 11% qual i ty  

(1) Corresponding reactor tube power i s  two times f h i s  value. 

The experimnts  a t  300 psig were conducted t o  obtain information f o r  
pressures avai lable  from the  r eac to r ' s  emrgency cooling system and 
also t o  obtain i n f o m t i a n  applicable t o  reactor s ta r tup  pressures. 
Substantial  pressure drop increases occurred as net boil ing was pro- 
duced by reducing the flow a t  t h i s  pressure. 
pressure drop a t  35% ou t l e t  qua l i ty  was 3.3 t o  3.5 times tha t  a t  
zero qual i ty .  
3 6  ou t l e t  qua l i t y  cases, the flow dis t r ibu t ion  between the three 
flow channels in the ac t ive  sect ion appeared t o  osc i l l a t e .  
rate through the center channel showed a variation of f 15$ w i t h  a 
period of about two seconds.. 
in the other two channels. 

For example, the 

Also, f o r  the 35% ou t l e t  qua l i ty  cases and one of the 

Flow 

Minor flow csc i l l a t ions  were observed 



The 1400 psig experiments were conducted to obtain information 
at expected normal aperating pressures. 
conducted previously at 1200 pslg outlet riser prcssure to de- 
termine flow versus pressure drop relationships in The neighbor- 
hood of the low pressure trip setting, the minSrmlm possible 
pressure for sustained operation. The 1400 psig experiments at 
tube power of 2500 kw shoved that the riser-to-riser pressure drop 
would have a net increase of 2$ while the flow was decreased to 
change the outlet conditions from zero to 12% steam by weight. As 
expected, this increase was somwhat smaller than the 4-54 obtained 
at the s a m  power and outlet quality with a 1200 psig outlet riser 
pressure. 

Experiments had been 

m e  purpose of the three experiments conducted at 1200 psig this 
month was to verify burnout experiment results obtained previously 
with short  heated sections. Conditions were designed to produce 
heat fluxes withln lC$ of the predicted burnout heat flwes at 
certain locations in the heated section. No indications of burnout 
were observed in these experiments, icdicatlq that conclusions 
drawn from the short section burnout experiments are not particularly 
unconservatlve when applied to the full-scale mdel. 

The experimental results obtained iri the past two months indicate a 
fairly flat riser-to-riser pressure drop versus flow curve in the 
normal operating pressure with outlet qualities up to about 
3 6 .  
not OCCUT at these pressures. At 300 pslg outlet pressure, however, 
the riser-to-riser pressure drop increases quite sharply with in- 
creasing outlet quality and detailed analysis of the experimental 
data w i l l  beerequired t o  det.errmne vhether instability could occur 
for certain types of imidents. 

For most types of incidents it appears that instability would 

Present Reactors Studies, hirthsr cslzulaticns were performed to 
analyze the heat transfer in specrai elements containing thorium 
dioxide. In order to reduce the COSTS of the irradiation, it nay 
be desirable to use '21% in the "as-received" conditicz for v ib ra -  
tlonal compaction into the fuel x m s . ,  Since ?he particle s i z e  ZLS- 
tribution in the Th.Q "as-recei-ied" is not ideal for high density 
vibratlorsl compaction, rather 1c)w tlieoretxai densities vodd be 
expected in the finished elements. It is estimated %ha< the C i i i i m u  
theoretical density w i l l  be about 6@. Since the resulting voids 
w i l l  have a detrinental effect lir- cne thernai aonductivlty Oi' the 
material at temperatures beiow 2500 F, lower tube poi?er limits mst 
Le establisned to prevent the f u s i r !  ox tile pcwaered ThO2. Using 
physics data prmided by P, A d  Sarlson, calculations were undertaken 
to calculate the maximum center tenperahre of the elements for the 

.. 
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range of tube powers of interest and for the various element 
configurations proposed. Thermal conductivity-texperature values 
f& 9 6  density ThQ were used with corrections to 6 6  density 
made by mans of EUcken's rule" For a solid element 1.5 inch 0 
with 0.020-inch aluminum cladding, the following temperatures 
were calculated : 

Specific Clad Central Core 
Power Temperature Temperature 
kw/f t OF OF 

3 
6 

123 
126 

9 129 
15 136 
21 142 
24 145 

5 33 
1400 
2297 
3361 
4068 
4344 

Hydraulic Tests. Tests were continued on investigating hydraulic 
characteristics for rear face hardware modifications to B-D-F type 
and H Reactors. 
losses of the present rear face fitting assemblies against the 
pressure losses of various combinations of nozzle, adapter, and 
connector modifications. Preferred combinations (economically 
determined) appear to consist of a reamed front nozzle from K- 
Reactor (surplus from retubing of K-Reactors with zirconium tubes), 
a 0.543-inch dianeter nozzle adapter, a 5/8-inch diameter conriector, 
and either 0.543 or 0.469-inch diameter header adapter. If rear 
fitting modifications are made on the reactors, present Panellit 
trip limits and settings must be reviewed. 

The purpose of the tests is to compare the pressure 

The flow characteristic equations were determined and reported for 
ten 0.419-inch venturis which were to be used in a production test 
on K-Reactor. The production test (IP-572-A) concerned the effect 
of eccentricity on the irradiation behavior of self-supported fuel 
elements. 

The flow characteristics were determined for five 0.344-inch venturis 
(CC-558 type) which had been rejected because they were outside the 
dimensional tolerance which was specified during reaming of B-Reactor 
venturis from 0.310 to 0.344 inch. 
reject venturis showed flow characteristics which were slightly dif- 
f erent than the standard (withi-? tolerance ) 0.344-inch venturis, all 
five of the reject venturis would indicate a flow rate within 1$ of 
the actual flow rate when using the calibration equation of the 
standard venturis. This should be accurate enough for reactor usage 

It was fomd that although the 
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of the "reject  venturis." Since the  cost  oi' individual cal ibra-  
tion 6n the  r e j e c t s  is  only about one-sht i l  or' tke cost  of re- 
placement, s ignf ic ian t  savings could result if the 9-Reactor 
rejects are ca l ibra ted  arid found acceptable f o r  use in  sucsequent 
ventur i  reaming programs on other  reactors .  

6. Shielding Studies 

X-Reactor Shielding Evaluation Program. 
design of apparatus t o  f a c i l i t a t e  measurement of' gamma ray and 
neutron f l u x  d i s t r ibu t ions  i n  the N-Reactor sh ie ld  plug. 
sh ie ld  plug was removed from the  reactor  f o r  inspecticn and mea- 
surenrents w e r e  taken f o r  che design of experimental equipment. 
Fo i l  holders which f i t  the  shield plugs have been fabricated.  A 
thimble which will f i t  the shield flux opening i n  the r e f l ec to r  
below the sh ie ld  plug has been designed. 
gas seal and allow access t o  the r e f l ec to r  without dis turbing other 
reactor  operation. 
hold the  detectors  also i s  b e i q  designed. 
timate neutron and garma dose r a t e s  a t  various locat ions within the 
r e f l e c t o r  and sh ie ld  plw as a function cf reacSor power l eve l  are 
in progress t o  estimate f o i l  exposure t i m e  and detector  count rates. 
A spec ia l  test report  is being planned. 

Effor t  was centered around 

me 

This thimble w i l l  form a 

A graphite rod t o  f i t  ins ide the  thimble and 
Calculations t o  es- 

The instrumentation development program f o r  the  N-Reactcr s.iieic 
evaluation is  proceeding. 
w i t h  instability in the neutron s p e c t r m m e r  equipment, 'Jut the 
helium3 detector  has now been operated w i t h  s a t i s f ac to ry  count 
rates in the coincidence mcde. 
required t o  improve the detector. r r so iu t ior . .  m e  1 i i ; k i u m O  arid 
p l a s t i c  s c i n t i l l a t i o n  de tec tc rs  a r e  avat lable  and preparations a re  
under way f o r  experimentation w i t h  these devices. 

Considerable d i f f i c u l t y  was encounzered 

However, addi t ional  work y i l l  53 

A multiple thermocouple temperat-ue recordhg sixitem has been de- 
signed and assembly of t h i s  apparatus has been ordered. 

An experiment i~ t i e  FCTR t o  p re t e s t  tne N-Reactor sh ie ld  evalua- 
t i o n  equipment is being p l w e d  which w i l l  involve exposing a l l  of 
the detectors  (both f o i l s  and electronic  devices) t o  neutron fluxes 
of sindlar in t ens i ty  t o  N-Reactor fluxes a t  the sh ie ld  plug locat ions 
during zero power and Fower ascensica tests. 
will be exposed a r e  (1) gold sulphur,,Jron, titazzium, cicke;, and 
cobal t  f o i l s ;  ( 2 )  the hel iunj ,  l i thium",  and p l a s t i c  sc in tLl la t icn  
neutron spec t ra l  de tec tors ;  a d  ( 3 )  tke ="amma ion cnambers. 

The detectors  which 
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7. Graphite Studies 

Graphite Contraction. 
block separations i n  +,he 2C Test a t  KlJ were obt.-.Lned by IFD 
personnel i n  August. The dimension changes were compared with 
the  average contractions inferred from vertical-height t raverses  
of f i l l e r  blocks i n  other pa r t s  of the  cen t r a l  zone. The dimen- 
sional changes are in good agreement, and the r a t i o  of the  tube- 
block contraction t o  f i l l e r -b lock  contraction i s  consistent w i t h  
t he  var ia t ion i n  neutron f h x  and the  average temperature d i f -  
ferences. The hole in the  tube block does not appear t o  have 
s ign i f i can t ly  a l t e r ed  the contraction rate of t h e  tube block i n  
re la t ion  t o  the  contraction rate of a so l id  bar. 

Measurements of f i l l e r -b lock  and tube- 

%Reactor Graphite I r rad ia t ions .  
N-Reactor graphite continue sa t i s f ac to r i ly .  The f i r s t  th i rd-  

The long-term i r rad ia t ions  of 
- -  

generation capsule, H-4-3, was removed f romthe  GETR on 
September 23, after successfully completing f ive  cycles (108.0 
e f fec t ive  f u l l  power days) of i r rad ia t ion .  
exposure t o  samples exposed i n  three consecutive capsules i s  
estimated a t  7 x 1021 rvt, E > 0~18 Mev, 
assembled on September 26 acd 27 without incident and a l l  capsule 
components were found in good condition. 

Maximum neutron 

The capsule w a s  d is-  

The last of the  third-generation capsules, H-6-3, was ins t a l l ed  i n  
the GGlTR on September 24 t o  replace H-4-3. 
i n  H-6-3 have been previously i r rad ia ted  i n  two consecutive capsules 
and the  remaining four have been previously i r rad ia ted  In one 
capsule. 
two weeks of reactor  operation. 

Twenty of the samples 

The capsule is operating completely s a t i s f a c t o r i l y  after 

B. WEAPCNS - 03 PROGRAM 

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

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

1 2 2 8 8  I O  
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C. REACTOR -0-T - 04 PROGRAM 

1. plutonium Recycle Program 

Fuels Development 

PRTR Fuel Element Inspection. Basin and FEEF examinations of PKllR 
fuel elemnts were conducted to assess the condition of selected 
PFU!R fuel  elements. 

The black zirconium oxide film f'ormea in-reactor on three non- 
autoclaved fuel elements was generally good, after exposure to 
approximately 67 MHD. 
loosening associated with Al-Pu fuel rods was observed. Several 
areas where the origlnal black oxide film had been scuffed had de- 
veloped gray films. 
relative movement between rod wire wraps and the fuel rod surfaces 
(as evidenced by g ~ a y  surface scuf'f marks under the wires). 
rubbing by the loose wires is perhaps more noticeable with this 
element because the in-reactor-formed film may be thinner than a 
conventional, higher temperature autoclave film. 

The unusual rod shortening and wire wrap 

For the first time, indications were seen of 

This 

The general condition of other elements examined (swaged and v i -  
brationally compacted U O p P u Q )  was excellent. 

Post-Irradiation Examination of Failed Vibrationally Compacted 
U@-Pu@ PR!llR Fuel Elements. A sanrple of Zircaloy cladding from 
the point of failure of a rod from a vibrationally compacted PRTR 
UQ-ArO;!  fuel element (FE-5203 with 200 MWD/T) was identified by 
x-ray diffraction as zirconium hydrtde, This gross hydriding is 
the first positive characterization ox' this previcusly observed, 
structurally featureless material which does not display the usual 
needle-like appearance of zirconium hydride, and does not appear 
to be associated with heavy corrosion (i.e., oxidation) attack> 
Twelve and nine-tenths m l  of gas was collected from a nonfailed 
fuel rod from this element. 
3 s  hydrogen. 

-Mass spectrographic analysis revealed 

cladding Failure Studies. 
variety of source materials were analyzed for F and Cl contamina- 

Samples of Zr-2 chips machined. f m m  a 

tion. Although a few high results were obtained, no definite 
pattern of contamination was established, Samples analyzed in- 
cluded those from the inner surr'ace of' cladding used ,'or swaged 
and vibrationally compacted r'uel rods, from end caps used for both 
types of fuel rods, from Zircaloy bar used to fabricate the end caps, 
from off-site fabricated cladding components, T'rm ESWR cladding 
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components, and from an NBS Zircaloy-2 spectrographic standard. 
Analyses were a l so  conducted on subsurface layers .  Various surface 
cleaning techniques were evaluated. 
F analyses were recorded i n  m r e  than 60 samples obtained, 
this sampling It appears that  while F contamination ex i s t s  on some 
fuel rod cladding and end caps, the s t a t i s t i c s  do not support 
fluoride contamination as the  pr incipal  cause of recent fue l  
failures. To eliminate any poten t ia l  failures because of surface 
contamination, however, a l l  tubing and end cap material i s  now 
rout inely ul t rasonical ly  cleaned in a detergent solution, then 
rinsed w i t h  t ap  water and deionized water, dried,  and stored i n  vacuum. 

Only four s ign i f icant ly  high 
From 

Fuel Element Refurbishing. 
(5117, 5119) with broken rod wire wraps were repaired i n  the  F’RTR 
basin. The fue l  elements were then examined i n  the  FEEF and charged 
in to  the reactor.  

Two U O p P u Q  mixed oxide fue l  elements 

PRTR Fuel Fabrication Studies. 
compacted fue l  elemnts were prepared f o r  the PKD. Five similar 
elements are in process. !Che following measures were employed t o  
minimize or eliminate halogen and moisture i n  fue l  material and 
cladding: (1) ul t rasonic  cleaning of a l l  coqonents,  (2)  vacuum 
storage of components, ( 3 )  longer pump-down period in weld box, 
(4)  shorter  exposure of fuel t o  the hood atmosphere, and ( 5 )  in- 
creased inspection and cleanup. 
at a rate of 200 pounds per day. 

Three impacted U02-l wt$  Puo;! swage 

Impacted U@-Pu@ is now prepared 

!Che impaction of 15-pound containers of U Q - 1  wt$ Puo;! f o r  PRX’R 
fuel elements was successfully demonstrated on the newly ins ta l led  
Model 1220-B m p a k  machine i n  the 3C8 Building. 
pounds of f u e l  > 9 9  TD were impacted on the f irst  day of t r i a l  
operations. 

The container design f o r  impactirig fue ls  was modified t o  use a 6- 
inch diameter off-gas tube instead of the 1/8-inch tube used 
previously. This change simplified handling of t he  loaded cans 
between the heating and impaction f a c i l i t i e s .  
a mild steel disc  used t o  protect  tne hardenea face of the  punch 
from the hot impaction can - was modified by s l i gh t ly  increasing 
the diameter and increasing the thickness. 
junction between the can w a l l  arid the l i d  t o  extrude between the  
p’uch and die  w a l l  was thus el imimted.  

More than 300 

The punch protector - 

A tendency of the welded 

An improved method f o r  removing material  from Nupc containers of 
UCQ-PuO;! w a s  developed. Equipment procurerent and in s t a l l a t ion  in 
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the pluAonium fabrication pilot plant were completed. 
method replaces a mual hammer operation with an electric 
hamer operation. 

The new 

EBterial preparation for the high energy impaction (Nupac) process 
involves roasting pulverized U@ in air at 125 5 F overnight 
(- 17 hours) to increase the O/U ratio for greater plasticity. 
The O/U ratio can become too high for reactor specifications if 
the tim?, temperature, and size distribution of the material are 
not optimum. A timer has been installed and the time limit set 
at 15 hours fo r  PRllR material and 12 hours for EBWR material, 
the EBWR U@ being a finer size than the PKllR U@. 

Tests were made to determine the efficiency of a new purification 
method fo r  Puo;?, employing humidified air. The results indicate 
that conditions of temperature and humidity are of greater impor- 
tance than extended tiate of treatnrent. 

Several. mterials used in fuel fabricatiun processes were found to 
contain halides and were therefore eliminated. For exaruple, cut- 
t ing oil used in counterbore Zircaloy tubing contained 3 . 5  w t $  
chloride and traces of fluoride. 
contained 30 ppm chloride. 
plastic bags to containers of fuel materials contained chloride 
on the "sticky" side; the tape material itself' contained about 
20 w t $  chloride. 
type mterials also are be- removed from service wherever possible. 
The rapid screening of many such materials fo r  halides was made 
possible by x-ray fluorescence and infrared techniques. 

Tap water used to rinse cladding 
(he plastic "white" tape used to seal 

Polyvinyl chloride plastic, Teflon, and tygon- 

Compatibility Studies. 
Zircaloy compatibility was completed. 
electrode provides central heating, and will be monitored by a Pt - 
=-lo$ Rh thermocouple embedded in the U e .  
by Lavite plugs which provide electrically-insulating, mechanically- 
strong, but not hermetrically-tight seals. Initial tests of the 
system, inst-ntation, and safety features will be conducted 
after sanrple loading. The pressure jacket has already been room 
temperature tested to 1800 psi with no leaks. 

A capsule for examining salt cycle U02- 
A 1/16-in~h diameter tungsten 

End closures are made 

Irradiation Testing of Prototypic EBWR Fuel Rods. 
examination of two vibrationally compacted U p @ - 2 . 5  Ktdp Pu02 cap- 
sules was continued. 
follows : 

Past-irradiation 

Fission gas release data are tabulated as 

++Superscript 'ID" signifies depleted uranium. 
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Total  Gas Percent 
- U@-PUO2 Collected,* Release of 

Capsule No. Fuel Type (d 1 X e + K r w  

GEH- 14-422 Impacted 1301 5-6 
GEH-41423 Physically mixed 9.0 4- 5 

*At S . T . P. 
HBased on exposure estimated by MTR personnel - 0.37 x 1020 f i ss ions /  

cm3 (1300 MUDIT f u e l ) .  

Analyses of the  collected gas revealed a high concentration of hy- 
drogen (- 72%) i n  capsule GEH-14-423. 
present in GEH-14-h22. 
capsule disclosed a corroded ( in t e rna l iy )  Zircaloy end cap, no 
U409, and Fnclusions presumed t o  be m t a l l i c  uranium (or  possibly 
i ron ) .  Impurity leve ls  i n  archive samples of the  fue l  were: 
28 ppm F, 50 ppm C 1 ,  and H20 (incomplete). 
of the  high hydrogen content in the i r rad ia ted  capsule involves 
rad io ly t ic  decomposition of sorbed moisture i n  the fue l .  

Analyses of archive specimens of the impacted UO2-PuO2 i n  GEH-14-422 
revealed: 
corrosion of Zircaloy was noted. 

Less than 246 hydrogen was 
Ceramographic examination of the former 

A t en t a t ive  explanation 

16 ppm F, 93 ppm C 1 ,  and H20 (incomplete). No in t e rna i  

Fuel s t ruc tures  indicate  t h a t  both GEH-14-422 and GEH-14-423 opsrated 
somewhat below the design condition (Zircaloy surface heat f lux  of 
158 w/cG o r  500,000 Btu/hr-ft2) and that the la t te r  operated a t  the 
lower rod power. Burnup and flux-monitor wire analyses a re  i n  
process t o  es tab l i sh  ac tua l  operations1 conditions. 

Capsules GEH-14-421 and -424 a re  tentaxively scheduled f o r  recharging 
i n t o  the  EX% (Cycle 59) f o r  i r r ad ia t ion  t o  1.43 x 1020 f i s s i o n s / c d  
(5000 W / T  f u e l ) .  

I r rad ia t ion  Behavior of Uranium-Pl,utonium Oxide. Microdrill samples 
of eleven irradiated UQ-PUQ specimem were analyzed. 
mens included high density (- go,$ TD) sintered p e l l e t s  and low 
densi ty  (- 65% TD) nonsintered p e l l e t s ,  with up t o  7.45 mole$ PuO2 
i n  each variety.  These were i r rad ia ted  t o  generate powers of 214- 

' 1160 w/cm (7-38 kw/ft), and t o  0.14-4.15 x 1020 fissions/cm3 (460- 
19,600 MWD/T f u e l ) .  The ana ly t ica l  r e su l t s  a r e  being evaluated. 

Preliminary data from high density U@-2.57 mole$ Pu02 GEH-14-85, 
i r rad ia ted  a t  916 w/cm or  30 kw/f't, indicate a r e l a t ive ly  uniform 

Test speci- 
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concentration of Fu, SrgO, and Zr95-Nb95 throughout the cross 
sectiad of the  Puef. 
centration and 100-fold variation of Cs137 and Ru106 were 
determined, however, 

Three-fold variation i n  Ce144-pr1a con- 

Short Duration Irradiat ion Tests of U O p P u @ .  
vehicle for conducting short  term i r rad ia t ion  tests of fue l  in 

The transport 

VH-4 f a c i l i t y  during continuous M17R operation was redesigned t o  
prevent accidental recoupling of element and vehicle after re- 
lease. Two, new model transporters were delivered t o  the m 
for test .  

Plutonium Wire Enriched Fuel Element. 
sintered U% pe l l e t s  enriched with coaxial, Pu-15 w t $  Z r  a l loy  
wires was successfully irradiated t o  an exposure of 2 x 169 
fissions/cc (680 MWD/Tfuel) i n  the  MTR. 
(GEE-4-88) generated a maximum surface heat f lux of 122 w/cn? 
(385,000 Btu/hr-ft2). Concentration of plutonium a t  the axis  
of the  fuel rods extends the reac t iv i ty  lieftime of the fue l  
elelpent because of plutonium self-shielding. This enrichment 
method may also permit sepa,ration of recycled plutonium and newly 
formed plutonium. 
yield Fnformation on: (1) the Interaction of the plutonium a l loy  
and UQ during i r rad ia t ion ,  ( 2 )  the extent of plutonium relocation 
in the  longitudinal and transverse directions,  (3 )  the e f fec t  of 
the unusual thermal gradient on fue l  microstructure, and ( 4 )  the 
rejuvenation poss ib i l i t i e s  f o r  wire-enriched fue l  elements. 

A fue l  element containing 

The tes t  element 

Post-irradiation examination is  expected t o  

The Zr-2 clad four-rod c lus te r  fuel element (GEH-4-88) comprises 
coluarns of 1 .25C cm (0.500 inch) OD x 0.160 cm (0.063 inch) I D  U02 
pe l l e t s .  Two rods :ontam 0,100 cm (O.Ok0 inch) diameter, not 
extruded, Pu-15 w t $  Zr a I A y  wires positioned concentrically within 
the  U@. A 0.635 cm (0.250 h c h )  long sol id  Uo;! pel le t  at each end 
prevents contact between the wires and Zircaloy end caps. The two 
fue l  rods t h a t  do not c o n t a b  plutonium enrichmnt w i l l  be used in  
subsequent rejuvenatiac experiments. 

Fuel Elenrent Rejuvenation T e s t .  
irradiated, simulated rejuvenated fue l  rod shoved tha t  the coaxial 
zirconia tube remalned intact  and the highly enriched Uo;! contained 
w i t h i n  the tube was relocated rad ia l ly  t o  form a central  cavity. A 
second rejuvenation would be feasible. 

Ceramographic examination of an 

Remote Fabrication Studies. 
fo r  fue l  fabrication experiments contained approximately 330 ppm 

Ronirradiated, salt cycle UOg received 

chloride (compared t o  approximately 50 ppm i n  e a r l i e r  material 
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te s t ed  in- reac tor ) .  
whether the zhloride content can be reduced su f f i c i en t ly  f o r  cold 
t e s t ing  and possible in-reactor experiments. 

The Uo;! i s  being heat t rea ted  t o  determine 

High Heat Flux Test Element. A UO f u e l  rod GEH-12-33) i s  being 
i r r ad ia t ed  t o  generate 655 w a t t / c z  (2.1 x 10 Btu/hr-ft2> surface 
heLt f lux.  
i s  molten and the  maximum f u e l  temperature i s  - 3700 C. 
element will be discharged from the EZR P-7 Loop on October 28, 
af ter  accumulating approximately 7700 MWD/Tfuel. 

Par t icu la te  Uo;? (enriched t o  50 w t $  U-235 in U )  i s  contained i n  
1.18 cm (0.465 inch)  OD x 0.099 cm (0.039 inch) th i ck  molybdenum 
cladding tbat is  ex terna l ly  roqhened by threading (25.2 per em, 
0.023 cm deep) t o  improve heat t r ans fe r  between the cladding and 
the coolant. 

Calculations indicate  t h a t  f u e l  wi%hin 834 of the radius 
The t e s t  

Th@-Pu@ I r rad ia t ion  Studies. 
s intered ThOpPuO2 f u e l  p e l l e t s  ( f ive  compositions rangirg from 2.23 
t o  18.48 wt$ Pu02) a r e  being i r rad ia ted  in the  M17R and ETR. The 
Th02-Pu02 f u e l  p e l l e t s  were prepared by w e t  b a l l  milling ceramic 
grade Th@ and plutonium oxalate t o  obtain intimate mixtures., 
radiographs (SOOX) made from polished surfaces of the  s intered 
p e l l e t s  show t h a t  the  Puo;! is homogeneously d is t r ibu ted .  
p e l l e t s  are being oxidized in a i r  a t  800 C t o  measure weight in- 
creases caused by oxidat;ion of Pu2O3 t o  %@. The oxidized Th@- 
Pu@ p e l l e t s  w i l l  be i r rad ia ted  t o  compare their  i r rad ia t ion  per- 
formance with tha t  of hydrogen s in te red  p e l l e t s .  

Twenty capsules containing hydrogen 

Auto- 

Duplicate 

pU@-SS Cermets. 
SS cermet p e l l e t s  ($-inch diameter x 1 inch long, 20 vel$ Pu02 dis-  
persed in 304 s t a in l e s s  s t e e l )  were made Lislng a s p l i t  d i e ,  
p e l l e t s  were e a s i l y  removed f r o m t h e  d i e  and need only be ground t o  
final dimension. 
mined by E ta l log raph lc  examination and actoradiography. 
measurements w i l l  be made on the f inished p e l l e t s  p r io r  t o  t h e i r  
encapsulation f o r  i r r ad ia t ion  zesting. 
submitted on the design of a s p l i t  d ie  f o r  fabr icat ing fue l  p e l l e t s  
by pneumatic impaction. 

The f i r s t  group of six pceumatically impacted Pu02- 

The 

The uniformity of Pu02 dispersion w i l l  be deter-  
Density 

An invention report  was 

Concept f o r  me1 Grids; 
mitted describing the ~ s e  of f u e l  gr ids  for reactor  core loadings, 

An lnventiori report ,  ~ ~ ~ - 1 6 5 9 ,  was sub- 

Plutonium Handbook. 
of the  Plutonium Handbook, t o  be submitted f o r  presentation a t  the 
1964 Geneva Conference, was declassif ied.  

The revised version of Chapter 2 of Section V I  
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Corrosion and Uater Quality Studies 

Out-of-Reactor Checkout of Zircaloy-2 Samples. 
system checkout was performd in which Zircsloy-2 samples were 
enclosed in a titanium capsule and exposed for 1000 hours to de- 
icazized water at a temperature of 360 C (680 F) and pressure of 
3000 psi. 
adjusting type controller driving a magnetic amplifier; the water 
pressure was maintained by pumping water through the capsule at 
the rate of 65 milliliters per hour - approxlmately 100$ refresh- 
ment per hour. No attempt was made to control the dissolved gases 
in the feed water; the dissolved oxygen concentration averaged 
about 6 pm. Twenty Zircaloy-2 samples gained an average of 
40 mg/J. This value 1s higher than weight gains of 29 mg/& 
normally obtained for Zr-2 in stainless steel autoclaves under 
similar conditions. Variations in sample surface preparation, 
mtal fabrication history, electrochemical effects between samples 
and vessel, or water chemistry could account for the difference. 

An out-of-reactor 

The temperature was maintained steady by a current- 

Zirconium Concentration Data. 
in the PRTR primary coolant is being monitored routinely as a 
mans of detecting fretting or other types of accelerated corrosion 
of Zircaloy as it occurs. During the past month grab samples were 
collected, and emission spectrographic techniques were used to ob- 
tain the analytical data. 

The total zirconium concentration 

The results Indicated that the zirconium concentration was within 
the 0-1 ppb range considered normal for this system, except on one 
occasian when a value of 2.4 ppb was observed. 
any significant amount of fretting corrosion occurred during this 
period. 

It is unlikely that 

These results confirm the pre-dously repcrted trend toward less 
frequent concentration excursioni; in this system. 
past three months there were only twcj occasions where abrupt con- 
cen.tration Frcreases occwred that may have been indicative of 
fretting attack. Ole of These periods occurred dming startxp 
after an extended outage snd could have been due to charge-discharge 
and/or tube inspection work. In any case the Toncentration excur- 
sion frequency is now much lower than it was d u r u  the first five 
months of 1963. This is presumably due to the larger fuel eleaent 
support pads which are being eqloyed in increasing fiumber. 

During the 

&-Reactor Fretting Corr3sion Tests with PF’,TR -el Elements. 
PKEl fuel element w i t h  the 3600 ring support was discharged from 

The 

73’-7 after testing for apprcxinateli l g - d a y s  with exterml vibration 
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t o  induce f r e t t i n g .  
tube. 
&d measured. 
71 mils). 
because of mchanical  deformation. Accurate measurements w i l l  be 
obtained during the metallurgical examination f o r  hydriding e f f ec t s .  

Very l i t t l e  f r e t t i n g  occurred on the pressure 
The rod wire wrap w i t , h  t h e  most severe f r e t t i n g  w a s  removed 

Measurements on the ring supports were inconclusive 
The penetration was 16 mils (or ig ina l  diameter 

Reactor Components Developmefit 

PKllR Pressure Tubes. The eleventh Wrcaloy-2 PRTR pressure tube 
discharged from the PRTR had a 20-mil deep f l a w  a t  11 f e e t ,  5 inches 
from the flanged end. A 20-inch long piece of t he  eleventh tube 
with t h i s  f l a w  a t  I ts  mid-length has been burst  tested a t  room 
temperature. The piece burst a t  a pressure of 9200 psig.  The 
burst  occurred a t  o r  very near the  20-mil flaw. The burst w a s  
c l a s s i f i ed  as a "pinhole" type because, af ter  penetrating the w a l l ,  
it propagated only a short  distance along the  tube. The dimensions 
of the burst, as viewed from the  OD, were estimated t o  be 0.25 inch 
long by 0.005 inch wide. The fas t  neu ron exposure in the region 
of t he  failure w a s  e s t b a t e d  t o  be 10'' nvt (E > 1 Mev). 

This room temperature bu r s t  test  demonstrated two things: 
bu r s t  pressure was more than eight  times grea te r  than PRTR operating 
pressures,  and (2 )  the f a i l u r e  was duct i le  i n  nature. 

The highl ights  of the twe l f th  meeting of the General Elec t r ic  Tech- 
nological Hazards Council contained an announcement of acceptance 
by the GETHC of a decrease i n  the rate of removal of Zircaloy-2 
PRTR pressure tubes f o r  destruct ive examination. 
of one tube each operating month w i l l  gc t o  one tlibe each 90 opera- 
t i n g  days. 
through the medium of repc?A HW-78456 e n t i t l e d  "PRTR Zircaloy-2 
Pressure Tube Surveillance Program. '' 

(1) the  

The discharge r a t e  

This rate change was formally proposed i n  August  1963 

Pressure Tube Mocitoring. 
t h i s  month. 
f r e t t i n g  corrosion, none was very severe. 
spected t h i s  month were Zringe tubes cn the scuth s ide of the 
reactor  core. A coqa r i son  of tnese tubes w i t h  center zone tubes 
over comparable operating periods indicates t h a t  the incidence of 
new f r e t t i n g  marks of a l l  types may be s l i g h t l y  l e s s  La t he  f r inge 
tubes. This may be due, ia part ,  t o  the  f a c t  that  there a re  generally 
more U 0 2  type elements in the center zone tubes. 
some exceptions t o  the above general conclusion, probably due to the 
f a c t  t h a t  the  number of times fue l  elements a re  discharged and re- 
charged in to  the reactor is  not constant f o r  a l l  tubes. 

Fourteec process tubes were inspected 

Most of the  tubes in- 
While a l l  of the process Tubes exhiblted new areas of 

There a re ,  however, 
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The tube in process chamel  1558 was again inspected t h i s  month 
t o  exaudne more f u l l y  a suspected defect .  Detailed examination 
showed the  suspected defect  t o  be of the raised type. 
defect is about 20 mils high, about 1/8 inch wide, and approxi- 
m t e l y  1 inch long. 
was replaced. 

This 

Because of the suspected defect ,  the tube 

M%rk III monitoring equipment is now subs tan t ia l ly  completed, and 
plans are being made t o  move t h i s  equipmnt Fnto the PRTR ear ly  
next month. 

Shim Rod Development. Final assembly of the second generation 
shim rod driving head i s  in  progress. The cas t  aluminum heat sinks 
and three zirconium lead screws have been fabricated and shipped. 

FrettFng Corrosion a v e s t i g a t i o n .  
f a c i l i t y  has bean resumed after a shutdown f o r  pump motor repair .  

Operation of the  EDEL-I Loop 

Ho fretting act ion has been noted on the pressure tube o r  fue l  
element after 15 days of operation a t  PFtFR coolant conditions. 
The pads on the exis t ing  f u e l  element have been reduced in  area 
i n  an e f f o r t  t o  induce f r e t t i n g  corrosion, 

The instrnmnted f u e l  elenrert, which i s  the basic t o o l  t o  be used 
in defining the conditions under which f r e t t i q  w i l l  occur in the 
PRTR g e m t r y ,  has not been completed and apparently w i l l  not -c;. 
avai lable  u n t i l  the end of November. 

An autoclave with a 2 cps striker impinging on a zirconium sample 
has been piped i n t o  the EDEL-I Loop t o  determine, together w i t h  
the ones installed OG PRTR and "-7 Loop, the e f f e c t  on water 
qua l i t y  on f r e t t i q  or impact corrosion. 

Tests u t i l i z i n g  a new ul t rasonic  translazor contact probe were 
negative f o r  sounds of fue l  element and pressure tube impact during 
operation. 

Desiw Analvsis 

PRCF-EBWFI Safety Studies.  Ref*-ed calculations of the time delay 
in the Doppler temperature coeff ic ient  associated with mixed PuQ- 
U@ fue l s  a r e  being carr ied out .  
s i z e  d i s t r ibu t ion  f o r  -325 nesh material have been obtained from 
Fuels Testing and Analysis Operation. Additional autoradiographs 
and thermal conductivity measurements have been requested fo r  the 
dyna-packed f u e l .  A formulation f o r  cs lculat lon of the f i s s ion  
fragment energy t ransport  Fnto the UQ w a s  a l so  completed. 

Measurements of the Pu@ p a r t i c l e  
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Thermal Hydraulic Studies 

Calculation of Pressure Transient Following Loss of Pumping Power. 
A simplified thermodynamic mcdel was developed t o  calculate  pressure 
transients following a loss of primary pumping power with a scram a t  
the  high pressure t r i p .  
a uniform pressure increase i n  a constant volume system consisting 
of a subcooled l i qu id  and saturated vapor. 
surizer safe ty  r e l i e f  valve discharge can a l s o  be included. 

- 

The model, as reported last  month, assumes 

The e f f ec t s  of the  pres- 

Calculations have been made, assuming volume expansion a t  constant 
pressure,  t o  compare wi%h e a r l i e r  calculat ions,  Agreement of the  
t o t a l  volume increase was within about lo$* The constant pressure 
calculat ion i s  un rea l i s t i c ,  however, because f l u i d  properties change 
with pressure.  

A pressure t rans ien t  a t  100 Mw and 11,600 g p m  flow with a fast  pump 
coastdown w a s  considered. A reactor  i n l e t  temperature of 477 F was 
chosen t o  keep the  coolant from the hot tube 5 F below the  satura- 
t i o n  temperature i f  the flow i n  the hot tube was reduced 16. For 
these conditions the r e l i e f  valves did not blow. The pressure in- 
crease was about 200 psi, 

The thermodynamic model mentioned above has a l s o  been modified t o  
calculate  the  pressure t ransient  associated with boi l ing convection 
cooling following a complete power outage a t  the PRTR. 
assumed t o  start  where liquid-phase na tura l  convection would 
normally occur. The system is assumed t o  become vapor bound and 
the natural convection flow stops.  
from 11,600 gpm a t  100 Mw power and current operatixig procedure, 
t he  pressures and coolb-g requirements are w e l l  within acceptable 
limits. 

Boiling is 

U s i n g  a minimum pump coastdown 

Calculations t o  da te  k d i c a t e  t h a t ,  from a thermal hydraulic stand- 
point ,  the  increase of the  PRTR parer from 70 t o  100 Mw would 
probably be possible using current Gperating procedures and equip- 
ment. 

A i r  Cooling i n  the  PRTR Fuel Element Examination Fac i l i t y ,  The Fuel 
Element Examination F a c i l i t y  (FEEF) of the  PRTR i s  designed t o  provide 
fo r  remote examination of i r rad ia ted  fxe l  elements from the  reac tor ,  
The cooling necessary t o  remove the f i s s ion  product decay heat of 
19-rod bundle fue l  elements i s  provided by a transverse flow of a i r .  
Experimental laboratory t e s t s  were made which indicated t h a t  a f u e l  
element generating 20 kw would not have a surface temperature ex- 
ceeding the l i m i t  of 572 F,  
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Early tests of the FEEF showed some deficiencies  in the dis-  
t r i b u t h u  of a i r  flow. 
generation was placed on any f u e l  ele=nt t o  be placed in  the 
I?". 
d i s t r ibu t ion  of coolant a i r  flow. 

An a rb i t r a ry  limit of one kw heat 

Modifications were made t o  the FEEF t o  correct the mal- 

Data, consisting of air  veloci ty  measurenmts downstream of a 
dunmy fuel element, were taken after the modifications. 
w e r e  submitted t o  T h e m 1  Hydraulics f o r  evaluation with tne 
in t en t  t o  raise the maximum permitted heat generation r a t e  t o  
10 kv. The data show that the  flow d i s t r ibu t ion  ax ia l ly  i s  
adequate. However, the  data do not allow evaluaticm of a i r  
leakage around the s ides  of the f u e l  element. 
provided t o  minimize side leakage. 
side baffles 1/8-inch from the fue l  element. 
tween the fuel element and s ide baf f les  in the FEEF ls not known, 
but it is estimated that it could be  as  much as  3/8 inch. Calcu- 
l a t i o n s  were made which showed that a heat generation l i m i t  of 
5 kw w o u l d  be appropriate i f  the  s ide gap is grea ter  than 1/8- 
inch but no more than 3/8-in~h. 

The data 

Side baf f les  a re  
The laboratory t e s t s  used 

The distance be- 

Boiling Burnout Experiments i n  the PRTR Rupture Loop. 
experiment in  the PRTR Rupture Loop i s  one in  wnich a fue l  element 

A possible 

is  de l ibera te ly  operated in to  'boiling burnout. 
would provide information corrcernlng the appl icabl l i ty  of boil ing 
burnout data from e l e c t r i c a l l y  heated models t o  ac tua l  reactor 
operating conditions. 
information concerning the consequences of boi l ing burnout. 

Such experiments 

* 

Furthermore, they would provide valuable 

A review of the p o s s i b i l i t y  of in-reactor  boi l ing burnout experi- 
ments shows that the  use of texxgerature mniror ing  devices i s  not  
feas ib le  t o  detect  bUIT-oufo Tfie mode of detection would have t o  
be with the fuel eieIoeris rupture detectiorj equipment of the loop 
t o  detect  f u e l  e l e m n t  f a i l u r e s  resu l t ing  from boi l ing burnout. 

However, calculat ions skow that  a t t a k i n g  b o i i i q  burnout i n  the 
reactor  would be d i f f i c u l t . ,  
four th  the  normal coolans flow r a t e ,  rhe flow r a t e  f o r  which 
e l e c t r i c a l l y  heated tes% section data are  avai lable ,  and if the  
loop inlet temperature were adjusted t o  jus t  below saturat ion,  the 
e lec t r i , ca l ly  heated data predict  burnout would not o c c u  a t  tube 
powers l e s s  than 1400 ku. Slxh a, tube power s w a t  be at ta ined in  
the rupture loop without a highly enricned fue l  element, 

Xf t h e  loop were operated a t  one- 
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2. Plutonium Ceramic Fuels Research 
- 

Plutonium Cermet Electron Microscopy. 
containing 40 vol$ PuC in a tantalum matrix was successfully repli- 
cated for electron microscope examinations before and after heat 
treatment at 1400 C for 11 hours i n  vacuum. 
showed no evidence of interaction or diffusion between phases. 

A compacted cermet specimen 

The PuC-Ta interfaces 

A three-step process using, successively, Faxfilm, polyvinyl alcohol, 
and evaporated carbon produced uncontaminated positive replicas of 
the polished surfaces. 

Plutonium Ceramics Irradiations. Two capsules containing PUN, 
GEH-14-405 and 407, have been shipped to NRTS, Idaho Falls, for 
irradiation in the KI!R and will be inserted into the reactor for 
KI’R cycle 199. 

The status of the Plutonium Ceramics irradiation program is as 
f ollows : 

GEH-14- I 

405 
406 
407 
408 

409 

413 

411 
412 

Mst erial 

PUN 
PUN 
PUN 
PUC 

PUC 
mo;! 
b o 2  

8-fi203 

Reactor 

m 
KrR 
m 
m 
m 
m 
m 
MIlR 

*As of end of MIlR cycle 198 

Exposure+ (FPD)H 

In for cycle 199 

In for cycle 199 
48.5 

48.1 (out) 

70 
48 -5 
48.5 
48.5 

Goal 
Exposure (FPD)* 

1000 
100 
1000 
(out 1 
1000 
1000 
100 
1000 

HN1 power days of reactor operation (eacn FPD is roughly equiva- 
lent to 1000 MWD/T exposure). 

UH-PuN Fuel Tests. A stainless steel clad, irradiated capsule con- 
taining UT?-20 w t $  PUN pellets is being assembled for irradiation in 
the KI’R. 
pellets was checked by heating the nitride to 1000 C in a stainless 
steel crucible for 4 hours in vacuum, No visual evidence of a re- 
action between the fuel material and stainless steel was seen. 

The compatibility of 304 stainless steel with UN-20 w t $  Full 
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Thermionic Rnission Studies. 
as o r i g t m l l y  designed has been completed and w i l l  be operated 
as soon as the  high voltage power supplies a re  instal led and 
checked out. 
and should be usable up t o  temperatures In the region of 2000 C, 
a t  f ield strengths up t o  10,000 volts/cm, and under vacuum con- 
ditions of about 3 x 

The thermionic emission apparatus 

This design is based on the Schottky plot technique 

Torr, 

- A new ezcperimmt has been designed following the work by Webster 
a t  CERL using a constant potent ia l  difference technique. 
system wi lJ .  be bakeable and operate a t  

This 
Torr  or less .  

3. Ceramic ( U r a n i u m )  Fuel Research 

Thermal Conductivity of U q .  Recent radial flow, t h e m 1  conduc- 
t i v i t y  measurements for single c r y s t a l  U@ confirm previously re- 
ported results that internal radiation contributes t o  heat t ransfer  
in large grain, stoichiometric U@. A naximum i n  thermal conduc- 
t i v i t y  occurs between 1000-1200 C. Other preliminary data indicate 
a second increase in thermal conductivity above 1500 C. 

Thermal Diffusivity Measurements on UQ. 
suruPents were made in the temperature range from 600 C to 1200 C 

Thermal d i f fus iv i ty  mea- 

on a 30.4-mil single c rys ta l  U% specimen using a pulsed energy 
method. The rela- 
tionship between thermal conductivity and temperature shows a 
maximum i n  canductivity between 1900 C t o  L125 C. 
previous data, t h i s  peak is shif ted t o  a s l igh t ly  higher temperature. 

The source of the thermal pulse is a mby laser. 

Compared t o  the 

Therm81 d i f fus iv i ty  meesurements vere a lso  made on a specimen of 
pneumatically hpac ted  U+, 33.3-mi1 thick, For this specimen a 
(poorly resolved) maximum in  conductivity may occur between 1000 C 
and 1050 C. 

Electron Microscope for Ceramic Materials Research. 
a secmd elecfron microscope c01uiu.n operating from the  original 
priraUy power supply has been completed, 
of close cooperation of aanufacturer's engineers and W o r d  per- 
sonnel, is the only known microscope of t h i s  design. 
t i ona l  cost, available instrument t i z ~  has been nearly doubled by 
great ly  reducing confl ic ts  between reflection and transmission 
microscopy experiments on toxic and nontoxic ceramic materials. 

Instal la t ion of 

This instlument, a result 

For 50% addi- 

Image Rectification for Reflec%icn Electron Microscopy. 
grammetric image r e c t i f i e r  has besc instal led.  

A photo- 
The image r ec t i f i e r  
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provides opt ica l  correction f o r  the one dimensional foreshortening 
of micrographs tha t  i s  inherent i n  r e f l ec t ion  electron microscopy, 

Induction Plasma Torch. The induction plasma torch,  capable of 
operating in a controlled atmosphere, has been developed in to  a 
usable source f o r  high temperature research. 
operated continuously f o r  several  hours with no apparent damage t o  
the  enclosure. 
passing through the  plasma resul ted in  c rys t a l  growth of seed 
c rys t a l s  1/8 inch x l/k inch. 

The plasma has been 

P i l o t  experiments wi th  coarse alumina powder 

Bterials and Information Exchange. 
deposited U02 were received from EURATOM f o r  use i n  fundamental 
studies. Several s ingle  c rys ta l s  of UN prepared by arc-melting 
were received from BMI. 

Two single  c rys t a l s  of vapor 

Tungsten Cladding Evaluation. 
tubing f o r  ultra high temperature i r rad ia t ion  was begun. Three 
general types a r e  avai lable:  deposited, spark discharge machined, 
and extruded tubing. Tubing made by hot swaging of e lectro-  
deposited material  w i l l  become commercially avai lable  i n  the near 
fu tu re .  Metallographic examination of various types and s izes  of 
tubing revealed tha t  tubing made by spark discharge machining from 
s o l i d  rod has a s t ruc tu re  r e l a t ive ly  unchanged from that of the 
or ig ina l  rod. In the smaller diameters, a small, equiaxed grain 
s t ruc ture  is  available, but the grain s i z e  i n  rod diameters 
approaching 2 cm i s  excessive. 
e f f ec t ive  w a l l  thickness of only one grain,  a f ac to r  t h a t  causes 
extreme b r i t t l eness .  
t he  grain s t ruc ture  of vapor deposited tubing has been develcped, 

Evaluation of tungsten cladding 

Vapor deposited tubing has an 

One vendor reports  that a method f o r  ref ining 

High Temperature IrradiatLon Studies,  Post- i r radiat ion examination 
of a f u l l y  enriched U O p 8 0  volg tungsten cermet fue l  p l a t e  revealed 
that very l i t t l e  U02 was l o s t  from the  p l a t e  during i r rad ia t ion  a t  
3000 C. X-ray d i f f r ac t ion  analysis  of a deposit on the in t e r io r  
surface of the outer container showed the deposit t o  be tungsten. 
No U% lines were observed, Density and mass changes durmg ir- 
radiat ion ind ica te  t ha t  0037 gram of tungsten w a s  vaporized from 
the surface (cladding) of the p l a t e  and tha t  apparent loss of U02 
was nil. 

Thermal expansion of the  U& during i r r ad ia t ion  caused enlarging of 
the  p a r t i c l e  cavi t ies .  Pores developed i n  the i n t e r i o r  of the ir-  
radiated U@ par t i c l e s  suggest t h a t  the U@ w a s  above i t s  melting 
temperature (2790 C )  during i r rad ia t ion .  
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Berylliyn-Clad hel Elements. 
beryllium welds revealed apparently good bonds, with relatively 

Metallographic examination of recent 

small recrystallized grains in the weld area. However, detailed 
nondestructive testing indicates the joints are not yet adequate 
for in-reactor testing, because of microcracks in the upset netal. 
A preheat and postheat controller which is being installed may 
eliminate this problem. 
to the magnet of the magnetic force welder should a l s o  help. 

A transfomr to supply additional power 

Faur fuel rads were vibrationally compacted to 87% of TD, using 
mupac uo;?. 

4. Basic swelling Program 

Irradiation Program. Two general swelling capsules have continued 
their irradia2ion at respective control temperatures of 500 and 
575 C (932 and 1067 F). Difficulties have been encountered with 
one of the power control systems allowing one of the capsules to 
drap in temperature by as much as 50 C (90 F) on several occasions. 
Two capsules were bench tested which contained eight heat transfer 
fins rather than the customary six. Surprisingly little or no dif- 
ference in the heater power-temperature relationship was obtained. 

Four additional capsules are under construction which w i l l  contain 
high purity uranium specimens of various size and shape. 

Post-Irradlation Exauum tion. 
which was irradiated at 575 C (1~67 F) to 0.5 x 1020 fissions/cc 
(0.1 at$ B.U.) and specimen 18-A-1 irradiated at 525 C (927 F) to 
0.15 x 1$O fissions/cc (0.03 at$ B , U . )  were post-irradiation 
annealed at 625 C (1157 F) fur 100 hours. 
metallography show that no qualitative change has tskec place in 
extent or distribution of porosity. 
+,he number of deformation t w i n s  was observed as a result of the 
annealing. Density is yet to be measured, but in view of tae metal- 
lographic examinations no clhange in density is expected. 

High purity uranium specimen 17-A-1  

Optical and electron 

No chacge in grain size or in 

Thorium. Density messurements made 011 the two irradiated thorium 
specimens annealed at 950 C (1742 F)  for 100 hours reveal a volume 
chaxzge of about 1;”. for the low dumu? specizeri  ( 0 . 6  x 1O2O fissions/ 
cc - 0.18 at$ B.U.)  ar;d of a3out 22s  for tae nigh burnup specimen 
( 2 - 5  x 1020 fissions/cc - O,32 at; i3.11,). 3ese values agree quali- 
tatively with the opticbi metallography. 
surfaces are being processed for electron metallography. 

ReFlICaS from the etched 
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Thorium i s  observed t o  r e s i s t  volume change t o  a higher temperature 
than does uranium. 
ported observations. It i s  beiieved by many tha t  the cubic c rys t a l  
s t ruc ture  possessed by thorium i s  responsible f o r  i t s  enhanced re- 
s is tance t o  s w e l l i n g ,  as compared w i t h  t ha t  of the  anisotropic,  
orthorhombic alpha uranium. However, i f  r e su l t s  with the high 
burnup thorium specimen a re  compared with typ ica l  uranium data ob- 
ta ined by post- i r radiat ion annealing i n  the proper frame of reference, 
it i s  concluded that both metals show the same f i s s ion  gas-induced 
v o l m  increase.  
here w i t h  thorium i s  the sa= homologous temperature ( i . e . ,  f rac t ion  
of the  absolute melting po in t )  as i s  575 C (1067 F) f o r  uranium. 
When the  data a t  the same homcjlogous temperature a re  normalized t o  
uni t  burnup respective "R" values f o r  thorium and uranium a r e  24 and 
21. 
1700 C - 3092 F )  ra ther  than the i so t ropic  c rys t a l  s t ruc ture  tna t  is 
responsible f o r  i ts  apparent superior swelling resistance.  
cat ion a r i s i n g  w i t h  uranium, of course, is the  f a c t  t ha t  volume 
changes can occur in-reactor which a re  not caused by f i s s ion  gas 
porosi ty  but ra ther  as a consequence of the f i s s i o n  event i t s e l f .  
Thorium apparently does not exhibi t  t h i s  behavior. 

This i s  i n  general agreement with other re- 

The 950 C (1742 F )  annealing temperature employed 

Thus, it i s  the  high melting point of thorium (approximtely 

A compii- 

5 .  I r rad ia t ion  Damage t o  Reactor k t a l s  

Alloy Selection. 
specimens f o r  the  I r rad ia t ion  Effects  on Reactor S t ruc tura l  Materials 
Program was received t h i s  inonth. Compilation during the  past  month 
of the material fabr ica t ion  h i s to ry  indicated t h a t  some informatioxi 
was yet  t o  be obtained f r s m  the  vendor, 
information are present ly  being made. 

Tensile specimens of Hastelloy N ,  Inconel 625, Inconel 702, P-conel 
718, R-235 and R-27 from rhe ETR hct water loop f a c i l i z y  are presently 
being examined by Radiomezallurgy Laboratory> Additional specimens 
of R-235, R-27, Hastelloy N ,  Inconel 625, Cb - 1 Zr, (3-752, snd Ta - 
10 W i r r ad ia t ed  i n  the  ETR G-6 cold water f a c l l i t y  are a l s o  being 
examined. 
measurements taken. 
i n i t i a t e d  and w i l l  be followed by metallographic and electron 
microscopy examination, 

Four graphi te  boats containiqg specimens of Inconel 600, Incoloy 800, 
Inconel 625, AISI 406, Hastelloy X-280, AISI 348, R-235, Hastelloy N ,  
Inconel 702, Inconel 718, and TD nickel  were charged in to  the  reactor 
f o r  i r rad ia t ion .  
cated a specimen temperature of 690 C (1274 F ) .  These specimens w i l l  

The last shipment of materials procured f o r  t e s t .  

Contacts t o  obtain thls 

To date, each specimen has been weighed and hardness 
Tensile t e s t s  on these materials a re  now being 

After reactor  s t a r tup ,  temperature monitors indi-  
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be i r r ad ia t ed  in a gaseous environment t o  eqosures  reaching 
5 x 1020 nvt (>1 ~ v > .  

In-Reactor Measurement of Mchanical Prcpefi ies .  
month two in-reactor  creep capsules in which steady state data 

During the last 

had been obtained were used t o  ver i fy  the in-reactor ac t iva t ion  
energies for 2 6  cold worked Zircaloy-2. 
ac t iva t i an  energies w e r e  measured i n  both capsules. 
f o u r  determinations were made by temperature cycling between 395 C 
and 415 C (743 F and 779 F )  at  25,000 p s i  stress. 
capsule only one dettrminaticn a t  375 C (707 F)  and 35,000 p s i  was 
conducted. All ac t iva t ion  energi5s found during the outage 
averaged close t o  the self-diffusion value of 60,000 cal/mole. 
About four days a f t e r  the  reactor  s t a r tup  Idencical experbents  
were performed d u r h g  i r r ad ia t ion .  
ac t iva t ion  energy w a s  in good agreement w i t h  the previously deter-  
mined "during i r r ad ia t ion"  value of 86,000 cal/mcle. 
that d i f f e ren t  ac t iva t ion  energies a r e  observed with neutrons off 
and w i t h  neu t rms  on in the  sane capsule proves neutron i r r ad ia t ion  
does a f f e c t  ac t iva t ion  energies.  

During a reactor  outage 
In one capsule 

In the other 

In  both capsules the measured 

The f a c t  

It has been suggested that the  activaLion. ecergies during ir- 
rad ia t ion  were due t c  t he  aging phenomena sometimes observed ex- 
reactor .  
during i r r ad ia t ion ,  one would observe the high ac t iva t ion  energy 
w i t h  the  reactor  o f f ,  a l so .  This is r c t  $he case; therefore ,  . 
aging does not produce the  high ac t iva t ion  energy. For a consis- 
t e n t  explanaticn of the high ac t iva t ion  energy, one must re turn t o  
the theory propcsed e a r l i e r ,  which Involves moCYion of dis locat ions 
past  irradiaticm produlced obstzcles ,  
deFends on temperature. 

If' aging were producing the high ac t iva t ion  energy 

The :Amber of the obstacles 

The theory used t o  r a t iona l i ze  che 86,ooc cal/nole ac t iva t ion  
energy requires t h a t  a corfair, t ,emperstce exists  where the 86,oco 
cal/mole value can n3 longer be observed. 
pori& t o  the condition vhere ;he time required t o  change i r rad ia t ion  
produced defect  l eve l s  by ameal lng  is iess than the  t i e  required 
t o  chazlge temperature i r ~  a fenperaru-e cycle activation energy de- 
termination. From previocs data t h i s  temperature w & ~  believed t o  
be around 325 C (617 F) .  This +,omperatwe was ver i f ied  during tne 
month by conducting a c t i v a t i w  energy s tudies  arourzd 325 C (617 F). 
Belm 325 C (617 F),  60,000 cal/mole w&s observed; above 325 C 
(617 F ) ,  86,000 cal/mole was observed. 

This Temperature corres- 

Another in-reacsor capsule cortsining 20% -o ld  worked Zircaloy-2 
was charged during the nont,n. A t e s r  was s t a r t ed  a t  375 C (707 F) 
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and 20,000 p s i  and has accumul t ed  about 100 hours. 

selected t o  ver i fy  the  posi t ion of the  20,000 ps i ,  log 6 vs 1/T 
p lo t .  Ea r l i e r  s tudies  leave scme doubt as  t o  the t m e  posit ion 
of t h i s  line. 

The creep 
ra%e at  100 hours is 7.1 x 10' 8 /hr. The above c o n d i t i q s  were 

Two creep capsules with annealed 304 s t a in l e s s  s t e e l  specimens a re  
under construction and w i l l  be ready f o r  charging during the  next 
reactor  outage. 
conducted on three 5/8-inch d i m e t e r  bars randomly picked from a 
tes t  stock of 304 s t a in l e s s  s t e e l .  
between the  as-received material and material tha t  has been annealed 
a t  2000 F (1093 C) f o r  15 minutes. 
closed l i t t l e  difference between the as-received and annealed 
material. 
by 1.20-inch gage length KAPL type specimens. 
f o r  six annealed specimens gave an average of 32,650 p s i ,  while 
th ree  as-received specimens had a yield s t rength of 38,300 p s t ,  
The vendor quoted a YJFeld strength of 50,000 p s i  f o r  the as- 
received mater ia l  based on tests conducted with modified ASTM 
0.505-inch diameter Tensile specimens. 
on s i te  using t h i s  specimen goemtry.  
f o r  these tests was 49,650 p s i ,  
s t rength of t he  as-received material using KAPL specimen versus 
the  modified specimen is a t t r ibu ted  t o  surface cold work pur i n to  
the  rod by the  vendor after it vas annealed. 

Metallographic s tudies  and t e n s i l e  tests a re  being 

Comparisons a r e  being made 

Metallographic examination dis-  

Tensile tesfs were performed using 0.185-inch diameter 
The yield s t rength 

Two t e s t s  were conducted 
The average p e l d  strength 

The difference in the yield 

I r r ad ia t ion  Effects  i n  Ssructural  MIterials. The purpose of t h i s  
program is t o  invest igate  ?he combined e f f ec t s  of i r r ad ia t ion  and 
reactor  envlronmeLt GL. t h i  mechanical propert les .of  s t r x t u r a i  
materials. Special at?er.Tloa -dill be given t: the  determination 
of mechanical p ropeny  char-ges pmduced in mztals by i x a d i a t i o n  
a t  elevated temperatures. 

A t  t he  conclusion of ETR Cycle 58, six capsules containird mtched 
beams of Zircaloy-2 were discharged f romthe  K-7 posi%on= 
capsules cootaining t e n s i l e  specimens of refraczory a l loys  Were 
discharged from the G- 6 p o s i n s n  arid m e  q a d r s n t  cozu,irA:ng Tensile 
specimens of A I S 1  406 w e s  discharged from the G - 7  Lof water loop> 
The notched beams w i l l  be used i~ fract,l.xe s tudies  current ly  i n  
progress. 

Three 

Four Linear Variable Dif fe ren t ia l  Transformers (LVMI's), which were 
spec ia l ly  designed and constructed f o r  use a t  300 C (570 F ) ,  were 
received from Datronics Corporation. 
Baldwin B-3M clip-on type sxtensometer frames. This assembly was 

Tnese L W ' s  were m u t e d  on 
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fur thermodi f ied  t o  provide a mans of renotely detaching the  
extensometer f r o m t h e  specimen during a tes t .  'Ibis exten- 
someter provides an accurate measurement of strain in constant 
teqerature tes+,s UT t o  300 C (570 F ) ,  which is the  approximate 
i r r ad ia t ion  temperature f o r  specimens exposed in the  ETR E 7  
hot  water loop. 

Load mabtalning and load cycling controls  have been added t o  both 
the 60,000 and 200,000 pound capacity Baldwin Hydraulic Testing 
machines. These fea tures  provide control  t o  within & l$ of the 
fu l l  scale load f o r  the range selected.  Loading r a t e  is controlled 
manually by adjustment of a needle valve on the hydraulic system. 

In order t o  determine the  s t ruc tu ra l  s t a b i l i t y  and e f f ec t  of 
neutron i r r a d i a t i a n  on phase transformations which occur in meta- 
stable austenite, magnetic measurements were made on several 
tensile blanks and cold ro l l ed  s t r i p s  of AISI 304 and 348 stain- 
less steels. An Amlnco-Brenner m a  Gage was used t o  measure the 
force  required t o  l i f t  a standard magnet from the  specimen. Mea- 
surements an Platerials containing from zero (annealed) t o  TO$ cold 
work show a considerable increase u1 magnetic suscep t ib i l i t y  with 
increasing amounts of cold work. These measurements were used t o  
establish relat ionships  which predict  the  amount of aus ten i te  that 
w i l l  be transformed by cold working arid subsequect neutron irradia- 
t i on .  
and annealed F;o vacuum at 300 C (570 F )  f o r  various t i m e  periods 
indicate  a s igni f icant  change in the rmrtensite content as a r e su l t  
of annealing a t  t h i s  temperature. Measurements of Illagnetic sus- 
c e p t i b i l i t y  sre beinq made on both the amealed and cold worked 
AISI 304 and 3423 irradiated a t  spproximately 300 C (570 F ) .  
siderable difference in the  magni~udr of respmse t o  the annealing 
w a s  noted betweeL the unirmiiatrci zold worked AIS1 304 and 348, 
t he  g rea t e r  absolu+,e change being exhibited by the 304. 
previously reported experiments, thij difference in  response can 
be attributed t o  the  difference io chemical composition of the two 
materials. Since c o l i  work, temperature, and chemical composition 
strongly influence the snioiult GI? netastable  aus ten i te  which w i l l  be 
transformed, it is not  too surprising t o  f ind corisideraSle s c s t t e r  
in the test  data reported f o r  these materials. 

Preliminary results on material  cold worked t o  various leve ls  

Con- 

Based on 

A study t o  determrne %he crptinxum condition of several  nickel base 
alloys f o r  subsequent service i n  a m z l e a r  environment was initiated. 
Typical high tempera+,tL-e ccrrcs:',or? r e s i s t an t  a l loys  such as Iaconel 
600, Inconel X-750, and Hastelloy X-280 w i l l  be examined. A variety 
of pre-irradiatior? aging treatmenfvs varying from 1000 t o  1700 F 
(538 t o  927 C )  and f o r  T i m e  a t  temperature in te rva ls  up t o  100 hours 
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were performed on Hastelloy x-280 during the past month. 
Increases and reduced duc t i l i t y  were noted as the agFng temperature 
was increased. There were no significant changes noted fo r  aging 
a t  different  periods of time a t  temperatures t o  3100 F (705 C ) .  
Above 1300 F (705 C ) ,  Hastelloy X-280 appears t o  develop some notch 
sens i t iv i ty .  

Strength 

Below about 1300 F (705 C ) ,  the matrix and grain boundaries were 
re la t ive ly  f ree  of carbide precipitates.  Above t h i s  temperature, 
precipitates of the M6C type began t o  form in  both the matrix and 
grain boundaries x i th  increasing abundance. 
a l loy  aged a t  the higher temperatures were def ini te ly  of an inter-  
granular nature, propagating from one carbide par t ic le  t o  another 
along the grain boundaries. 
a lso  found in some of the specFmens tes ted a t  a lwer temperature. 

Fracture traces of the 

Evidence of t h i s  type of phenomenon was 

Zircaloy-2 spec-s irradiated in the E? hot water loop a t  a tem- 
perature of 280 C (540 F) t o  an exposure of 3.0 x 1021 nvt ( f a s t )  
have been discharged and tested. Irradiation of these specimens was 
begun in August 1961 and completed i n  June 1963. 
ments containing both Zircaloy-2-and s ta inless  s t ee l  were charged a t  
the beginning of ETR Cycle 39 (August 1961) and are s t i l l  being 
irradiated.  

A number of experi- 

Preliminary resul ts  on the Zircaloy-2 tens i le  t e s t s  show the appear- 
ance of a yield point in th is  material tes ted in the rol l ing direc- 
t i on  a f t e r  an exposure of 3.0 x 1$l nvt ( f a s t ) .  A yield point 
appeared i n  tes t ing  the translrerse specimens a f t e r  exposures of 
1.0 x lsl nvt (fast). Neither the transverse nor longitudinal 
specimens exhibited a yield point pr ior  t o  i r radiat ion o r  after 
exposures up t o  approximately 1.0 x 1021 nvt. The strength of the 
material continues t o  increase and the duc t i l i t y  tends t o  decrease 
f o r  these longer exposures. 

A cooperative e f fo r t  between the Reactor Metals Research and Physical 
Wasurement groups was initiated to  determine applicabili ty and 
Sensi t ivi ty  limits of current concepts and equipment used in deter- 
m i n i n g  the onset of fatigue damage i n  metals. One goal of t h i s  study 
1s t o  evaluate the mgnitude of that fract ion of fatigue l i f e  that 
elapses before the dama,ge becomes detectable. It is of considerable 
interest t o  determine those differences which occur when a structure 
is deformed by conditions of fatigue as opposed t o  a single cycle or 
"s ta t ic"  loading condition. 
i n  arriving a t  a method for determining fatigue damage on a structure 
which is in service. 

This type of information is necessary 
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Damage +kchanisms. 
the mechanism by which neutror,-prodwed defects  Lnteract w i t h  dis-  
locat ions t o  mcdlfy the p l a s t i c  deformation charac te r i s t ics  of the 
=tal. 
i n t e r s t i t i a l  impurit ies in a i ron.  

The objective of $his program is t o  determine 

The invest igat icn is  present ly  cmcerned v i t h  the role  of 

Past studies of radiat ion damage izi  i ron have led  t o  confl ic t ing 
conclusions about t he  defect responsible f o r  the modification in  
praper t ies .  For example, s tudies  based on measurelnent of res i s -  
t i v i t y  reveal damsge e f fec t s  Cot 3een in measuremxts of mechanical 
propert ies  and vice versa. S x c e  t h i s  study is  primarily concerned 
with the  changes induced in the mchanical proper t ies ,  it is impera- 
t i v e  t h a t  a method be devlsed t o  ident i fy  and characterize t h i s  
spec i f i c  type of defect.  It is hoped tha t  such a method has been 
found in the appl icat ion of r a t e  theory t o  the process cf p l a s t i c  
deformetian. This method combines chemical b e t i c s  w i t h  d i s -  
locat ion t,heory t o  describe p l a s t i c  deforrrratim by the r a t e  of 
movement of dis locat ions o.Er b&rrrers  t o  t h e i r  movement. A t  low 
temperatures where the p ic ture  is not clouded 5y recovery and re- 
arrangement of the  d is locs t icns  a d  obstacles durlng deformation, 
the deformation process c&? be described i n  terms of the s t r e s s  
amlied t o  +,he d is loca t ians  by the %ensi le  machine and the t h e m 1  
f luc tua t ions  superposed on t h i s  s t r e s s  which control t h e i r  ra te  of 
movement over the  b a r r i e r  
by an Arrhenius equatioa, iS = A exp ( - U / k T ) ,  where s i s  the  s t r a i n  
rate, A is a constant ,  acd U is the ac t iva t lan  energy f o r  thermal 
ac t iva t ion  over the ba r r i e r .  U :an also be described as U = Uo - 
V p ,  where Uo is the  t c t a l  ncs i -at ion energy f o r  surmounting the 
ba r r i e r  (applied s t r e s s  plus :hemellJ V is the  ac t iva t ioo  volume 
descr ib i iq  the b a r r i e r ,  and p+ is che Sffec+iTre  stress on the dis-  
loca t  ion.  

Thu, the defsmat ioc  r a t e  i s  described 

These qtcsnti t iss can 5e deriyeeci frzm l;w temperature t ens i l z  t e s t s  
in w h i c h  the  change i n  stress asszciatad w i t h  a change in s t r a i n  
rate a d  the change in s t r e s s  aSdcciaCed wi th  a change i n  tempera- 
ture are measured. 

Equipment f o r  perfcmlug chese tests &a been b u i l t  and the i n i t i a l  
tests t o  evaluate rheir capSbLir ies  compieted. A dummy sample was 
s+,rain gauged t o  dete-nine -.he eccen?rlci ty  is; l-ding f o r  the 
t e n s i l e  fixtures. 
apar t  on the specimen were witniri lo$ of each other izdicat ing 
sa t i s f ac to ry  alignment. 
sharp yield po in t ,  a l s o  i r , d i c s t lve  cl' gcod alipmer,t  aid a "hard" 
fFxture,  Use of the zero suppresc;i.xi c i r c u i t  01' the Listron per- 
mitted a stress resclut ion of 2 G  ps; d u r ~ u g  s t r a i n  r a t e  cnange tests.  

S t ra in  gaxge readings from p a n t s  $0 degrees 

All specimecs p d l e d  TO date have shown a 
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A s e r i e s  of experiments t o  determine thc  ci 'fect of i n i t i a l  dis- 
locat ion configurations on the act ivat ion volume was performed. 
One saxqle was pre-strained 3.5$ a t  room temperature a t  a s t r a i n  
rate 02 0.002 min-', another a t  2.0 min'll and s t i l l  another was 
deformed a t  77 K a t  a rate of 0.002 min-l. Following these pre- 
strains, the  samples were then cycled between s t ra in  rates of 
0.002 and 0.02 min'l i n  a l i qu id  nitrogen bath. The various pre- 
strain t r e a t e n t s  had l i t t l e  or  no e f f ec t  on the act ivat ion voliunes 
but did influence the  mode of deformation. Twiming was observed 
i n  the sample pre-strained a t  77 K, a.nd a l so  a t  the higber s t r a i n  
rate (0.02 min-1) f o r  t he  sample pre-strained a t  two incnes .nin-l. 
If twinning  occurred in t i e  sample pre-strained at 0.002 m i i 1 - l  a t  
room temperature, it did not produce ser ra t ions  i n  the stress- 
s t r a i n  curve charac te r i s t ic  0:' twinning. 
w i l l  be standardized a t  a pre-s t ra in  of 3.53 et room t e q e r a t u r e  a t  
a strain rate of 0.002 min-1. 

A l l  subsequent experiments 

A tes t  w a s  also run i n  an e thyl  alcohol-dry ice  bath (200 K )  t o  
determine ac t iva t ion  volumes a t  t h i s  temperature and stress l z v e l ,  
U s i n g  the  data  obtained f romtnese  t e s t s  and frorr tne  publisr,ed 
r e su l t s  of Basinski and Christian,  a t o t a l  ac t iva t ion  energy t o  
surmount the barrier (LJ,) of 0.4-0.5 ev was calculated f o r  botn t'r,c 
deformation a t  77 K and 200 K .  Above 300 K, however, the c2eforr&- 
t i o n  process does not appear t o  D e  a tnermally act ivated process. 
The calculat ions are only e s t i m t e s  because or' ce r ta in  approximtions 
used, but they are su f f i c i en t ly  zccuin%e t o  i n i i c a t e  one mechanism 
i s  c o n t r o l l i x  tne t h e r r a l l y  ac' l l \atcd . m ~ t m a n t  oi 6i31ocati;:is o x r  
tLis texperaxure range. Aaditiollai ezperi;ients vi11 De c m A  ined t o  
the t e q e r a t u r e  r a G e  7 7 - 3 C O  K.  

AI% Gas Loop Studies 

Test Section. A r epon ,  "The Model Yign Temperature Cas Loop Test 
Section - An Interim Report," iIW-7315:, has been wri t tcn i o  re la te  
the development of the design or' the  t e s t  section m d  describe 
several areas where r e su l t s  from testi-n,d and operating exyerlence 
can supply in fo rmt ion  applicable t o  the AT€? t e s t  sect ion,  General 
fea tures  now known f o r  the ATR test  section which have been inccr- 
porated into t he  model gas l o ~ p  t e s t  section are the same disrceters 
and mterials, possible *ice closures,  and insulat ians  ccmpatiole 
w i t i  a t t a in ing  ana maintaining Yuitra-pure ac1i.m i n  the coolant  systec.. 

The t e s t  sect ion consis ts  0:' t h e  folloving: 
stainless s t e e l  t o  bear the  in t e rna l  p e s s u r e ,  i n s i l a t i a n  a t  the ioxer 
and middle sections of' t he  tube t o  maintain a r e l a t ive ly  low pressure 
tube temperature, and a Xaynes alloy 25 f low buide tube at t h e  top of 

a t3ioe 01' t;rpe 3L7 
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the tes3 section fo r  attemperation. 
t e s t  section is provided by a Grayloc-type blind flange. 

Access t o  the tap of the 

Construction has continued on the Mark I tess  sectioa for  the 
model gas loop. 
been completed and mchining has star ted on the t ransi t ion joints 
f o r  the various sizes of +,ubi% used Fn the t e s t  section. 
EIaterials yet t o  be received are  the mztallic f o i l  insulation and 
the bellows f o r  sealing between the top of the she l l  and attemperator 
f l o w  guide tube. 

The Haynes alloy 25 attemperstor guide tube has 

Heat Transfer Studies. The possibi l i ty  of -sing water ccoling in- 
stead of gas attemperation t o  reduce the temperature of She lCg3 C 
(2000 F) gas lee& the test section w a s  examined, The somewhat 
cursory appraisal  indicates that  water cooling has suff ic ient  merit 
t o  warrant consideration for the ATR gas loop by %he archi tect  
engineers. 

Informtion was supplied t o  Babcock and Wilcox t o  permit determina- 
t i on  of the fi lm coefficient correction factors f o r  cooling telium. 

Analysis of the t ens i l e  specimen holder by both the Washington State 
University consultants and Babcock and Wilcm indicates +ha% the 
pressure drop will be about a factor  of 10 greater if  the coolant 
flow around the specimens ac t s  as a ser ies  of hl&ly turbulent. con- 
s t r i c t ed  or i f ices  rather than as a ser ies  of simple expansions and 
contractions. Since a n a l y t i c a l  resul ts  do rot show which flow mode 
w i l l  prevail, apparatus has beec se t  up t o  experimectally measure 
the pressure drap with air  used in place cf h e l i u n .  Txitial  resul ts  
w i U  be available ‘;Le last part  of tke mn+,h, 

Helium Puriflcatioc.  A docuent ,  HM-’4275, ezci t ied ”Design Criter ia  
fo r  Hel ium Purification Plant f c r  t k e  ATR G&s Loc;c, ‘I wae prepared and 
issued by J. H., Hoage, R. E. Westerman, a d  D. C. Icau l i tz .  The docu- 
ment v8s prepared following ccnsul ts t ier  v i th  D r .  Frank C. Wccd acd 
Hens F. En-, of O.E.C.D. Drsgsn Prcject, Ebgl.zzd* in a canference 
held at Hanford on Septeaber 30, Octcber 1 and 2 ,  1963. Other o f f -  
s i te -ds i to r s  attending the cmf’erence were: K- A.  Krauss , masco 
Services, New York, N,Y,; W.. D. U s ,  I W c  Operations Offlce, M C ,  

New Mexico. 
Idaho Falls, Idaho; and R. J. Daly, IASL, Grcup K - 4 ,  LOS A l m o s ,  

Frequency Changer. 
by the frequency changer is conTrolled 5y macually adjusting a 
variable r e s i s to r4  
using the  model loop require that  the f l o v  of helium i n  the loop 

The frequency of the e lec t r ica l  power produced 

Some of the  experiments tha t  w i l l  be performed 
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respond automatically t o  temperature changes in  the loop. 
response t o  temperature might be accomplished by cascade control, 
uslng a change i n  temperature signal t o  automatically vary the 
frequency se t  point, 
m t o r  and the synchronous gecerator provided by the eddy current 
coupler w o u l d  then be controlled by comparing the actual e lec t r ica l  
power frequency with the desired e l ec t r i ca l  power frequency which 
is set manually and i s  modified automatically i n  response t o  a change 
in temperature signal. 
has been designed. 

Such 

The degree of coupling between the induction 

A scheme t o  accomplish t h i s  cascade control 

Stress-Rupture Tests. 
stress rupture properties of Haynes 25 a t  2100 F (1149 C ) .  

A program has been started t o  evaluate the 
This 

material i s  being considered fo r  use i n  the ATR as a s t ructural  
material for  the heater ex i t  ports.  

'The induction heating furnace described i n  a previous quarterly 
report, HU-77954, has been adapted for  these t e s t s .  
is aut-tically controlled and recorded using a magnetic amplifier 
and Brown recorder. 
the w e  of 8 pan of weights attached t o  the bottom pul l  rod. 
t ion i s  measured w i t h  a compression type extensometer, 

The temperature 

The load is applied d i rec t ly  t o  the specimen by 
Elonga- 

The following resul ts  have been obtsined t o  date: 

Stress Time-to-Rupture Elongation 
0 (hrs) A 

3230 34.0 
4157 8.5 
4350 7.0 
4914 5 38 
5493 2.8 
6010 0.7 

7.9 
7.2 
7.2 

Long term t e s t s  a re  now i n  progress t o  predict rupture l i f e  t o  
1000 hours. 

Gas Chromatograph. Evaluation of a gas chromatograph u t i l i z ing  a new 
micro ion cross-section detector continued t h i s  month. It was deter- 
mined that t h i s  detector responds very well t o  H2, N2, o;Z, CO, C%, 
and Caq i n  helium. After replacing the molecular sieve column fur- 
nished by the vendor with a new one and adjusting the flow ra te  it w a s  
possible t o  achieve a sens i t iv i ty  of about 0.5 ppm per chart division 
for a l l  six gases wi th  a lower detection l imit  of a t  l eas t  one or two 
ppm. 
below 10 ppm. 

No extrezely d i lu te  standard gases are yet available t o  t e s t  

UNCLASSIFIED 



The good results with the detector do not extend t o  the  balance of 
the  instrument, however. The temperature prcgramming feature  f o r  
e lu t ion  of C% from a molecular s ieve packed column analysis fur- 
nished by the  vendor proved unsat isfactory f o r  t r ace  leve ls  of C@ 
producing severe base l i n e  shif ts  and poor reproducibi l i ty .  
cation t o  permit C% analysis off of a s i l i c a  gel  column is more 
sa t i s fac tory .  
s u f f i c i e n t l y  leak  t i g h t  f o r  t race  analysis making the instnuaent in- 
accurate for @ and N2. 
reduce air in-leakage. 
duces base l i n e  s h i f t s  probably due t o  variable pressure drops within 
the piping. 
help t h i s  problem. 
eliminated by remachining the brass bearings f c r  t e f loo  in se r t s .  
has also been determined that the  column temperature measuring system 
is highly inaccurate although cl2se temperature control i s  not re- 
quired with the Ion  cross secticm detector .  

Mcdifi- 

The origlnal.valving system f o r  gas sampling i s  not 

The valves have recent ly  been modified t o  
Operation of the sample valv ing system pro- 

Addition of a pressure regulating flow cont ro l le r  may 
Di f f i cu l t i e s  in the  valve drive mechanism were 

It 

Corrosion Studies. Samples of Haynes 25, Ha5?ellOy X, and Inconel 
&OO are being tested in environnrents of various oxygen pressures,  
a t  1200 C (a92 F). Haatelloy X is muck more oxidation r e s i s t an t  
than Haynes 25 a t  oxygen pressures > 1 mm 02. 
pressure is allowed t o  drop in the system during the course of a run, 
both materials begin t o  l c se  weigh? a t  - 0.3 mm 02, presumably due 
t o  a combination of oxide.spall ing and vola t i l i za t ior ,  of oxide and/or 
metal. If' the  system pressure is min ta i ced  a t  0.002 mm tIg or  l e s s  
during the  e n t i r e  course of the run, both Haynes 25 and Hastelloy X 
continuously lose weight, a t  a r a t e  of about 0.8 mg/cn?/hr fo r  shcr t  
times (- 5 hrs), o r  8 metal loss  r a t e  of about 0.035 n u l i h r ,  Long- 
term metal loss data Pcr H&yries 3-5 (- g C  hrs) shcw ml over-a i l  pene- 
t r a t i o n  :ate cf 0.028 ?nil/hr under these cmditicr-s,  

However, if the 

Continuous Tota l  Bpuz i ty  Ar,alysis,  The d c r o  io2 cross section 
detector  used i n  the new CMO gas chromatograpk has been fmnd t o  be 
very sens i t ive  t o  contarmrrants Fn helium. This suggests Its appli-  
cat lan t o  the continuous analysis of r o t . a l  impuritis ir the ATR gas 
loop helium coolant,  
no qua l i t a t ive  analysis would be pcssible;  hcwever, conthiuous quanti- 
t a t i v e  analysis  of total Iqmitles 'including uater vapor should be 
possible  x i t h  at l e a s t  1 0  ppm s e n s i t i v i t y ,  pernaps be t t e r  
compares with 100-200 p p  f x  m r e  ccnvent;onal zhermal conductivity 
detectors .  

Withcut The use cf a ckrcmatogrqhic column, 

This 
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6. Gas-Cooled Reactor Studies 

Inhibi t ion of Graphite Oxidation. Studies a r e  being conducted t o  
determine the  e f f ec t  of small amounts of impurities on the effec- 
t iveness of the  oxidation inh ib i tor ,  CF2C12. 
been campared with CSF graphite.  Because the l a t t e r  is purer, it 
oxidizes a t  a slower r a t e .  

It has been found tha t  the  inh ib i t ing  e f f ec t  on CSF and EGCR graphite 
is  not grea t ly  d i f f e ren t .  
a i r  oxidation r a t e  of CSF and EG€R graphites by a fac tor  of 3 and 4, 
respectively.  
crease in the BET surface areas a s  indicated below. 

- 

The EGCR grsphite has 

The addition of 1/2$ CF2C12 reduces the 

Oxidation t o  lo$ weight loss  r e su l t s  in a large in- 

CHANGES IN BET SURFACE AREA FOR OXIDATION 
AT 615 C, &/g 

Graphite I n i t i a l  A i r  - A i r  + 1/2$ CF2C12 

CSF 0.33  1.45 2.92 
ECCR 0.38 2.06 5.06 

When the instantaneous oxidation rates a r e  adjusted t o  uni t  BET 
surface area,  the  spec i f ic  oxidation rates a t  lo$ weight loss f o r  
CSF and EGCR graphite are in  good agreement, both i n  a i r  and i n  a i r  
plus 1/24 CF2C12. 

A change i n  oxidation temperature from 550 and 650 C f o r  oxidation 
t o  lo$ loss i n  a i r  with 1/2$ CF2C12 had no s igni f icant  e f f ec t  (k 105) 
on-the BFT area.  Consequently the ac t iva t ion  energies on the basis 
of e i t h e r  instantaneous rates or spec i f ic  ra tes  per un i t  surface area 
a r e  comparable. The ac t iva t ion  energy fo r  oxidation in a i r  w i t h  1/29 
CF2Cl2 is  42 t o  43 kcal/mole f o r  EGCR or CSF graphite.  
within experimental uncertainty with the  values fGmd fo r  a i r  oxida- 
t ion .  A reduction of r a t e  without changing the  ac t iva t ion  energy is  
consistent with the assumption that ac t ive  oxidation s i t e s  are  blocked 
by adsorption of the  inh ib i tor  as  described in  HW-67255. 

!!!he Radiation-Induced Reaction of Carbon Monoxide with Water. 
rate of the react ion of carbon monoxide with water in  a Co-60 garmna 
f i e l d  was measured. 
monoxide and outgassed d i s t i l l e d  water were placed in to  an evacuated 
capsule which was sealed off and i r rad ia ted  a t  constant temperature 
u n t i l  1 t o  5$ of the carbon monoxide had reacted. 

This agrees 

The 

Known quant i t ies  of r e d i s t i l l e d  C.P, carbon 
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After removal of water by cold trapping a t  78 C,  t he  vo la t i l e  
gases wi5re analyzed on the  mass spec t romter .  Carbon dioxide 
and hydrogen were the  only gaseous products detected. 

The energy absorbed by the  gases was calculated from the  dose 
rate (determined by Ce(SO4)2 dosimetry) assuming an absorption 
coeff ic ient  proportianal t o  the electron.  density.  

The 100 ev yields (5 values) f o r  the  formation of hydrogen and 
carbon dioxide are tabulated below: 

115 2.6 6.7 350 12.3 13,7 

200 5.1 a.0 405 11.29) 11.0(?) 
150 2.4 7.3 385 22.1 23.1 

250 7.3 8.7 425 36.3 -- 
300 9.0 9.6 L50 50.8 51.4 

Below 350 C l og  & i s  a linear function of 1 /T  but deviates i n  a 
pos i t ive  d i rec t ion  above that temperature. The 100-PV yields  of 
% and Co;? a t  temperatures below 350 C are: 

Gg+g.+F+ **s;*: 
hblecules/100 ev * 

below 350 re at  least two competing re- 
act ions,  one of which forms C@ but not H;?. At liiqher temperatures 
t h e  yields of Co;! and H2 are e s s e n t i a l l y  q u a l *  'Ee r e l a t ive ly  
high ac t iva t ion  energy f o r  hydrogen formation is a l s o  an indicat ion 
of two o r  more reactions competing f c r  t h e  energy, The increased 
rate of the  react ion a t  temperatures above 350 C is probably due t o  
contributions from the thermally rnduced reaczion. 

The e f f e c t  of inert gases on t h i s  reaction is current ly  being in- 
vestigated. Preliminarj experbents  indicate  tha t  the energy ab- 
sorbed by t he  inert gas i s  t ransfer red  t o  and induces reaction in 
the  reactant mixture. 

Therm1 Oxidation of Large GraThite Samples by Water Vapor, To 
determine the  e f f e c t  of the graphite sample s i z e  on i ts  rate of 
oxidatian under conditions where diffusion of the oxidant ixito the 
sample may influence the rate, re la t i - re ly  la rge  graphite samples 
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are being oxidized in  a flowing oxygen-free heliuin s t r ean  cen- 
ta tn ing  about 7000 ppm water vapor. 
2 inches in diameter, 12 inches long, and weighing about lO6C 
grams was used. 
ture range 730 t o  840 C and f o r  t i m e  periods of 5C t o  75 nours 
duration. 

A TSX graphite sample, 

Oxidation r a t e s  were determined i n  %ne t e q e r a -  

The ac t iva t ion  energy under these conditions i s  48.6 kcal/mole. 
The complete r a t e  expression is: 

Rate (hr'') = 5.34 x lose- 48.6 x ~ O ~ / R T  

These results a r e  i n  exceileEt accord with those cbtained on a TSX 
graphite sample 12 inches long but only 1 . 5  inches i n  diameter and 
weighing about 600 grams. The r a t e  expression determined f o r  t h i s  
lat ter sample under very similar nonditions was 

Rate (hr'') = 4.82 x 10 4 e -48.5 x ~ O J R T  

It therefore  appears tha t  under the present conditions of oxidation 
the  rate is nearly the same f o r  1.5 and 2-inch diarceter saxrples. 
These measwements w i l l  be extended t o  saxuples whose diameters range 
from 0.5 t o  3.5 inches. 

Annealing of High-Temperature Radiation-Induced Contraction. 
series or' s i x  transverse and s i x  p a r a l l e l  samples of CSF graphite 
are being i r r ad ia t ed  a t  the ETR a t  approximtely TOO C t o  check the 
e f fec t  of high-temperature aanealing on tine contraction r a t e  i n  sub- 
sequent i r r ad ia t ions .  This study was prompted by the e f f ec t s  noted 
i n  similar experiment.s perf orned w i t h  lmpblacli-5ased samples 

A 

The f i rs t  i r r ad ia t ion  of three reactor  cycles resul tzd i n  a contrac- 
t i o n  of 0.1s i n  the transverse samples ar,d 002$ i n  the p a r a l l e l  
samples. Three samples of each or ien ta t ion  were annealed and these, 
together with the unannealed samples w i l l  be re- i r radiated.  
t he  annealed samples displayed an addi t ional  contraction of approxi- 
mately 0.05% after mealiIlg one hour a t  1500 C .  
annealed t o  a maximum temperature of 2300 C, but only micor changes 
occurred above 15CO C. 

A l l  of 

Samples were 

The e f f e c t  of annealing on these samples yas s ign i f i can t ly  d i f fe ren t  
from that previously reported. 
annealing caused an addi t iona l  ccntract ion i n  the transverse direc- 
t i o n  but a s l i g h t  expansion i n  t h e  parallel direct ion.  No apparent 
reason f o r  t he  difference has been discovered. 

Previously it had been found t h a t  

UNCLASSIFIED 

I 2 2 6 8 3 8  



UmCLASSIFIED A-46 m-79377 

Coefficient-of-Thermal-Expansion Equipment. Current coefficie2t-of- 
thermal-expansion ( C E )  measurements are time consuming because only 
one sample can be measured at a time and establishment-of stable 
thermal conditions is slow. 
measure three graphite specimens simultaneously from 25 to 800 c. 
An experimnt was performed to compare the CTF,'s for several graphftes 
between 25 and 425 C in the new and old apparatus. 
both instruments agree within the standard deviations of the measure- 
lnents; however, for five of six samples the average values fromthe 
old apparatus were slightly less than f o r  the new equipment. me 
sample was the s a m .  

A new CllE apparatus has been built to 

The results from 

Them1 Diffusivity Measurements at Low Temperatures. 
was designed and fabricated to measure the thermal diffusivity of 
graphite samples from -195 C to 25 C by the flash mzthod. 
diameter sample was mounted i n  an aluminum block which was attached 
to a liquid-nitrogen-cooled thimble. 
surrounded the thimble. 
150-watt projection lamp. 

An apparatus 

A 0.4-inch 

A n  evacuated glass envelope 
The sample block was heated externally by a 

Therm1 diffusivity measurements were completed on unirradiated 
types TSGBF and Tsx graphite. The thennal conductivity of TSGEF 
graphite in the transverse direction increased from 0.077 cal/cn- 
sec-OC at -188 C to a l ~ l ~ ~ i n n l m  of 0.247 cal/cm-sec-°C at 25 C and 
then decreased to 0.175 cal/cm-sec-°C at 450 C. 
thermal conductivlty with temperature can be expressed by the f o l -  
lowing equation where T is the temperature in degrees Kelvin 

The change ia 

K = -0.0917 + 2.45 x 10-311 - 5.53 x + 3 . 7 3  x 1 0 - 9 ~ 3  

The change in thermal conductivity of the TSX trans-rerse s a q l e  was 
similar and increased from 0.13 cal/cm-sec-°C at -195 C 'to a maxim 
of 0.36 a t  -25 C and then decreased to 0.19 cal/cm-sec-°C at SOL C. 

EGCR Graphite Irradiations. 
of EGcR graphite is progresslng satisfactorily, 
H-3-7, was hstalled in the GEYX on September 24, 

The series of long-term irradiations 
The seventh capsule, 

7. Boronated-Graphite Studies 

Boronated-Graphite Irradiations. Work continued on schedule dur-kg 
the mnfh to determine heating rates of boronated-graphite s a q l e s .  
Tvo capsules of identical constructioc were used t o  irradiate 
graphite containing 6 wt$ and 8 w t &  boron, respectively, fcr the 
purpose of establishing.quantitatively heating rates of tne two 
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materials. The capsules were similar t o  earlier models but were 
mdaifled t o  give a more uniform temperature prof i le .  

The capsules were designed t o  operate a t  sample temperatures of 
650 f 150 F. 
w e l l  within the  above range and averaged about 650 F. The re l a t ive  
heat generation rates of 6 and 8 wt$ boronated samples compare w e l l  
with the  calculated values reported last period. 
indicated 5% less heating in  the 6 w t $  samples. 

In ac tua l  t e a t ,  individual sample temperatures were 

Those calculations 

Tbe design of the  capsule f o r  the long-tern test is  complete w i t h  
the  exception of the  f i n a l  s i z i n g  of the inner heat- t ransfer  
assembly. 

Metallic Fuel Element Development 

D r y  Abrasive Cleaner Ins t a l l a t ion .  
has been procured and in s t a l l ed .  The machine is  a modified Vacu- 

A dry abrasive cleaning machine 

Blast W d i l  200P Dry Honer i n  whi.ch the  exhaust has been f i t t e d  w i t h  
a f i l t e r  of the absolute type. The machine has a work cabinet 24" x 
28'' x 36" wide. 
cleaning of tox ic  material, es2ec ia l ly  thorium and i ts  a l loys .  

This machine w i l l  be used prfmarily f o r  the abrasive 

Thorium Fuel Element Development. 
Th - 2.5 wtk U - 1 wtk Zr core, f u e l  rod specimens i n  300 C water is 
continuing. 
1.3 cm (0.523 inch) diameter, 0.063 cm (0.025 inch) clad,  coextruded 
rod stock. The ends are recessed chemically and f i t t e d  w i t h  
Zircaloy-2 end caps that are electron beam welded t o  complete t h e  
closure. The specimens a re  t e s t ed  i n  a windowed autoclave tha t  
permits v i sua l  observation and time-lapse photography during tne t e s t .  

Defect t e s t ing  of Wrcaloy-2 clad, 

Test specimens 5.1 cm long (2 inches) a r e  cut from the 

!Two samples taken from near the lead end of the extrusion exhibited 
behavior d i f f e ren t  from t h a t  of material  taken from the middle or  
rear of the  extrusion. 
mound the  defect  sho r t ly  after the specimen reached temperature, 
and the  blister continued t o  grow slowly reaching a s i ze  of approxi- 
mately 1 x 1 . 5  x 0.2 cm high after 5 .5  hours. 
end samples developed a longitudinal s p l i t  in the clad i n i t i a t i n g  
when the  b l i s t e r  was about t he  s i z e  of a BB. The corrosion rate, as 
determined by gas col lected from the eff luent  water, was approximately 
twice that of previous saq les  due t o  the  increased exposure of core 
material  associated wi th  t h e  s p l i t t i n g  of the clad. The samples a re  
being sectioned f o r  c loser  examination and metallography. The lead- 
end specimens were i n  the  as-extruded condition except f o r  being auto- 
claved i n  steam a t  400 C f o r  72 hours p r io r  t o  defecting. 

Io previous tests a small b l i s t e r  formed 

However, both lead- 
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Thorium--Uranium Alloys. m e  fabrication, irradiation and defect 
corrosion behavior of the Th - 2.5 w t $  U - 1.0 w t $  Zr alloy have 
been described. 
positions on the Structure, fabrication and defect corrosion be- 
havior of thorium base alloy fuels have not been thoroughly studied. 
A program has been Initiated to study these effects. 

The effects of higher zirconium and uranium com- 

line additional alloys (tabulated below) are currently be- double 
vacuum arc melted into 7.4 cm (2.9 in.) diameter x 22.8 cm (9 in.) 
long ingots weighing approximately 11.3 Xg(25 lbs). These w i l l  be 
machined into extrusion billets and coextruded to 1.33 cm (0,525 in.) 
diameter rods vith 0.063 cm (0.025 in.) thick Zircaloy-2 cladding. 
The rod stack will be used f o r  defect corrosion testing. 

Alloy U O Y  
No. $ Zr - no. Q p zr - 

-- 2 5 00 1 2.5 -- 
3 2.5 1 4 5.0 1 
5 2.5 2 6 5.0 2 
7 2.5 5 8 5.0 5 
9 2.5 10 10 5 .O 10 

Electrode stock has been prepared from 3.4 cm (1.342 in.) diameter x 
15.2 cm (6 in. ) long thorium slugs 
provided f o r  the z i rconhm alloy addition along brith longitudinal 
grooves In the side f o r  the normal uranium addition, 

Drilled longitudinal holes are 

To date, s l loys  Nos. 1, 2, 9 and 10 have been single arc melted using 
25-26 vol t s  and 2800 amperes. 
and 5.e uanium binary alloys has a considerable effect on the melx- 
lng characteristics and the resultlog ingot side wall quality, m e  
le Zr  alloys appear during m e l t i n g  t o  have a more diffuse arc vith 
the surface of the molten pool only faintly nsible, The resulting 
ingot side wall is darker and more porous than the blnary Th - U 
alloy ingots. 

The 10.6 Z r  additian to both the 2.5  

Dispersed Phase Thorium Alloys. 
velapment program is the study of quarternary additions to thorium 
base, solid solution strengthened, Th - U - Z r  ternary alloys for de- 
velopment of finely dispersed intermetallic compounds in the structure 
The dispersed phases are expected to contribute to additional ir- 
radiation swelling resistance in these high streri-n, corrosion re- 
sistant alloys. 

One phase of the metallic fuel de- 
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Alloys were prepared by arc  button melting with aluminum or  beryl- 
lium additions (500 t o  2000 ppm) t o  thorium base al loys containing 
2.5 or  5.0 w t $  U and 2.0 o r  5.0 w t $  Zr. Th - 2.5 w t $  U - 1 w t $  Z r  
a l loy  buttons prepared by e i the r  p r io r  vacuum melting o r  argon 
melting only were hot ro l led  from 900 C preheat i n  neut ra l  salt t o  
0.318 cm (0.125 inch)  thickness without cracking. Attempts t o  hot 
r o l l  the al loys of higher Z r  or U content have not been successful. 

Submicron Uranium Carbide Dispersion i n  Metallic Uranium. 
t i o n a l  quant i ty  of uranium shot, -10 +3O mesh, containing from 500 
t o  650 ppm carbon, was received and examined. Conditions used t o  
prepare t h i s  material resul ted in  slower quenching speeds. The 
uranium carbide was thus precipi ta ted in  a dendri t ic  pat tern in 
most cases and only the  edges of the pa r t i c l e s  contained the  car- 
bide d is t r ibu t ion  resu l t ing  from prec ip i ta t ion  from enforced so l id  
solution. 
and the  finer shot, -10 +250 mesh, t o  determine the e f f ec t  of shot 
s i ze  on densif icat ion during extrusion. 

An addi- 

B i l l e t  assemblies have been prepared using this material 

Compatibility of S t ruc tura l  Materials with the  H!E,TR Environment. 
The evaluation of cladding and s t ruc tu ra l  materials f o r  use i n  the 
High Temperature Lat t ice  Test Reactor (HTLn) w a s  continued. The 
materials being evaluated are Nickel A ,  TD Nickel, Hastelloy B, 
molybdenum, Hastelloy X, Inconel 625, and Inconel 600. 
tes t  of t h i s  series, specimens of these materials were exposed f o r  
200 hours t o  a nitrogen gas-graphite environment a t  1200 C .  The gas 
was passed through graphite a t  1200 C,  then over specimens i n  contact 
with graphite and f i n a l l y  over spechens held in metal racks not i n  
contact with graphite.  In  t h i s  test a l l  of the  materials were found 
t o  have undergcne some weight gain. 
chromium, i .e. ,  Nickel A,  TD Nickel, Hastelloy B, and molybdenum had 
weight gains of 200 t o  700 mg/dm2. The highest weight gains were 
f o r  samples i~ contact with graphi te ,  Bend t e s t s  showed that the  
chromium-bearing a l loys  and the  molybdenum, but not t h e  Nickel A,  
!El Nickel o r  Hastelloy B, were embrittled in  t h i s  t e s t .  

In the  second 

The a l loys  which did not contain 

Additional mechanical tests and metallographic data will be obtained 
on these specimens in order t o  complete t h i s  preliminary evaluation. 
A 1000-hour t es t  w i l l  be run in  the simulated reactor atmosphere on 
selected a l loys  f o r  a more rigorous evaluation, 

9 .  Aluminum Corrosion and Alloy Development 

C - 1  Loop. 
aluminum dummies having a geometry ident ica l  t o  tha t  of the proposed 
fuel charge. In the  period before reactor s ta r tup ,  the coolant flow 

The C-1 Loop was charged on September 26 with X-8001 al loy 
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(singlepass process water) t o  the  loop gradually dropped t o  zero. 
(The reason f o r  this loss  of flow is not known; perhsps the flow 
control  valve, which had been valved darn t o  4 S r n  vibrated closed.)  
When the  reactor  vas star-ed up, the test  sect ion became overheated 
which resulted in accelerated corrosion of the aluminum and a h o s t  
complete blockage of t he  flow channel. 
u n t i l  a few hours after star tup;  a t  the  present time, flow is suffi- 
c ien t  t o  maintain adequate cooling despi te  the p a r t i a l  f h w  blockage. 
The inner tube of the test, sect ion br3I.l be pulled out wd replaced 
a t  the  next outage t o  remove the dummies. 
suspect that the  in-reactor pressure tube w a s  damaged. 
w i l l  probably delay t h e  C-1 test program at least one month.. 

Cooling was not restored 

There is no reason t o  
This h c i d e n t  

A t  t h e  l a s t  reactor  outage, a new dump system was irs%alled on the 
C - 1  Loop. This s y s t e m  w i l l  completely condense a l l  the loop steam 
if the dump valves are opened or  a rupture d isc  should f a i l .  

Two new items have t o  be ustalled in  the loop as a result cf pre- 
liminary hazard analysis. 
t o  be placed in series with the present flow control  valve. The new 
valve w i l l  be a b a c k q  f o r  the flow control  valve in case It doesn't 
close dur- t he  dump cycle. 
operator  on t he  present ly  ins3al led msnual valve. 

The first of %hese is an automatic valve 

Plans a r e  Seiag  made t o  ?u% a hydraulic 

The second i t e m  i s  an inter-t ie l ice  between the backup accumulator 
and the  loop accumulator. 
backup accumulator has been emptied and before the  process water 
s t a r t s  flawing through the  tube, 
this system. 

This should allow a smooth flow after the 

P*ans are beirtg made t o  ios-call 

A t  the las t  outsqe, sddl t iona l  shielding w a s  i n s t a l l ed  zo decrease 
the neutron leakage t o  a safe l e i~e l . )  

10. USAEC-AECL Cooperative Program or- Development of Eea-q Mazer 
-rated Power Reactors 

Them1 Hydraulic Studies. A prtisl analysis w a s  made of data from 
experiments invest igat ing the c o o l a g  of 19-rod b u d l e s  a d  a rough 
d ra f t  interim report  w a s  wri t ten.  The p a r t i a l  analysis consisted of 
abs t rac t ing  those data concerned wi th  boi l ing burnour, a i d  subjectlng 
them t o  abbreviated hand calculs t ions.  This was done t o  present 
reasonably firm conclusions concernug boi l ing burnout, the  most im- 
por tant  information of the experxnects, a t  t h i s  time rather than 
waiting f o r  the resulss cf <he m r e  complete and detailed aaalysis .  

U??CLASSIFIED 
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New information from t h i s  analysis which has not been reported 
before is  concerned w i t h  operation a t  heat flues higher than 
those which give the first indication of boiling burnout. The 
importance of t h i s  information l i e s  i n  the f ac t  t h a t  it gives a 
clue t o  the magnitude of the problem which may ex is t  when the 
f i rs t  indication of boiling burnout is exceeded. The analysis is  
predicated on data from several typical  experimental runs. 
cussion of how the  expermental data were analyzed follows. 

A dis- 

In general, thermocouple readings of average inside tube w a l l  
temperatures were of the order of 600-625 F jus t  p r io r  t o  the start  
of boiling burnout. Heat flwes were increased until average in- 
side w a l l  temperatures rase t o  a maximum of about 750 t o  850 F. 
The w a l l  temperatures "wandered" in a random manner after t h e  start  
of boiling burnout. Temperature wander was pronounced a t  low flow 
rates and low out le t  quali ty conditions and ranged from about 10  F 
a t  some of the least pronounced conditions t o  over 100 F. In  t h i s  
analysis two simplifications were introduced: f irst ,  a time 
average was used f o r  the rod wall temperature, though the random 
nature of the wander made accurate averaging d i f f i c u l t ,  Second, 
the temperatures used in the calculations were average circumferen- 
t i a l  temperatures. 
from an average of 600 F around par t  of t h e  circumference of the 
rod and a temperature in excess of 800 F over the reminder of the 
circumference. 

ALI 800 F reported temperature may have come 

The temperatures used in t h i s  analysis were inside w a l l  temperatures, 
The outside surface temperatures would be l e s s  due t o  the temperature 
drop across the  tube w a l l .  
s q  f t ,  the temperature drop across the w a l l  would 5e about 27 F and 
38 F f o r  the inner seven and outer 12 rods, r e s p e c t i x l y ,  For an 
average heat f lux  of 3O@,OOO, the.corresponding temperafure drops 
would be about 1 0  F and 15 F a  

A t  an average heat f lux of 700,000 Btu/hr- 

Based on these considerations, t he  data show tha t  an increase i n  heat 
f l u  of about 70,000 Btu/hr-sq f t  would cause an inside rod w a l l  
temperature increase from about 600 t o  800 F. 
independent of flow rate and out le t  qual i ty* A t  cmditions of 5 t o  
1 6  out le t  quality, the start  of boiling burnout occurred a t  heat 
fluxes around 7OO,OOO Btu/hr-sq ft. Thus, an increase i n  heat flu 
of about l@ caused the rod inside w a l l  temperature t o  increase by 
200 F. A t  higher ou t le t  qua l i t i es  a larger  percentage i n  heat f lux 
was required t o  cause the  same increase i n  surface temperature. A t  
a mass flow ra t e  of 5OO,OOO lb/hr-sq f t  and an out le t  quali ty of 
about 5 6 ,  a 70,000 Btulhr-sq f t  increase i n  heat f lux a l so  caused 
the rod inside w a l l  temperature t o  reach 800 F. 
about 30$ the boiling burnout heat f lux a t  these conditions 

This appeared t o  be 

Tzlis, however, was 
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From this analysis it is concluded that the occurrence of boiling 
burnout a t  high qua l i t i es  does not necessarily have drast ic  conse- 
quences; instead, a sharp but limited temperature increase may Se 
experienced. 

U. Advanced Reactor Concept Studies 

Fast Supercrit ical  Pressure Power Reactor. 
FSPPR has been reevaluated fo r  a shorter fue l  exposure. 
fuel exposure is now about 80,000 MWD/T. 
i n  the calculations, givFng a breeding r a t i o  of about 1.14 a t  t h i s  
exposure. 

Burnup in the 300 Mwe 
The average 

Some corrections were mde 

Calculations a re  i n  progress t o  obtain fue l  reackion rates for  the 
lo00 We unit t o  be used fo r  ecanomic comparisons with the 300 Mwe 
reactor. 
were those re la t ive  t o  neutron kinetics,  which have now been com- 
pleted. 
The effective delayed neutron fraction (and hence the dol lar  value) 
was computed t o  be 0.00414. 
double the effect ive delayed f rac%im associated wi th  phtonium 
f iss ions alone. 

Fuel cycle cost calculations were completed fo r  the 300 Mwe FSPPR. 
U s i n g  the AEC Cost Evaluation Handbook Wthods, wi th  minor changes 
associated w i t h  the use of plutonium fuel  instead of U-235 and 
assudng the new plutonium prices of @O/g f o r  Pu-239 and PU-241, 
the fue l  cycle d i rec t  cost is 0.75 mill/liwhr, and the working 
capi ta l  cost fo r  fue l  fabrication is 0.25 mill/kwhr, 

Preliminary layout of the FSPPR pover plant was cmple.ced, 
volume of the  proposed design is around i,700,000 cu f t . ‘  The 
design c a l l s  for  a standard a l l - s t ee l  building. 
t ive  concrete w a l l  separates power plant area from office and shop 
area. 

The anly r e m a w  calculations fo r  the 300 We design 

Results obtained yield a neutron l ifetime of 8.7 x 10-7 sec. 

Fast f iss ions i n  U-238 approximately 

Ta ta l  

A six-inch protec- 

A coat estimate for  %his bu ld ing  has not yet been prepared. 

Plutanium-Fueled Reactors. 
i h l e d  fss% colapact reactors and a description of spacecraft and 
rocket reactor concepts w a s  given before a group of interested AEC- 
DRD personnel i n  Washington. 

A review cf Hanford s+,udies on plutonium- 
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MLlitary Compact Reactor - Plutonium F'ueling Studies. 
quest of the USAEC a brief study i s  being made of t h e  poten t ia l  

A t  the  re- 

s i ze  and weight reduction which might be achieved i n  t h e  Mili tary 
Compact Reactor (a) by 1 s -  plutonium instead of U-235 fue l .  
Preliminary results of t h i s  study indicated that by subst i tut ing 
plutonium f u e l  f o r  uranium i n  the M=II, without a l t e r ing  the basic 
reactor core design' (except f o r  s i z e )  f o r  the same power and l i f e  
(1.5 M w t  and 3600 Mwd), the  reactor  core could be reduced from an 
or ig ina l  1 5  inches diameter t o  about 8.5 t o  9.5 inches, depending 
on the f u e l  material selected.  A comparison of the core designs 
considered i s  given i n  the following table. 

Shielding calculations were performed t o  evaluate the  percent reduc- 
t i o n  i n  w e i g h t  of the  f ixed and removable shields f o r  t he  plutonium- 
fueled Military Compact Reactor based an reducing core s i ze  t o  nine 
inches. Although the  reference uranium-fueled E R  core physics . 
calculat ions were based on a 5-inch Be0 ref lec tor ,  the  reference 
sh ie ld  design was based on a composite r e f l ec to r  of 2.2'' Be0 and 
3.3" stainless steel. 
"light" f o r  t h e  reference core, so that the weight comparisons made 
here  should be conservative. For t he  plutonium-fueled cases,  a 
re f lec tor  composed of 3 inches of Be0 and 2 inches of tungsten w a s  
subst i tuted f o r  the previous r e f l ec to r .  
u t i l i z e d  i n  doing the  shielding weight reduction calculations:  
(1) reduction i n  self-shielding by the core due t o  reduction of core 
diameter was assumed insignif icant ,  (2)  the new re f l ec to r  configura- 
t i o n  was assumed t o  a t tenuate  neutrons as e f f i c i e n t l y  a s  the  reference 
"shielding" re f lec tor  concept, and ( 3 )  the increase i n  density of the  
new ref lec tor  concept compared t o  the  old was used t o  reduce the 
cross-sectional density of t he  fixed inner lead shield.  
these assumptions, the radii of the shields were scaled down and 
weight savings were calculated based on reduction of shield region 
volumes. No reduction i n  a x i a l  shield dimension was made, although 
it appears that some addi t ional  savings could be =de by doing so. 
The t o t a l  f ixed shield w a s  found t o  be 33$ l igh te r .  The t o t a l  re- 
movable shield was 13.75s l i g h t e r  and the t o t a l  shield weight was 
reduced by 8900 l b ,  o r  21.2%. 

The reference shield i s  thus already somewhat 

Several assumptions were 

Based on 

Further studies have indicated tha t  by using an advanced fuel s t ruc -  
ture such as a cermet-based "gridplate" f u e l  (a honeycomb structured 
fuel), core s i z e  could be fur ther  reduced t o  7 t o  8 inches diameter. 
Alternatively,  a reactor  the  same s i ze  as the MCR could be approxi- 
mately doubled in power without s ac r i f i ce  of useful l i f e ,  o r  a t  the 
same power could have a several-fold multiplication i n  endurance, 
using plutonium fue l .  Such reactors  would represent an advanced 
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technofogy and are predicated upon the achievement of high burnup 
in the fuel. 

To take f d l  advantage of the potential  redLCtion LI: core s ize  
made possible with plutanium fuel ,  it is uoCesirs5le 30 use large 
inventories of U-238 as a means of obtain- a negative Doppler 
coefficient as is  apparently done in the Z R  design. A prompt 
negative temperature coefficient could probably be achieved by the 
use of cerhe t  fuel ,  o r  by special design arrangements in  a ceramic 
fueled core such as providing a fueled-cermet cage structure fo r  
mounting ceramic elements i n  a spli t-half  array. 
would require development e f for t s  which are beyond the scope of 
further consideration a t  this t i m e .  

Such designs 

Reducing core s ize  inevltably increases the magnitude of many 
design and qerating problems, such as control span required t o  
compensate f o r  burnup, fuel  burnup, f i ss ion  gas pressure buildup, 
heat flux, and coolant p r e s s u e  drop. The cores described in  the 
fol lar ing table are  based upon w n a t  is considered t o  be reasonable 
development of the technology of pin-t-ne f a s t  reactor cores. Ia 
the smaller cores, the larger  control span requirements appear t o  
preclude the use of heavy metal ref lectors  w i t h  rotating drum 
controls, but camposite ref lectors  such as  used here appear feasible.  
Ceramic fue l  designs would require reservoirs fo r  f i ss icn  gas re- 
tent ion and a special  support design (for  prompt negative tempera- 
ture coeff ic ient)  as previously mer;%ioned. Cermet, fue l  cores may 
offer  more f l e x i b i l i t y  in  design of the smaller plutonium fuel 
reactors,  if burnup capabi l i t ies  and r e a c t i n t y  coefficient 
character is t ics  prove t o  be promising, 

Control Region in t h e  PFSR. 
using the ANGIE Code indinatc thar, the cori t rol  span. of she 
“spectral s h i f t ”  control regior, ;s less than was ir i izialiy es-  
timated. 
a cylinder of f ini te  length is  compared w i t h  a~ i n f in i t e  cylinder. 

k i t i a l  twc-dimensicr,.si calculations 

The control s t r e w h  WES reduced by abmt  13% Ak/k when 

These are the first calculations of a ser ies  d e a l i q  w r t n  a variety 
of control region c o n f i p a t i o u  necessary t o  deter-nine tne m i m u m  
control span available w i t h  a control region, 
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SAP-8 I r rad ia t ions  i n  C-Reactor Shield Test Fac i l i t y .  
t i o n s  were performed w i t h  MAC t o  evaluate the  C-Reactor shield 

Calcula- 

experiment w e l l  f o r  use as an i r r ad ia t ion  f a c i l i t y  f o r  SNAP-8 
i n s t m t  package tests. 

i n  100 hours. 
three cases: the  reactor  shield,  the sh ie ld  w e l l  f i l l e d  w i t h  
water, and the  w e l l  f i l l e d  w i t h  l i th ium hydride. 
s i b l e  to .achieve the desired doses in 6 longer i r rad ia t ion  time with 
water, o r  t o  c lose ly  approximate them in the desired i r r ad ia t ion  
t ime using a judicious combination of ma?erials. 
e n t  requirements and a cost estimate are being prepared jo in t ly  
with IPD I r r ad ia t ion  Testing. 

In the  prcposed i radiaf icns ,  it is 
desired t o  achieve a dose of d - 3  nvt, and 10 si roentgens of gamma 

Neutron and gama dis t r ibu t ions  were calculated f o r  

It appears pos- 

A l i s t  of equip- 

D. DIVISICN OF RESEARCH - 05 PROGRAM 

1. Radiation Effects  on Metals 

This program is directed toward establ ishing the combined e f f ec t  
of impurities and neutron i r r ad ia t ion  on the propert ies  and s t ruc-  
ture of spec i f ic  metals, and deducing fromthermally act ivated 
recovery processes how the damage state can be a l te red .  Present 
studies involve single and polycrystal l ine specimens of molybdenum, 
nickel ,  and rhenium. 

Dislocation channeling in deformed i r r ad ia t ed  molybdenum has been 
discussed in previous reports .  
graphs and accompanying d i f f r a c t i s n  pazterns have now been analyzed, 
representing two as-irradiated f o i l s  and three f o i i s  annealed a t  
750 C (1382 F). Two carboc leve ls ,  C 10 ppm and 150 ppm carbon,, 
were represented among the  f ive  2011 specimens. 
f r ac t ion  patterns were not complete, ? ~ s u a l l y  consisting of only a 
f e w  spots.  
were observed, wi th . a t  least $me re f l ec t ion  from a d i f fe ren t  plane. 
These re f lec t ions  suff iced t o  determine the f o i l  o r ie9 ta t ion-  

A t o t a l  of f i v e  electron micro- 

The electron d i f -  

In each case one o r  more orders of (110) re f lec t ions  

In every case the d i rec t ion  of the chamels  sbserved in t h e  e lectron 
micrographs coincided with a t r a c e  of a [U3 o r  i l l02  plane, both 
of which are colmnonly reported as s l i p  planes in molybdenum. These 
observations are in agreement vl5h the hypothesis that tne  channels 
result from the movement of dis locat ions through the rnatrix by a 
simple g l ide  mechanism. Insofar as n a n  be determined, the  amount 
of carbon present and the extent of annealing have no e f f ec t  on the 
channeling process. Molyodenun micro temi le  specimecs, su i tab le  

UNCLASSIFIED 



UNCLASSIFIED A- 57 w-79377 

fQ;r straining in the electron microscope, have been irradiated to 
1 x 1019 nvt (E > 1 Mev). These specimens will be strained while 
under observation in an effort to observe the nature of the dis- 
location reaction leading to the forrration of the channels. 

A detailed study of radiation-induced defects in molybdenum is in 
progress. Foils con ining 1 ppm and 150 pm carbon have been 

These speclmens will be studied by transmission electron microscopy 
in the as-irradiated state to determine the variation in the density 
and nature of defects with fast neutron exposure. Annealing studies 
similar to those reported previously will also be carried out. 

Irradiated to 1 x Id- % , 3 x l& 8 , and 6 x 1s 8 nvt (E > 1 &v). 

Additional x-ray diffraction micrographs have been obtained from 
molybdenum single crystals. Attention has been turned to the 
study of deformed crystals. Irradiated and unirradiated crystals 
deformed to fracture in tension have been sectioned approximately 
parallel to (110) and (100) planes. Diffraction micrographs ob- 
tained to date with crystals sectioned parallel to a (110) plane 
have been of two types: (1) with irradiated crystals, a pattern 
of parallel slip traces at approximately 45 degrees to the tensile 
axis, and (2) in both irradiated and unirradiated crystals, a 
pattern of traces intersecting in a complex m e r .  The observa- 
tion of both microgzkphs types in the case of irradiated crystals 
nay be a consequence of variation in location of the scanned'area 
of the specimen with respect to the fracture surface. 

Investigation of the strain-rate dependence of the 0 . 6  offset yield 
stress in annealed polycrystalline molybdenum at intermediate strain 
rates has verified the existence of four  distinct regions in the' 
curve of room temperature yield stress versus log str in rate. The 
range of straln rates investigated is from 8.33 x 
8.33 x 10-3 sec-l. The strain-hardening coefficient over this range 
of strain rates and at room temperature is given by the relationship 

sec'l to 

n = -0.02 In C + 0.2 

where n is the strain-hardening coefficient and 6 is the strain 
rate in units of min-1. 

Results of strain-rate sensitivity experiments conducted at room 
temperature are still being evaluated. 
observation of a parabolic relationship between 40 and 6. 
arise from cycling between two regions which have a different stress- 
strain rate dependence. Further experiments are planned, in particu- 
lar, a series of strain-rate factor change tests. 

Of primary concern is tne 
This may 
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Design and fabrication of a prototypical capsule for irradiation 
experiiients at elevated temperatures is continuing; final 
assembly has been delayed pending arrival of thermocouples and 
heaters. 
into a reactor for the purpose of determining the magnitude of 
nuclear heating which will be encountered and whether the heat 
transfer properties of the capsule are sufficient to ni~intain a 
minimum temperature of 150 C in the nuclear environment. These 
tests w i l l  also indicate the maximum temperature which can be 
reached in a capsule designed for operation below 150 C with no 
paver input to the heaters. It may be necessary to utilize one 
capsule design for irradiation between 150 C and 500 C (302 F snd 
932 F), and a second design for temperatures above 500 C. 

Dummy capsules are being prepared and w i l l  be charged 

2. Plutonium physical Metallmq 

The objective of this program is to determine some of the basic 
physical metallurgical properties of high-purity plutonium and 
to establish the effect of certain specific a l l o y i n g  additions 
on these properties. Two areas are under study: mechanisms of 
phase transformations and mechanisms of deformation and recovery. 

The steady state creep characteristics of the alpha and beta phases. 
of plutonium were determined as a function of temperature in the 
range of 100 to 160 C (a2 to 320 F) at compressive stresses of 
150 to 3100 psi. 
(248 F) and a stress of 3100 psi was found to be less than 0.0019 
per hour, while under a similar stress the steady state creep rate 
of the beta phase decreased from 1.2% per hour at 157 C (314.6 F) 
to 0.054$ at 120 C (248 F). 
beta phase at this stress was canguted to be 30,000 calories per 
mole. A similar activation energy was calculated at a stress of 
2150 psi. 

The creep strain of the alpha phase at 120 C 

The activation energy for creep of the 

The deformation during the alpha to beta and beta to alpha trans- 
fomstians at a transforma3ion rate of approximately l$ per minute 
was determined using 0.38-inch diameter specimens under compressive 
stresses of 100 to 1600 psi, 
~pem (0.75 inch) resulting in greater accuracy in determining the 
strain data than was possible with the previously used 0.25-inch 
diameter specimens. 
obtained from the smaller specimens. The strain during both trans- 
formations increased from zero at 100 psi t o  2.5& at 1600 psi at an 
average transformation rate of one to two percent per minute. The 
transformation strain was very nearly a linear function of applied 
stress. 

rnls permitted the use of longer speci- 

The results, however, were very similar to those 
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On. of the problems encountered in the phase transformation studies 
has been the presence of microcracks which form during the beta to 
alpha transformation while casting. 
cracks can be decreased by hydrostatic pressing in the beta phase 
and cooling under pressure. Metal prepared in this manner has ob- 
viaus disadvantages as s t a r t i n g  metal. 
phase during casting provides another, and mre convenient, method 
of reducing the volume of microcracks. 

The volume of these micro- 

Rspid cooling from the beta 

A casting consisting of four rods, 0.38-inch diameter and 6 inches 
l w ,  was cooled fromthe melt to the beta phase at approximately 
10 C (50 F) per minute. 
beta to alpha transformstion at approximately one degree Centigrade 
per minute and the other two were quenched to room temperature in 
a Freon bath. 
rods exhibited a density of 19.5 g/cm3. 
served after ten thermal cycles between -80 C (-112 F) and +lo0 C 
(212 F). 

to 19.68 g/c& after a similar cycling schedule. 
crease can be attributed to the transformation of retained beta. 
The lower density of the slow cooled metal is explainable on the 
basis of the presence of a greater volume of microcracks. This was 
confirmed by metallography, which indicated that the quenched metal 
had fewer and smaller microcracks. 

Two of the rods were cooled through the 

Twenty-four hours after casting the slowly cooled 
No density change uas ob- 

e density of a specimen fromthe quenched rod was 
19.58 g/cm Th twenty-four hours after casting. This value increased 

The density in- 

It has been established that the transformation of alpha-rolled plu- 
tonium si-ificantly alters the texture induced by the original 
working. A secondary texture, however, results which yields a dif- 
fraction pattern significantly different frdm that typical of a 
completely random orientation. 
method of determining whether or not transformation has occurred 
during an annealing treatment at, or near, the transformation 
teqerature. 
recrystallizes at about 120 C (248 F). 
above the equilibrium transformation temperature, there is some 
question as to whether or not the alpha to beta transformation con- 
tributed to the apparent recrystallization. 
clarify this point if possible. mterial of corqarable purity will 
not be avsilable, however, until the LASL electro-refined plutonium 
is received. It is expected that the recrystallization temperature 
is quite sensitive to the impurity content and should be directly 
related to the purity level. 

This phenomenon provides a sensitive 

Recent data from Argonne suggest that alpha plutonium 
Since this temperature is 

Work is under way to 

Work is continuing on the identification of the crystallographic 
orientation produced in alpha plutonium by rolling. The primary 
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effort-at present is directed touard establishing the consistency 
of the results obtained from various specimens which have been 
similarly treated. To date it has not been possible to satis- 
factorily verify the anisotropic changes in lattice parameter which 
had been indicated in the earlier wcrk. This may be a function of 
the length of the time interval bemeen the actual working and the 
diffraction evaluation. 
texture is awaiting the availability of a pole figure goniometer. 
This equipment is scheduled for delivery next month. 

The detailed derivation of the rolling 

Decontamination of cellulose acetate replicas of plutonium for 
electron mctallography invcLves dtrasonic cleaning of the replicas 
in Ha. The fact that most acids, including HC1j are known to 
attack cellulose acetate has discouraged some investigators from 
utilizing it in replicating radioactive materials. However, it has 
been determined that by us- H C  concentrations of 0.5N or less, 
no detectable artifacts are introduced, even after a seven-hour 
treatment in the acid. Ultrasonic cleaning for 1 5  minutes in al- 
ternate baths of 0.5N HCI. and water (two cycles) w i l l  generally 
reduce the smearable contamination on the acetate to less than 
5000 D/M. 

ktallography of plutonium is coqlicated, not only by the extremely 
high toxicity of the metal, but also by its high oxidation rate. 
After preparation, only a few hours are available for examination of 
metallographic specimens before oxidation is noticeable. A metallo- 
graphic technique which may prove successful in both eliminating the 
toxicity problem and reducing the oxidation rate, and yet not sacri- 
fice image quality, is to coat the sample with a thin plastic film. 
Preliminary observations of a qecimen of etched Zircaloy-2 which 
was coated with a < 0.5~ thick layer of Fomvar mdicate no l o s s  of 
contrast or resolation due to the Formvar film, even at magnifica- 
tions greater than lWOX, It is not possible to vfsually distinguish 
in the microscope between coated and uncoated areas of a metallo- 
graphic specimen. 
effectiveness in (i) retarding pluronium oxidation, and (2) containing 
the contamination, 

The Formvar film will next be evaluated for its 

E. C t J s T Q M W W ~  

1. Radiometallurgy Laboratory 

Examinations and Measurememx. Routine examinations and measure- 
ments are or will be reported. as PI% of the sponsoring research 
and development programs. 
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The following listing includes mjor items of work done during 
the mnth: 

a. 

b. 

C. 

d. 

Metallography 

Samples Processed 
Photomosaics 
Autoradiographs 

71 
8 
21 

Chemistry 

Burnup Dissolutions 31 
Decladding Dissolutions 5 
Fission and other Gas Collections 20 

Physical & bkchanical Testing 

Tensile Tests (Room Temperature) 60 
Hardness Tests 224 
Density Measurements 17 

General 

Negatives Processed 741 

High Temperature Tensile Testing bbchine. 
temperature tensile testing machine furnace is scheduled for coqle- 
tion by the end of the month. 
assembled testing equipment at the vendor's plant is scheduled for 
November. 

Modification of the high 

Final testing of the completely 

"E" Cell Metallographic Facilities 
for installation in "E" cell is about 754 complete. 

Redesign of the cathodic etcher 

Pinhole Autoradiographic Camera. 
camera was tested by making gamma autoradiographs of a special 
target sample. The target sample was prepared by making a grooved 
grid on the surface of a steel disk and filling the grooves with a 
mixture of irradiated Uo;! and epoxy resin. 
good resolution of the sample grid. 

The resolution of the pinhole 

These radiographs showed 

Scintillation Scanning Equipment. Testing of gamma scanning equip- 
ment continued by scanning wafers sectioned from a m-Al alloy PIiTR 
cluster rod. 
product distribution curves and ability to differentiate minor dif- 
ferences in radial fission product distribution. 

Test results show good reproducibility of fission 
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Fission Gas Collection. The first tritium bearing gases were 
and quantities measured in the fission 

gas collection system. 
whether or  not significant ~py3unt,s of tritium were lost through 
isotopic separation from samples collected in the metal collec- 

Studies are being made to determine 

ting system. 

High Temperature Extensometer. 
electromechanical transducer or distance detector at a temperature 

Initial tests conduczed on an 

of 300 c stmw that a temperature variation of f: 5 c will cause a 
corresponding mzasuring error of f 0.0002 inch. 
measurements within f 0.0001 inch can be made w i t h  this device 
at room temperature. 

Reproducible 

Surface Replication of Al-Li Alloy. 
replication of AI.-LI a l l ~ y  sampies which utilizes vacuum cathodic 
etching was established this month. 
suitable f o r  both second phase and gas void detection. 

A procedure f o r  surface 

*The surface produced is 

2.  Wtallography Laboratories 

During the report month 332 samples were processed, a total of 
464 mcrographs and micrographs taken, 1828 negatives printed and 
.6186 prints processed. 

Routine Metallography Laboratories activities will be reported as 
paTt of the sponsoring research and development compauent's work; 
however, items of unusual interest or  representing departures from 
rouW.ne operatiaus w i l l  be reported here,  

A two-week laborsto-y training cluss was held for two technicians 
from Physical Metallurgy for iostluction i n  general metallographic 
techniques. The meterisl included laboratory techciques and suf- 
ficient theoretical backgrcud to permit use of metallographic 
equipment. This included study ssd practical experiecce with 
abraaives, polishing powders, acids azd mixtures of acids, micro- 
scopes, Illetallographs, phctographic films and procedures, and 
photamicrography . 

3.  N-Reactor Design Testing 

N-Reactor Magazines. h- N-Reactor charging nagazine was success- 
fully modified to prevent liner shrickage by removing the tapered 
end, milling s l o t s  ir, the periphery of the  carbon steel tube-and 
molding the polyethylene Liner around the protrusions with heat and 
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pqessure. 
adverse results i n  a se r i e s  of t e s t s ,  includixg a f u e l  charge 
with 700-pound back force,  a f u e l  charge with 1900-pound back 
force, t en  charges against  a water. c o l m  of 700-pound Sack force,  
and ten  charges without back force.  A s  a resu l t  of these tests, 
100 rnagazines w i l l  be modified i n  l i k e  mnner t o  the  one tes ted .  

This method of l i n e r  restraint was t es ted  with no 

Iiigh Temperature Lat t ice  Test Reactor Prototype. Detailed layout 
of the core insulat ion and s t ruc tu ra l  design of the s h e l l  a r e  85% 
and 3@ complete, respectively.  
mockup is  i n  progress. 

bbchining of graphite f o r  the  core 

Fabrication of the  safe ty  rod drop and braking mecnanism has been 
completed, including successful preliminary t e s t s .  
weight which was used i n  the  tests w a s  stopped i n  18 inches a f t e r  
a f r ee  f a l l  of 73 feet .  

A 42-pound 

5 .  EBWR Fuel Elements 

ESWR Plutonium Fuel Element Fabrication. Construction of the  new 
vibrat ional  compaction f a c i l i t y  i n  the  Plutonium Fabrication P i lo t  
Plant was completed. B c e p t  f o r  several  minor a l t e r a t ions  and/or 
improvernents, the  f a c i l i t y  i s  now ready f o r  use i n  fabricat ing 
plutonium-bearirq f u e l  elements, 

The two l5W-pound force vibrators  and t h e i r  respective consoles 
were checked by a factory representative.  
t i o n  w a s  performed and standard operating procedures were estab- 
l ished.  

A l l  necessary calibra- 

A i r  gauging equipment i s  being set up f o r  qualit;.  co;iLiboi, LincrL- 
s ional  inspection 02 e i the r  EBWR or  PHTR s ize  tu3iiiz. 

Fused depleted uraniun dioxide is being ground, screened and 
roasted for EBWR fue l ;  250 ke; have been finished and 200 kg are 
in process. (1600 kg w i l l  be needed.) 

Cladding Procurement. The last two groups 01' EBWR cladding tubes 
t o  be received on-site have minute longitudinal scratches on some 
inner surfaces of the  tubes. Associated with these scratches a re  
t h y  burrs which are reported as defect indications by the u l t r a -  
sonic t e s t i n g  equipment. 
requires reworking t o  remove the burrs. 

Thus, adequate testing of' these tubes now 

An order has been placed fo r  the fabricat ion of a portion of the 
tubes needed f o r  hbrk I1 nested tubular PRTR fue l  elements. The 
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remainder of the tubing w i l l  be ordered a f t e r  rece ip t  of revised 
bids. 

Burnable Poison Fuel in UQ. 
-03 i n  Uo;! revealed uniform d i s t r ibu t ion  of the -03. 

6. Other Off-site Customer Uork 

Photamicrographs of 2 w t $  and 10 wt$ 

-1 Fabricatian.  
cated d i r e c t l y  by p n e m t i c  impaction of an 80 vo1$ tungsten-U% 
mixture. 
and 44 t o  62 microns, respectively.  
hexagonal bars were used as mandrels i n  the  37-hole gr id .  
were removed chemically after impaction. 

A 1/8-inch hexagonal honeycomb g r id  w a s  fabri- 

The p a r t i c l e  s i zes  of the tungsten and U@ were 5 microns 
One-eighth-inch mild s t e e l  

They 

Thoria T e s t  EZements. 
crushed, sized and Vipacked i n t o  aluminum cans for reactor  t e s t ing  
purposes. 

Thorium oxide was pneumatically impacted, 

For m e r ,  W 
Reactor and Fuels Laboratory 

FW Woodfie1d:kb 
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K-Lattice PClR Ekperiments 

Absolute & values have been determined for  KYM fuel pieces in 2-2 process 
tubing in the K-lattice. 
An inf'knal report, HW79325, "I(-Lattice Parameters f ran FCTR Measurements," 
is almost canplete. 

This work has included both wet and dry cases. 

&Reactor I a t t i c e  Parameter and Spectral Measurement Tests a t  Startup 

Procurement and fabrication of materials are under way f o r  startup t e s t s  
t o  measure the l a t t i c e  parameters E, pp and f p  the neutron temperature, 
and the r-vslue of the epithennal flux in the l a t t i c e .  
planned for both cold and hot core t e s t s .  

Similar t e s t s  axe 

The fuel e l e n t s  requFred for cold tests are nearly canplete. Pins and 
f o f l s  of many materials are being fabricated fo r  placement in these cold 
elunents. 
sfmilar pins w i l l  be used. 
lems D 

&el elements required for hot t e s t s  are being machined, and 
At t h i s  t i m e  there appears t o  be no major prob- 

Scattering Law for  Water 

A report describing the improvement in scattering law calculations by t reat-  
ing exactly two resonances of the spectral  function rather than one resonance 
has been written for the "Physics Research Quarterly Report - Julys August ,  
September, 1963. " 

Mcdified Heavy Gas Model 

Studies of graphite-moderated uranium and plutonium systems w i t h  the Horo- 
wl tz  modified gas model have been ccmpa;red with studies of such systems w i t h  
the more exact neutron balance equation. !be modified gas equation produces 
reasonable r e su l t s  over large ranges of uranium concentration and moderate 
ranges of plutonium concentrations. 
f o r  the I'Physics Research Quarterly Report - July, August, September, 1963." 
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Instnunentation develapnent, procurement and fabr ica t ion  a re  being accel- 
erated in preparation of I Reactor s t a r tup  and physics t e s t s .  
water-codling several  of the detectors,  gas seals, and clamps are being 
fabricated.  
confirm neutron flux-streaming estimates at  perforat ions in the N Reactor 
biological  shield. 
leted. 
filtered samples of ef f luent  water for t r aces  of uranium d u r a  the physics 
tests. 
cauplete physics test  instrumentation system is moving ahead on schedule. 

Thimbles fo r  

Measurements have been carried out i n  the 305 Reactor which 

A majority of the developed items has now been c a p -  
Progress was made on a special  detector  system t o  be used t o  monitor 

Progress on both the e lec t ronic  and mechanical par t ions of the 

Operatianal testing w e 8  continued at XE Reactor on one N Reactor gama 
energy spe.ctraaeter of the 24 t o  be used in the Io Reactor fuel rupture 
monitoring system. 
ing, HRD, fo l lowlrq  water sampling system changes, showed a d e f i n i t e  increase 
in s i 6  activlty; however, multichannel analyzer results did not pravide 
aqy definite photopeaks, even after considerable lead shielding was added 
arouDd the detectors t o  reduce the background. 
is being used t o  monitor one test loop for possible  ruptures in sane target  
fuel elements. 
Electric (APED) and fiaal c i r c u i t  d r a w i n g s  were also received. 
being accelerated t o  cauplete the necessary test procedures (DT-U33) t o  
provide infannation f o r  general testing of the production units. 

Data obtained in cooperation with Research and Engineer- 

A t  present,  the spectrancter 

Tbree production spectromtters were received fran General 
Work is  

- ta l la t ion  a,nd f ab r i ca t ion  work progressed s a t i s f a c t o r i l y  on the new 
reactor fuels testing loop being i n s t a l l e d  at PRlR. General rack cabinet 
i n s t a l l a t i o n  is nearly cauplete, and bath regulated and unregulated power 
lines m e  i n s t a l l ed .  
E k c t r o n i c  instrumentation w a s  received for both the dual channel gamma 
spectraneter and the delayed neutron system. 
tions were car r ied  cut on both systems. 
t r o n i c  instrumentation w a s  started. Fabrication of special. preamplifiers 
w a s  ccmpleted and both were tested with the gamma spectramcter t o  determine 
operational capabilities. 

Flaw control  equiprent has been mounted and connected. 

Tests and necessary modffica- 
Major i n s t a l l a t i o n  of the elec- 

Invest igat ions were started t o  determine appropriate materials f o r  use i n  
fresh fuel storage casks, which are being developed t o  fill a need f o r  
econanic storsge of enriched fuel in mclcar -safe  containers.  Two sample 
casks have been fabricated t o  previously established specif icat ions.  
suitable neutron counting system is  being assembled a t  present.  
materials t o  be employed in %he experimental tests will be water and 
C a d m i u m .  

A 
Initial 
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System Studies 

The M Reactor primary coolant system simulation was checked out and pre- 
liminary runs canpleted. 
settings required for good s t a b i l i t y  and performance, and the re lat ive 
sensi t ivi ty  of these settings. It was found that best aver-all system 
performance is  not obtained by optimizing the individual loop f l a w  con- 
t r o l l e r  settings, as might be expected. Data defining controller sett ings 
for  use i n  forthcaning f i e l d s  tests were obtained. 

These tests establish the approximate controller 

Maximum primary coolant flaw fluctuations accanpwing loss  of one and two 
primary pumps were a l s o  determined as were coolant temperature transients.  
These runs were made at i n i t i a l  flow rates corresponding t o  both the f i f t y  
percent and one-hunned percent of design flaw cases. 

The pump drop-out simulation studies have disclosed t h a t  an error  is  intro- 
duced in  the carputations as the check valve closes and reduces coolant 
flow through the disabled pump t o  zero. Although these errors  are so small. 
as t o  have a negligible effect on data obtained t o  date, a more accurate 
simulation m o d e l  has been devised which eliminates t h i s  deficiency. 

A MIDAS program for the  primary coolant simulation was prepared for use on 
the D M  7090 ccmputer. 
model under normal operating conditions. 
ably * 

It was used t o  check the accuracy of the analog 
Limited resu l t s  canpared favor- 

The secondary loop simulation work done by Bailey Meter Ccmpany i s  being 
used in setting up separate steam generator and secondary loop simulations 
for use-on the HAP0 ccmputers. 
i n  time because the necessary scaling and c i rcu i t ry  is, i n  many cases, 
already worked out. Changes are  necessary, however, due t o  differences Fn 
the available e q u i p n t ,  the data desired, and the advisabili ty of using 
a more versa t i le  model. I n  addition, cer ta in  areas of the Bailey report on 
this work are  not w e l l  explained. These areas are being reworked t o  assure 
accuracy ard understanding. 

This is  resul t ing in  a considerable savings 

The steam generator simulation model i s  essent ia l ly  ready fo r  debugging. 
The m o d e l  is patched on a problem board and calculation of the fnit ial  
ccmputer set t ings is  nearly cauplete. 

The previous d i f f i cu l ty  i n  simulating two of the steam generator models 
with the KU)AS system was Overcane. !Fhe MIDAS systems fo r  these steam 
generator m o d e l s  (they a re  different f r an  those currently used for  the 
analog simulation) have been ccmpletely debugged for the O A S  system. 
The non-linear m o d e l  requires 50 seconds of 7090 t i m e  for  simulation with 
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the MIDAS system. 

The siwrlat ion m o d e l  far the balance of %he secondary loop is approximately 
eighty percent canplete. 
surge tank mdel, the steam header, one condensate pump m o d e l  and associated 
control  c i r c u i t s .  

It cons is t s  of one dump condenser m c d e l ,  one 

A request far additional power excursion data on N Reactor was received 
f'ran N Reactar Department duzing she mcnth. The startup kine t ics  model 
developed earlier this ye= by Systems Research Operation was programned 
on the analog ccmputer and vas u s d  to determme maxinxum power l eve l  and 
reactor water and fuel temperatures resulting frm r e l a t ive ly  slow reac t i -  
v i t y  ramp inputs. Heat 
t r ans fe r  coef f ic ien ts  0.5, 1.0, and 1 . 5  times the most probable value 
were used t o  show the r e l a t i v e  s e n s i t l v i t y  of the r e s u l t s  t o  errors jn the 
calculated coef f ic ien t .  

!Fhe ramp rates ranged frat 0.5 to 10 cmk/seconds. 

Three Bailey control  systems were used in the simulation mns made during 
the month on the N Reactor primary coolant system. 
and ea r ly  debugging stage, preparatory to making these r u n s J  it was found 
that the cont ro i le r  tine constants d i C  cot z~srrtspond to the ca l ibra t ion  
dials, and, further, that the settings appeared to vary with zero adjust-  
ment of .the cont ro l le r  operational amplifiers. The trouble  was traced t o  
an e r ro r  In t he  w i r i n g  of the fixed si& limiters used with the con- 

The reqyired w i r i n g  changes have been canpleted. 

!The first port ion of a three psrz optlmzu Cantrol problem was completed 
which solTfes a set of two d i f f s r e n t l a l  quations simultaneously t o  estab- 
l i sh  optimum values of' t vo  variable paramet,era. Solutrcns to parts  two 
and three are  now Froceedfnq. 

During the ca l ibra t ion  

. trollers. 

C r i t i c a l  nuus experiments were ~Gn-nnuea with ,%+poly3tyrent =anyacts 
using the Remote Split-Table Macnm?. 
consis t ing of rectangular ?rimsl g r  slabs, J P Y ~  assembled during the 
month. 
the Lucite r e f l ec to r s ,  and 3n The effacS qf core shape on C T l t L c d i t y .  
The plutonium concentration in the comracts vas 1014 g,/cc (2,2$ Rr240), 
with an H/Pu atcmic r a t i o  of 15. 
as follows-, 

Seven c r i s i a d  cere configurations, 

The experiments pravideC Ih'omasion ~n the reflect-zr savinqs of 

The c r i t i c a l  assemblies vere cmprised 
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1. 

2. 

3.- 

4 ,  

5 -  

A rec€@ar parallelopiped of cross sect ional  dimensions 
6-in. x ?-in. 

The c r i t i c a l  length of the  psrallelopiped when re f lec ted  with 
6-in. th ick  I u c i t e  on all surfaces was 23.51 inches; the c r i t i c a l  
mass of Ar was 19.94 kg. 
the  ends were unreflected w a s  lcnown fran a ppevlous measurement t o  
be 26.83 inches. 
these r e f l e c t o r s  gives a value f o r  the  r e f l e c t o r  savings of the 
h c i t e  at  the ends; the savings a t  each end is  4.29 cm. 

The c r i t i c a l  length f o r  t he  case i n  which 

The difference i n  core length with and without 

A slab of bin.  thickness and 24-in. width. 

With 6-in. th ick  l u c i t e  r e f l e c t o r s  on the  t u p  and bottoan surfaces, 
the c r i t i c a l  length was 16.35 inches ( c r i t i c a l  mass 29 -33 kg Pu). 
When the  sides of t he  slab were also re f lec ted  with Lucite, the  
c r i t i c a l  length was reduced t o  15.38 inches and the c r i t i c a l  mass 
t o  27.58 kg Pu. 

A slab of b i n .  thickness and 8-in. width. 

The c r i t i c a l  length with I u c i t e  r e f l ec to r s  on all surfaces except 
the ends w a s  19.64 inches ( c r i t i c a l  mass 23.49 kg Pu). 
ing the ends of the  slab, the c r i t i c a l  length was reduced t o  16.08 
inches and the c r i t i c a l  mass t o  19.22 kg Pu. 
of the h c i t e  a t  each end surface is, therefore,  4.53 cm. 

Q? r e f l ec t -  

The re f l ec to r  savings 

A rectangular prism with =-in. x =-in. base dimensions. 

With 6-in. th ick  Lucite r e f l ec to r s  on the top and bottan surfacesp 
the  c r i t i c a l  height was 9.34 inches and the  c r i t i c a l  mass was 
25.13 kg €31. 
iously found t o  be c r i t i c a l  at  a height of 12-54 inches. 
the  r e f l ec to r  savings at each of the  re f lec ted  surfaces is 4.06 cm. 

A similar non-reflected rectangular prism w a s  prev- 
Thus, 

A rectangular prism 8-in, th ick  and 12-in. wide re f lec ted  with 
I u c i t e  on the tup, battan,  and ends. 

The c r i t i c a l  length was measured as 9.85 inches with the c r i t i c a l  
mass being 17.66 kg Pu. 

In re f lec ted  assemblies, it i s  necessary t o  remove a portion of the  re f lec-  
t o r  t o  permit inser t ion  of the  f u e l  bearing control and safety rods. Also, 
the  fue l  material making up the rods is encased in  a steel jacket and 
inserted in a steel sleeve within the core. The canbined e f f e c t  of the 
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ccntroi  and safety rod sleeves, e tc . ,  and the e f f e c t  due t o  the absence 
of r e f l ec to r  behind the  channels was determined t o  be abou* ll$ fi mass 
f o r  the case of a fully r e f l ec t ed  prism with 9-in. x 9-in. base dimensions. 
Thus, in a re f lec ted  "clean" system, the c r i t i c a l  mass would be about ll$ 
smaller. Most of the effect I s  a t t r ibu ted  t o  the removal of r e f l ec to r  i n  
she placement of the control  and safety r d s .  

Fdsed Neutron Source Experiments 

?ne of the  purposes of the pulsed neutrcn source experiments is t o  exanbe  
?he f c a s s b i l i t y  of using t h i s  techruque fcr &ff measwements an in-plant 
equipment. 
the degree of s u b c r i t i c a l i t y  of process vesspls, and of storage a r r a y s  of 
f i s s i l e  materials in t he  plant .  

Poten t ia l ly  the method may have wide applicabill+,y in  assessing 

(21 October 79 the  first attempt was made t o  perform such measurements in 
the  f i e l d .  
ment were mounted in the back of a sedan delivery,  and with the use of a 
portable motor generator set f o r  power, several  experiments were performed. 

The Z-9 underground waste cr ib ,  which is believed t o  contain a s ign i f icant  
amount of ALP was pulsed. 
t o  the ea r th  floor of the c r i b  through holes cut  i n  the koncrete roof at 
three d i f f e ren t  locations. 
following the in jec t ion  of neutrons inzo zhe sy-seem. a t  each Df these loca- 
t ions .  

The pulsatrm (pulsed neu*ron source) and time analyzer equip- 

'She neutron detector  and pulse tube were larered 

The praupt neu t rm decay r a t e  was measured, 

The pulse generator equipnerrt vas then transported t c  Army amnunxion 
storage igloo Tal03 ( n m  used fo r  szoraqe of putcnium scrap) .  
vas placed i n  several  l x a t i o n s  v l th in  the iq loo  and neuxrcn decay rates 
measured. 

The major e lec t ronic  problem encmmered in set,C,mg 
vas the l o s s  of Ian s m c e  pumping i n  the  neutran accelerater  head. 
vas due to voltage drap i n  the  l x e  fran ?he cont ro l  ni t  co :he aczelerator  
head. 
8 r e s t r i c t i o n  imposed by the  r suxe  area. 
wlth twice r h  diameter 9s The o r i q i w  vcrked a a t i s f s c t x i l y  f o r  these 
experiments . 

Tt-e pulser 

The data frm these rneaamrenerxs ar? x r r e n t l y  being analyzed. 

these experiments 
This 

Thls distance had 30 be a t  leas? 30 foe: and preferably 100 feet;-- 
A :&;e a b a x  % fee.; in length 

Analysis of Plutonium Solution m e r a n t s  mi 9ininn.m ?ri~,tnL PASS of 
*?l.ut,onium 

A study of the  c r i t i c a l  data cbtained from solutim experiments ~1 The Plu- 
tonium C r i t i c a l  Mass La3orstoq and Those reportea by F. B r l ~ i . .  el: rL, has 
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resu l ted  in 
~ ~ 2 3 9  in water. 
ence appears t o  be due t o  the  methods used i n  correcting the  c r i t i c a l  data 
for the e f f ec t  of the  n i t r a t e  in the plutonium solutions.  
m l n h u n  c r i t i c a l  mass is only s l i g h t l y  d i f fe ren t ,  the  conditions under 
which it is  obtained are more s igni f icant ly  changed. 
pared bel ow 

s l i g h t l y  d i f f e ren t  value for the  minimum c r i t i c a l  mass of 
me n e w  Value is  520 g PU as opposed t o  509 gb .me d i f f e r -  

Although the 

The r e s u l t s  are cam- 

New Evaluation Previous Evaluation 

MiIlimIxn c r i t i ca l .  M8ss in 
Water Reflected Sphere 

€71 Concentration -, 28 g / L  - 33 dL 
C r i t i c a l  Volume 

Sphere Diameter 

18.6 Iv 15.4 L 

;V 12.9 inches .- 12 inches 
' \  

The current results were corrected for the e f f e c t  of the  t h i n  s t a in l e s s  
steel spheres on c r i t i c a l i t y  i n  the experiments, whereas the previous 
values a re  appropriate t o  a t h i n  s t a in l e s s  s t e e l  sphere. !ke pr incipal  
difference i s  i n  the concentration and volume at which the  minimum c r i t i c a l  
mass is  obtained; this difference is a t t r i bu ted  chief ly  t o  the corrections 
applied f o r  n i t r a t e ,  and not t o  the e f f e c t s  of the stainless s t e e l  she l l .  

!he e f f e c t  Pu240 has on the  c r i t i c a l i t y  of w239 depends on the H/Fu r a t i o ,  
or degree of moderation. 
Pull) the  e f f ec t  is  such that for each percent Pu240 added, the c r i t i c a l  
concentration of w i l l  be increased by about th ree  percent. Calcula- 
t i ons  indicate  mBZo have i t s  grea tes t  e f f e c t  on c r i t i c a l  mass for 
H/Pu r a t i o s  in the range & 20-60, where the neutron energy spectrum is 
faster, being intermediate between t h a t  of e i t h e r  a predaninately thermal 
or fast system. 
it has been reported by G. A. Graves and H. C. -on that Pu240 present 
i n  Pu2B metal t o  less than A/ 10 percent increases the c r i t i c a l  mass 

Far d i l u t e  Pu solut ions (for example, 30 g 

In an moderated or fast system, the  e f f ec t  becanes small ;  

s l i g h t l y  0 

Since l a rge r  qpant i t ies  of high exposure plutonium w i l l  be c 
able, it is  interest t o  speculate on t h  c r i t i c a l i t y  of Puwby itself 

arf neutrons in t h e i r  nucleus. "he threshold . even numbers of protons 
energy f o r  f i s s i o n  i n  $3 A l a rge  quantity of d238 

avai l -  

Q in a fast system. Ar2 i"& is  similar t o  $3 i n  that both nuclei  contain 

is  about 1.2-1.4 &v. 
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- 
11L1 not chain reac t  by itself because of the  energy losses  fran i ne l a s t i c  
-1-attering of f i s s i o n  neutrons in the uranium, but Pu240 has a higher 
-:haxge (2) number and is more fissionable with a smaller threshold energy. 

‘.. se r i e s  of Monte Carlo c a l c u l a t i m s  have been made for systems containing 
.LLY one of the isotopes $35, $38, Fu239, or  Pu240. The calculat ions 

rz, the value fm the reproduction fac tor  in an i n f i n i t e  system of the 
,ure metal with no moderator present.  The data are presented i n  the tab le  
. - - -.- 

Isotope R-esent h a t r a n  Histories FLssions Absarptions & of Metal 

$35 6000 5477 -6 5988.8 2.382 f .oo4 

$38 4000 424.49 4058.1 0.298 f. ,008 

Pu2% 6000 5465.4 5961.7 2.785 f: .oc6 

pu240 6000 4702.9 6080.4 2.561 f. .038 

1-t is interesting t o  note that k ~ p  for  an umaierated ~ $ 4 0  system is la rger  
than L for a s i m i l a r  unmoderated system of 1935. 
these calculat ions indicate  the c r i t i c a l  m8ss for a bare Pu2 sphere would 
be less than that for $35 meta l .  
-hese results are very sens i t ive  t o  the cross  sect ions used in  the energy 
r m g e  between 0.05 MeV and, 5.0 MeV, where most of the f i s s i o n s  and absorp- 
:ions take place in the fast system. 

mis the case’ 
However, it is  Inportant to note that 

-%mcated Sphere Bucklinq 

*The two-dimensional quadratic f i t  approximation for the  d i f fus ion  equation 
has been coded and debugged. Calculated f luxes are very nearly consistent 
with expected values for almost all points.  There a re  one or two points,  
however, where irregular values occur. 
l a rge  coef f ic ien t  coupling them t o  the  unique boundary point at  the junction 
of the curved and s t r a i g h t  boundaries, it is plausible  that the treatment 
gf the  contribution of this unique point is incorrect  even though the v d u e s  
at the  point and i ts  neighbors seem reasonable. 
a quadratic f i t  t o  the flux is not an accurate enough descr ipt ion in  the 
v i c i n i t y  of t h i s  unique point, th i rd  and fourth order f i t s  a re  presently 
being tes ted.  

Since these points  a l s o  have a 

Since it is possible that 
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Rod drop tests t o  determine the worth of the  rods were continued on the 
sp l i t - t ab le  assembly. 
a s c i n t i l l a t i o n  detector  was made. The f i s s i o n  counter showed a la rger  
drop i n  r eac t iv i ty  or a greater  rod worth'for t he  safety rod. 

A sinrultaneous canparison of a f i s s i o n  counter and 

Requisitions were wr i t ten  f o r  the  purchase of an addi t ional  te lev is ion  
camera f o r  the  close viewing of the sp l i t - t ab le  assembly, and f o r  an X-Y 
recorder f o r  use in p lo t t i ng  the  pulsed neutron data. 

Consulting Services on Nuclear Safety--Cri t ical i ty  Hazards 

1. Nuclear safety i n  EL 

The "$' series of spec i f ica t ions  f o r  the  plutonium b k t u u r g y  Opera- 
t i o n  was revised as follows: 

J-1 - Plutonium Handling in Dry Glove Boxes 

C C l 4  and Freon were added as permissible l i qu ids .  

J-3 - Plutonium Transporting and Storage 

Rules t o  cover metallographic samples were added. 

5-4 - Rules for Metallographic Samp les 

!be s i ze  of t he  sample block was reduced t o  8 ml. ,  which permits 
the  allowable number in a unit area t o  be increased t o  180. 

5-6 - Processing Thin Walled Castings (Formerly 5-7) 

The unit mass was increased fran 1.0 kg up t o  2.8 kg. 

A new Specification ( K - 6 )  was issued f o r  the Specialty Shops. 
This specif icat ion covers the special  handling and s tor ing  of 
1.25 w/o $35 enriched uranium b i l le t s .  

2. Nuclear safety in NRD 

A study is being made t o  determine safe  limits f o r  c r i t i c a l i t y  con- 
t r o l  i n  handling enriched f u e l s  that may be used i n  WR. 
w i l l  be used in  regard t o  process evaluation s tudies  i n  the 333 Building 

These limits 
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and l O S - N - & i l d i n g ,  and w i l l  a l s o  be used t o  e s t ab l i sh  safe processing 
limits for  the  fue l .  
r ived for the following: 

To date ,  safe  nuclear parameters have been de- 

1.25 w/o $35 mots and B i l l e t s  
1.6 w/o $35 mots and B i l l e t s  
1.25 w/o $35 bter  mpR Tubes 
0.95 w/o Inner - 1.25 w/o k t e r  NPR %el Elements 

This study will continue until a nuclear safety review has been carp- 
l e t e d  of t he  333 Building for processing the higher enrichment and 
formal nuclear ssfety spec i f ica t ions  have been issued. 

3 .  Nuclear safety of Offsite Shipoents 

An addendum was made t o  the  Redwood Car sgecif icat ion t o  permit the 
shipment of two Uo;Z-Puo;! i r r ad ia t ion  t e s t  fue l  elements on the car .  
The s h i p n t  of 44 kg of 0.95 w/o $35 enriched uranium on the Redwood 
C a r  w a s  also approved. 

h l y  a minor amcnrnt of data was obtainable on the t rdple-axis  spectraneter 
during the month because of continued reac tor  outages. A few measurements 
were made to attempt t o  observe multiple-scattering e f f e c t s  in the sca t te r -  
ing Measurements made with a water sample of 
me-- the  thiclmess previously used shoved differences in  scatteri-ag 
which were about equal t o  t h e  accuracy of the data. 
iously discovered systematic e r r o r s  i n  the sca t te r ing  Pram the ca l ibra t ion  
standard of vanadium w a s  determined t o  be due t o  the  inaccurate position- 
ing of t he  vanadium sample. Scme measurements were made t o  determine the 
magnitude of any rQPaining inconsistencies i n  the sca t te r ing  from n n a d i u m  
but these measurements are  incauplete.  

neutrons *an 9 5 O c  water. 

The source of prev- 

.WtIp le-Sca t te r ing  Correction f o r  Slow-Neutron Scat ter ing 

The problan of calculat ing multiple-scattering e f f e c t s  in  slow-neutron 
scattering-law measurezuents has been studied i n  sane detbi l .  Three method:, 
of calculat ion have been considered: 1) a canbined analytical-numerical 
scheme, based on the in t eg ra l  formulation of t ransport  theory, which gives 
accurately and rapidly only the  double-scattering e f f ec t s ;  2 )  a s t r i c t l y  
numerical solut ion of the in tegra l  equation, giving all orders of sca t te r -  
ing with reasonable accuracy and speed; and 3 )  a Monte Carlo calculat ion 
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of all orderS with reasonable accuracy and speed. 
size of fast memory (32 K) r e s t r i c t s  t he  second method t o  cases having the 
incident beam perpendicular t o  the  sample slab. 
greater  ming time, the  Monte Carlo method can handle any angle of inci-  
dence. Since experiments at various angles of incidence a re  planned, the 
Monte Carlo method has been adopted, and schemes t o  minimize running time 
a re  being developed - 

Unfortunately the  l i m i t e d  

However, a t  the  cost  of 

Erne-of-Flight Spectroscopy f o r  Slow Neutrons 

Work continued on the development of e q u i p e n t  f o r  a ro ta t ing-crys ta l  
spectraneter f o r  the  measurement of slow-neutron i n e l a s t i c  sca t te r ing  by 
time-of-flight. 
t o r y  t e s t ed  under expected operating temperature conditions. 
has now been Installed in the 4-B hole of l o5  -XE reactor  adjacent t o  the 
t r i p l e -ax i s  spectraneter f a c i l i t y .  
ing of the  t r i p l e -ax i s  spectruneter ' w i l l  be required before the new beam 
f a c i l i t y  can be u t i l i z e d .  
on the  experimental l eve l s  of the lo5 DR and lo5 D reac tors  was canpleted. 
This study gives the  information necessary t o  optimize the shielding of 
de t ec tms  f o r  the  ro ta t ing-crys ta l  spectraneter.  Ref lec t iv i ty  measurements 
were made on th ree  camerc ia l  copper single c r y s t a l s  obtained for  t e s t ,  
c rys t a l  was chosen which shows sane prcmise as a neutron monochromator. 
indicated r e f l e c t i v i t y  of this c rys t a l  i n  the r e f l ec t ion  mode was greater  
than the  Al c rys t a l  sphere which is  a candidate f o r  the monochrclmator f o r  
t h e  rotat ing-crystal  spectraneter.  
l e s s  than 0.25 degrees. 

The beam-shutter s tep  plug f o r  t h i s  f a c i l i t y  w a s  labora- 
The s tep plug 

Considerable modification of the shield- 

A study of the  shielding of slow-neutron detectors  

@e 
The 

The apparent mosaic of theCu c rys t a l  was 

Fast - Yeutr on Cross Sect i ons 

A review w a s  made of the s t a t u s  of the data which have been obtained i n  the 
program of t o t a l  cross  sect ion measurements f o r  neutrons with energies of 
2.5 t o  1 5  %V. As a result of t h i s  review the  measured cross-sections of 
38 elements were canpiled and sent o f f - s i t e  fo r  inclusion In cross-section 
ccmpilation reports now In progress a t  BNL and URCL and f o r  the  use of 
phys ic i s t s  working on t heo re t i ca l  models of nuclear reactions.  Samples of 
separated isotopes of (353 and Ca42 were received during the month and 
samples of Ru, Eu?, Os, li-, Pt, Cr53, N82, and @% were prepared fo r  t o t a l  
cross sect ion measurement. 

The Mark-I11 t rans is tor ized  vernier  chronotron prototype being developed 
f o r  fast neutron t ine-of - f l igh t  measurements has been tested on the bench. 
The d i f f e r e n t i a l  l i n e a r i t y  i s  better than one percent, and the channel w i d t t  
s t a b i l i t y  is better than t 2 picoseconds per channel Over a period of 48 
hours. These f igures  a re  much b e t t e r  than the  present Mark 11-vacuum tube 
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model. 
and w i l l  be built almost exclusively of canrnercial d i g i t a l  m o d u l e s .  The 
s implici ty  of construction and adjustment ccmpared t o  the previous model 
w i l l  be a t t r a c t i v e  t o  cormarcid instrument manufacturers. 

Ih addZtlm, the new instrument w i l l  have no duty cycle l imi ta t ion ,  

PLuTaRNpI RECYCLE PROGRAM 

Approach- t o-Crit i c a l  Bcpe riments Using High Bcp osure AtAl Fuel 

Measurements w e r e  canpleted on the 2.0 w t  $ Pu-A1 16s Ar240 fue l  rods and 
the r e s u l t s  have been caupleted for the July, August, September Quarterly 
Report ( ~W790S4 ) . 
The following a re  r e s u l t s  measured i n  the 0.90 inch l a t t i c e  spacing, con- 
taining 835 fuel rods, that w i l l  not appear in the Quarterly Report. 

Worth (measured in numbers 
of fuel rods i n  outer ring) 

Center fuel rod replaced by water - 8.42 

C d  safety rod displacing water in 
center posi t ion -31 -7 

C o p p e r  tube (176.5 mr 36" x 3/8" O.D.)* 

Copper rod (1030 gmJ 36'' x 1/2" O.D.)* 

f i l led w i t h  water -13 .o 
-26 .o 

* Same p o s i t i m  

A radial traverse of 
symmetrically spaced 
void. 

and conditions a s  the  C d  safety rod. 

the fiel w o r t h  w a s  made by removing six fue l  rods, 
a t  a given radius,  and allowlng water t o  fill the 
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Lat t ice  uni t s  fran 
center position 

4 
6 
8 

10 
12 
13 
14 
1 5  
16 

Worth (measured i n  numbers 
of fue l  rods in  outer ring) 

-49 99 5 
-43.66 
-35 063 
-27 0 53 
-18 18 
-10 -43 - 7.375 - 5.285 - 6.185 - 0.147 

The radius of the fuel assembly is  R - 7/n$3/2T = 15.17 l a t t i c e  units,  
where N is  835 fuel rods. me c r i t i c a l  number of rods for t h i s  l a t t i c e  
spacing is  869.8. 

The value of the rod worths measured above show sane interaction between 
the six fue l  rods a t  the positions near the center. 

Experiments i n  @O Moderator in the PRCF 

Two reports have been submitted for inclusion in the July-September Physics 
Research Quarterly Report (HW-79054). 
Measurements i n  the Plutonium Recycle Cr i t ica l  Facil i ty," and "Delayed 
Neutron Parameters and Reactivity Measurements i n  the PRCF." 

Reactivity measurements of 3 Pu-U ( i n i t i a l l y  6 w/o 
have been made in the PRCF t o  determine the loss  in react ivi ty  a f t e r  irrad- 
ia t ion  i n  the PR'IR. The elements were Irradiated for  30, 56, and 90 MI). 
The reac t iv i ty  measurements were made re la t ive  t o  an unirradiated h-Al 
element. The r eac t iv i t i e s  measured were 63$, 3146, and Is$ of the reactivi-  
t i es  of the unirradiated elements for the 30, 56, and 90 Mw) elements, res- 
pectively. 

The t i t l es  are  "Neutron Spectrum 

fuel elements 

Measurements of the react ivi ty  coefficient for the changes in  moderator 
level  have been made a t  six moderator levels  between 70 and 100 inches. 
Data obtained ea r l i e r  were for levels between 90-105 inches. The resu l t s  
of these measurements w i l l  yield the migration area for the PRCF and w i l l  
also be used in the analysis of previous experiments. 

The re la t ive  worths of 
elements in the center 
data. '1zze resu l t s  are  

a PU-A1 fuel element and four mixed oxide fue l  
of the PRCF were determined frm positive period 
useful i n  that they provide a react ivi ty  measurement 
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of the mixed axide elements before they are i r radiated in the PRTR. 

Tbee of the nixed oxide fuel elements (Mark I-M 1 w/o ArQ) w i l l  go into 
the PRpi and the fourth w i l l  be retained as a standard. h tu re  measure- 
ments w i l l  be made of the mixed a i d e  elements as a function of exposure 
in the PRm. These measurements w i l l  be made re la t ive  t o  the s tandad.  

The resu l t s  indicate t h a t  the three mixed oxide elements (1 w/o Puo;!) are 
each about 7s more reactive than a Fu-A1 element. 
contains approximately 8s l e s s  Puo;! than the other mixed oxide elements) 
was measured t o  be about 4% l e s s  reactive than Pu-Al. 

The standard (which 

Thus, the results are useful also for PRpi operation, for they indicate 
the worth of the mfxed axide elements with respect t o  PI-Al. 

Reactor Noise Ekpe riments and Tanpe ra ture  Coefficient Masurements i n  the 
PRCF - 
Data for both of these experiments have been taken. 
of 0.25 m k / O C ,  between the temperatures of 28OC and 4loC, has been obtained. 

A prelimlnaxy number 

phoenix fie1 Program 

1, 

2 .  

30 

4. 

Mm-k I mameter Survey 

Work on the Mark I parameter survey i s  continuing. 
present is  being devoted t o  more careful burnup studies and various 
s l te rna t ive  treatments of the effect ive Pu-240 absorption cross section. 

W o r  emphasis a t  

EeqU ium- Plutonium Cor e s 

Sane multi-group calculations fo r  Be-Pu systems have been started. 

Phoenix Fuel Program Proposal 

A reasanably detailed phoenix fue l  program proposal is presently i n  
preparation. 

U s e  of MllR far Possible Phoenix Bumup Bcp eriment 

Evaluation of Kl!R as a possible i r radiat ion f a c i l i t y  for  a plutonium 
core is continuing. Studies canpleted this past month have indicated 
several important factors  which should be recognized in  more detailed 
future analyses. The present study is concerned with the s t a t i c s  and 
burnup of M!lB cycle 108, a 1958 experiment in  which plutonium-aluminum 
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elements-contaihing 4.4 isotopic  percent Pu-240 was burned, 
s tudies  w i l l  t r e a t  cores which contaln more e f fec t ive  concentraticns 

Future 

of PU-240 0 

The s t a tus  of the  present design analysis  is su f f i c i en t ly  advanced t o  
be able t o  conclude that, f o r  Phoenix ac t ion  t o  be discernible ,  not 
only high Pu-240 concentrations (20s) w i l l  be necessarys but i n  addi- 
t ion ,  the spectrum must be made harder t o  increase the importance of 
resonance e f f ec t s .  

In the  present study, d i f f i c u l t i e s  i n  obtaining enough information 
t o  specify closely the  ac tua l  experimental conditions of cycle 108 
have been encountered. This mainly concerns the perturbing e f f ec t  of 
hardware and penetrations immediately surrounding the ME3 core, 
primarily f o r  this reason that l i t t l e  confidence can be placed i n  the  
calculated mult ipl icat ion values. 

It i s  

An alternate f u e l  loading scheme f o r  a S W - 5 0  type reactor  was invest i -  
gated at the request of t he  Design Analysis group. 
study indicated that a 15 percent reduction of core weight without init ial  
reduction of r eac t iv i ty  is  feas ib le  with the  proposed fuel schene. 
f u e l  l i f e  cmparisons were made. 

The r e s u l t s  of the 

No 

"bermelization and t he  RBU Model 

Since RBU uses a modified gas m o d e l  i n  which the  mass and temperature of 
the gas are  functions sf neutron energy, it is posslblp t o  c a l t d a t e  analyti- 
ca l ly  the zeroth mment, sca t te r ing  kernel f o r  such a model. In  doing th i s ,  
upscattering must be f rea ted  d i r e c t l y  rather than derived f r a  downscatter- 
ing by detailed balance. Consequently, the  IBE-7090 subrmtine SIGAS 
was modified t o  ca lcu la te  neutron upscattering for a gas as w e l l  as down- 
Scat ter ing and t o  p r i n t  out the results i n  an array form. 

In addi t ion,  SIGGAS i s  being m o d i f i e d  t o  ca l cu la t e  sca t te r ing  with varying 
temperature and mass as a function of i n i t i a l  neutron energy. 
modifications are canplete, we w i l l  be able t o  canptue d i r e c t l y  the approxi- 
mate model used i n  RBU with more exact and detai led sca t te r ing  m d e l s  such 
as the  Egelstaff  and Melkin models. 

When %hese 

PRTR Burnup Exp eriments 

The design and construction of a gamma scan a t  the Radianetallurgy Labora- 
t c r y  has given addi t ional  data fran the d e s t r x t i v e  t e s t lng  of the three 
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graded exposUre Pu-A1 fuel elements reported in  the  September monthly 
report .  
that were cut frun the center of each fuel rod. These wafers were cut 
adjacent t o  the 1/2" section f r o m  which the  macrodril l  samples were 
obtained (see September m o n t U y  repor t )  
done an the macrodrill samples indicate  a radial var ia t ion  of isotopic 
canposition of the  Ar but the var ia t ion  is s m a l l  and does not exceed two 
percent. To de tec t  this s m a l l  var ia t ion  of f i s s i o n  products by gamma 
scanningnP, a l a rge  port ion of the present data received w i l l  have t o  be 
retaken with longer counting periods in  order t o  achieve the desired 
accuracy. 

mese  data are frcm the gamma scan analysis  of 1/16'' wafers 

 he plutonium isotopic  analysis  

Analysis of mm Burnup Bcp eriments 

A four-graup set of cross  sect ions has been obtained for use with g-ANGI3 
i n  the analysis  of the  ok measurements which have taken place i n  the 
mCF. 
culations perfarmed on the  Fu Isotopes 239, 240, and 2L1. 
group cross  sections were obtained fran THERM= problems i n  which the 
19-rd c lus t e r  was haaogenized i n t o  one la rge  cylinder having 8 surface 
equal t o  1.23 tFmes the rubber band surface of the  c lus t e r .  

The upper three groups were obtained fran RRG with resonance cal-  
The thermal 

Cross sect ion r a t i o s  have been derived fran the experimental burnup 

= .a. The assumed value ( I/@) i s  held constant 

ement than 4 /d;'9, since the spectrum changes would 

suming a value of &I = .33 assuming the value of 

throughout burnup. 

gss% similarly. The derived cross  sect ion r a t i o s  using 
(constant(j are very similar t o  t ose 

var ia t ion  Over the b ~ r n u p ,  but appr%imately b e  sane average value. 

It w y l d  appear t h a t  d, would mare nearly satisfy 

erived us 4l/49 = .84 (cons- 
t a n t )  w i t h  the exception that C& 8 , e$/&, &1% show s l l g h t l y  more 

The Effect of Variation of Physics Parameters m the  Accuracy of me1 
Cycle Analysis 

Perturbation coef f ic ien ts  (PC's) have been calculated f 9 r  a typ ica l  %O 
moderated power reactor ,  
variable caused by a un i t  change in an independent vwlab le .  
t o  which the X's depend upon the  pa r t i cu la r  reactor  cnosen f m  study 
and the m c d e l  chosen f o r  t h e i r  determination has nor; been det.ernined; 
however, since most burnup calculat ions are performed with ALTHAEA, 
the constants have been determined for the above reac tor  using ALTHAEA. 
The case selected is fran the "Three Reactor Plutonium Optmzat-lon 
Study," by Programming Staff, Hw-77082, and is b r i e f l y  described below. 

PC is defined as the change i n  the dependent 
?he ex-tent 
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A typ ica l  m&yl-fueled water-moderated reactor  might operate at a f i s s i l e  
enrichment of 2.88s (including the na tura l ly  occurring U-235 i n  the U%),  
and would go t o  about 15,000 Mwd/t i n  a rather la rge  reactor,  say, 1000 MH 
thermal, operated batch mode. The ALTHAEA model i s  used f o r  the analysis.  

The i n i t i a l  composition of the  fue l  i n  the core isdmwn below: 

Isotope 

u-235 
U-238 
PIA-239 
PIA-240 
Pu-241 
Pu-242 

Concentration i n  
f ic le i /Barn cm 

1.63850 5 0 4  
2.26491 E-@ 
4.43178 eo4 

6.90788 s o 5  
6 . 2 5 ~ 8  E-& 

1.13499 EM4 

%me of the more in t e re s t ing  results are: 

1. The E ' s  f o r  7 and a, of the f i s s i l e  species, f o r  init ial  r eac t iv i ty  
are approxfmately three times as la rge  as those obtained f o r  the  
absolute value of the  cross sections.  

The e f f e c t s  of uncer ta in t ies  in 7 and a are  even more important when 
core l i f e  i s  considered. 
v i t y  is 0.759 (change i n  per unit change i n  q), it is 5.251 f o r  
the expected core l i fe .  

2. 
Whereas, the  PC (7-239) f o r  i n i t i a l  reac t i -  

3.,  Fission product y i e lds  a r e  approximately twice a s  important as the 
absorption cross section w i t h  respect t o  t he i r  e f f ec t  on f u e l  exposure 
and fuel cycle cost  (not including Xe or SM). 

The t o t a l  e f f e c t  on initial reac t iv i ty  or other dependent var iables  is 
of ten qui te  d i f fe ren t  fran w h a t  would be expected fran a single  perturbation 
coef f ic ien t .  mis can be seen from the approximate t o t a l  der ivat ive for the  
ALTHAEA model: 

i = 1,2 ...... n 
j = 1,2 ...... m 
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where : 

s i 8  HGI-79377 

r = Westcott spec t ra l  index, 

= neutron temperature, 

F = thermal flux depression factor ,  

hZ = macroscopic thermal absorption cross section, 

C, = macroscopic epithermal absorption cross sectiong 

L j  = j ' t h  dependent variable,  

qi = i ' t h  independent variable ( see Table I). 

Table I 

Perturbation Coefficients for In i t ia l  Reactivlty, Core Life, 
and me1 Cycle Costs, in an &O Moderated Power Reactor 

Dependent Variables 
m-TFC 

Independent Variable Reactivity Exposure Fuel Cycle Cost 

V-235 Cross Section Set 0.0362 
Pu-239 Cross Section Set 0.2016 
Pu-241 Cross Section Set 0.0528 
Pu-240 Cross Section 0.1056 
Pu-242 Cross Section 0 . W  

u-235 '1 0 0 1032 
pu-239 7 0 7596 

u-238 Cross Section 0 2243 

Pu-241 '1 0 ~ 3 8 6  
Hssion Roduct  Yield 
Fission Roduct  Cross Section -- 
a *C Neutron Temperature 0.0378 

9 0 3077 
F (Thermal Flux Depression 0.2366 
r (spectral -ex) 

Factor) 

0.2625 
0.7358 
0.47l.4 
0 0766 
0.0000 
0.9967 
0 .a32 
5 0251 
2.036 
o .996 
0.457? 
0 4 0573 
1.292 
0.977 

.2851 
032% 
-244 
1018 

3; ;8 
a 5296 

2.434 
1 . u o  
0.600 
0.300 
0 0 031 
0 362 
o .2577 

Note: The UPC values i n  this table are subject t o  fur ther  refinement, and 
are preliminary in nature and should be used for the puzpose of indi- 
cat ing magnitudes only. 

- 
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- 
Code Development 

ZODIAC chain 

The burnup version of the Physics Chain (Zero-dimensional burnup, - -  One-DBnen- 
sionaS. core Average g r i t i c a l i t y )  i s  appa rh , ly  operative f o r  one-pass cases. 
That is, it Ts possible t o  make a c q l e t e  reactor  f u e l  burnup calculat ion 
a t  one t i m e  step, going through GAM, TBPEST, SIGMA-3-H, RFN, CLEEtKII, and 
DUAL N(XU4U MOES i n  one machine pass. Two more links, p a r t i a l l y  writ ten,  
must yet  be added t o  the  ZODIAC Chain before the information from DUAL 
NORMAL MODES can be fed back i n  fo r  cctaputation of a new time step.  

Complete documentation covering input and operating ins t ruc t ions  f o r  the 
tape now avai lable  has been d i s t r ibu ted  t o  ZClDIAC Chain users.  

s m  chain 

It was necessary t o  Overcme under pressure sane of the  shortcconings of 
S-, the  GA code fo r  calculat ing neutron sca t te r ing  kernels i n  graphite.  
SUMMIT and two ex is t ing  auxi l ia ry  codes, SUMDUM and E m ,  have been can- 
bined i n  a chain with a shar t  monitor program, SUMFUN. The SUMFUN Chain 
may be used t o  run SlJbMIT (producing E D  kernels),  SUMDUM (producing BCD 
kernels f r a n  SUMMIT intermediate output)$ or lX2BIw (binary kernels fran 
BCD kernels) ;  or any canbination of the three. 
it possible t o  obtain binary kernels i n  the same machine run in  which BCD 
kernels aze generated by SUMKIT, or recovered by SUMDUM. 
i s  operative and being used. 

Documentation of input and operating ins t ruc t ions  'for the SUMFUN Chain i s  
canpleted; copies w i l l  be d i s t r ibu ted  immediately. 

The SUMFUN Chain thus makes 

The SUMFUN Chain 

m- I1 

A few modifications t o  HFN appear t o  be in order t o  keep t h i s  widely used 
code up-to-date with the  needs of users.  The modified code w i l l  be known 
as HFN-11 to dis t inguish  it fran the  version now i n  the SPL. 
cmments and suggestions were distributed last month and several  worthwhile 
suggestions have been received. 
incorporate the  following items: 

Requests f o r  

The IIFN-I1 deck, now being debugged, w i l l  

1. Search calculat ions w i l l  be made using upper and lower limits on the  
var iable  parameter, rather than an i n i t i a l  guess and estimated r a t e  of 
change of k with the  parameter. 
the  desired k l i e s  outside the  parameter range. 
have a l s o  been designed t o  aid i n  visual iz ing the convergence. 

This w i l l  allow an a u t m a t i c  bo l t  if 
New output formats 

UNCLASSIFIED 
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2. An additional. option in the boundary var ia t ion  procedure previously 
present in one special  deck has been included. 
the  outer boundary of a given region is incremented, the boundaries 
of aU. regions fur ther  fran the  or ig in  a re  incremented by the same 
amount so as t o  preserve region widths. 
all other baundsries f ixed w i l l  s t i l l  be avai lable .  

In t h i s  option, when 

The previous option of holding 

3 .  A sect ion is  being added which spac ia l ly  hanogenizes the reactor  using 
the c r i t i c a l  flux obtained by the  search routine.  

4. Other changes including the poss ib l i ty  of checking input f o r  data 
f i e l d  overrun, have a l s o  been considered, but have not yet  been in- 
cluded. 

The. UPDATE Subroutine has been remaved f r an  BFN-I1 t o  yield a few hundred 
loca t ions  for these calculat ions.  
a data tape, which should be possible t o  do by other means. 

UPDATE simply allows the  user t o  update 

SIGMA 3 - H  ivIodification 

SIGMA 3-H, t he  code t o  canbine the Outputs of GAM and TIBEEST and produce 
group cross  sect ions for input t o  HIT, has been m o d i f i e d  t o  extend the 
maximum number of groups which can be t r ea t ed  fran the  previous limit of 
9 t o  t he  l i m i t  of 20 Fmposed by HFW. 
Physics Chain tape. 

The revised SIGMA 3 - H  i s  now on the 

GAM - =ST input Repara t ion  

An auxiliary code, CCMBO, designed t o  eliminate sane of the  redtndancy in  
input data now required i n  the  GAM - TEMPEST canbination, has been wri t ten 
and is being debugged. 
by GAM and TIMPEST, but using the  SIGMA 3 l i b r a r y  designations for the 
nuclides. 
and TEMPEST material numbers f r an  a table and prepares a BCD input tape 
i n  the  proper format for a Physics Chain run involving these codes. As 
no changes are made in GAM and TEMPEST themselves, they can, of course, 
s t i l l  be operated i n  the usual manner if CCMBO is not used, 

Input t o  CaMBO is the  basic information required 

The LISTIN input format i s  used, CCMBO obtains the proper GAM 

BARNS 

The e r ro r s  i n  the  subroutine calculat ing the i n e l a s t i c  transfer matrices 
f o r  BARNS have been corrected. A new 180 nuclide HRC data tape has been 
preyand using the  revised BARNS subroutines, 
m e  the recent revis ions i n  the RBU data f o r  deuterium and U-235. 

Also re f lec ted  in  t h i s  tape 
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The invest igat ion of the resonance in t eg ra l  evaluation procedure of W I  
and BRG has continued. The time f o r  resonance in tegra l  calculat ions was 
cut  approximstely in half by relaxing the convergence requirement on the 
integrat ion procedure used i n  determining the contribution fran the unresol- 
ved resonances. Since t h i s  contribution amounts t o  only a few percent of 
the t o t a l ,  ye t  i t s  calculat ion requires  the major f r ac t ion  of the  time, 
the small  possible loss  of accuracy is more than o f f se t  by the gain i n  
camputing time, 

CLERK 

!&e CLERK code document, HW-75521, is  being typed. The latest revis ions 
allow f o r  var ia t ion  of f i s s i o n  ene rw for d i f f e ren t  possible isotopes in  
the  dete-tion a t  a burnup flux, and the  recoding of the NCSMAL MODES 
input data preparation, t o  assure ncm-equal elements i n  the diagonal of 
the cross sect ion matrix. In addition, several  output options have been 
added 

CRAM 

The CRAM code (#lo5 in the  reac tor  code abs t rac ts ) ,  a 2-D, 1 - D  multi-group 
d i f fus ion  calculat ion for t he  IBM 7090 has been ordered f r au  the Argonne 
Code Center. 
calculat ions.  
t i ons  of EPIMC-type cores. 

- 

The program is  current ly  i n  use at  APDA for f a s t  reactor  
It should be par t icular l j r  useful  for fast reactor  calcula- 

Isotopic Analysis of PRTR samp l e s  

Isotopic analyses were provided on 80 sample s of PRTR-irradiated fue l  
elements i n  support of the  mutonium Recycle Program. 
uranium samples fran PRTR fuel element NO. 1006, 21 were uranium samples 
f r a n  element No. 1041, 4 were plutonium samples fran element No. 1501, and 
there  were 7 uranium and 14 plutonium samples f r an  element No. 1101. 
ses  were also provided on 3 uranium and 6 plutonium samples of pre- i r radia-  
t i o n  fuel element mater ia l  and two blank samples which were t e s t s  t o  deter- 
mine the uranium content of chemical processing reagents. 
was again experienced in maintaining s tab le  ion-emission f o r  plutonium 
samples derived from uranium-oxide f u e l  elements. 
when the ur'anium t o  plutonium r a t i o  of the sample is about 0.1 or grea te r .  

Of' these 34 were 

Analy- 

Same d i f f i c u l t y  

!5e d i f f i c u l t y  occurs 

UNCLASSIFZED 
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Instrumentatim and System Studies 

Minor c i r cu i t  modifications have been canpleted on the three instal led 
l iqu id  eff luent  gamma monitors. 
the spare, and this w l l l  be done as t i m e  permits. 
converted units has been satisfactory.  

A l l  un i t s  have now been m o d i f i e d  excepting 
Performance of the 

Electronic instrumentation for the PRTR underwater gamma scanner for  .fuel 
rods and activated wires is  now assembled and ready for detailed tes t ing 
at  FMR. General. function and calibration t e s t s  have been scheduled. 

Discussions were held far %he purpose of defining operating limits for 
proposed aural monitoring instrument t o  be employed in conjunction with 
the PREl autauatic reactor controller.  The ty-pe of audible signal required 
must be established before c i rcu i t  developent proceeds. 

'Ihe PREl autauatic controller t e s t  (PRTR Test #?O) w a s  run in which a smal l  
analog ccmputer was connected $0 the  PRPi Controller and B feedback signal 
f'run the moderator l iquid leve l  was supplied t o  the canputer. After %he 
proper safety c i r cu i t  jumpers were installed and the controller checked, 
the system was placed in the autanatic mode. 
controller was made t o  control the simulated reactor a t  power levels  fran 
10 t o  70 megawatts. 
data were taken at 10, 20, 40 and 70 megawatts and at moderator levels  of 
85, 90, and 95 inches. 
e i ther  the valve or the moderator. 

With sane adjustment the 

Using a transfer function analyzer, frequency response 

100 unusual p e w  or resonances were n e i c e d  in  

Considerable interest was shown by the PR'IIR operating and supervisory 
personnel in both the test equipment tind in the autcmatic q j e r a t i m  Jf the 
controller.  The controller behaved very w e l l  during the eI3ire t e s t .  
After the optimum settings were obtained, t ransients  were purposely injected 
in to  the system t o  de+,ermine how w e l l  the contrULer operated. 
examination of the results Indicates the €R!I!R should be irery easy t o  con- 
t r o l .  
per second osci l la t ion on the moderator level .  This osci i la t ion has been 
observed ea r l i e r  i n  PREl Tcst #35. 

Cursory 

h e  problem which might give trouble i s  the presence of a two cycle 

Constants and parameters for an analog simulation of the PRCF with light 
water moderator and e i ther  uranium or plutonium core were r a e i v e d  and 
programmed on the EASE andlog canputer. Results for Z m r  d i f f e r s ' ,  cases 
were obtained and forwarded t o  the custcmer . 
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HXGH l!EWEZZA!I!k REACTOR PHYSICS PROGXAM 

!Two independent, high-temperature t e s t  runs have now been canpleted i n  which 
the behavior of various materials i n  a nitrogen atmosphere was studied. 
Each t e s t  las ted 200 hours. Two sets of samples of nickel A, TD nickel, 
Bastelloy B, Hastelloy X, Inconel 625, Inconel 600, and molybdenum were 
studied in each run. h e  se t  was loosely i n  contact with graphite, the 
3ther was held i n  a m e t a l  t ray  of Hastelloy X. The samples were weighed 
before and after each run. In the first run, at  1000°C, the first three 
of the l isted materials showed l i t t l e  or no weight gains. In the second 
run, a t  1200°C,  the weight gains were i n  the range 5 t o  8 mg cm"2a 
:bee materials, all chranium-bearing, showed weight gains of 4 t o  7 mg 

i n  the lOOOOC nm and, at 1200°C, gains of 16 t o  32 mg when i n  
contact with graphite. The first  three materials, a l l  of which survived 
bend tests that were made following the runs, can be considered for use i n  
the HTLIR wherever metall ic members are  required. Although the molybdenum 
became b r i t t l e  i n  each t e s t ,  it showed low weight gains and may be usef'ul 
i n  sane applications i n  the ECL!l!R. llhe metallographic and chemical exami- 
nations of the samples are in Frogress. 
hours duration i s  being planned. 

The next 

An additional test run  of 1000 

Design drawiqs of the 
tes ted have bean canpleted fo r  the graphite, insulating brick, and contain- 
ment shell .  'lhe type of metal t o  be used in sane of the supporting par ts  
may be changed depending upon the outcaw of further high temperature t e s t s ,  

molckup i n  which reactor canponents w i l l  be 

For the purpose of ccmpleting T i t l e  I design of the HTL!I!R sane tentative 
locations in the reactor were agreed upon for  the heating elements, control 
rods, thermocouples, traveling w i r e  f lux monitors, and the neutron chopper 
including i t s  collimator, flight tube, and detectors. In addition t o  the 
cooling rate calculations that have been made fo r  the reactor i n  a nitrogen 
atmosphere, another set w i l l  be made which would be applicable i f  helium 
were t o  be used i n  place of nitrogen. 

A three group, one dimensional diffusion theory calculation has been made 
i n  order t o  estimate the f eas ib i l i t y  of reducing the over-all temperature 
coefficient of reac t iv i ty  of the reactor throughout, its operating range 
of temperature, The calculation indicates that, fo r  a 30 elemenr, loading 
of UO, fuel  containing 5s U235 by weight of Us the temperature coefficient 
could be reduced by a factor of 10 by the addition of an amomt, of gadrJLni1.m 
tht i s  about O.Ol$ of the weight of U in  the fuel.  This would permit the 
reactor as a whole t o  be sensit ive t o  changes in  react ivi ty  of the experi- 
mental region as small as  a few times 10-7 i n  k. 

UNCLASSIFIED 
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- 
The time-of-flight neutron spectrameter for the H!E!LX w i l l  emplQy a conven- 
tmnd tJrpe of rotating shut te r  t o  pulse the neutron Seam. 
of exis t ing  designs, none was found that canpletely suited the HTL’IR 
requirements. Ple most su i tab le  w a s  the  spectraneter used at W L .  Draw- 
ings of portions of this machine were obtained and the  design w i l l  be 
adapted t o  our needs. 
t i o n  and rate of data accumulation as a function of the physical dimensions 
of the  spectrameter. 
the spectrant+,er. Perfarmance estimates indicate  that sufficient data can 
be taken in e ight  hours t o  analyze an energy spectrum between 0.0025 eK 
snd 5 e V  with a resolut ion of 5$ or  be t t e r .  
spec i f ica t ion  is  being prepaFed. 

In a si?rvey 

AA analysis has therefore  been made of the resolu- 

This analysis  w i l l  fcnn the bas is  f m  the  design of 

A design and performanoe 

FLUX MCIlPfMWS 

Chemical separation of the f i s s i o n  products f’ran three  i r rad ia ted  regenerat- 
‘4 (Phoenix) detectors is  in progress t o  prepare the  samples f o r  mass spec- 
traneter a n a l y s e s .  These data should e s t ab l i sh  the  v a l i d i t y  of the  experi- 
mental and ca lcu la t iona l  technique f o r  establishing initial desector ccmpc- 
s i t i o n .  A four th  detector  w i l l  be discharged frcm KE Reactor i n  the =e- 
future;  however, extended reactor  outages a r e  continuing t o  delay the 
exposure and discharge of subsequent samples. Arrangements are being made 
t o  have sever-d caaplete regenerating detector-chambers fabr icated offsi5e 
t o  Banford specif icat ions.  

Experimental work cont iwed on the  B-ll-beta current neutron flux monitor 
concept, and a new prototype is  being fabricated in  an effor?  t o  reduce the 
cable-generated noise encountered in e a r l i e r  t e s t s .  me new design eroplcrys 
very small diameter conductors with ai r  Lnsulation replacing s d ~ d  mrerials  
so far as possible.  In addition, pravisions B;pe Seine &e ca t’sr m n e r  
beta current generating isotopes such as Al-27, Tc-99 snd LL-7 mic~? have 
been successfully acqulred in sufficient qyant i f ies  f a r  e q e r i m e n ~ d  use. 
Fabrication of the  new assemblies i s  nes r ly  cmFlei,e. 

A purchase order was approved for a new 240 mIlliva+,t klystron oscillaf-cr 
fo be used in  the microwave in-core neutron flux monitcr ecperixnents. 
necessary production test form was nearly ccmpleted t o  p e m t  experxwnss 
70 be carried out in the  & T e s t  Hole a t  the DR React.cn rest i?iit?l.li?ry. 

h e  

NCMIES’IRTJCTIVE “I‘IPJC RESEARCH 

Rectranagn e t i c  Testing 

‘The multiparameter eddy current, nondestructive tes t i rg  deviie w ! n c h  dtls 

previously demonstrated t o  be capable of separatmg sweral 7ess parameTers 
in a three l ayer  t e s t  specimen is being aodifiec! f3r evs l c s t io?  3 c  EL tubing 
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t e s t e r .  In  $he f i r s t  t e s t  i n  t h i s  new appl icat ion the t e s t  varia5ies  ill 
be 1) s ize  of i r r egu la r i ty ,  2 )  locat ion of the  i r regular i ty ;  fo r  example., 
inner or outer surface of tub-, and 3 )  t e s t  probe wobble. The t e s t e r  
must be operated at a higher s e n s i t i v i t y  than previously and instrument 
d r i f t  i s  excessive. A major source of t h i s  d r i f t  has been traced t o  the 
bridge dr ive c i r c u i t .  

A search f o r  means t o  extend the  frequency range of a camerc ia l  vzctor 
tmpedance locus p l o t t e r  (vectorscope) resul ted i n  the consid, Oration of a 
heterodyne technique. 

A mlnor modification was made i n  the p l o t t e r  (vectorscope) which permits 
i t s  use as a ccmplex voltage p l o t t e r  (vectorscope) i n  addition t o  i t s  
normal use as an impedance p l o t t e r .  

&at P a n s f e r  Testing 

Analytical  studies of non steady-state heat flow have revesied suoe methds 
f o r  new appl icat ion t o  heat t r ans fe r  t e s t i n g  of both metals and i n su la tms .  
?be re la t ionships  between t i m e  var iable  heat flow and temperature,, as a 
function of time, thickness, and t h e m  properties,  have been studied f o r  
the spec i f ic  cases of a f inite p la te ,  and a f i n i t e  p l a t e  bonded t o  a semi- 
inf'inite region having a d i f f e ren t  thermal d i f fus iv i ty .  In te res t ing  tech- 
niques f o r  analyzing the  data f r m  time variable  heat flow t e s t s  appear 
t o  be possible, based on the  theoretical. r e s u l t s .  &permenta l  s tudies  t o  
test the theore t ica l  r e s u l t s  a r e  planned. 

zircaloy-2 Qyrb ide  Detection 

Signal output frm +,he experfmental eddy current hydride d e t e c t i m  equip- 
ment was previously shown t o  cor re la te  with the  d i s t r ibu t ion  of a number 
of small p a r t i c l e s  in  the  microstructure of a shors section of N Reactor 
process tube. Vacuum outgassing analysis of samples from the tube seetiun 
showed that it contained only 20 t o  30 p p  hydrogen. 
under way i n  an attempt t o  determine whether the p a r t i c l e  d i s t r ibu t ion  
cor re la tes  with the concentration of i ron or t i n .  
r en t  t e s t  results before and a f t e r  the  samplis are exposs2 t o  l - i y z ~ i I d i n g  
conditions w i l l  be necessary t o  elFminate the e f f ec t  of v a r i a t i m s  i n  the 
concentrations of elements other than hydrogen. I% is believed %.at +,ne 
e f f e c t  of elements other than hydrogen should remain cmstai ts  gA*xide.i. 
the  process tubes do not grea t ly  exceed their normal operating tempera- 
tures ,  since other elements do not d i f fuse  a s  readi ly  as l-iyarogen. 

F'urther analysis is 

Capar i son  or' eddy c i x -  

Maps were made on six M Reactor tube samples with the  eddy c w r e n c  e q ~ i p -  
ment. These samples are being hydrided by a new low ternreratwe ~r;;.cess 
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being developeii by Chemical Mctsllurgy, HI,. 
tested again after hydrlding, and then given t o  Materials Engineering fer 
t h e i r  b r i t t l e  f r ac tu re  and burst tests. 
be possible after t he  burst tests. 

They w i l l  be eddy current, 

h t a l l o g r a p n i c  examination should 

A caupletely transistorized 44 kc eddy current ccmparator c i r c u i t  has been 
designed. 
previous prototype s ince less external  amplification will be required. 
Drift in the external amplifiers contr ibutes  appreciably t o  the over-all  
d r i f t  in the present 44 kc instrument. 

%s circult should provide b e t t e r  over-aU s t a b i l i t y  than the 

Rxxlamental Ultrasonic Studies 

R e l w  c r i t i c a l  w e  tests, using boundary waves, show that the 
e f f e c t s  of Zircaloy hydrfde is readi ly  detectable  down t o  concentration 
l eve l s  of about 300 ppm. For this concentration, the signal amplitude 
f ron  the hydrided area  was about twice that f o r  the non-hydrided =ea. 
Greater concentration l e v e l s  gave, in general, l a rge r  signal changes. 
These c r i t i c a l  angle tests are sens i t ive  in depth of only a f e w  wavelengths 
of Zircaloy surface, ‘however, s ince this is the  damin  of boundary wave 
propagation. The approximate surface area covered by these initial t e s t s  
was a c i r cu la r  spot ha- diameter of about 1/16 inch. Detection of 
hydride in nmn‘ler areas may be possible by su i tab le  modifications t o  the  
experimental e q u i p n t .  An additional e f f e c t  was observed during the 
hydride measurements. The presence of axide on the Zircaloy samples a l s o  
gave pronounced si- changes indicat ing that a c r i t i c a l  angle test may 
be useful in determining changes in oxide layer depth and/or quali ty.  
boundary wave energy exchange phenanena, which was observed during l iqu id  
in te r face  s tudies ,  was also observed during the hydride t e s t s .  

The 

The basic theo re t i ca l  studies S e a  conducted by Applied Mathematics Opera- 
t i o n  continued. 
which have proper d i rec t ions  of energy l o s s  has been resolved. 
t o  the  Yoigt model now have decreasing loss in the d i rec t ion  of propagation 
which agrees with the  actual physical s i tua t ion .  
accounts only far a linear dependence of at tenuat ion with acoustic frequenc!,. 
Most liqyids and so l id s  do not have at tenuat ion coef f ic ien ts  which vary 
l i n e a r l y  with frequency and, therefore, the Voigt m o d e l  is not s t r i c t l y  
va l id .  A review of the l i t e r a t u r e  has indicated that canplete saiucions 
t o  the non-linear cases of wave propagation a re  not  yet  aval lable .  
t o  f u l l y  explain the propagation behavior of pulses and beams, it may be 
necessary t o  include non-linear e f f ec t s .  However, since the l i n e a r  theory 
is  solvable by straightforward methods and since most ul%rasonic sources are 
not too  broad in freqpency band, a canplete study of the l i nea r  zheory a p p e s s  
%c be beneficial .  

Be d i f f i c u l t y  in obtaining at tenuat ing wave solut ions 
The so lu t iors  

However, the Yoigt model 

Ln oraei 

!Chese s tudies  a re  under way. The rough draft report  on 
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i iquid- l iquid in te r faces  was canpleted. 

Nondestructive Testing of Sheath Xbbinq 

Ut i l iza t ion  of the  prototype 1 7  mil w a l l  tubing t e s t e r  has =ontuued. 
By f i t t i n g  the  mechanical system with d i f f e ren t  s i ze  mandrels and O-ring 
seals,  tubes of d i f f e ren t  diameters and lengkhs were tes ted .  A t o t a l  of 
500 tubes have been tes ted  t o  date without appreciable wear on the mechani- 
c a l  system. k n g t h s  of tubing fran 19 inches t o  96 inches have been aceur- 
a t e l y  scanned a t  1800 RPM ro ta t ion  speed. 
problems were encountered. Eased on t h i s  experience the basic mechimical 
design was firmly established. 
l imited t o  changes which w a d  f a c i l i t a t e  operation and au tma t i cn  of the 
s ta t ion .  
monitmed per iodical ly  w h i l e  the test  was in  progress. 
detected at amplitudes which varied l e s s  than ten  percent upon successive 
inspections. !The exceptional s t a b i l i t y  of the system was evidenced by 
t h e  f a c t  that nearly iden t i ca l  responses ta the standards were abtained 
fran day t o  day without equipnark adjustments of any kind. 

No vibrat ion or t rans la t ion  

Future mechanical design effor3s  w i l l  be 

Bath the accuracy and s t a b i l i t y  of the e lec t ronics  were a l s o  
The standards were 

Two separate groups of tubing have been tes ted  t o  date. 
25 mil wall, 425 m i l  OD Zircalay tubing. 
one m i l  notch as the  r e j e c t  point.  
percent of the  tubing was rejected.  
re jec ted  by t he  circumferential  channel (sound beam propagating circumr'eren- 
t i a l l y  around the  tube) with the remaining t e n  percent being sxial c k m e l  
r e j ec t s .  Qf' these, %he majarity were borderline r e j ec t s .  Ir, general, 
signal indicat ions obtained on the circumferential  channel vere def in i t e  
r e j ec t s ,  whereas excessive background noise w a s  evident in  the  axial test. 
Y i s u a l  examination confirmed that the  source of t h i s  noise was due t o  
p re fe ren t i a l ly  oriented machining marks. 
i n  amplitude correlated with destruct ive exammation. 

Group one vas 
This tubing was t e s t ed  using a 

A t  this l e v e l  approximately fifteen 
Leas than f i v e  percent of these were 

All indicat ions over two m i l s  

!The second group of tubing consisted of 31 pieces 02 17 m i l  wall 2is:a~l;y 
previously examined u l t rasonica l ly  i n  Canada. The tubing was fabricased 
by four manufacturers and contained both good and r e j e c t  tubing. 
tubes were rejected on both channels fn agreement with prev ims  E L  re- 
sults. The Hanford t e s t ,  howevers accepted many t abes  which hait been 
rejected by the  Canadian t e s t s .  In  each instance of disagrement  the SLL- 

pect defect  proved t o  be a long, shallow scratch and not a borlafide rejex. 
The a b i l i t y  t o  distinguish defeccs of th i s  type frm the more sepias short 
b G t  deep d iscont inui t ies  i s  fur ther  evidence of the advantage of smaller, 
focused transducers emplgyed by ths Hanford system. 

PJee 
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C r y s t a l  evaluation tests are also continuing. 
are being evaluated in  d e r  t o  gain a better understanding of which crystai  
parameters are of major significance and which parameters exhibit the 
lasgest  variation. 
c i e s  in as-received transducers appear t o  be variations in transducer Q, 
or wing factor .  
important transducer pswameter. Large variations have been measured between 
separate crys ta l s  and also f'ran point t o  point. In sane crystals,  fo r  
instance, damping was observed t o  vary markedly fran one side of the crystai  
t o  the other, such that the resulting ultrasonic beam was grossly non- 
W O Z Y U .  

A large number of crystals  

Of  the crystals measured t o  date, the largest inconsisten- 

&aping is  related t o  sensitivity, and is therefore an 

Eabrication of standards with w h i c h  the fbal report data w i l l  be taken 
has been canpleted. 
l ess ,  and alumimtm tubes w i t h o u t  d i f f icu l ty .  The notches appear very clean 
and unif'ann, both visuslly and ultrasonically.  Preliminary data show the 
notches were detected with equal sens i t iv i ty  in the 25 mil w a l l  sections of 
Zircaloy, stainless, and aluminum tubes. These data a l s o  point up the need 
for an even smaller ultrasonic beam with which t o  test 10 mil w a l l  tubing. 
1.5 mil defects were detected in the 10 mil tubing; however, the informa- 
t ion  received is not so clearly defined as in the 17 m i l  w a l l  tubing. 
Crystals which should produce a saaller ultrasonic beam have been ordered. 

Attempts t o  derive an analytical expression depicting the behavior of Lamb 
waves propagating clrcumferentially in a hollow cylinder are continuing. 
Recent develapments have succeeded in writing the f'requency equation i n  a 
form eqpivalent t o  Lamb's flat  p la te  equation, except additional terms 
involving tube radii are included t o  account for  the curvature of the tube. 
As the radius is  allowed t o  go t o  infinity t h i s  expression reduces t o  Lamb's 
origlnal equation, as it should. Hopefully, th i s  equation w i l l  becane use- 
f'ul w i t h  canpletion of r- laborious but straightforward algebraic 
de ta i l s .  

Punched notches were inserted i n  the Zircaloy, stain- 

Isotopic ' Gnaly SiS BoCPgm 

Isotopic a n a l y s e s  were prwided on program samples during the month i n  
accordance w i t h  current schedules. 

Studies continued on the scinti l lat ion-type ion detector f o r  the mass 
spectraneter. 
adequately-low background noise. 
was the use of an insulatar which did not have a straight cylindrical  sur -  
face as the support f o r  the secondary-electron producing electrode. 

A model of the detector was developed which maintained an 
The principal change fran previous models 

The 
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signal t o  noise charscqeris t ics  were further ~ p r c w e d  by l i ~ i n g  LI E,M.L, 
6697 S photomultiplier. Eleasuraents indicate  tkiet 5Zis 5;cnte;:;r :.am.ts 
uranium ions with an eff ic iency greater  than 99.5 perceilt. 
of t h i s  detector  has now been placed on the  mass spec t rmeter  of the 
Isotopic Analysis Rogram. 
operating cha rac t e r i s t i c s  i n  the spec t rmeter  and t o  provide m i t a b l e  
data-recording methods. 

A ,\;rkiag m m i -  

Tests are now i n  progress t o  determine i t s  

BIOLOGY AND MEDICINE - C6 PRCXZAM 

Atmospheric Physics 

The f i e l d  model of the  zinc su l f ide  r e a l  time sampler was successfull:- 
operated during two d i f fus ion  experiments. 
and continuously records the concentration of zinc sulfide i n  t h e  air 
yielding data per t inent  t o  acute tox ic i ty  problems. Adequate signals 
were recorded even a t  a dis tance of one mile downwind frm the source i n  
w i n d y ,  unstable atmospheric conditions associated with large d i lu t ion .  

This sampler system de tec ts  

A rough ca l ibra t ion  of t he  e q u i p e n t  was made showing the detect ion iimit 
t o  be approximately 4 x 10-7 grams per cubic meter, an order of magnitude 
b e t t e r  than the  sampler prototype which was t e s t ed  e a r l i e r  in the  year. 
One chart  d iv is ion  represents  a concentration of about 2 x 10-7 grams per 
zubic meter. 
power supply equipment that will be used with the sampler a r r ives .  Since 
a borrowed power source was used i n  these t e s t s ,  sane modifications i n  
t h e  ca l ibra t ion  can be expected. 

' 

A more precise  ca l ibra t ion  is  t o  be determined when the 

Data f r cm the r e d  time sampler permit an analysis  of air  concentracioz-is 
and t h e i r  var ia t ion  with t i m e .  These s tudies  could not be pursued with 
the  bulk sampling system which has been used f o r  exposure measurements. 
The table below presents  the  percent of time the r a t i o  of the  instiintanems 
concentration and average concentration a re  equal t o  or greater thw a 
given value, A. 
f o r  a nineteen-minute period during a f i e l d  test  wherf: zinc su l f ide  was 
released a t  200 f e e t  height i n  an unstable atmosphere. 

These data were obtained by sampling 600 meters dowriwlfid 
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A 

0 
1 
2 
5 

- - 
100.0 
15.8 
9 -4 
5 *3 

A - 
10 
20 
30 
34 -6 

$ of Time 

2.2 
0.14 

0.0000 
0.036 

'Ihree successful atmospheric diffusion experiments were canpleted Fn 
October. b e  test was conducted in  stable conditions with a release of 
material fran the 23-foat &art stack, Two tests were during unstable 
conditions w i t h  zinc sulfide being released fran the  200-foot level  of 
the Hanfcrd Tower. A total  of 28 successful tests have been canpleted 
this year yielding valuable data pertinent t o  stack releases. 

Radiological Physics 

The studies in Alaska in 1962 showed that the food eaten dai ly  by sane 
Eskimos contained twice as much Cd37 as they eliminated per day. 
would mean that their body burdens were increasingr but there were reasons 
for believing that they were not changing. 
consistent if a l l  the Cs137 in the food either did not enter t h  body or 
were not retained by it. Measurements were made on loss  of Cs197 f ran 
reindeer &eat for different methods of cooking. Boiling reindeer meat 
causes up t o  75s of the Cs137 t o  be transferrqd t o  the broth; on roasting 
about 4 6  appears in the juice. 
by the Eskimos and so cannot account fur the difference noted above. 
urements were made of reindeer meat and of people before and a f t e r  eating 
+,he meat and of t he i r  excreta afterwards. These indicated t h a t  almost a l l  
of the Csl-37 in the meat is retained by the  body. The conclusion reached 
i s  that the body burdens of the Eskimos must have been increasing a f t e r  
a ~ .  
i n  which the Eskimos might be helped t o  reduce the i r  body burdens. 1 
~larcmiun-5 
dents . 
water. 
workers a t  the whole body cOLulter and are probably due t o  introduction of 
Columbia River water in to  the Richland water supply. 

This 

These statements would be 

Plese liquids,  however, axe also consumed 
Meas- 

( ~ a e  results on r- of ~ ~ 1 3 7  f i a n  meat by cooking suggest w a y s  

and ~ & 5  were found in recent feces samples of ~ i c ~ a n d  resi- 
&um-24, (351,  and 2465 were observed i n  Richland drinlung 
These facts correlate with the observation of NaZL in  non-100-Area 

A pooled urine sample fran 14 Eskimos fran Kotzebue was interpreted as 
fran a population whose average body burden was 140 nc. The average of 
the 14 by whole body counting was 200 nc. 
es obtained lately and is probably due t o  non-uniform individual sample 

This is  not as good agreement 
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s izes .  
haw constant It is. 

DaSy urine excretion fran one individual is being studied t o  see 

A beta ray counter was fabricated that requires  a coincidence between a 
t h i n  proportional counter and a t h i n  s c i n t i l l a t i o n  c rys t a l .  
studied f o r  appl icat ion in  P32 counting. 

It i s  being 

phantcpns f i l l e d  with potassium solutions and people with no known piu- 
tonium body burdens were counted i n  the plutonium counter in a study of the 
background of t he  counter. Considerable var ia t ion  was found among the  
people. However, it was also found that the i r  backgrounds i n  the pulse 
height range used f o r  plutonium analysis was correlated with that i n  other 
ranges. This helps t o  eliminate the e f f e c t s  of the var ia t ion.  

The pos i t ive  Ion Van de G r a a f f  was operated all month st reduced voltage 
(below 1 . 5  MeV) t o  avoid breakdowns. 
ing corporation led t o  a program that we w i l l  follow t o  try t o  eliminate 
this recurrent  problem. 

Consult- with High Voltage Engineer- 

Sane special  BF3 counter tubes were purchased t h i s  summer because they 
showed prcmise of minimizing the  e f f e c t s  of exposure t o  gamma radiat ion.  
It has been found, however, that the  tubes a r e  not s table .  'Ilzeir resolu- 
t i o n  has doubled since t h i s  summer. 

A proportional cuunter spectrometer fo r  law energy fast neutrons is being 
fabricated.  In  the  meantime, mathematical study of end and w a l l  e f f e c t  
correct ions are being made and other equipment is being readied. 

More calorimetric measurements were made on Fd47 t o  e s t ab l i sh  i t s  half- 
l i f e  * Calibration measurements are being made. 

A pulsed X-ray machine developed by t h e  Linf ie ld  Research I n s t i t u t e  for 
the  AM: Division of Biology and Medicine was received. A special  power 
source f o r  It w i l l  be in s t a l l ed  before the machine is put i n t o  operation. 

In st nwnent at i on 

An entarnological species counter was developed for  use a t  Radioecology, 
Biology Laboratory. The so l id  state c i rcu i ted  instrument employs a minia- 
t u r e  focused l i g h t  W b  with a sens i t ive  photocell as a detector .  
light shines though a tiny glass tube, through which insec ts  move. 
i n  front of the  l i g h t  causes a su i tab le  signal t o  be provided by the  phots- 
c e l l  and the  following so l id  s t a t e  c i r c u i t s  dr ive  an electranechanical 
r eg i s t e r  t o  indicate  the  occurrence. 

'I'he 
l?ass&g2 

Testing is  being done at Radioecology. 



Progress w a s  achieved on the experimental a.x&nal biological function tele- 
metry instrumentation with the ccmpletion of working bench-model c i rcu l t s  
for both the  tranrnnitter end receizrer. A l l  c i rcu i t ry  is solid state. The 
transmitter is  battery powered and operates on a car r ie r  frequency of 46 
kc/second, 
convey temperature, respiration, and pulse rate data. The receiver include; 
amplifiers and demodulators t o  separate the three signals for measurement. 
Bench testing with synthetic f'unction inputs w a s  satisfactory.  

Bath frequency and amplitude modulation is incorporated t o  

An inexpensive sol id  state timing c i r cu i t  was developed and tested for use 
in  various types of radiation monitoring instrumentation, specifically hand 
and shoe counters, The heart  of the c i r cu i t  is a General Electric Unijunc- 
t i on  t ransis tor ,  which controls a series of relays t o  provide control and 
indication of the timing cycle. 
achieved with the prescnt c i r cu i t  parameters. 

Cycle tlmes fran 0,2 t o  50 seconds can be 

Ibe experhental ,  pocket-size, recharging dosemeter was canpleted in a form 
suitable far. use by Radiation Protection Operation, HL. laboratory tests 
were sa t i s fac tmy and the unit w i l l  now be used for preparation of electro- 
mechanical drawings and specifications. 
number of dosemeters fabricated o f f s i t e ,  

Tentative plans are  t o  have a 

Final model fabrication was part ly canpleted on the miniature solid s t a t e  
integrator developed f o r  portable neutron meter use, 'She experi- 
mental c i r cu i t s  have a l l  operated correctly, and the c i r cu i t s  aze being 
packaged for direct application t o  the neutron detection Instruments. 

Three solid state c i r cu i t s  were developed and tested i n  bread-board fashion. 
They included a discriminamtllstar Mn anti-coinidence unit, an Ilrprcved signal- 
ing or s l a m  c i rcu i t ,  and a pulse mixer circui%, 
various radiation measurement, 'astruments now being developed. Descriptive 
memoranda reports were prepared and issued. 

These v ~ l l  be applied t o  

HAP0 Radiatelmetry c i rcu i t ry  improyements have been made with the develop- 
ment Qf a new identification oscUlator .  Scme canmercial portions & the 
over-all system continue t o  cause sporadic trouble at temperature extremes 
and replacement of certain canponents is be- considered. Fortions of the 
slave s ta t ion mcmitor have been fabricaced and tested, Wi%h +he exceptions 
of the canmercial radio-portion tenperatwe pmblem and miner problems with 
the old stepping switches, which are be- replaced with new onesj The 
m o d i f l e d  remote data stat ion is f'unctionlnq sa t i s fac tor i ly .  

Solid s t a t e  c i rcu i t  development was stax%sd on a sppclai radiazlm lletection 
Instrument for lise in  field analyses 9.t +,he Ekper'Anental A n d  F m ,  Biology 
Laboratory. The instrument i s  t o  provide multiple operat im virh various 
detection and readout modes, 
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Experimental testir ig of the  instrumentation being developed f o r  the meas- 
urement of air f i l t e r  entrapped beryllium w i l l  probably have t o  be termi- 
nated since the t h i n  n icke l - fo i l  cover over the three  cur ie  Po-210 alpha 
source has degenerated t o  the  point where a heal th  hazard ex i s t s .  
r e s u l t s  obtained t o  dste are promising; hawever, the  la rge  source required 
f o r  reasonable s e n s i t i v i t y  would pose ser ious questions regarding i t s  
p rac t i ca l  use. 

Test 

Field tests carr ied out by Atmospheric Physics, EL, w i t h  the  recent ly  
developed real-time zinc su l f ide  airborne p a r t i c l e  monitors have been 
sa t i s fac tory ,  
low as 0.17 4 m 3  can be measured. 
than was achieved with the or ig ina l  experimental instrument. 

Modifications t o  the  inrprOved sense amplifier for the  memory of the  4-00 
channel analyzer were made during the month. 
conducted t h a t  demonstrate r e l i a b l e  operation t o  about 100°F. 

It appears that airborne zinc su l f ide  concentrations as 
This is  an order of magnitude be t t e r  

Tests of the  amplifiers were 

TEST REACTQR OPWATIONS 

The pCP( was operated rout inely.  
t o  f au l ty  bypassing technique. 
t h e  month. 
column, in  the NPR, Over the  flux t o  be found i n  a normal column w a s  s ta r ted  
and is  continuing. 

The TITR was operated on a two nights  a week basis f o r  the University of 
Washington Graduate Center. 
by e l e c t r i c  f a i lu re .  

The 0.95 inch l a t t i c e  spacing measurements i n  the  subc r i t i ca l  f a c i l i t y  
were completed d 

There was one unscheduled shutdown due 
The K5N experiment was ccmpleted during 

The experiment t o  measure the  flux enhancement i n  a special  

There was one unscheduled shutdown caused 

i n g  the  month. All f u e l  pieces were 1/2 inch 2 w/o PIA-A1 
rods, 16 w/o PU 2% . 

Weather Forecasting and Meteorological Services 

Consultation service continued on meteorological and climatological aspects 
of oxides of nitrogen re lease  i n  the  300 Area. Considerable time was spen: 
on continued work toward preparing environmental hazard information rela-  
t i v e  t o  N-Reactor. Rainout and deposit ion calculat ions were made. Methods 
were applied f o r  calculat ion of exposures f r a n  protracted releases .  

Meteorological Services, viz . ,  weather forecas ts  and observations, and 



B-34 ULOC- 

climatological services  were provided t o  plant operations and management 
personnel on a rout ine basis. 

Weather Suamary 

me of Forecast Number Made $ R e l i a b i l i t x  

93 
62 

172 

a4.2 
86.6 
87.8 

October marked the t h i r d  s t r a i g h t  w a r m  and d r y  month. 
amounted t o  only 0.04 inch and brought the to ta l  s ince July 7 t o  only 0.07 
Inch. 

Precipi ta t ion 

Mass Spectranetry 

Isotopic U y s e s  were provided on eight  samples of uranium in support 
of BAPO $33 production studies and six analyses were provided In support 
of research in Nucleonic Instrumentation. 

Instrumentatiosl and System Studies 

Dig i ta l  ccmputer analysis of the C-column simulation is  proceeding with 
completion and checkout of a )  the data processing program for autanat ical ly  
determining mul t ip l ie r  scale fac to r s  and calculat ing a l l  potenticmeter 
s e t t i n g s ,  b) the MlDAs Frogram for t he  canplex mathematical model, and 
c )  the Mm4S program for the simplified mathematical model. The MIDAS 
program requires  only about 90 seconds of 7090 time fo r  one complete solu- 
+,ion. All function generator settings for the  52 m s  were prepared in  an 
attempt t o  minimize addi t ional  d i g i t a l  ccPnputer time which might be re- 
w i r e d  t o  check the analog results. 

The creep d a t a  logging and control  system i s  now pully integrated and 
checkout of the system is in progress. Noise pickup problems 111 the  solid- 
state log ic  and drive c i r c u i t s  are  being reduced by f i l t e r i n g  and i so la t ion  
techniques e 

Further analysis and experimentation m the electro-opt ical  high tempera- 
ture extensaaeter system have fu r the r  substantiated ear ly  predictions that 
l i g h t  diff’ractiun at  the flags should not l i m i t  resolut ion so long as the 
coll imator light source approaches a point source. A point source can be 
approximated with conventional uptics,  but only with a lcss i n  in tens i ty .  
A laser source is being considered as an a l t e rna te  source. 
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Circuitry has been designed, built and tes ted fo r  use i n  constrolling the 
temperature of metal calorimeter specimens. 
and 2N2219 driver a re  activated by a thermocouple output voltage such 
that an e l ec t r i ca l  heater current is  varied inversely and proportionally 
t o  changes in  the thermocouple voltage. 

A 2Nl906 power t ransis tor  

Devel-ent of an analog simulation of ground water conditions i n  the 
Hanford area i s  continuing at  the request of Chemical Effluents Technology, 
CPD. 
cmponents are being assembled. When campleted, the system w i l l  be moved 
t o  200-W fo r  e l ec t r i ca l  w i r i n g .  

A frame t o  house the taper pin blocks and other necessary mechanical 

Laboratory tes t ing  was carried out on the soil moisture measuring probe 
that i s  being developed f o r  Advance Technical Planning, CPD, and Chemical 
Hfluents ,  HL. Encouraging r e su l t s  were achieved by lowering the unit 
into a large sand-filled container and adding water t o  the sand. Moderated 
neutron detection by the 
t o  the water added. 
aluminum housing fo r  the probe. 

proportional counters increased i n  proportion 
Remaining work is  t o  provide a suitable uater-tight 

Most of the required canmercial instruments fo r  the U-235 fuel enrichment 
monitor have now been ordered. 
Fabrication Development, Plutonium Metallurgy, HL. 

The monitor Is being developed for  Met-al 

Satisfactory tests were achieved with the plutonium waste container monitor 
developed for Plutonium Process Engineering, CPD. The project is now 
canplete and a technical report  issued, 

Most Hanford developed and canmercial canponents have been assembled for  
the three coincidence-count alpha a i r  f i l t e r  counters being developed for  
Control Operation, CPD, and for  f i ss ion  Products Processing Operation, 
CPD. Tests on portions of the instruments have been satisfactory t o  date,  

Optics 

Modifications to,newly purchased projection canparator have increased i ts  
f l e x i b i l i t y  by providing a m i n a  of three inches working distance a t  
magnifications ranging frm 8.5~ t o  1OOX. These changes allow the equip- 
ment t o  be used for gaging radioactive par t s  which must be examined inside 
a hood. 

A barescope movie canera was a l s o  m o d i f i e d  t o  double image size., 
system is used t o  photograph reactor VSR channels. 
Inch diameter borescope has been cmpleted and approved. 
w i l l  be used fo r  VSR channel photography and other reactor inspection work, 

The 
The design of the two- 

This borescope 

r .  
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N Reactor sefsmograph system has been reviewed and recamnendation made 
whereby i ts  ease of adjustment and accuracy could be substantially improved. 
A suggestion w a s  also proposed for incorporating changes in the system which 
w a d  autunatically indicate if any one of the  three seismographs became 
inoperative. 

Recamendations have been p r e p e d  for the design of a fue l  element camera 
which w i l l  e f fect ively "peel off" the surface of a 5/8 inch diameter by 
56 inch long c y l M e r .  Eight-foot long f'uel elements w i l l  be photographed 
by using two overlapping shots. The image on the film w i l l  be %he same 
size  as the fuel element. 

A study was made of the requirements for putting a periscope back in  
service f o r  viewing w a s t e  storage tanks. 
are being used; new parts are be- fabricated as required. 

Parts fram two damaged periscopes 

During the four-week period (September 15-October 13) included i n  t h i s  
repart, 448 man hours shop work were performed. The work included: 

1. 

2, 

3 -  

4. 
5 .  
6. 
? "  

8.  

9 g  
10 0 

Canpletlon of a set of gonianeters.and manipulators to,  be used 
in u l t r a s m l c  research by Physical Measurements. 
F'abrication of 10 l u c i t e  prisms and 24 s m U  glass lenses for  
use by External Dosimetry in an autanatic badge film densi tmeter .  
Reconditioning and adjustment of an internal tube *face caners 
for Testing Methods. 
ServicFng an underwater periscope a t  105-D Area. 
R e p a i r  of two crane periscope heads fo r  &ex and two for R e d a x .  
R e p a i r  of three camera shutters for ktallurgy Labs. 
Fbbrication of one guartz ultrasolvc c o q l i n q  rod flsr physic& 
Measurements . 
Polishing and alunzfnizing of one large p las t ic  s c in t l l i a to r  for 
Radiological E%ysics. 
Repair of a metallograph. 
Reccmditioning of two laser heads, 

Fhysical Testing 

The develapllllent of an eddy current test  to obtain an initial signal trace 
for each of the thousand process tubes in the N Reactor vas  accmplished 
on an accelerated schedule. A W e 1  1004, graphical null, eddy zurrent 
%ester vas adapted far the test and several probe assemblies were designed 
and fabricated. 
data on each process tube which c& be referenced t o  subsequent t e s t s  per- 
formed after reactor startup. 
sens i t iv i ty  responsive t o  discontinuities occurring within %he inner .&O 

!he purpose of t h i s  test i s  %o obtain pre-irradiation 

The %ester  w i l l  operate a t  200 kc with a 

UNCLASSIFIED 
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inches of the  tube w a l l .  The t e s t  i s  scheduled t o  begin as the front face 
elevator  becanes avai lable .  

Twelve samples of lnco10y-800 tubing have been examined in support of the 
N Reactor Steam Generator r epa i r  program. 
sonic and eddy current t e s t s  was sanewhat marginal due t o  the  excessively 
la rge  grain of this par t icu lar  tubing, although one serious defect  was 
detected and confirmed destruct ively.  plis material  is being replaced 
by tubing of f i n e r  grain s ize .  

The effect iveness  of the  ultra- 

Final modifications and alignment of all six channels are cmpleted on the 
Wdy Current Motion Analyzer (ECMA-1) being developed for study of PRTR 
f u e l  vibration. The program is  presently awaiting fabricat ion of a proto- 
typical ,  instrumented f u e l  rod su i tab le  fo r  reac tor  i r rad ia t ion .  

The ul t rasonic  leak  detector  i s  continuing t o  f ind  wide applications t o  
plant  problems. 
detect ion of leaks in overhead, lead-covered, telephone cables and f o r  the 
locat ion of very small. leaks i n  vacuum systems. 
rewarding use of t h i s  instrument i s  being investigated in  which sounds 
generated by pumps, gears, bee ings ,  e tc . ,  on la rge  machinery a re  periodi- 
c a l l y  monitored f o r  ear ly  detect ion of abnormal operation. 

Recent t e s t s  have shown the  equipment useful fo r  the  

An unusual but poten t ia l ly  

An ul t rasonic  method w a s  developed t o  inspect the thread root area of 
main autoclave heads in use a t  the  N fie1 Production Process Fac i l i t y .  
Seven of f i f t e e n  u n i t s  examined have not revealed defective threads. 

Tlme required t o  ca l ib ra t e  production l i n e  ul t rasonic  transducers i n  the 
N Fbel Production Process F’acility has been markedly reduced as a r e s u l t  
of pre- tes t s  n m  being given the transducers i n  306 Building pr ior  t o  t h e i r  
production l i n e  use. These tests experimentally determine the operating 
cha rac t e r i s t i c s  of candidate transducers and thus eliminate time consuming 
attempts t o  set up a fau l ty  un i t  on the  production l i n e .  Success of the 
program is evidenced by the heavy N Reactor Department demand f o r  these 
services  w h i c h  now exists. 
which e s sen t i a l ly  cons is t s  of replacing a b a l l  bearing r e f l ec to r  wi th  a 
strand of f i n e  wire reduces the time necessary t o  properly examine a trans- 
ducer f r an  two hours t o  about twenty minutes. 

Recently, modifications t o  the t e s t  procedure 

ANALOG CWPUTEZ FACILITY OPERATION 

Problems considered during the month were: 

1. N Reactor Inject ion System. 
2 .  N Reactor Startup Kinetics. 

s 

y * -  .. 
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3. C-CdLumn. 
4. EER (Two-Dimensional Model). 
5. PRCF Hazards. 

Ccmputer utiliz+,on waa as follows: 

GmA - 
162 
22 
0 

168 - 
314 Hours Up 
30 H m r s  Scheduled Darntime 
8 Hours Unscheduled Damtime 
0 Hours Idle - 

3 52 Hours T o t a l  352 

The manufacturer is appraximstely on schedule in the construction of the 
new ccmputer. 
October 29, 1963. 
ment w i l l  not be made before November 15, 1963. 

PlC actual construction is expected to be canpleted by 
However, due to checkout and testing procedures, ship- 

All necessary acceptance tests have been developed and checked. 
by-step procedures are appraximately 60$ ccmpleted. 

The step- 

The old GBDA analog ccmputer was excessed and shipped to Phillips Petroleum 
at Idaho EB;us to make roan for  the new EASE canputer. 

Acceptance testing, with a concurrent instmment maintenance technician 
training cause, is about fifty percent cunpleted on seven canbination 
alpha-beta-gamma hand, shoe, and clothing contamination counters which 
were fabricated offsite. 
time and effort. 
satisfactory. 

The training course is requiring considerable 

Three more Instruments are now being fabricated offsite. 
Operatian of the instruments accepted to date has been 

Acceptance test results were reviewed for approximately 3'75 self-reading 
pencil doslmeters, most of which were of the 200 m r  fu l l  scale type with 
sane  of 10 r snd 600 r Aril scale. 
rejected due to poor response and excessive leakage. 
units were a l l  acceptable, 

About 308 of the 200 m r  units were 
'he high-range 

1 2 2 8 8 9 5  



Evaluation testing 
ground canpensated 
factory except f o r  

B-39 m-79377 

was continued a t  105-B on t h e  experimental gamma back- 
beta-gamma hand and shoe counter. Operation was satis- 
one simply repaired minor light leak i n  one s c i n t i l l a -  

t i o n  shoe p- ?e cover. 

Manager 
PHYSICS AND INS'J3uMEZVTS LABQRATCWY 

RS PaLiL:mcs 
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CHENICAL LABORATORY 

- RESEARCH PSSD ENGINEERING 

FISSIONABLE MATERIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Water Treatment P i lo t  Plant Studies 

The tes t  of the subs t i tu t ion  of aluminum n i t r a t e  as f locculat ing agent 
and n i t r i c  acid t o  control water pH instead of aluminum su l f a t e  and 
su l fu r i c  acid i n  reactor  process water treatment has been nearly com- 
pleted. Water t r ea t ed  by the  n i t r a t e  system i n  the  Water Treatment 
P i lo t  Plant was fed t o  one aluminum and t o  one zirconium process tube. 
A control tube which w a s  fed the standard sulfate system t rea ted  water 
was used f o r  comparison. 
tubes the  P-32 concentration i n  effluent water was about one-half t h a t  
of the sulfate-treated control  tube,  This tends t o  confirm the  su l fur  
as a parent of t he  reactor  eff luent  P-32 by the  n,p reaction. Reductions 
were a l s o  noted i n  Mn-55, As-76, Np-239 and La-140. 
Na-24 w a s  noted. The reductions observed may be due t o  the  higher puri ty  
of chemicals used i n  the t es t ,  t h e  high l e v e l  of control  of the  Water 
Treatment P i lo t  Plant,  or  some f i lm or water qual i ty  change. 
ments of Ga-72 and ~ i - 6 5  which r e f l e c t  aluminum corrosion r a t e s  did not 
indicate  any increase in corrosion as a result of t he  n i t r a t e  system of 
water treatment. 
process f o r  reducing the  P-32 content of reactor  eff luent  water 8 fac tor  
of two. 

In t he  cases 0.f both of the  n i t r a t e  t rea ted  

An increase i n  

Measure- 

Use of t he  n i t r a t e  system appears t o  be a prac t ica l  

Deionized Water Studies 

Because of reactor  outages l i t t l e  firm data can be reported on the  
addition of 0,2 ppm sulfur as potassium sulfate t o  the deionized water 
being fed  two tubes. 
results i n  more P-32 than would be expected i f  the sulfur were added 
in the  presence of other salts. 
obtained should lead t o  greater  understanding of the  adsorption- 
activation-desorption processes occurring i n  the reactor  tube film. 
increases i n  Na-24, Ga-72 and r?i-65 were observed which may indicate  an 
increased corrosion rate (over t h e  deionized water r a t e )  due t o  the  
potassium sulfate addition. 

Preliminary data  seem t o  indicate  t h a t  the sulfur 

This finding w a s  expected and t h e  data 

Some 
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SEPARATIONS PROCESSES 

Uranium-233 Production Studies 

Assistance w a s  rendered during the month t o  the  in te rpre ta t ion  of 
ana ly t ica l  results from the  one-gram tho r i a  i r rad ia t ions  (mentioned 
last month) and the  three thorium (metal) slugs which were discharged, 
sectioned, and analyzed this month. Development of a one-slug dissolver 
and other equipment f o r  i n s t a l l a t ion  i n  B-Cell and of flowsheets for use 
i n  same continued with equipment fabr icat ion,  t e s t i n g  and in s t a l l a t ion  
expected t o  be complete ear ly  in November. 

Results fram the one-gram samples of thorium oxide which were i r rad ia ted  
i n  DR-Reactor shoved an apparent f i s s ion  s p e c t m  ( f a s t )  neutron f lux  a 
fac tor  of five higher than expected on theore t ica l  grounds, i f  a l l  of 
the  U-232 found was formed by the Th-230 (n ,y)  and Th-232 (n,2n) 
reactions previously considered. A t h i r d  mechanism, a ( y , n )  reaction 
on Th-232 w a s  accordingly suggested. 
threshold (6.34 Mev) as the (n,2n) reaction. 
of t h e  required energy is  from the (n ,y )  react ion on aluminan, which 
yields  a 7.72 Mov gamma i n  about 24 percent of the  captures. 
t he  ganrma flux i n  the  Hanford reactors  nor the  Th-232 ( y , n )  cross 
sect ion are suf f ic ien t ly  w e l l  known t o  permit precise calculat ion of 
the r e l a t i v e  contribution of t he  two routes t o  U-232 production; however, 
it appears in the  case of the  one-gram samples, which were surrounded 
by one-half inch of aluminum, tha t  the (y ,n )  react ion is of a t  least 
the  same order of magnitude as the  (n,2n) reaction. In t he  fu l l - s ize  
thorium slugs, which were clad w i t h  far less aluminum, the  (y ,n )  reaction 
w a s  apparently much less important. 
flux by determination of Na-24 (forned by Ai-27(n9a) reac.t;lon) i n  t h e  
aluminum clad of the thorium slags gave a value i n  reasonable agreement 
with the  flux calculated from t h e  U-232 analyses. The f i s s ion  spectrum 
flux measurement from Ha-24 production could, however, be high i f  some 
of the  Na-24 came from thermal neutron act ivat ion of Na-23 impurity3 

This reaction would have the same 
Principal  source of  gammas 

Neither 

Measurement of the  f i s s ion  spectrum 

Calculations are underway t o  invest igate  build-up of po ten t ia l ly  trouble- 
some thorium isotopes i n  recycled thori?un. 
U-233 product and the  poss ib i l i ty  of yoducing undesirabie uranium 
isotopes are  also under study, I n i t i a l  f indings are 8s follows: 

The ( a + )  reaction i n  the 

1. Neutron y i e ld  (a,n) from U-233 containing a U-232 concentration of 
1 ppm is less than t h a t  from Pu-239, 

2. The isotope U-230 (20.8 day ha l f  l i f e )  could a f f ec t  short-cooled 
handling of  U-233 if one o r  more of the poten t ia l  production routes 
has a s igni f icant  cross section. 
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3.  

4. 

5 0  

6 ,  

7 .  

The radioisotopes Th-227 (18.17 day) ,  Th-228 (1.91 yea r ) ,  Th-229 
(7300 yeay), and Th-234 (24,l day) w i l l  a l l  be present i n  i r r ad ia t ed  
na tura l  thorium. 

Th-228 and 33-229 concentration i n  recycled thorium w i l l  increase 
with each i r r ad ia t ion  cycle. (Th-228 w i l l  eventually sa tura te  ) 

I n i t i a l  calculat ions ind ica te  that  Th-234 may be a rad ia t ion  problem 
unless thorium i s  cooled f o r  200 t o  300 days. 

There are severa l  possible production routes fo r  Th-230. 
of these routes i n  Th-230 concentration after several  cycles w i l l  
be determined. 

The e f f ec t  

Because of t h e  po ten t i a l ly  l a rge  number of thorium isotopes present 
i n  recycled thorium, the  thorium capsule i r r ad ia t ion  program should 
incorporate a program t o  measure the rad ioac t iv i ty  of f u l l y  decon- 
taminated thorium. 

S a l t  Effects  i n  the Extraction of Am-241 by DBBP 

The e f f e c t  of t he  hydrogen ion concentration a t  constant t o t a l  n i t r a t e  
ion concentration has been investigated f o r  10 percent DBBP i n  xylene. 
Sodium n i t r a t e  was used t o  maintain the  desired n i t r a t e  ion concentration. 
A t  t o t a l  n i t r a t e  concentrations of 4 - 6 molar, the  d is t r ibu t ion  of 
americium decreases as the n i t r i c  acid concentration increases up t o  
about 0,7 2 ( l i m i t  of measurements). 
in analy t ica l  form i n  several ways; however, the in te rpre ta t ion  m u s t  
w a i t  u n t i l  the  n i t r i c  ac id  d i s t r ibu t ion  data are determined. 

The d i s t r ibu t ion  can be expressed 

Use of Uranium(1V) i n  t h e  Purex Process 

Studies were made on the s t a b i l i t y  of uranium(1V) when extracted i n t o  
30 percent TBP-Soltrol t o  aid i n  determining the  optimum amount of 
uranium(1V) i n  solvent t o  add at the I B X  column feed point. 
aqueous solut ions were prepared from uranyl n i t r a t e  by (a )  reduction 
with Discol i te  (sodium sulfoxalate  formaldehyde), (b) formic acid 
reduction catalyzed by platinum, and ( c )  aluminum reduction w i t h  hydra- 
zine as holding reductant. When uranium(1V) w a s  extracted from solut ions 
( a )  and ( b ) ,  oxidation i n  the organic w a s  slower than when the  extract ion 
w a s  from solut ion ( c ) ,  This may indica te  some e a r a c t i o n  of formaldehyde 
from ( a )  o r  formic acid from ( b )  w i t h  a consequent slowing O f  t he  
oxidation rat  e 

Uranium(1V) 

Variables s tud ies  other than the  source of  uranium(1V) included sparging 
t h e  organic with air o r  nitrogen; ag i t a t ion  i n  open o r  closed vesse ls ,  

1 2 2 6 8 9 4  
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presence or absence of equilibrium aqueous phase, plant solvent versus 
laboratory-solvent, addi t ional  washing of plant  solvent with sodium car- 
bonate o r  hydrazine and the  oresence of addi t ional  hydrazine i n  the 
aqueous phase. 
may expect from 40 t o  60 percent of the uraniUm(1V) t o  be oxidized during 
f i v e  hours i n  t he  solvent. 
of ur&um(rV) in to  the solvent and feeding the solvent t o  the I B X  column 
i s  not desirable.  

The data can be slnmnnrized by the  statement that  one 

Hence, a long standing-time between extraction 

Disposal t o  Ground 

No s igni f icant  changes were noted i n  the status of ground-water con- 
tamination i n  the 200 Areas and other  outlying w e l l s  during the current 
month. 
process condensate c r i b  remained e s sen t i a l ly  unchanged a t  L5 x 10-3 
uc B/cc. Strontium-90 analyses of samples obtained from these wells 
during the current month are i n  progress. 

So i l  column tes ts  conducted with acidic  (pH 2.3.) Purex process conden- 
sate confirmed the  results of previous studies-which showed the ear ly  
breakthrough and r e l a t ive ly  poor s o i l  adsorption of Sr-90. Detectable 
Sr-90 breakthrough occurred at 1 . 5  column volumes ( cv ) ,  and 50 percent 
breakthrough was noted a t  about 5 cvD The three test  columns were run 
u n t i l  g rea te r  than 90 percent breakthrough occurred ("J 12 cv) 
time the acid inf luent  w a s  &e Sasic ,  pH 9 ,  by adding NaOH, and t h e  
so i l  column study was contirued. The strontium concestration i n  the 
column ef f luent  decreased t o  less than 20 percent cf t h a t  i n  the influent 
within 2 cv, and a continual decrease i n  strcntium concentration In  
t h e  e f f luent  occurred over the next 40 cv t o  an average of about 5 per- 
cent of the  concentration i n  t h e  inf luent .  These t e s t  r e su l t s  show 
tha t  neutral izat ion of t h i s  per t icu lar  waste stream wizh NaGH will have 
benef ic ia l  e f f ec t s  on t h e  soil r e m o v a l  of Sr-90 even a f t e r  a considerable 
amount of acid w a s t e  has been discharged t o  the dis9osal f a c i l i t y .  

Gross beta concentrations i n  w e l l s  monitoring t h e  Purex 216-~-10 

A t  t h a t  

To date, about 9 cv of acid process condensate waste have beec discharged 
t o  the 2l6-A-10 cr ib.  
a t  concentrations above the dstect ion and ground-water l inits  is probably 
due t o  the spreadin of waste i n  the subsoi l  and t o  the very l o w  con- 
centrat ion (s 10-7 uc/cc) of t h i s  radionuclide i n  the  waste stream. 

The absence gf Sr-90 in monitoring w e l l  samples 

1-131 i n  Plant Processes 

Performance s tudies  of the small charcoal t e s t  car t r idge i n  the  Eedox 
sand f i l t e r  i n l e t  a i r  continued. 
about t h e  same l eve l s  - 30 t o  50 percent o f  the radioiodine being removed 
from the  air stream. 

The measured eff ic iency con%inued at 

The efficiency of  the  tes t  charcoal w a s  measured 

. -  
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again with elemental iodine i n  process a i r  af'ter 64 days of service and 
found t o  be 58 percent versus 86 percent a t  37 days of service.  
the  e f f ic iency  f o r  molecular iodine is  higher than the  eff ic iency fo r  
plant  iodine, the difference is now less. 
sa tura t ion  o r  poisoning f o r  adsorption of molecular iodine. 

While 

This indicates  increasing 

"he iodine released during t h i s  month has varied widely, from a high of 
500 mc/day t o  a low of about 5 mc/day. The charcoal backup of the 
caust ic  scrubber gave an addi t ional  iodine removal of 10 - 60 percent, 
but the amount did  not show any r e l a t ion  t o  the rate of evolution. 

Studies a re  current ly  underway t o  determine the const i tuents  i n  the  a i r  
stream and t o  evaluate the i r  e f f ec t  on the  charcoal. The stream does 
have the a b i l i t y  t o  oxidize iodide ion t o  f r ee  iodine. 
could be such things as O3 o r  NO2. 
sdlut ions a re  being made. 
i n  room a i r  has been passed through charcoal w i t h  spike iodine and plant 
iodine., In both cases iodine was eluted from the charcoal. For 
"laboratory" iodine about 50 percent w a s  removed i n  two hours, 
air  was moist, some W O  
uniquely ascribed t o  NO: or HI70 
generated w i t h  copper and HNO 
observed. 

These oxidants 
NO2' and NO3' analysis  of scrubber 

NO2 i n  concentrations of 0 .1  t o  0.2 percent 

As the  
was formed, so t h a t  the  act ion cannot be 

I n  previous t e s t s  i n  1962 with N O 2  
3effects of t h i s  magnitude were not 

The concentration Z i c h  w a s  used i n  the  present test  i s  much 
higher than the  expected NO2 o r  NO3' contents of the  sand f f l t e i  i n l e t  
a i r  

WASTE MANAGEMENT AND FISSIOFI PRODUCT RECOVERY 

CSREX Engineering Development Studies 

Flow sheet s tudies  are underway t o  develop a CSRM process f o r  purify- 
ing the  strontium i n  t h e  dissolved lead sulfate cake (used t o  i so l a t e  
strontium from ac id i f ied  a lka l ine  s ludge) ,  Strontium losses  as l o w  as 
0,6 percent and Z 0 8  percent, respect ively,  have been obtained i n  the 1A 
and U3 columns. 
first time as a par t i t ion ing  agent. 
replacement f o r  c i t r i c  acid s implif ies  subsequent pocess ing .  
r a t i o s  used i n  the  successful runs were 1 A F . / 1 A s / w [ / l B X  = 1/0.9/3/1.8. 
The respective volume ve loc i t ies  i n  the  IA, 1s and U3 columns were 
510, 400 and 470 gph/ft2. 
l imited t e maximum s tab le  frequency t o  about 37 cycles/min; however 

e f f i c i e n t  frequencies 

The l a t t e r  u t i l i z e d  a 1 M  formic acid scrub fo r  the 

Flow 
(The use of formic acid as a 

The 1AF contained emulsifying solids which 

Mistron( R 7  addition t o  the  IAF permitted t h e  use o f  higher, more 

( R )  Trademark of S i e r r a  Talc and Clay Coo 

qg&-A% 

1 2 2 8 9 0 1  DECLASSIFIED 
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Extraction of BAMBP by NaOH and I?a,CO, Solutions 
L d  

Measuremcnt of the  extract ion of BAMBP from solvent soiutions by sodium 
hydroxide p d  sodium carbonate were completed. Extractants consisting 
of 0.5 M BAMBP - S o i t m l  and 0-5 BAMBP - 0.3 M D2EHPA - Sol t ro l  were 
contactzd w i t h  t en  t o  200 volumes of 0.1 t o  2 5-sodium carbonate solutions 
a t  room temperature (22-24 Cj and st 60 C .  The aqueous phase was con- 
tac ted  with carbon te t rachlor ide  t o  remove BAMBP and the BAMBP w a s  deter- 
mined spectrophotomctricaliy, Concentration of BAMEP i n  t h e  sodium carbon- 
ate solutions w a s  dependent on the  f i n a l  aqueous phase pH and appeared 
t o  be independent of t he  volume r a t i o  and temperature i n  the range studied. 
When D2EKPA was absent i n  the organic phase, BAMBP concentrations i n  the 
sodium carbonate solutions ranged from 2.7 x 
-. M a t  pH 11,5. Even l e s s  BAMBP w a s  extracted when The organic contained 
D 2 M P A  ., 

P4ultiple batch contacts confirmed data  reported last month (HW-79046 C )  
f o r  t h e  extract ion of BAMBP from 0,5 2 BAMEP-Soltrol solutions by 0 , l  t o  
3.0 sodium hydroxide solutions.  However, these experiments indicate  
t h a t  t he  data previously obtained f o r  extract ion of BAMBP from 0 , 5  
BAMBP - 0,3 M TBP - S o l t r o l  solut ions were high. Revised data for  the 
concentratio: of BAMBP i n  sodium hydroxide solut ions i n  equilibrium w i t h  
t h i s  extractant  range from 0.0063 a t  0.19 NaOH t o  0.0005 a t  2,67 
M NaOH. These data indicate  t h a t  e i t h e r  sodium carbonate o r  sodium 
hydroxide can be used as a wash f o r  the CSRM solvent without serious 
loss of BAMBP t o  t he  wash., 

Iy a t  pH 10.5 t o  5 x 10-5 

- 

Extraction of Aluminum from Redox Acid Waste with D2MPA 

Batch contact s tudies  of the  s t r ipp ing  of aluminum from D2EHPA extractants  
by ni+,ric acid s o k t i o n s  were completed, Organic solutions used in  these 
experiments were prepared by contacting simulated Redox acid waste w i t h  
e i t h e r  four volumes tf (a! 1.1 2 D2EBPA = 0,5  M T3? - S o l t n l ,  cr f ive  
volumes of ( b )  0.55 M D2XHPA = 0.27 M T ~ P  - s o i t r o i  for f ive  minutes a t  
60 C ,  
of 5 t o  10  M HNO Similar 
contact wi t ;  3 &NO- st r ipped 96 percent of the aluminum from (b) t o  
produce an aqueous pdase 2,1 E HN03 = 0,24 M A l { N O - )  
the  aluminum from ( a )  t o  produce an aqueous-1,: 

Ni t r ic  acid s t r i p s  aluminum from C2MPA r e l a t ive ly  slowly, ever? a t  60 I=., 
‘When solut ion (a: w a s  contacted at 60 C wl th  3 E H I E 3 ,  23,  36, 54 ana 
83 percent of t he  aluminum was removed at 3 ,  5 ,  10  and 30 minutes’ contact 
time, 
5 ,  i o  and 30 minutess contact t i m e ,  

In-Tank Sol id i f ica t ion  

Previous calculat ions ana experimental ssudies demonstrated tha t  a 
finned heat t r ans fe r  surface is needed i n  the annular c i r x l a t o r  t o  be 

Contact of (aT o r  (b ;  fo r  30 &Utes a t  60 C with an equal volme 
s t r ipped 98 t o  99 percent of the aluminum. 

and 83 percent of 
I d 3  - 0,38 - M Al(X03)30 

A t  25 C ,  only 3, 8 and 13 percent of  she aluminum w a s  removed a t  
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used f o r  concentration of intermediate l eve l  plant wastes, subsequently, 
a model finned c i rcu la tor  w a s  fabr icated and tes ted ,  The l imit ing,  
a i r -s ide heat t ransfer  coeff ic ient  w i t h  the finned surface w a s  measured 
as  approximately 40 Btu / (hr ) (sq . f t ) (*F)  compared t o  a value of 10 - 1 2  
with a s t r a igh t  annulus. 
heat t ransfer  t o  meet t h e  design c r i t e r i a  of an a i r  temperature a t  the 
bottom of the  c i rcu la tor  of TOO F o r  below, Fins have now been incor- 
porated i n  the  design of the c i rcu la tor  t o  be in s t a l l ed  i n  a 200-E Area 
waste tank. 
coating waste. 
so l id i f i ed  on cooling. 
mination of possible scale  deposits on t h e  c i rcu la tor  walls, 

An a l t e rna te  approach t o  the in-tank so l id i f i ca t ion  problem is  being 
explored - t ha t  of d i r ec t  immersion of e l ec t r i c  heaters i n  t h e  waste, 
This method has the  poten t ia l  fo r  subs tan t ia l  cost  reductions i n  t ha t  
equipment f o r  heating large quant i t ies  (5000 cfm) of a i r  would not be 
needed. 
on high f lux  heat transfer surfaces,  
c i rcu la tor ,  no scal ing has occurred using heaters with a 100 watts-per- 
square-inch rat ing.  
sca le  w a s  deposited only on the non-wetted surface of the sheath, i .e. ,  
t h a t  part of the  heater above t h e  l i qu id  leve l .  
of t h i s  approach are  i n  progress. 

Technetium Recovery 

A second, and t h i s  time fully successful, plant test of the  anion- 
exchange technetium recovery process w a s  ca r r ied  out t h i s  month by 
personnel of t he  Chemical. Processing Department. 
s t r a t ion ,  supernate from the 1034 waste storage tank w a s  passed through 
an ORNL Shielded Transfer Tank (STT) f i l l e d  wi th  400 gallons of IRA-401 
res in ,  during regular f i l l i n g  of cesium shipping casks. 
and hydraulics of the STT were far from optimum, approximately 30,000 
gallons of waste were passed through the cask fo r  an average recovery 
of about 60 percent and recovery of over one kilogram of Tc-99. 
a be t t e r  designed column (with l e s s  channeling) should subs tan t ia l ly  
decrease the  losses  and fur ther  improve capacity, To complete the 
demonstration, it i s  planned t o  e lu t e  the absorbed technetium ( w i t h  8 
HNO ),  concentrate the resu l tan t  1290-2000 gallons of product t o  a 
manigeable volume by evaporation a t  Semiworks, and ship t o  the  325-A 
Building f o r  f i n a l  purif icat ion,  i so la t ion  and conversion 'co metal. 

Cesium Extractants 

The higher coeff ic ient  provides suf f ic ien t  

In addition, a boildown t e s t  was conducted using "cold" 
After a volume reduction of about 4 t o  I, the waste 

The equipment i s  now being dismantled for deter- 

Tests have been performed t o  characterize t h e  scaling tendencies 
With heaters immersed i n  the  a i r  

With the  heater immersed i n  the  main body of f lu id ,  

Additional investigations 

I n  the  plant  demon- 

Although geometry 

Use of 

Attempts t o  synthesize phenols w i t h  BAMBP-like s t ructure  a r e  under way. 
The following compounds are i n  the  process of being prepared: ( a )  4-methyl- 
2(  a*methylbenzyl) phenol, and ( b )  4-acetoxy-2(a-methylbe?zyl) phenol. 
Other phenols containing electron withdrawing groups w i L  be prepared. 
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Successful gas chromatograms have been made from solutions containing 
BAMBP, Previously this ident i f ica t ion  method had not been successful. 
Now, using shor t  columns and high helium flow rates, it is  possible t o  
separate nktures of TBP, Sol t ro l ,  BAMBP, and even detect  the presence 
of D2EHPA. 
the  thermal decomposition of the  D2MPA i n  the in j ec to r  system of the  
gas chromatographic apparatus. 
re tent ion t i m e  than that of 2-ethylhexanol, 

Cesium Removal from Alkn'line Waste 

Tests were made t o  evaluate the use of r a w  water for washes during 
operation of a B-Plant ion-exchange column f o r  cesium removal from 
supernatant wastes. 
and pumped through a column of Duolite C-3 r e s in  while being constantly 
s t i r r e d  t o  suspend s m s l l  amounts of prec ip i ta ted  calcium. 
drop began increasing almost immediately, increased 25 percent by 25 
column volumes sad another I5 percent by 40 column volumes. 
column volumes t he  pressure drop had more than doubled, and a t  about 
300 column volumes the column plugged. 
p rec ip i t a t e  deposited in a layer  on top of  the bed and w a s  a l so  observ- 
able i n  the  top inch o r  two of voids. Although backwashing removed the  
mater ia l  from the  bed, it appears desirable  t o  use demineralized water 
in column wash cycles i n  B-Plant. 

A column of Duolite C-3 r e s in  (4 .4  grams) w a s  loaded with approximately 
5 cur ies  of Cs-137 t o  determine the  e f f ec t  of radiat ion on the  resin.  
Disti l led water w a s  pumped through the loaded column f o r  1 4  days. 
This exposure is estimated t o  be equivalellt t o  t h a t  of 1 - 2 years of 
exposure of r e s in  loaded w i t h  Cs-137 from Redox waste from the  SX Farm. 
The water wash w a s  made t o  remove soluble degradation products. About 
99 percent of the  a c t i v i t y  w a s  eluted v l t h  ammonium carbonate a f t e r  1 4  
days., 
loaded with Cs-137 and retained about 85 percent of  i t s  or ig ina l  capacity,  
an indicat ion of good r e s in  radiat ion resis tance.  

The last determination i s  possible presumably because of 

The decomposition product has a longer 

Purex raw water w a s  brought t o  pH 12 with caust ic  

Pressure 

After 200 

A white gelatinous calcium 

No v isua l  change of the  r e s in  w a s  observed, The res in  w a s  re= 

Fiss ion Product Packaginq 

The d ispar i ty  between predicted strontium loadings on Linde 4A zeol i te  
and experimental loadings from a simulated CSREX solution w a s  found t o  
be due t o  poor kinet ics .  
binary exchange data  was 1.76 meq Sr/g compared t o  an experimental loading 
of 1.30 m q  Sr /g  estimated from the 50 percent breakthrough point. Recent 
equilibrium experiments show t h a t  1.64 meq S r / g  a re  loaded when suf f ic ien t  
time is allowed for contact of feed solut ion with the  zeol i te .  

The predicted strontium loading computed from 

EQUIPMENT AND MATERIALS 

Scaling of Titanium Heat ExchanRer Tubes 

Tests w i t h  t i tanium heat exchanger bayonets 
s w i t h  and w5thout f luoride present .r- boil ing synthetic Purex 1 W W  

and with varying Cr(III)/Cr(VI) 
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r a t i o s  were continued. Temperatures indicated by thermocouples placed 
between the  i n t e r n a l  heating elements (aluminum rods)  and the t i tanium 
tubes were var iable  but ,  i n  contrast  t o  t h e  i n i t i a l  experiment of t h i s  
type, no overa l l  increase i n  temperature w i t h  time was noted. 
experimental apparatus based on a design suggested by Reactor Engineering 
Development personnel i s  being fabricated and w i l l  be used f o r  fur ther  
s tudies  of scal ing o r  loss of thermal t ransfer .  

An improved 

Laboratory and plant  experience indicated t h e  gradual loss of heat 
t r ans fe r  i n  the Purex H-4 t i tanium tube bundle w a s  due t o  build-up of 
s i l i c a  on the  heat t r ans fe r  surfaces. I n  a t e s t  currently i n  progress, 
s i l i c a  has not deposited, during t en  days' exposure, on a t i tanium sur- 
face boi l ing simulated H-4 bottoms containing eight  molar n i t r i c  acid 
instead of t en  molar. A t  t en  molar acid a scale  about 30 m i l s  th ick 
w a s  developed i n  t en  days. 

Corrosion of Mild S tee l  Weldments i n  NaNO, Solutions 

Nineteen m i l d  s t e e l  weldments fabr icated by Consolidated Western S tee l  
using a var ie ty  of manual and automatic welding techniques have been 
received and are  being exposed t o  40 percent NaN03 - 10 percent NaN02 
solut ion a t  about 80 C ,  
any of t he  weld structures are subject t o  a t tack  i n  a lka l ine  n i t r a t e  
solutions.  Previous t e s t s  revealed one weld metal s t ructure  (produced 
i n  a submerged a rc  weldment with Lincoln L6l wire and 760 f lux)  which 
w a s  subject t o  severe a t tack  i n  a lka l ine  n i t r a t e  solution when made 
anodic. 
merged a rc  weldments by heat treatment a t  600, 700, 800, 900 and 1000 C 
followed by a i r  cooling were la rge ly  not successful,  
susceptible s t ruc ture  under anodic conditions w a s  increased somewhat by 
heat treatment at T O O  C (30 minutes i n  an argon atmosphere) and 
decreased by treatment a t  900 and 1000 C. 

2 

Primary purpose of the t e s t  i s  t o  determine if 

Attempts t o  produce t h e  susceptible s t ruc ture  i n  other  sub- 

Attack of the  

Corrosion of Ti-Pd Alloy i n  HC1-HNO -FeC1 

A mater ia l  w a s  needed i n  234-5 Building operations for  a heat exchanger 
t o  operate i n  hydrochloric acid solutions containing n i t r i c  acid ranging 
from d i lu t e  t o  zero concentration, The material i s  exposed t o  the  
l i qu id  phase only. Titanium i s  not sa t i s fac tory  fo r  t h i s  service where 
the  n i t r i c  acid concentration approaches zero. A Ti-2 w/o Pd a l loy  w a s  
investigated fo r  the  service.  
i n  boi l ing  6 M H C 1  o r  6 E HC1 - 0.01 
H C l  - 0.01 fiFeC1 the corrosion r a t e  was 32 mils/mo compared t o  a r a t e  
of > 100 mils/mo ?or A-55 T i ,  
to le rab le  i n  t h e  proposed application. 

3-3 

Corrosion rate of the  al loy w a s  75 mils/mo 
HNO . However, i n  boi l ing 6 

Ferr ic  chloride a t  0.01 4 i s  considered 
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ilon-Metallic Materials 

Chemical cckpat ib i l i ty  tests of Hetron, a f i re  retardant polyester 
produced by Hooker Electrochemical Company, indicate  this product has 
remarkably good chemical resistance.  
37 percent BC1 or t h e  vapor above it a t  room temperature, by 50 percent 
NaOH, Recuplex CAX, Purer HAX, carbon te t rachlor ide,  25 percent DBBP - 
75 percent CC1 
in 48 percent kF, nine percent i n  the  vapor above 48 percent HF, and 10 
percent i n  60 percent H ~ O ~  a t  room temperature, 
10 percent HI?03 a t  the boiling point. 
of fiberglass-reinforced sheets'which have some promise as hood construction 
material e 

It w a s  not affected by e i the r  

or D2EEPA at r o o m  temperature. It swelled 10 percent 

It  shrank 19 percent i n  
Hetron i s  available i n  the  form 

PROCESS CONTROL 

Plutonium Ueutron Monitor 

A standard HAP0 BF 

recycled plutonium vesse l  and f o r  other i n s t a l l a t ions  where high gamma 
backgrounds are present,  Results from the  test show tha t  a s l i g h t  
decrease i n  neutron pulse height 3tarts t o  occur i n  a gamma. f i e l d  of 
approximately 0.8 x 103 R/hr. 
of neutron pulse height occurs with an increase i n  noise leve l .  The 
detector  could operate i n  this radiat ion f i e l d  wi th  proper amplifier 
discriminator se t t ing ;  the signal t o  noise r a t i o  should be approximately 
5 t o  I, as compared t o  a 60 t o  1 s e t t i n g  out of the radiat ion f i e ld .  
A t  4,O x lo3 R/hr the noise l e v e l  equals the  s igna l  leve l ,  making t h e  
detector  unsuitable fo r  use i n  radiat ion f i e i d s  of t h i s  in tens i ty .  

tube w a s  t e s t ed  i n  a high gamma flux t o  determine a 
sa t i s fac tory  opera i ing locat ion for the plutonium monitor i n  a Purex 

A t  2.5 x lo3  R / h r  considerable attenuation 

The BF3 tube tc moni%or t h e  Purex plutonium recycle tack w i l l  be located 
outside the vessel  i n  a ?-inch diameter polyethylene moderator where the 
radiat ion l e v e l  is expected t c  be less than 1,O x lo3 R/hr. 
radiat ion l e v e l  i n  the  vessel is approximately l o 5  R/hr, accounting f o r  
t h e  failure of 8 BF3 tube previously in s t a l l ed  i n  the vessel  i t se l f .  

The 

S c i n t i l l a t i n g  Glass Alpha Detector 

S c i n t i l l a t i n g  glasses a r e  promising candidates fo r  in-line concentration 
measurement of such alpha emitters as Pu-239 and Am-241. 
advantages are high counting y ie lds ,  on the order of 40 percent, and 
r e l a t ive  ease of decontamination, Previous t e s t s  using l o w  s i l i c a  
glasses showed tha t  d i l u t e  n i t r i c  a c i d  a t tacks the glass  rapidly,  
making them unf i t  f o r  many plant applications.  
made of cerium-activated, high s i l i c a  Vycor (Corning Glass Works) glass 

Among t h e i r  

Several new s c i n t i l l a t o r s  

1 2 2 8 9 0 b  
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w e  now being evaluated. 
source, a ngt in tegra l  counting rate of about 16,000 cpm was obtained. 
Pulses from a radium beta source and a cesium gamma source were not 
detected, indicat ing the  s c i n t i l l a t o r  can discriminate against  low-level 
beta and gamma emitters. 
thicknesses of cerium t o  ascer ta in  t h e  optimum thickness. Also, several  
of the  s c i n t i l l a t o r s  are being exposed t o  n i t r i c  acid solutions,  wi th  no 
a t tack  apparent a f t e r  one week's exposure. 

Using a 40,000 d / m  dry plutonium alpha 

Experiments are being conducted with varying 

Electrodeless Conductivity Monitor 

A candidate instrument for  measuring e l e c t r i c a l  conductivity of process 
streams has been tes ted  under non-radioactive conditions. The system 
consis ts  of a glass  flow tube around which two toro ida l  co i l s  or  trans- 
formers are s i tuated.  One c o i l  i s  connected t o  a transmitt ing uni t  
which supplies a source of stable voltage i n  t he  high audio-frequency 
range. 
transformer, is  connected t o  a receiving uni t  which is  a sensi t ive A.C. 
vacuum tube voltmeter f o r  measuring the output voltage from t h i s  winding. 
With constant input voltage, the output voltage of the system is pro- 
port ional  t o  the conductivity of the solution. Conductivity measurements 
have been made on n i t r i c  acid solutions ranging from 0.2 E t o  4 
temperatures between 30 and 50 C. 
the  instrument appears capable of indicat ing conductivity w i t h  suf f ic ien t  
accuracy fo r  plant use. Re-design of the  seals i n  t h e  flow c e l l  assembly 
proved necessary t o  eliminate solut ion leakage. Several addi t ional  
problems are foreseen w i t h  a jumper in s t a l l a t ion  for  measuring H A W  
ac id i ty  and no spec i f ic  plans fo r  i n s t a l l a t ion  have been developed. 

The second c o i l  o r  receiver  c o i l ,  which functions as a current 

at 
On t h e  basis of the laboratory s tudies ,  

AMALYTICAL AND INSTRUMENTAL CHMSTRY 

Controlled Potent ia l  Goulometry 

Work on t h e  design and t e s t i n g  of an improved platinum-working-electrode, 
controlled poten t ia l  co-iometer c e l l  has been completed, and construction 
p r in t s  d i s t r ibu ted  t o  the  laborator ies  a t  Hanford which use coulometers. 
The pr incipal  changes from the  c e l l  previously i n  use a t  Hanford 
(HW-58491) are as follows: 

1. The reference electrode has been placed between the isolated electrode 
frit and the working electrode, 

2. The bottom (sparge) frit i s  specif ied as medium, rather than coarse 
porosity,  t o  minimize the  poss ib i l i t y  of loss of sample in to  t h e  frit. 

3. The i so la ted  electrode frit i s  specified as  u l t r a f ine  porosity. 

DECLASSIFIED 
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4. The glass-plug stopcock control l ing t h e  sparge and slurp l i nes  t o  
the c e f i  has been repiaced with a te f lon  plug stopcock t o  prevent 
Sticking 

Hexone Impurities 

Gas chromatography.has been used t o  ident i fy  and determine acetone and 
mesityl  oxide in hexone. 
specif icat ion l imi t  of O,5 percent. 
samples had been previously washed with dichromate, 

Mesityl oxide can be determined w e l l  below the  
Alcohol was not investigated as  t h e  

TEP-DBBP Ident i f ica t ion  

The s t r u c t u r a l  similarity of TBP and DBBP makes posi t ive d i f fe ren t ia t icn  
difficult  and a simple test which would also be suitable for mixtures i s  
desirable.  Both IR and NMR methods were considered. With the  former it 
should be possible t o  observe the P-0 s t re tch ing  frequencies which are 
d i f fe ren t  for the two compounds, -1280 cm-l fo r  TBP and %1240 cm-l for 
DBBP. 
t o  give a su i tab le  spectrum in t h i s  region, 
a convenient technique is t o  use a soki t ion of TBP as a blank. 
complete cancellation occurs except i n  t h e  P-0 region where sharp bands 
WiU. appear i f  the solutions are not ident ica l .  
solut ions can be saturated wi+Yh.uranyl n i t r a t e .  
n i t r a t e  complex shifts  t h e  ?-0 bands about 80 - 90 cm'l t o  lower fre- 
quencies and again the.3- e f f ec t  i s  observed. The spectra  are ,  
however, somewhat more complex, The covalent n i t r a t e  s t re tch ing  fre- 
quencies, v1 and v4, may differ s l i g h t l y  i n  the  two complexes. 
DBBP will ext rac t  more uranium from an aqueous phase t h a n  does TBP. 
Hence addi t ional  difference peaks may be seen i n  the  1300 - 1600 cm-I 
region. The di luent  used is not  c r i t i c a l .  For t h e  uranyl n i t r a t e  
saturat ion method, a di luent  qi-ring higher d i s t r ibx t i cn  cgeff ic ients  
than found wLth CC14 would be preferable t o  eliminate tbe concentration 
e f f ec t s ,  It shculd aLso be rea l ized  t h a t  band posit ions are s l igh t ly  
dependent on t he  di luent  used. 

A 10 percent solut ion i n  C C l 4  i n  a 0-02 - 0.05 mm cell was found 
Since these bands are  close 

Nearly 

If desired, the 
Fonnaf;ion of a uranyl 

Also 

Ten percent solutions i n  C C L ~  are &so quite  s u i t a u e  for NMR investi-  
gation. The f ine  s t ruc ture  resu l t ing  f r . 2 m  t h e  6 and y methylene grotcns 
is qui te  different  for the  t w o  compounds, Also it a2pears t h a t  the 0 

methylene ( P 4 )  protons in DBBP have a Fesonance i n  t h i s  region i n  con- 
trast t o  the a methylene (P-C-C) protons which ha-re resonances a t  a much 
lower f i e l d  strength.  
g rea t ly  shifts  all a methylene protons g+rd in t h e  case o f  DBBP s h w  
peaks emerge, 

The formation of the uranyl n i t r a t e  complex 
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E i t h e r  technique is  su i tab le  f o r  the  d i f fe ren t ia t ion  of t he  two compounds, 
The I R  method i s  recommended because of t he  ava i l ab i l i t y  of instrwnenta- 
t i o n  and ease of data interpretat ion.  

A t t e m p t s  t o  separate the  two compounds by gas chromatography have not 
been successful t o  date. 

Simplified Sr-90 Determination i n  300A Basin Samples 

The time-consuming determination of c r i t i c a l  Sr-90, required when 300A 
waste retent ion basin samples exceed the  t o t a l  be ta  re lease limit, has 
caused serious delay i n  re leasing such basins.  
w a s  re l ieved with the advent of a simplified Sr-90 determination, 
depends upon only a 'single carbonate prec ip i ta t ion  which serves quanti- 
t a t i v e l y  t o  separate Sr-90. The prec ip i ta te  allows a f irst  estimate of 
Sr-90 content.. The method demonstrated tha t  all basin samples having 
r e l a t ive ly  high beta  ac t iv i ty ,  thus far,  consisted of minor amounts of 
Sr-90 thereby allowing immediate re lease of the basins. The higher 
beta  a c t i v i t y  comes from the  normal spectrum of isotopes i n  the Columbia. 

This month the  delay 
It 

Technetium-99 Determination 

A s ign i f icant  breakthrough w a s  made i n  the  determination of Tc-99. 
newly developed method i s  simple, accurate and highly r e l i ab le .  The 
s ingle  undesirable feature  i s  the  eight  hours required p e r  determination, '  
That is  o f f s e t  somewhat by concurrently analyzing several  samples, 
i n  l i g h t  of t h e  inconsistent r e l i a b i l i t y  of previous methods, the time 
now required i s  well spent. 

The 

Also, 

The solution f o r  analysis  i s  loaded onto a 1 m l ,  4 mm I D  column of 
Dowex-1, X-4 200-400 mesh ccnverted t o  the n i t r a t e  form with 4 
The Tc-99 is eluted w i t h  3 g HNO 
beta  counted with and without a greater  than 80 mg/cm2 aluminum absorber 
which i s  j u s t  adequate t o ' s t o p  the  0,29 MeV Tc-99 beta. The Tc-99 
e lu t ion  begins a t  f rac t ion  9 and ends a t  f rac t ion  18. The only observed 
interference is  Ru-103-106 which "leaks" off  the column during the 
elution. 
Tc-99 peak a correction for  Ru i s  made i n  the peak, When determining 
a minor technetium quantity among re l a t ive ly  la rge  quant i t ies  of f i ss ion  
products, a s ingle  column often was not adequate fo r  the  necessary Ru 
decontamination. 
technetium, taking it t o  dryness a t  90 C and dissolving the technetium 
i n  0.1 ZHN03 fo r  loading onto a second column, an addi t ional  ruthenium 
DF of 20 was obtained. 
than two percent loss of technetium. 

IIN030 
and 1 m l  portions of the  eluate  a re  

col lected on s t a in l e s s  s t e e l  d i s  2 es ,  dr ied under a heat lamp and are 

By using the no absorber/absorber r a t i o  j u s t  p r io r  t o  t h e  

By co l lec t ing  the portion of the eluate  containing 

A s  many as three  columns were used w i t h  l e s s  

. *: DECLAS- 
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Sequential Coulometric T i t r a t ion  o f  U r a n i u m  and Chloride 

Reduction of  30 percent in analysis time w a s  poss ib le  when determining 
both uranium and chloride i n  a sample. 
uranium t o  t h e  + 4 state i n  1 
electrode, t h e  chloride was t i t ra ted at  +0.30 volt .  
involved in the chloride t i t r a t i o n  is t h e  anodic dissolution of the 
mercury electrode and prec ip i ta t ion  as mercurous chloride u n t i l  the  
depletion of t h e  chloride from the  solution. The simultaneous determin- 
a t ion c a ~ l  be made when uranium concentration i s  5 t o  50 g/l, and chloride 
i s  2 t o  20 g/l. 

- 

After the  reduction of the  
H2S04 at -0.30 vol t  vs. saturated calomel 

The mechanism 
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REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Sal t  Cycle Process 

Electrochemistry i n  Molten Chloride S a l t  Solutions - Previous measurements 
of t h e  EMF of the  react ion 

uo2 + c1* = U02C12, 

as occurring i n  molten chloride salt  solutions,  have indicated strong 
dependence of EMF upon the  composition of t he  melt. 
provide a basis f o r  t he  in te rpre ta t ion  of the  results fo r  t he  U02-C12 
react ion,  experimental work has s ta r ted  on s i m i l a r  measurements f o r  
simpler and better understood reactions.  In  t h i s  program, the  EMF-melt 
compos.i.tion curve f o r  the  react ion Ni + C 1 2  = NiC12 i n  t he  NaCI-KC1 salt 
system has now been completed. 
w a s  found t o  increase l i nea r ly  with increase i n  the  K C l / N a C l  r a t i o ,  
However, t he  slope of the EMF-composition l i n e  f o r  the  N i - C 1  react ion 
w a s  such as t o  suggest less dependence of EMF upon chloride 'activity" 
than i n  t he  case of the U02-C12 react ion,  This may mean t h a t  the  chloro 
association constant i s  smaller for N i ( I 1 )  than f o r  U 0 2 ( V I ) .  The work 
w i l l  be extended t o  the  LiC1-NaC1 and L i C 1 - K C 1  melts. 

I n  an e f f o r t  t o  

As with the  U02-C12 reaction, the  EMF 

Chloride Contamination i n  Elec t ro ly t ic  U09 and U02-Fu02 - Further 
s tudies  have been made of t he  e f f ec t  of melt impurit ies upon the  chloride 
content of electrodeposited U02 and U02-Pu02 s o l i d  solutions.  It now 
appears probable t h a t  the  high chloride content of p i l o t  plant  U02 
resulted from t he  presence i n  the m e l t  of corrosion products from the  
Hastelloy C e l ec t ro lys i s  pot l i d s .  The evidence leading t o  t h i s  con- 
clusion c m e  from a laboratory experiment i n  which a sheet of Hastelloy 
C w a s  suspended above a new melt for sixteen hours while U02 was being 
dissolved i n  the  m e l t  with a chlorine sparge. Severe corrosion of t h e  
metal occurred, with a t  least par t  o f  the  corrosion products dropping 
in to  the  melt. Subsequent electrodeposit ion of U02 from t h i s  melt gave 
a product which, after grinding t o  -200 mesh p a r t i c l e  s i z e  and thorough 
washing, contained 220 ppm chloride,  
so thoroughly contained 1500 ppm chlor ide,  

A sample which had not been washed 

Thoroughly-washed samples of U02 containing 0.53 and 3 . 3  w/o PUO2 i n  
s o l i d  solut ion were found t o  contain 110 ppm and 80 ppm chloride,  
respect ively,  It i s  grat i fying t o  f ind t h a t  incorporation of Pu02 i n  
the  U02 does not increase the chloride impurity 1eve l .of  t he  product. 

DECLASS f FiED 



Engineering Development - In-cell  t e s t i n g  of the  equipment in s t a l l ed  in 
C-cell of the  - High Level Radiochemical Fac i l i t y  fo r  t he  Sa l t  Cycle 
Demonstration has been completed, Unirradiated, cold-swaged, Zircaioy- 
clad UO fuel rods were bisected and intrcduced in to  the c e l l ;  approxi- 
mately g5 pounds of U02 were removed from the  cladding by a vibratory 
decladder and oxidized at  400 C t o  V308 with a i r  at 2 l i ters p e r  minute 
for  19 hours. 
press and removed from the  cell., 

The U308 w a s  dissolved in a 70-pound molten L i C 1 - K C 1  s a l t  bath a t  600 C 
by sparging with 4 l i ters per minute of 50 v/o chlorine - 50 v/o hydrogen 
chloride fo r  72 hours. The cff-gas w a s  treated with caust ic ,  an 
absolute f i l t e r  and a charcoal bed i n  series. 
t h e  caus t ic  scrubber w a s  destroyed by periodic addition of hydrogen 
peroxide t o  protect  t he  s t a in l e s s  steel i n  the spent caust ic  storage 
tanks e 

The clsdding w a s  cut  i n t o  b-inch lengths with a hydraulic 

Hypochlorite formed i n  

A 24-pound batch of U02 w a s  deposited on a pyrolyt ic  graphite-coated 
cathode by e l ec t ro lys i s  a t  1 . 4  vo l t s  fo r  22 hours using a gas sparge of 
50 v/o oxygen - 50 v/o chlorine.  The deposit was eas i ly  removed from 
the cathode by s p l i t t i n g  with a wedge mounted on the  hydraulic press.  
The U02 was then cut i n t o  1/2-inch cubes, washed v i t h  water t o  remove 
chloride,  dried,  crushed and screened t o  t h e  proper s ize  f o r  reloading 
i n t o  fue l  rods by vibratory .compaction, 

Plutonium Recycle Fuel Processing Economic Study - The MELEAGER computer 
runs required t o  obtain h e 1  burnup data f o r  a new reactor case have 
been completed. There are two important differences between t h i s  
reactor  case and t h e  previous one, both of which should s h i f t  the 
economics i n  the d i rec t ion  of increased incen%ive fo r  close-coupled 
processing; (1) the  Enrichment leve l  i s  higher f o r  a given exposure, 
which should rediice the  o p t i m  exposure and thus increase reprocessing 
throughput, and ( 2 )  there  is  a s igni f icant ly  higher f rac t ion  of f i s s i l e  
plutonium i n  the  spent f u e l  and t h i s ,  combined with a higher U-235 
enrichment i n  t h e  spent fue l ,  should r e s u l t  in better u t i l i z a t i o n  of 
the  spent fuel uranium in close-coupled recycling, Before proceeding 
w i t h  t he  economics computations, t h e  two r e y o c e s s i l g  economics programs 
are  being revised t o  simplify Fnpuz and output formats and t o  provide 
addi t ional  output information, 

Trilaurylamine Extraction of Plu%onium - A single  batch contact w i t h  an 
equal volume of 0.3 g TU-Soltrol  extracted from 95 t o  99 percent of the 
plutonium from solritions simulating dissoiver  sc lu t ions  tha t  might r e su l t  
from HN03-Hg(NC ) 2  catalyzed dissolut ion of PRTR spike fue l  elements 
(Al-Ni-Pu alloy?,  
a preliminary separation o f  plutonium t o  f a c i l i t a t e  processing two 
special PRTR fuel assemblies i n  the Redox 2lant .  

This approach has been suggested as a means of making 
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RADIOACTIVE RESIDUE PROCESSING DEVELOPMENT 

Calcination Studies 
- 

A shipment of Redox waste, su f f i c i en t  fo r  two spray calciner  runs, was 
obtained from the  Redox P l s n t  and analyzed. 
made i n  the 8-inch ("cold") spray calciner  w i t h  a feed of t h i s  composition 
t o  define conditions for  a forthcoming hot-cell  run. 
t h a t  aluminum n i t r a t e  ( a  malor ingredient i n  Redox waste) spray calcines 
t o  a very voluminous, refractory,  alumina powder, use of addi t ives  
(such as borate) i s  necessary t o  produce a m e l t .  
required t o  define a recipe (using both borate and s i l i c a )  fo r  a "pump- 
able" and "atomizable" feed which w i l l  ca lc ine t o  a powder melting 
smoothly at 2 900 C .  The so l id i f i ed  melt appears t o  be a t rue  glass  of  
very low solubiLity and preparations were underway a t  month's end f o r  
a run with ac tua l  waste, 

A s e r i e s  of runs were then 

Due t o  the  f a c t  

Several runs were 

Cold Semiworks Spray Calciner 

Measurements were made with an aspirated and moveable thermocouple t o  
determine rec i rcu la t ion  r a t e s  and heat  du t ies  w i t h  water feed t o  the  
spray calciner .  Recircul'ation r a t e s  fo r  t h e  short  (4 ,75 f t .  ) 14-inch 
diameter draft tube ranged from 2100 t o  5000 lb /hr .  Some increase i n  
rec i rcu la t ion  rate with increasing t o t a l  mass flow (steam plus feed) w a s  
observed. There w a s  no s igni f icant  change i n  rec i rcu la t ion  r a t e  when 
the  c.alciner w a l l  temperature w a s  changed from 700 C t o  800 C. 
calculated heat duty o r  net  enthalpy change of t he  feed plus steam 
through the  draft  tube showed la rge  experimental e r ro r  but appeared t o  
increase with feed rate and w a l l  temperature. 

The 

S i m i l a r  kasurements w i t h  t h e  long (8.5 f t , )  14-inch diameter d ra f t  
tube have been completed but have not ye t  been evaluated. A new 16-inch 
diameter, finned draft  tube has been in s t a l l ed  t o  study the  e f f ec t  of 
t he  narrower annulus and extended surface on heat transfer t o  the  spray, 
A moveable, wick-covered thermocouple has been constructed t o  map the  
wet spray zone. 

Calcine Powder Melter 

During the month a melt run with a powder feed rate of 10  pounds per 
hour w a s  ca r r ied  out,  
phate, l i th ium and calcium w a s  manually fed t o  the melter fo r  one and 
one-half hours, 
on the  surface of t he  melt fo r  the  duration of t he  run, No excessive 
off-gassing, foaming o r  pressurization of the vessel  was observed, 
temperatures were maintained a t  900 - 950 C w h i l e  powder layer  temperatures 
ranged from 400 t o  800 C.  

Calcined, synthetic Purex waste with added phos- 

A layer  of powder, 1 / b  - 1/2-inch thick,  was maintained 

Liquid 
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Manual feed of t h e  powder w a s  necessary since plugging of  the screw 
feeder by eondensing steam s t i l l  remains a problem. The powder, which 
i s  stored exposed t o  the atmosphere, absorbs moisture from the  air, 
When the powder melts, t h e  moisture i s  released and recondenses i n  the 
powder a t  the  discharge of t he  screw feeder. 
are being s tored i n  sealed p l a s t i c  bags t o  prevent moisture absorption. 

New batches of powder 

The bellows vaive in t he  melter became plugged during the last run of 
the  month. The top flange of the  melter was disconnected revealing a 
black slag-like melt i n  the jot, 
throughout t he  melt. 
determined, Examination of the inside w a l i s  o f  t he  melter and of the 
bellows valve revealed no v i s i b l e  corrosion. 

a i t s  of fused metal were dispersed 
The exact cause of t h i s  behavior has not yet been 

Denit rat or-Evaporat or 

A Nionel steam heater bayonet was subst i tuted for the  previously t e s t ed  
3044 stainless s t e e l  bayonet i n  the  denitrator-evaporator ., 

of boi l ing  in phosphate adjusted simulated Purex waste using a AT of  40 F 
the  ove ra l l  heat t r ans fe r  coef f ic ien t  gradually rose from 190 t o  210 
B tu / (h r ) ( sq . f t )  (OF! e Inspection of the heater after boi l ing showed 
corrosion of t he  welds, but l i t t l e  p i t t i n g  of the Nionel. 
sheathed Watlm Firerod(R) e l ec t r i ca l ,  heaters were subst i tuted fo r  the  
Mionel bayonet. Under cor?ditions s imilar  t o  previous t e s t s  a m a x i m u m  
heat f lux of 50,000 Btu / (hr ) (sq . f t )  was achieved without scaling; above 
t h i s  f lux v a h e  a hard sca le  s t a r t e d  t o  bui ld  up. It  i s  estimated t h a t  
the above heat f lux is t he  c r i t i c a l  value f o r  the  phosphate adjusted 
Purex waste boi l ing  a t  135 C. Flux values of less than 10,000 Btu/(hr)  
(sq.ft)  were obtained i n  t h e  steam heated bayol;ets due t o  overa l l  heat 
t r ans fe r  and avai lable  steam pressure linita:ions, . 

After 25-hours 

Three Inconel- 

Continucus Glass W i n g  

A laboratory study is ilnderway on t he  e f fec ts  o f  eonposition an the 
propert ies  of two types of glass:  (1) phosphate glasses derived from 
Purex-type waste containicg f i s s ion  protiucts equivalent t o  1c),OOO blWD 
burnup, and (2:) CRNEtype l i thium phosphate "giass" , The high ElWD 
Furex-type waste is ccnsidered representatlve of  vaste  from processing 
of power reactor  fue ls  and is being used as the  basis l'or a f a c t o r i a l  
study c f  composition effects .  In axperiments t o  date ,  the  presence of 
( synthe t ic )  f i s s ion  products ra ised the dr ip  temperature t o  over 1050 C 
while increasing t h e  phosphate t o  one-third over stoichiometric had no 

( R j  Trademark of Watlow Electr ic  Manufacturlng (70, 
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ef fec t ,  Presence of f i ss ion  products d id  r e su l t  i n  a more homogenous 
system. Reason f o r  i n t e re s t  i n  the  ORNL l i th ium phosphate formulation 
w a s  observation of a yellowish green second phase i n  material produced 
i n  the  321 Building. 
analysis t o  be much enriched i n  su l fa te .  
second phase and improve retent ion of su l f a t e  i n  the melt i s  being 
sought. 

This second phase w a s  shown by X-ray fluorescence 
An addi t ive t o  eliminate t h i s  

Calcium was scouted but w a s  ineffect ive.  

Preparations f o r  the  "hot c e l l  glass  experiment" continued. 
of equipment f o r  the "cold" p i l o t  set-up have been received and the 
remainder a re  expected soon. 
be used t o  heat the  glass  furnace, proved defective during tes t ing ,  
Since repa i r  w i l l  require a minimum of several  months, res is tance heaters 
are being procured f o r  use i n  i n i t i a l  "cold" runs. 

Some items 

The 20 kw induction heater,  which was t o  

Thermodynamic Properties of Zeolites 

Rational thermodynamic equilibrium constants and standard Gibbs free- 
energies were determined f o r  several  synthetic zeol i tes  and c l i n o p t i l o l i t e  
w i t h  the  react ion 

The equilibrium constants of the above react ion f o r  Linde bAXW, 13X, AW-400, 
AW-500, Norton Zeolon and c l i n o p t i l o l i t e  were 10.68, 3.96, 1.08, 0.660, 
0,550 and 0.572, respect ively,  
t o  the nearest  100 cal/mole, were -1400, -800, 0 ,  +200, +bo0 and +300 for  
4AXW, 13X, AW-400, AW-500, Zeolon and c l i n o p t i l o l i t e ,  respectively.  

The standard Gibbs free-energies, expressed 

Thermodynamic constants derived from the re la ted  exchange reactions reported 
i n  the last three months can be used t o  determine the accuracy of t h e  
equilibrium data, For example, the Gibbs free-energy fo r  the  exchange 
reaction 

) -+ 
(2Nazeolite + Sr+2solution + Srzeol i te  + *Na+solution 

minus the Gibbs free-energy for  the  react ion 

should equal the Gibbs free-energy f o r  the reaction 

An average e r r o r  of ,+ 100 cal/mole from the  above energy relat ionships  
indicated t h a t  the experimental equi l ibr ia  of the above three systems were 
va l id  f o r  a l l  the zeol i tes  studied. 
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Lov and Intermediate Level Waste Treatment 

The p i l o t  p lan t  f o r  processing radioact ive condensate waste was s t a r t e d  
during the  month, with Purex T a n k  Farm condensate ( P T F C )  used as feed. 
The process cons is t s  of removing ammonia, TBP and di luent  by steam 
s t r ipp ing  and removal of radioact ive isotopes by a three-bed demineralizer, 

The demineralizer used i n  the  f i r s t  m n  consisted of a t h i n  (1/2") bed 
of  60-100 mesh c l i n o p t i l o l i t e  followed by a strong base anion r e s in  and 
a s t rong ac id  cat ion resin.  
ac id i f i ed  t o  pH 3.5 - 4.0 before enter ing the ca t ion  column. 

The ef f luent  from the  anion column was 

The first run was terminated after about 400 gallons of PTFC had been 
processed when an unidentified s o l i d  started plugging the  t h i n  bed and 
ca t ion  bed. 
by s t r ipp ing .  No solids are apparent i n  PTFC which is s t r ipped within 
two days and allowed t o  stand f o r  two weeks. 

The s o l i d  appears i n  PTFC after 2-5 days and is  not removed 

Before the  second run is  attempted, the piping w i l l  be modified t o  permi t  
s t r i pp ing  of PTFC within two days. 
s tored  as feed t o  the demineralizer. Laboratory invest igat ions a r e  
underway to iden t i fy  the solid. 

The st r ipped condensate will then be 

8 
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BIOLOGY AM) MEDICINE - 06 PROGRAM 
TERRESTRIAL-ECOLOGY - EARTH S C I E N C E S  

Hydrology and Geolom 

The last l i n k  needed for  carefu l  evaluation of possible numerical e r rors  
i n  the  permeability calculat ion method ( e l e c t r i c a l  analog of ground 
water flow) was obtained. 
function f o r  the preliminary analog '~8s obtained with the assis tance of 
personnel i n  Applied Mathematics, 
comparison of the  streamlines generated numerically w i t h  the  exact flow 
paths which a re  described analyt ical ly .  

Also, a closed-form solution of the  stream 

This solution w i l l  permit d i r ec t  

A l l  materials (power supply, r e s i s to r s ,  cables, taper  pin blocks and 
accessory items) f o r  the  preliminary, 662-node, analog network arr ived 
on s i te  and fabricat ion of the network w a s  s ta r ted .  This experimental 
model i s  expected t o  be operable by the  end of November. 

Laboratory work f o r  obtaining the  s o i l  parameters fo r  par t ia l ly-  
saturated flow i s  underway. The tensiometers, inflow bar r ie rs ,  and out- 
flow ba r r i e r s ,  for the  s o i l  columns were fabricated from "Lucite" and 
ceramic material .  
was packed and saturated,  and a run of permeability vs, capi l la ry  
pressure during drainage i s  i n  progress, 
s i s t e n t  w i t h  previous imbibition data on t h e  same material. 
pressure head fromthe building vent i la t ion  system seems t o  present no 
problem with t h i s  method of obtaining data. 
capi l la ry  pressure throughout the  column indicate  good uniformity of 
packing by the  new s o i l  column packer, 

A 20-inch long column of f ine  sand from the  Project 

The data  appear t o  be con- 
The s t a t i c  

The constant values of 

The rate of d r i l l i n g  of w e l l s  by rotary methods, as used by Geophysical 
Services, Inc., on Contract SA-269, w a s  compared t o  tha t  by cable-tool 
d r i l l i n g  methods used a t  Hanford, 
Mayhew-1000, truck-mounted ro ta ry  d r i l l  they used d r i l l e d  a t o t a l  of 
5860 f e e t  of 4-3/4-inch hole i n  182 hours of ac tua l  d r i l l i n g ,  o r  an 
average of 32.2 f e e t  p e r  hour. This compares t o  the all-time Hanford 
average for  cable-tool d r i l l s  of  16 t o  17 f e e t  per day f o r  Speed-Star 
71 cable-tool dri l ls  o r  equivalent, Basalt was d r i l l e d  by rotary 
methods a t  a rate of 4.2 f e e t  p e r  hour compared t o  7-10 f ee t  per  day 
f o r  comparable basa l t  by cable-tool methods. Should the  rotary methods 
prove as advantageous from the cost  standpoint and t h e  technical  stand- 
point as from the  performance standpoint, then de f in i t e  consideration 
should be given t o  using t h i s  method f o r  d r i l l i n g  future  wells at  Hanford, 

G S I  records indicate  t h a t  the  
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RADIOLOGICAL AND HEALTH CHEMISTRY 

Multidimensional Gamma Spectrometry 

Measurements of some members of na tura l  radionuclide chains with m u l t i -  
dimensional analyzer gamma spectrometry ind ica te  t h a t  high s e n s i t i v i t y  
and s e l e c t i v i t y  c a ~  be obtained. 
t i v e  of t he  U-238 chain from ~a-226 and would provide a s e n s i t i v i t y  of 
4 ug U-238 if t h e  whole chain i s  i n  equilibrium. 
i s  representat ive of the Th-232 chain from 'l!h=228 and would provide a 
s e n s i t i v i t y  of 20 ug for Th-232 i f  the  whole chain is  i n  equilibrium. 
These figures are based on a 1000 minute count and would p e d t  measure- 
ments a t  l eve l s  of  0.02 ppm U-238 and 0 , l  ppm Th-232 on 200 gram samples, 

A measurement of ai-214 is  representa- 

Measurement of T1-208 

Measurement of U-232 i n  t h e  presence of  G233 and other  f i s s i o n  products 
can be made by multidimensional gamma spectrometry. Folloving a uranium 
separat ion from the thorium element and a short  decay period a measure- 
ment of t h e  ~1.208 is mad 
The T1-208 present i n  lo-' ug U-232 can be accurately measured w i t h  a 
10 minute count 24 hours after separation of the uranium. This would 
provide the  a b i l i t y  t o  measure 1 ppm U-232 i n  100 p g  of U-233. 

from which the  U-232 content may be determined. 

Radiation Chemistry 

The protection indices  of sodium n i t r i t e ,  ethanol and thiourea were 
determined by the  dye bleaching competition method i n  water, isotonic  
sodium sulfate, end i so tonic  sodium chlor ide at v-ious temperatures 
from 25 = 65 C. Except fo r  minor differences,  the  protect ion indices 
i n  i so tonic  s u l f a t e  are i d e n t i c a l  w i t h  those i n  water w h i l e  those f o r  
i so tonic  sodium chloride a re  only abcut 65 percent as great .  
appears t h a t  t h e  ac t ive  species  causing bleaching is t h e  same i n  the  
cases of water and i so tonic  sodium s u l f a t e  bu t  d i f f e ren t  i n  the case 
of i so tonic  sodium chloride. These s tudies  a re  important i n  extending 
our work t o  l i v i n g  systems. 

Thus, it 

The reac t ion  of hydrogen peroxide w i t h  t h e  dye, Tropeolin 0, a t  a pH 
of 11.8 was invest igated over the temperature range of 56 - 87 C, 
rates observed were not suf f ic ien t ly  la rge  t o  account for t h e  bleaching 
observed on i r r ad ia t ion  of Tropeolin 0,  indicat ing t h a t  simple hydrogen 
peroxide a t t ack  on t h e  dye molecules is not responsible f o r  t h e  bleach- 
ing. 

The 

These findings are i n  agreement with s tud ies  made on erioglaucine. 
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ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Par t i c l e  Sa.urplinR Studies 

Studies continued of e r rors  resu l t ing  from sampling a i r  streams at  r a t e s  
much lower than isokinet ic ,  Results were obtained f o r  wind speeds of 3.7 
and 5.0 mph with sub-isokinetic sampling flows of  0.29 cf'm, 
corresponds t o  i sokine t ic  t o  sub-isokinetic flow rates of 16,o and 2 ~ 6 ,  
respectively,  For the  5.0 mph tes t s ,  the e r ro r s  associated with 4- t o  
25-micron-diameter pa r t i c l e s  were determined t o  range from 2,O t o  5.9- 
fo ld  (3.2 a t  18 microns), 
with 4- t o  18-micron-diameter pa r t i c l e s  were determined t o  range from 
1.3 t o  2,0-fold0 These results a re  consistent w i t h  the  data  reported 
las t  month f o r  3.2 and 6,g mph, 

This 

For the  3.7 mph t e s t s ,  the  e r ro r s  associated 

The d i f f i c u l t y  i n  in te rpre t ing  the  results i s  t h a t  t he  e r ro r  associated 
with the  smallest  pa r t i c l e s ,  3- t o  4-micron, i s  s ign i f icant ly  grea te r  
than the  e r ro r  f o r  8- t o  10-micron-diameter p a r t i c l e s  f o r  the wind 
speeds of 5.0 and 6,g mph. 
decrease continuously with decreasing p a r t i c l e  size.  Although some of 
the  smaller p a r t i c l e s  may have been buried i n  the  f i l t e r  surface f o r  
the  i sokine t ic  sample, a sa t i s fac tory  explanation f o r  the higher e r ro r  
with the  smaller pa r t i c l e s  has not been found. 

In cont ras t ,  the e r ro r  i s  expected t o  

ISOTOPES DEVELOPMENT - 08 PROGRAM 
Promethium Radiochemical Studies 

Work has continued aimed a t  def ining the mode of formation of h-146 
and a t  resolving measured discrepancies i n  the  Pm-146 content of hn-147 
prepared at various s i tes ,  
well-aged promethium, t h i s  knowledge i s  poten t ia l ly  important t o  some 
proposed uses of promethium,) 
followed: (1) preparation of aure Pa-146 (by cyclotron bombardment) for  
decay scheme and neutron capture cross section s tudies ,  and ( 2 )  short  
term i r r ad ia t ion  of LJ-235 i n  a Hanford reactor  f o r  independent measure- 
ment of Pm-146 f i s s ion  yield.  A sample of ~d-1L6 was bombarded with 8 
t o  1 0  Mev protons i n  the  University of Washington cyclotron t o  produce 
Pm-146, Yield was lower than ant ic ipated but appears adequate fo r  t h e  
s tudies  contemplated. A small sample of U-235 was i r radiated fo r  a 
short  time i n  DR-Reactor and then processed f o r  promethium purif icat ion,  
Sample dissolut ion and i n i t i a l  seyaration was performed i n  hot  c e l l s  
by c a r r i e r  prec ip i ta t ion  of r a re  ear ths  on uranium followed by a r a r e  
ear th  f luor ide  prec ip i ta t ion  t o  remove uranium, 
by NaOH metathesis and separation of individual rare ear ths  accomplished 
by ion exchange chromatography using a-hydroxyisobutyrate as e luant ,  

(Since F'm-146 is shielding l imi t ing  i n  

Two experimental approaches a re  being 

The f luoride w a s  removed 
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Three cycles of ion exchange were required t o  obtain the ultra high 
pur i ty  needed f o r  pm-146 detection, 
than expected f r o m  t h e  predicted f i s s ion  charge d is t r ibu t ion  curves. 
More detailed invest igat ion of t h i s  apparent dlscreoancy and measurement 
of  Pm-146 w i l l  have t o  a w a i t  decay of 53-hour Pm-149. 

The y ie ld  of Pm-148 was much lower 

Ion Exchange Pur i f ica t ion  of Promethium 

Experimental comparison of EDTA and DTPA as eluants fo r  the  large-scale 
chromatographic ion-exchange pur i f ica t ion  of r a re  ear ths  w a s  reported 
last month. 
month. Although analytical work is not yet  complete, it was observed 
qua l i t a t ive ly  t h a t  (I) separation w a s  qu i te  sharp, ( 2 )  the  acid restrain-  
ing bed worked qui te  w e l l ,  ( 3 )  there w a s  no prec ip i ta t ion  problem, and 
( 4 )  lead e lu t e s  well ahead of everything else. These runs were made 
with 0.015 &-A t o  faci l i ta te  d i r ec t  comparison with t h e  EDTA and 
DTSA runs; however, it 
higher concentrations ( t h i s  w i l l  be investigated i n  a subsequent run).  
AS ktith DTPA (but not EDTA), use of HEDTA assumes a yttrium-free feed. 

Tvo runs with  HEDTA, at  pE 5.5 and 6.8, were made t h i s  

be possible with HEDTA t o  go t o  considerably 

Cesium Pur i f ica t ion  w i t h  BAMBP 

Pi lo t  p lan t  s tudies  using BAMBP ( 4  sec butyl-2-( a-methylbeazyl) phenol] 
t o  extract and purifv cesium were successfully completed. In t h e  f i n a l  
,series of runs, cesium losses  were consis tent ly  less than 0.6 percent 
i n  the  12-foot extract ion column at combined volume veloc i t ies  up t o  
1090 gph/ft2, 
s t r ipp ing  column at  flov rates up t o  550 gph/f't2 but increased t o  7 per- 
cent a t  700 gph/ft2, perhaps because of insuf f ic ien t  pulsation. Overall 
sodium and potassium decontamination fac tors  were as high as 13,800 and 
1000, respectively; however, a t  t h e  highest  r a t e s  tes ted ,  700 gph/ft2 
i n  the scrub column, the DF's were decreased t o  3800 and 490, respectively* 

Cesium losses  were under one percent i n  t h e  9-foot t a l l  

lvmwer Chemical Laboratory 

WH Reas:cP 
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BIOLOGY LA3’0RATORY 

A .  0RL;ANIZATION AND PRSOVJEL 

Dr. Jack J o  C. Hsieh joined the  Radioecology Operation on gctober I, 1.963, 
as a Biclcgical Sc ien t i s t .  

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 02 PROGRAM 

Vertan 690 

Bioassay of the tlspenttl Vertan 690 with young t r o u t  and c ich l ids  during 
the  discharge cf  roughly 120,000 gallons of Vertan 690 On October 2,  1963 
a t  NPR showed t h a t  lethal concentrations t o  f i s h  exis ted i n  the eff luent  
(4700 ppm) before river d i lu t ion  and a t  l eas t  150 yards downstream from 
the  shore outfal l .  
a t  1500 ppm f o r  t rou t , )  Trout tes ted  i n  the  undiluted eff luent  died 
within two hours and the  hardier  c i ch l id s  died i n  about six hours. 
out of 1s trout held i n  three  d i f f e ren t  l i ve  boxes placed a t  SO-yard 
intervals  from the  ou t f a l l  died i n  abcut 1 8  hours. 
of the protect ion of f i s h  l i f e ,  a higher concentration than desired was 
discharged., 

(Past  laboratory work provides an estimate o f  L q o  

F i v e  

From a consideration 

C olumnaris 

The summarg of the  total mortality, columnaris incidence and growth f o r  
18 weeks of observations on young trout mared i n  f o u r  d i f fe ren t  
temperature treatments i s  presented below: 

Total  C o lumna ri s kJg b? t  
Water tempera t u r e  Mortali ty ($) Incidence ($) (g) SD 

N o m 1  river water l4.4 56.3 20,5 + 1,l 
4F above normal 59.2 41.9 12.2 7 lo& 

W-treated r iver  water 25.9 72,s  - 
hl? below n o d  13.4 h5.3 3106 - 

20.1 + 1.0 

Although W-treated river water a l lev ia ted  the  columnaris incidence 
during the early period, t h i s  past month this group showed a s t r ik ing  
sharp increase. 
other  gmups with the  exception of the group i n  re f r igera ted  water. 
peak of columnaris was observed i n  l a t e  Ju ly  i n  1962, cmpared t o  the 
1963 peak i n  October. The reason o r  reasons f o r  t h i s  s h i f t  i n  the  Teak 
i n  1963 is  not c lear ,  but possibly it may be re la ted  t o  the much warmer 
water experienced t h i s  year. 
from columnaris seems t o  be re la ted  t o  increasing res i s tance  t o  t h e  
disease,  as by an antigen-antibody response. 

This increase was a l so  apparent t o  a lesser degyee i n  
The 

I n  any case, t h e  decreased n o r t a l i t y  i n  fish 

1 2 2 8 9 2 1  



In  gensral warmer water tends t o  accelerate  growth i n  t rout ;  however, when 
scm floptimum'f is exceeded there  i s  a derJressing e f f ec t .  
c l e a r l y  show 
temueratures 

The growth data 
cooler  water promotes bet ter  growth than normal riiiqr 

B I O L X Y  ArD MEIIICINE - 06 PRCGRClM 

METABOLISM, TGXICITY, AND TWTSFER OF m x o m r m  YATTRLGS 

Zinc - 
Smiier short-term experiments h d i c a t e d  r e l a t ive ly  high ccncent ra t im cf 
zn65 in the  gas t ro in t e s t ina l  tract and g i l l  f i iaments of t rou t .  
this fu r the r  Over a longer period, about 100 trout were given 230 pc and 
k i l l ed  serially. 
administrat  ion follows : 

-. 
io f c l l c w  

The average p c  of ?n65 per gram o f  t i s s u e  a t  118 dam ocst-  

I n t  ennedi a t  e High Very Low 

Bone a23 G i l l s  .025 'luscle .GCj7 
-12 Spleen 0 or9 

Stanach 0 38 Liver 0015 
p r l o r i c  caeca 03i3 Kidney 0015 

n 
Ir_id-gut .) 86 
Hind-gut 0 43 Lyes 

Plasma e 012 
Blood em9 / 

The body burden at  k i l l i n g  was on t h e  avrrage cf 22 p c  o r  abcut 10% cf 
administered dose. 
i n t e s t i n a l  t r o u t  may be due t o  t h e  pancreas which is not a d iscree t  organ 
in t r o u t  but is diffused, pa r t i cu la r ly  over the  surface of t he  mid-gut. 

The reason f o r  the high concentration i n  the g a s t x -  

Strontium 

Y i t h ' i n s t a l l a t i o n  of t h e  new radioAgapilic mit (5 '3  !'U9 150 V;P, l / l 2 G  - 
10 sec,)  nearing cm.pletion, radiagraphic procedures a re  being devebped 
so  t h a t  t h e  e n t i r e  skeletcn .my be n s c a l i z e d  with a t  l ea s t  5wc radiographic 
Views of  each port icn of t h e  skeleton. 
examination, which reqiiires 12 i,3 15 f i h  per animai, is necessary t G  

provide t h e  g rea t e s t  Jppor tuni ty  f o r  detec%ion of develcpmg hone damage. 

Examination of r a d i o g ~ a p h s  of two animal3 whlch werg stanec! cn Sr9' r'eed'ng 
as young adul t s  and have ingested 125 pc Sr9O,/day fsr th ree  years revealed 
no Outstanding osseous changes. 'Gcwever, only a f e w  c u f l t r d  a n i x l a h  kave 
been radiographed for ccmparatire purpses0  

Studies cn the  bacterial  endotoxin-induced 1eukocYti.e response 31' :ninratL?e 
swine as a means of evaluating the animal f s  neutrophil  r4serve were 
extended by observing t h e  response t o  three FnzravPnous inJections of 
endotoxin a t  12-hcur intervals (as compared t o  the single in jec t ion  used 
previcusly) . Bollowing the  i n i t r a l  in jec t ion  of endct.oxinp a t r ans i t c rg  
absolute  lymphopenia, t 'ollwed by an ahsciilte neutrophi l ia ,  was ahservedo 
X t h  each addi t iona l  injec+,ion cf wdcc-.xin th? neut ruphd response was 
di!nil?ished--a phenomenon t h a t  m y  be asscciated tnth depletion o f  the 

3,i.s c m p l e t e  rad iogxphlc  
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n+lMphil reserve o r  adaption t o  t h e  endotoxin stimulus. 
response was evaluated on t h e  basis of ac tua l  o r  percentage increase i n  
neutrophils a t  t h e i r  maximum values  as compared t o  pre-injection values and 
by in tegra t ion  of t o t a l  neutrophil  numbers over the  kP hcurs following t h e  
initiar in jec t ion  of endotoxin. 
animals was greater than animals ingesting 125 pc SrYG daily,  
suggests t ha t  a t  this level of Sr9O ingestion, even though the animals 
remain i n  good hea l th  under our experimental conditions, i f  exposed t o  
an acute  bacterial stress they would respond less favorably than "normal" 
swine. 
program t o  develop sens i t i ve  indicators  of rad ia t ion  damage. 
knowledge, this is the  f i r s t  appl icat ion of this technique i n  evaluating 
the  effects of i n t e r n a l  emitters following prolonged d a i l y  administration. 

The neutrophil  

!In these bases, t h e  response of control  
This 

This extension of our  previous work is  pa r t  of our continuing 
To our 

Iodine 

Three Holstein cows maintained on a daily oral intake of 5Opc $3' per 
day were sacr i f iced.  Thyroid concentration in two $month fe tuses  was 
about half  that of t h e i r  dams. 
exudates (excluding the  thyroid) ranged from 6.5 x 10-5 percent o f  t h e  
d a i l y  dose per gram of material i n  t h e  high producing cow t o  1 3  x 10-5 
percent i n  t h e  lowest pmducing cow. Taghest t i s s u e  concentrations 
o ther  than i n  thyroids  were seen i n  t he  mamnary gland, placenta and 
uterus. 
Thyroid concentration i n  the cow9 was-*100$ of t h e  daily dose, and milk 
concentrations were 0.3-0.s% of the daily dose per kilogram. 
of p rac t i ca l  i n t e r e s t  t o  note t h a t  using a regular portable f i e l d  
monitor (HGM-107) on a rout ine survey of  the cow8 p r i o r  t o  autopsy, 
t he  readings obtained over t he  t h p i d  region were about 20 times 
background, w h i l e  the  readings taken over the udder and outside a 
container  holding three  ga l lons  o f  milk showed only a s l i g h t  def lect ion 
of t h e  meter. 
submerging the HGN tube i n  t h e  milk.  

Mean (1131) concentrations i n  t i s s u e  and 

Other t i s sues  were 1/2 t o  1/3 o f  plasma concentrations. 

't was 

Readings that were twice background were obtained by  

This concludes our laboratory s tudies  with da i ry  cattle. 
f i e l d  s tud ies  or small short-term s tudies  with dairy cat t le  can be 
accomplished u n t i l  su i t ab le  fac i l i t i es  are available.  There are  a 
number of laboratory s tudies  that we f e e l  should be done. 

Only l imited 

Nept d u m  

Seudiea i n  Np237-burdened female rats 
acid and Ca-labeled acetate, indicated tha t  both decreased oxidation 
and increased synthesis of liver l i p i d s  w a s  involved i n  the neptunium 
t o x i c i t y  syndrome. 

employing C4-labeled palmitate 

A technique f o r  obtaining l iver  biopsy samples from shee 
developed during preliminary work i n  preparation for Np 257 t o x i c i t y  
studies.  
Np237 i n  sheep t o  test  the  effects  of  sex,) 

has been 

(This work is an extension of  t h e  ear l ie r  work done here w i t h  

UNCLASSIFIED 
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Inhalat ion Studies 

I n  e r l ie?  experiments DTPA was shown t o  be ef fec t ive  .n  removing inhaled 

ox ida t ionof  cerium nitrate with sedium peroxide. I'reliminary reaulci; of 
recent tests s h a j  t h a t  DTPA is  as ineffect ive i n  m o v i n g  inhaled Ce1Jb9?;Z 
prepared by ca lc ina t ion  a t  370 - LOO C as i t  is i n  removing Fu2396, - 
prepared by the  same method. 

Cefi t 02 f r o m  dogs and rats. In  these s tud ies  the  CedCIp was prspared by 

Plutonium-239 analyses of t i s sues  from two dogs that died 3 years, 8 mcnths 
following a s ingle  exposure t o  Pu23902 show t ha t  t h e  lung contained L6 and 
50% of t h e  body burden, t h e  bronchial  lymph nodes b9 and 372,  and liver 2 
and 6$, and bone 2% in both dogs. 
2.7 pc, respectively.  

Three dogs that died as a r e s u l t  of lung damage occurring a f t e r  inha la t icn  
of ~ ~ 2 3 9 0  shared bronchial-alveolar tumors, malignant type. The dogs 
died 1sL zap,  3 and one-sixth years, and 3 and one-half years a f t e r  
exposure, and had body burdens a t  death of  16, l.h, and l08 pc9 respectively.  

Two weeks after exposure t o  C e u 0 2  dogs show possible ircreases of  levels 
of 17-ketosemids i n  blood plasma. 
as is  being examined fbrther. 

The t o t a l  body burden a t  death was 2 and 

This was not observed i n  ear l ier  experimenrs 

Although the dog colony present ly  exceeds adequate housing fact l i t ies ,  it 
was decided t o  begin the  breeding proqram again t c  provide dogs f c r  
experiments planned t o  begin next fa l l .  
cer ta in  existing temporary type rum i n  order t o  house t h e  addi t ional  ani-m-h,, 
Present crowded conditions i n  t h e  colony are responsible f o r  numemus dog 
f igh ts .  
endeavor t o  maintain a colony of about 150 dogs, one-half of w h c h  are on 
long-term experiments. 
construction is scheduled f o r  September lY6L0 

It wi l l  be necessary t o  modify 

However, t h e  d u e  of the expr iments  now i n  progress j u s t i f i e s  o u r  

Completion o f  t h e  50 new runs approved for 

Neutrons 

Thirty-one male mts which had survi-red neutron dcses o f  15C-275 rads were 
mated w i t h  cont ro l  females, three months subsequent t o  i r rad ia t ion ,  Nc 
offspr ing resul ted,  ind ica t ing  comphte s t e r i l i t y  o f  these males extending 
for a t  least three  mon+,hs post-irradiation. Eighteen similarly i r rad ia ted  
female rats were mated with control  males, cne momh subsequent t o  
i r rad ia t ion .  
Average Utter s ize  was reduced some &C? belcw ncmai l?veis.  
no c l e a r  cor re la t ion  of inr 'ert i lLty t n t h  neutron dose, 

F i f t y  percent of these  i r rad ia ted  females produced offspring. 
There was 

9 Present estimates are that these runs n11 cost  $'L'(5,OGO instead o f  
$1~0,000, t he  earlier estimate. The local A T  is preparing a mvised 
project  proposal t o  obtain apprcval f o r  eccpenditure of the  addi t ional  
required funds . 



Radiation Effec ts  Therapy 

Several generalizations can be drawn from t h e  work done i n  t h e  last 
severalmonths on xenogeneic chimaras. (1) It  is  usual ly  the case t h a t  
host-ant igraf t  titers appear within the  first three weeks of 5roatment. 
The animals then show a diminished t i t e r  and d i e  I n  the  next few weekso 
( 2 )  
t h i s  response abcut a month after trsatment. 
antibody appearance i n  t h e  serum is not as decisive as i n  (1). 
app3arance of antibody t i t e r  against  both host and graf t  is  usual ly  
accompanied with a s igni f icant  f a l l  i n  hematccrit values. (4) Because 
t h e  majori ty  of t he  animals succumb t o  the "delayed death sLvndrcine" 
without showing any demonstrable antibody titers, the humoral hemagglutinin 
formation i s  not a typ ica l  response of these chimeras. 
i s  f e l t  that the  emergence of these t i ters  represents a l a te  agd d ras t i c  
immunologic response between host and g r a f t  cells .  
another mechanism is  more c lose ly  a l l i e d  t o  the  i-nniunologic in te rp lay  
between g r a f t  and host  c e l l s ;  i .e.,  cell-bound antibodies, o r  indeed, 
the  cel ls  themselves act ing as macrophages and destrcying t h e i r  
reciprocal  t i s sues .  

A n i m a l s  demonstrating graft-antihost  t i t e r s  usually demomtrate 
Their mor ta l i ty  rate a f t e r  

(3) The 

Tentatively, it 

It may be t h a t  

E c m b i o l o g y  
e qua l i t a t ive  nature  o f  compounds released from i r r ad ia t ed  yeast  

c e l l s  has been evaluated using t h i n  layer chromotography. 
u l t r a v i o l e t  absorbing cmponents have been separated, as w e l l  as e ight  
amino acids. 
i n  t he  supernatant f r o m  t h e  non-irradiated c e l l s  as w e l l  as six of the 
amino ac ids  which were detected. The iden t i f i ca t ion  o f  t h e  two amino 
acids  and one u l t r av io l e t  absorbing campound has not yet been complited, 

A t - l eas t  three 

Two of the  u l t r a v i o l e t  type compounds are normally present 

The changes i n  protein-nucleic ac id  relat ionships  which have been 
previously described as accompanying a t r a n s f e r  from H20 t o  020 appear 
t o  be t h e  consequence of a very slow physiological adjustmect of kio- 
synthe t ic  activities when cel ls  a re  placed i n  D20, 
of concentrations of RNA, p ro te in  and DNA appear t o  be re-established 
approximately as they e x i s t  i n  c e l l s  grown i n  H20, 

!.llth t h e ,  t h e  r a t i o s  

Plant Nutri t ion 

Then  has been a st rong suggestion t h a t  zinc would be taken -up more 
r ap id ly  by p lan ts  if f o l i a r  portions w e r e  exposed t o  the  zinc i n  the  
i r r i g a t i o n  water. I n  a compariscn of sp r i ck le r  i r r iga t ed  hdi31 rill- 
migated alf'alfa ahd grass, no such dLfference was apprect;. 21. these 
tests the  i r r i g a t i o n  water was applied as two - th ree  each i r r i g a t i c n s ,  
o r  a t o t a l  of six inches of  water, i n  the one case as sprinkler ,  i n  :he 
othpr case, by rill i r r iga t ion .  A more frequent and smaller apai lcat ion 
might show a s l i g h t l y  d i f f e ren t  r e su l t .  

IJNCUS S IF E D  
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Plant Ecology 

3y following t h e  ion content o f  leaves of sagebrush and hopsage from oar ly  
spring un t i l  August a consis tent  increase i n  uptake of po ta sa im LI che 
leaves of Kopsage, but not i n  t h e  leaves o f  sagebrush, was observua. 
bo%h, potassium was t he  most abundpnt ca t ion  measured, v l t h  calcium, magnesiux, 
and sodium following i n  order. 
leaves in April  t o  over 100 mg i n  the  l a t t e r  par t  o f  July when leaves w5re 
beginning t o  fa l l .  
dry sage leaf with no aoparent rise during the  season. 
leaves throughout t h e  year it may be tha t  a lack of mineral bulldttp i n  sage 
i 3  a f ac to r  which permits leaves t o  h e  re ta ined mer  a longsr perisd. 

In 

Potassium increased from LO n g / g  dry  hopsage 

During t h i s  same period potassium ranged frcm 15 t o  30 mg/g 
Since sagebrush r e t a i% 

Columbia River Limnology 

Average radionuclide content of 

A rough approximation of preliminary data shows t h a t  i n  September t h e  ri-er 
was carrylng approxinately 100 tons of net plankton past a given p<-rit per  
day. The mount of planktan  is dropping rap id ly  as  cooler  weathe=. set3 ;no 

e t  plankton pun ed from t h e  river h e l m  
Hanford was 18 nc P32, 1 7  nc Zn62, and 57 nc C r  K - a l l  per gram w e t  weight. 

Likewise t h e  concentration of  periphyton decreased about 505 duri,rg the Fast 
month. Zinc-65 concentration on periphyton avsraged abo:k 2C r.c/g w e t  
weight, t h e  same as observed i n  net  plankton. 

Techniques 

Attempts t o  Fmplant bovFne f e t a l  thyroid t i s s u e  i i t o  t h e  an te r io r  cnamber 
of sheep eyes have been only moderately successf i l  with only two of SIX 
q l a n t a  viable. This technique is  being attempted as a possible t o o l  i n  
study of thyroid tumor development under varying conditions o f  rad ia t ion  
exposure and levels of hypothyroidism. 

A previously reported a t a r a c t i c  agent ( l T r a r i " ) *  has been used a3 d pre- 
anes the t ic  i n  miniature swine i n  an attempt t o  produce a m r o  pr td ic tab le  
stage and duration of surgical anesthesia,  A lOG% calculated dose ! C O G . )  
of  T r a n i m a l  (5.5 mg/kg) and 50% C.C, of Pentobarbital  Sodium ( 7 s  m g / l C l  kg) 
produced surgical  anesthesia  of  1 - 2 hours duration. 
75% C.D. and s t i l l  giving a 50% C.D., of Pentobarbital  Sodium Frcduced- t h e  
same p h n e  and duration of anesthesia as t h e  higher dcse, ku~, reduced =he 
recovery  time-^$. This cmbina t ion  of drugs  aFpeam ~3 have ?remise In 
overcoming some of the  d u f i c u l t i e s  encountered w i t h  g e n e 6  a n e s t h e t x s  ;n 
swine. (The dosage ranges will be extended t o  detsrmme m e  s ~ t l r n  dcse.! 

Reducing the  'Iraninal t o  

Various techniques and sites f o r  obtairung bone marmw frcm Xin ia txTe  iwlne 
have been attempted. 
of choice f o r  obtaining bone marrow biapsias  i n  older  swine for dezectlnq 
changes due t o  chmnic odminis tmtrcn o f  bone-seelong radicnucLdes. 

A t  present, t h e  i l i a c  mast appears tc be  t h e  site 

++ Chemical s t ruc ture  unavailable a t  t i i s  time., k t g C ?  
Bi3LCSY iAWF.4 3B'i 

-..- HA Kornbergzes 
I. - J . - jZTEE 
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I, Speeches Presented 
- 

a. Papers Presented a t  Society 'qeetings and Symposiums 

Annual Meeting of the Northwest Section of t h e  Society f o r  Experimental 
Biclogy and Medicine, 'dashington S t a t e  University, Pul'lman, 
Washington , October 5 , 1963:: 

Ballou, J. E. Dist r ibut icn and retent ion of plutonium and neptunium 
i n  the  ra t  adrenal. 

McClellan, R, 9. Erythropoietin i n  miniature swine. 

Ragan, H. A . ,  V, G. Horstman, and L. K. Bustad. Application of  
miniature goats i n  radioiodine studies.  

Uyeki, E. 14, Graft-hosc rDsponse i n  murine rad ia t ion  chimeras. 

Wood, D o  H., Lo K. %stad, To 5. Ttefson, E, C. Vatson, I. C. Nelscr., 
and 3. 6. "cClellan. Radioiodine s tudies  i n  da i ry  c a t t l e ,  

American Society f o r  Microbiology b e t i n g  , C o m l l i s ,  Oregon , 
October 4-5, 1963: 

Matchett, We H, Physiologieml channelling o f  tryptophan i n  
Neurospora ., 

O'Brien, R, To Effect of deuterium oxide on a t t a inab le  growth 
o f  pa s t .  , 

Hanson, C, Radioactivity i n  Northern Alaskar. Tskimos and t h e i r  focd, 
Savannah River Chapter of fiealth physics S x i e t y ,  Aiken, Scuth 
Carolina, October 15, 1963. 

b o  Seminars (Off-Site and Local) 

Hanson, 'UJ. C. Hanford radioecological s tudiss .  Aiken ?iatural is ts  Club,  
Aiken , south Carolina. 3ctober 16 1963 . 

c o  Seminars (Biology) 

Palotay, J ,  Tissue cu l ture  and t i s s u e  implantation techniques. Octc'cer 2 

O'Ekien, R. T. Plicrobial adaptation t o  environment, 7ctcber 9.  

Smith, Ha ideiitrons and rad ia t ion  protect icn,  3ctcber 16, 

Case, A ,  C. 

Nakatani, R, E, Swinrming performance of salmonids. 3ctober 30. 
Longhurst, W, M, University of California Hopland, Calif , African 

Techniques f c r  the  analysis of Cvl &sing I iqc id  s c i n t i l l a t i o c  
couriting. October 2 3 a  

wi ld l i f e  s tud ies  Dctcber 31 , UNCLASSIFBD 
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c. S e m i ~ r ~  (Biology) (continued) 

Paulsen, C. A . ,  University of  Xashington School cf ..edicine and 
Chief, X v i s i c n  of Endocrinology and Metabolism, L'SF'Fi3 Fospi ta l  
Sea t t le .  S turlies on ?e-cuplex Accident. October 22, '1962 

d. Yiscellaneous 

Hakatani, R. E. Applied statistics i n  biology research. Xennewick 
High School Biolcgy Class, hmewick,  :Jashington. October 29, i963. 

11. Articles Published 
~~ ~ 

a. HW Documents 

None 

b o  Open Li te ra ture  

Bustad, Lo K. 1963. The bic,ogy of radioiodine. Nature 199: llJ~2-*iI.&4~ 

Casey, H. W., R. 0. McClellan, , d .  J. Clarke, and L. K O  Bustad, 1963. 
Acute t o b c i t y  of neptunium-237 and i ts  re la t ionship  t o  l i v e r  
funct ion i n  sheep. Health Physics 9: 827-8%, 

1963. Sullivan, M. F., S. Mmks, R. C. Thompson, Beta i r r ad ia t ion  
of t h e  r a t  in tes t ine .  Am. J. Path. XLIII: 527-538. 

Bustad, L. KO 

Bustad, L. K. 1963. Radioiodine: i t s  nature and effects. Science lk2; 

1963. Hanford Symposium on the  atology o f  qadioiodine. 
J. Am. Vet. I&d. Assoc. lh3: 770-772. 

S10-5l6. 

111. V i s i t s  and Vis i tom 

a. Visits t o  Hanford 

lO/S/63 - Dr. R. Daubenmim of \dashington S t a t e  r?niversity, Pullman, 

10/9/63 
checked research p lo t s  with bo 

Sta t ion ,  Prcsser, discussed radioecology rasearch w l t h  
Dr. Rickard and inspected in sec t s  on %ttlesnake RL3ge. 

FI. Bickard. - Drs. V. W. Cone and Grant %voe -f t h e  "SU W w i m e n t  

lO/U/63 - J. T e r d  and Dr. Dams o f  t h e  U. S. P ib l i c  Healt+ S = r n c e ,  
Washington, D.C., discussed Alaskan 'skim0 resaarzh 
da ta  with &se Than son and Fiungate. 

10/11/63 - B r i a n  J. Earp, J. Re Elark Companv, S e a t t l e ,  ccnsulted 
with T .  A .  "lson and 3. E. ;hka tan i  on food s toragep 
nut r ien t  needs of t rout  and disease control. 

examined eyes of experimental animals. 
10/28/63 - 
19/28/63 - ba Charles Yoppen, Consolidated ?aiscn, :ell -Cork, tzured. 
10/28/53 - Dr. W i l l i a m  Longhurst and wife toured f a c i l i t t e s .  3ro 

Dr. W i l l i a m  &Crane, PlcGzane An-1 'dospital, !?ishawaka. h d . ,  

-10/31/53 Longhurst presented a semlnar and espec ia l ly  studied 
procedures f o r  counting samples with Sadioecolcgy 
personnel L?!C-ASS F T Z D  
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b. Visits Off-site 

10/5[63 - D. De Mahlum, H. A ,  Kornberg, L. K O  Bustad, 5. cl. :.lcr3lanahan, 
,Je L. Nurmy, 2. C ,  Thompson, and F. Po Hungate attended 
the  Annual Meeting sf the Nort5weat Sec t i cn  o f  +,he Scciety 
f o r  Experimental a i o l o g y  and ' Ihdicine held i n  ?d lman,  
Washingtsz, a t  Tnlashington S t a t e  CnivPrsitv. 
presented by R, 3, ~4cClellan, J, Ea Bailou, 3, 3, @ m d ?  
H ,  A ,  Ragan, and E, ?3, Uyeki. 

Fapers were 

10/1-3/63 - Fa P, Hungate attended the Annual. Health Physics : k e t i n g  :n 
2ak Ridge, Tennessee !OR?Z> 

IV. 
V. 
VI0 

10/4-5/63 - W. Matchett ar,d 2.  T, O9Brien presented papers a t  t h e  
Northwest Eranch of t he  American Society zf Nicrobic;cgy 
in Corval l i s ,  Oregon. 

10/9-17/43 - !do C. Hanson discussed Alaskan Eskimo research with AEC in 
Washington; t,oured Patuxent Research Refuge a t  Laurel, 
Earyland; presented a paper a t  the  Hsalth Physics Society 
Fleeting a t  Savannah ?imr Operations i n  Aiker,, South 
Carolina, and also  presented a paper t o  the Aiken 
Natura l i s t s  Club . 

10/11-15/53. - 

10/20 - 2 6 

10/2- 5/63 

10/9- 12 

10/10-11 

10/29/63 

10/31/6 3 

Rickard c o l i k e d  regetat ion samFles a t  the !400tJen \:am 
Range , Dayton 'vJa8h;ngcon 
H, A .  Kornberg discussed research w i t h  D r .  Ordal a t  the 
University of Washington, Seatt i le, and attended the F i o -  
Medical 2rogPam Directors Yeeting in Boston, Flass 
H. A ,  Kornberg toured Dapartment 3f Defensb laboratoI-,es 

on the  east coast  wlth o t h s r  Hanfofd persdnnel.  
Picatinny, New Jersey; 3dgewoad l'kpsena; Pd and 
USA Biology Lahoratapy a t  F t ,  J i a + x l c k ,  Md, A h ?  
discussed the  budget wiL,h D l v t a c n  of Biology ar_d 
Medicine personnt:, AK, IbJashingtan, DG i', 
W. J, Eair and 8 ,  0, S tuar t  a:tenc?eci ',he XEc" i m b l a t i o n  

Toxicity Yeeting helc a t  Lcvelace Fcundation, Aibuqusrque , 
MoYo 

Chemistry Conference in San Diego, Cal l fxnPa,  

VanderbilLU Universit;T, Vashville? Tecnessee acd d i ~ c ~ s > e  i 

i s o l a t i o n  of co-factars and de te rn ina t lms  w i t h  3ro 'urch 
a t  'dashington Unlversltyp 5t, L o u s ,  X30 

h n e r  Laboratory, Berkeley, c a - f l o  

A ,  c ,  Case attended the 5th A ~ r r ; l a l  Bioassag7 and AnaTLytica; 

E, G. Tombrocodos attended t he  Lipid Transport; " -9t i rg  a t  

3. E, Erdman toured r'asilitles a t  University of Caiifornla - 

W. FL Rfckard and L o  Haverfield v l s i t e d  the  X S U  werin'Ae3t 
Statim a t  Prosser9 'Jaskington, t o  discuss ecologica; 

problems 
Achievements - -None 
Honors and Recognitions - h'one 
Professional Sroup o r  Organization Assignments Xone 

1 2 2 8 9 2 9  
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ORGAEIZATIOA AED PERSOENEL 

mere have been no changes i n  organization and personnel i n  the Applied 
Mathematics Operation during the  month of October 

OPERATIONS FESEARCH 

Work has begun cp designing an information system f o r  maintenance a c t i v i t i e s  
connected w i t h  B and C Reactors. This system w i l l  encanpass recording, trans- 
missicm, and filing of data on maintenance work as it is done; and will y ie ld  
maintenance schedules and reports ,  
i den t i f i ca t ion  of each piece of equipment in t h e  B and C Areas. 
ment of such a unique list is  now in process, 

b e  basic  elemcnt i n  the  system is the 
The develop- 

Work continues on developing an outage scheduling and analysis  system f o r  KW 
and H Fkactors, 

STATISTICAL AED M A m m C A L  A C T I V I T I E S  FOR OTRER HAP0 COMPOI'?E.NTS 

H-Reactor Department 

A format f o r  sumaarizing pre i r rad ia t ion  fuel data obtained from the PIM pauge 
w a s  modifled t o  r e f l e c t  the long range goals of t he  Quslit3'Measurements Croup. 
Ihe general s t ruc tu re  and content fo r  a course composed of a series of formal 
t r a in ing  sessions i n  s t a t i s t i c s  for aU Quality aasurcments personnel is 
being outlined, 

A test procedure was proposed employing an "incomplete block design" t o  obtain 
data r e l a t i v e  t o  temperature var ia t ions  both within and between p re -ex tmion  
ovens 

Assistance w a s  given i n  developing a proposal f o r  a l loca t ing  t o t a l  reac tor  
production t o  the various process channels, 

A test proceduze was designed and the resu l t ing  data analyzed r e l a t ive  t o  
the precision inherent i n  a prospective method of  measuring the amount of 
deformation i n  metals under stress, 

A formula w a s  derived which gives a method of  apportioning exposure.in an 
H-Reactor tube t o  the various types of charges i n  8 tube when t h e  power 

1 2 2 8 9 3 0  DECLASSIFIED 



c u m  a l m g  the tube is of a truncated cosine nature, 

Work i s  continuing an the problem of f i t t i n g  enthalpy and spec i f ic  density 
re la t ionships  t o  temperature. Empirical formulae of a simple na ture  su i tab le  
f o r  routine programmhd data handling techniques are desired. 

Work is ccatinrtfng on the problem of obtaining a r e l a t ive ly  simple formula for 
estimating the Pu produced in di f fe ren t  charges in an &Reactor tube, 

I r r ad ia t ion  Prueessfnu Depsrtmcnt 

A stat is t ical  analysis  w a s  made of the prc i r rad ia t ion  dimensional and w e i g h t  
maasuremtnts of !bel ele-ts canned under the AlSi and hot-die-sizing processes, 
The results consisted of the averages, the  standard deviations,  95 percent 
confidence limits ca t he  mean, 50 percent and 95 percent tolerance statements 
for  95 percent of the population as v e l l  as comparisons of the  process.variances. 
zhe cha rac t e r i s t i c s  used were t he  weight and length,  the  maximum and minimum 
outsidh diamhtars mcasured at three poin ts ,  t he  w a r p  and the inside diameters 
msasurcd at three points. 

' Work is continuing on f i t t ing  an empirical re la t ionship between t h e  melting 
point  of an a l loy  composed wholly of AI., Zn, and Sn and the  percentages of these 
elemsnts ., 

A s t a t i s t i c a l  aualysis w a s  completed on experiments. t o  test whether such 
vuriables 88 the d r  pressure in bellows, the probolog speed, and the water 
flow i n  the  tube affect the probolog readings, Eight experimsnts were run for 
di f fe ren t  wall thickness and annulus values, Ihe results in general indicated 
tha t  the probolog values depend on. same of these variables,  The results included 
predict ion relat ionships  as vell as the ordins ly  analysis  of vsriance, 

Work is continuing a~ the  problem of programming a method of putt ing confidence 
limits on a predfcted x, when y is known-as t he  dependent variable in t h e  
original lacut r q u a n s  f i t ,  This is a problem which arises frequently in ca l i -  
bration work and in this instance arose in connection w i t h  the  cal ibrat ion of 
probolog equiptent. 

The e f f e c t  of the furnace temperature and the  preheat time i n  the hct-die-slziog 
cauning process on five d i f f e ren t  f u e l  element qua l i ty  charac te r i s t ics  are being 
studied with the objective of optimizing these aspects of the canning operation, 

Analyses were made on the e f f ec t s  of increased amounts of H2SOb in the norma1 
F cleaning process on di f fe ren t  fuel element qua l i ty  charac te r l s t lcs  sucn as 
the ex terna l  and in t e rna l  t o t a l  countp t h e  externai  and In te rna l  bond count and 
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An analysis  of R data from nine tubes has been completed, The results, 
which indicate  the nature of t h e  temperature imbalance i n  a tube as the  
tubes become corroded w i t h  time are t o  be used as aids  i n  designing tubes 
with maximum l i f e  expectancies, 
each tube. 

Regression relat ionships  were given f o r  

A discussion was held concerning the design of an experiment which w i l l  
compare the  AlSi and hot-die-sizing fue l  elements a b i l i t y  to withstand the 
e f f e c t s  of both increased bond layer  temperatures and cyc l i ca l  exposures 
t o  these thermal stress conditions, 

Confidence l imi t s  of 95 percent were given on the average amount of uranium 
per  unit volume l o s t  i n  the A l S i  scrap, eff luents ,  s t r i ppe r  caust ic ,  and 
r inse  water sourceso 'Be limits were based on f a i r l y  extensive sampling 
over a yea rps  period, 

A discussion w a s  held on the  f e a s i b i l i t y  of using a systems ra ther  than a com- 
ponent r e l i a b i l i t y  approach i n  evaluating the  P a n e l l i t  pressure monitoring 
system, 
indicators  of r e l i a b i l i t y  were discussed. 

Methods f o r  acquiring per t inent  informaticw and f o r  presenting va l id  

Work i s  being done on describing the temperature d is t r ibu t ion  i n  the hot-die- 
s i ze  f u e l  element during the preheat s iz ing,  and cooling phases of the processo 

Some assis tance w a s  given i n  determining a method of sampling t h e  length of 
times taken during morning and afternoon breaks by mdntenance personnel, 

Work i s  continuing an t he  problem of f i t t i n g  percent burnup curves-for  PRTR 
f u e l  elements when MWD data from rods f o r  the inner, middle, and outer r ings 
are available,  

Assistance is being given i n  t h e  problem of estimating the amaunt of Pu i n  
a c r i b  based upon gms-Pu/liter of earth measurements, 

Discussions w e r e  held M the  poss ib i l i t y  of constructing. a mathematical 
model t o  a id  in studying certain face ts  of group workforce efficiency, 

A Brief review of plutonium buttons was made using avai lable  tabulated data 
(IBM program reports  on button qua l i ty )  regarding f e a s i b i l i t y  of meeting 
puri ty  specif icat ions recommended by Rocky F l a t s  Plant, 

A brief out l ine del ineat ing scope and purpose of a proposed,Z-Plant Accoun- 
a b i l i t y  Model w a s  informally presented, 

DECLASSIFIEZ 
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A r e v i e w  of the v d d i t y  of the  AEC survey camment on the inadequacy of the  
s t a t i s t i c a l  control  of BD9s sampling and volume wtteurement e r rors  is being 
m a d a a  

STATISTICAL ABD MA'ISEMATICAL ACTIVITIES W I T H I N  HL 

2000 Program 

Careful checks were continued on several  FORTRAN programs involving matrix 
multiplication and inversion. Double precision debugging is  s t i l l  being used 
in order t o  locate  the numerical i n s t a b i l i t y  connected with the  solution of 
the nonlinear system describing mass t ransfer  i n  the erperimcntal pulse Columna 

Closed form solutions were obtained t o  a p a r t i a l  d i f f e ren t i a l  equation model 
for  ground water flow i n  a medium of variable dif iusivi tya These solutions 
now provide the first opportunity of checking the accuracy and r e l i a b i l i t y  of 
811 EDPM numerical approximation method which has  been proposed t o  handle more 
d i f f i c u l t  problem 

Mscussiaols were held on possible approaaes t o  mathematical models t o  
studying migration and nucleation phenomena in metals, . 

3000 Prwram 

Work caotinued t o  improve and simplify the  EDPM program which prepares 
magnetic tape input f o r  the prototype Sheff ie ld  rotary contour gauge, 

aid i n  

the 

Analysis continued ap the mathematical model fo r  the  transmission of VFsco- 
e l a s t i c  waves in a Voigt sol id ,  

Mathematical a i d  w a s  given on a problem of heat conduction, and on an optimiza- 
tion problem i n  many variables,  Both problems arose in  the study of nondestruc- 
t ive testing -tho&, 

Solutions w e r e  obtained t o  several  h e a t  conduction problems ar is ing from 
chemical Development's study of waste disposal methods, 

Nearing campletion is the EiW formal report aescribing quant i ta t ive metallographic 
techniques used in evaluation of electron microscopy studies.  

,. .. 

1 2 2 8 9 3 3  
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3000 Program- 

Work continued on the FORTRAN routine for ca lcu la t f ig- the  channel group 
probabi l i t i es  used i n  GEM calculations for the IRA f i le ,  in order that the 
program be compatible w i t h  the system and thus allow routine adjustment of 
probabi l i t i es  

?be f h a i  d r a f t  of an Hw formal report ,  "Fixed Tfme Estimation of Counting 
Rates w i t h  Background Corrections" i s  being pr inted for dist r ibut ion,  

Work continued an the act inide research program, 

Mathematical ass is tance was provided i n  obtaining solutions for equilibrium 
constants which characterize the formation of p o l p r s  i n  an organic solution, 

6000 Program 

Work progressed on the Monte Carlo and t r iangular  diffusion studies,, 
modified versions of t h e  EDPM program for each have been successfully debugged, 
the data machine p lo t ted  and the  results are now being studied and compared, 

Several 

The s t a t i s t i c a l  analysis  of data from a study t o  invest igate  the discrimination 
against  Sr90 r e l a t ive  t o  Ca45 as related t o  the  age of miniature swine a t  the  
time of radionuclide administration w a s  completed. 

A computer program w a s  writ ten t o  record data and calculate cer ta in  factors  
from data of radioactive p a r t i c l e  inhalat ian studies,  
t h e  percent body burden as a power fbct ion of t i m e  by method of l e a s t  squares 
and calculates  95 percent confidence limits, 

The program a l s o  f i t s  

The analysis  of data from an experiment t o  inYestiga- c e l l  p ro l i fe ra t ion  
i n  salmon using C I 4  thymidine was started, 
in several  t i s sues  of year l ing silver salmon for di f fe ren t  water conditions 
w i l l  be investigated,  

A s t a t i s t i c a l  analysis was i n i t i a t e d  of data from Pm'44 inhalation s tudies  
performed on do s o  
re tent ion of as a function of t i m e  and t o  compare the s t a t i s t i c a l  
models for different dogs, 

'Be or igin and migration of c e l l s  

The purpose of the  analysis is t o  express the  whole-body 

Manager 
Applied Msthematics 

CA Bennett : d g l  
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Assessment of French Cycle Analysis Effor ts  

A review of papers presented by the  French at t h e  Baden-Baden meeting on 
Fuel Qfcles f o r  Power Reactors, September 9-14, 1963, w a s  begun. One paper 
by Messieurs Gaussens and Thir ie t  presents a model f o r  a completely managed 
nuclear parer economy using f a s t  breeders and thermal burners. 
out a necessity of planning f o r  t he  d i s t an t  future. 
years or so t o  construct a reactor  which w i l l  then operate f o r  t h i r t y  years, 
decisions made today a f f ec t  events beyond the year 2000. 
based on l i n e a r  programing techniques. 
performed for each year within the  framework of a "dynamic program" f o r  t he  
e n t i r e  length of t h e  period studied. 
t o  be the same technique as that used by Belhan,  &is, and others f o r  
multistage opt Lmi z a t i  on. 

They point 
Because it takes f i v e  

Their model i s  
Optimization of the economy are 

This "dynamic program" does not seem 

Another paper by Monsieur Gibrat on t h e  long term energy economy stresses 
the importance of fast breeder reactors  t o  conserve the  world-wide resources 
of f iss i le  materid. 
ments, which nuclear power w i l l .  f u l f i l l  t o  an ever-increasing extent. 
chides t h e  Americans f o r  t h e i r  slowness i n  s t a r t i n g  towards t h e  nuclear 
future. 

He foresees an exponential increase i n  parer require- 
He 

Several pages of t h e  report  are devoted t o  implication of plutonium 
The Americans -- and others -- are chided f o r  their  cc?Zusion of Price." n 

&ice and value. 
and used as a basis for much of his discussion. 

The work done on t h i s  subject at Hanf'ord is h g h l y  

Revisions have been made t o  the  ALTHAZA code output & . t o  the QVIaC 
so that QUI= can ca lcu la te  and tabulate fuel costs  i n  8 d t i r e g i o n  
reactor  weighted i n  proportion t o  t h e  volume and power generation i n  
region. 

praised 

code 

the 

Due t o  t h e  very slow debug t u r n  around time and heavy load of camputing 
this month incomplete results were obtained. Mgure 1 shows the  var ia t ion 
of the power generated i n  the  blanket as t he  seed-to-blanket volume r a t i o  
is varied. It was assumed that the  reactor  was canposed of many control- 
seed-blanlcet modules, each m o d u l e  being cy l indr ica l ly  symetrical with t h e  
control  rod i n  the  center  surrounded by seed with the blanket surrounding 
the seed. Three curves are sham f o r  control  rods of various radii. The 
s m a l l  control  rod seems t o  give the best  parer sharing ( tha t  is, the  largest  
contribution frcm t h e  blanket) but t h e  extreme macroscopic absorption 
required i n  this rod causes marked radial variat ions of flux (and therefore, 
parer)  i n  t he  seed. An ef for t  w i l l  be made' t o  f ind a b e t t e r  design. 
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Indifference Pricing of Isotopes Leading t o  t he  Formatisn of 

Curium-244 and plutonium-238 a re  both valuable isotope heat sources. 
Set t ing a high pr ice  on curium-244 would surely d i s t o r t  the  plutonium 
pr ices  systems now i n  use. 
effect on t h e  pr ice  of individual precursor isotopes as a function 
of curium-244 or  plutonium-238 price.  
widely varying plutonium and uranium-236-neptunium-237 compositions i n  
a simulated water reactor  and adjusting t h e  isotope pr ices  so  tha t  the  
fuel cost is t h e  same f o r  each composition. A t  this point, the prices 
are set so that the  reac tor  operator would be indifferent  as t o  whether 
he produced curium-244, plutonium-238, or  not; so, i f  the  market pr ice  
i s  greater than the indifference price,  he would sel l  t he  plutonium or  
neptunium; and, if  below, he would make higher isotopes. Figures 2 
and 3 show t h e  indifference value of each isotope as a function of 
curium-244 and plutonium-238 pr ice .  Note, i n  t he  curve with plutonium, 
i f  t h e  value of curium-244 i s  set t o  zero the plutonium isotopes have 
thermal reactor  values. 
above this point represents t he  value of these isotopes as precursors 
of curium-244. It i s  obvious from these ccrves that se t t i ng  a high 
pr ice  on these heat source isotopes w i l l  d i s t o r t  the  plutonium value 
considerably and a l s o  reduce the  f u e l  cost of reactors using plutonium 
recycle. 

Calculations were made t o  determine the 

The work w a s  done by i r rad ia t ing  

The difference i n  the  increase i n  plutofiium values 

U J  

A study w a s  made of t h e  var ia t ion  of breeding r a t i o  as a function of 
specific power and en-richment i n  a heatry water moderated reactor  
that used uranium-233 i n  thorium-232. 
that breeding r a t i o  is  inversely proportional ts specif ic  parer and 
enrichment. 

The results 3btained demonstrated 

Flgure 4 shows t h e  var ia t ion  of breeding r a t i o  with exposure ( a  function 
of enrichment) for various spec i f ic  powers. 
increased fram 10 megawatts per ton  t:, 75 megawatts per ton, t he  exposure 
at which t h e  maximum breeding r a t i o  occurred decreased fram 26,000 megawatts 
per t an  t o  7000 megawatts per  t m  while the  maximum breeding r a t i o  de- 
creased fran 1.138 t o  1.035. 
increasing exposure (increasing enrichment) t o  a maxin;um value. 
exposure (enrichment) fu r the r  w a s  increased, breeding r a t i o  decreased. 
The decrease w a s  due t o  the  bui ld  up of f i s s i o n  products (whirh eventually 
override the  formation of uranium-233) as the  time required t o  a t t a i n  a 
given exposure increased. 
r a t i o  with increasing spec i f ic  power i s  dxe t o  the higher f lux l e v e l  which 
increases the  probabi l i ty  of absorption in protactinium-233 and the resu l t -  
ing loss of uranium-233 atam. The higher flux a lso  means the equilibrium 
xenon and samarium concentmtkn will be higher. It alsc  r e s d t s  fram t h e  
short  exposure which limits the  amount of uranium-233 formed by the  decay 
of protactinium-233. 

When spec i f ic  p w e r  was 

I n  general, breeding r a t i o  increased with 
Then, as 

The decrease of the maxim.. c41 value of breeding 
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The var ia t ion  of breeding r a t i o  with enrichment at d i f fe ren t  
spec i f ic  powers i s  shown i n  Figure 5. A t  l o w  spec i f ic  parers, breeding 
r a t i o  increases rapidly with enrichment t o  a maximum value, a f t e r  which 
further -enrichment is of no benefi t .  
r a t i o  at low spec i f ic  parer occurs at tha t  enrichment which causes the 
reactor  t o  run t o  a la rge  exposure. 
233 present can decay t o  uranium-233 with s m a l l  losses  due t o  neutron 
absorption. 

The rapid increase i n  breeding 

During this time, the protactinium- 

Reduced Density Thorium h e l s  

Previous studies of reduced densi ty  fue l s  have centered primarily on 
plutonium enriched uranium fuels. 
i s  the  plutonium enriched thorium f u e l  cycle. 
indicate  t h a t  when plutonium batches containing significan% amounts of 
plutonium-240 are used t o  enrich thorium, it i s  of ten desirable  t o  
reduce t h e  e f fec t ive  fuel density.* 
desirable  when t h e  f e r t i l i t y  of t h e  system i s  greater  than c a n  be 
econcunically supported. 

Another fuel ing scheme of in t e re s t  
Results obtained t o  date 

As with uranium fuels ,  this becomes 

The cases reported simulated a water moderated and cooled reactor  with 
zirconium cladding and a moderator-to-fuel-volume rat io .  of 1.7/1. The 
operating spec i f ic  power w a s  constant at 165 watts per cubic centimeter, 
(This i s  equivalent t o  15 megawatts per ton  of U02 at 10.5 grams per 
cubic centimeter density, a spec i f ic  power l e v e l  i n  a range commonly 

Figure 6 shows curves 
f o r  canparable uranium and thorium cases. I n  the  plutonium enriched 
uranium cases, the concentration of f e r t i l e  material became excessive 
above 5 grams per cubic centimeter effective f u e l  densi ty  ( the  uranium 
concentration w a s  varied w h i l e  the  grams per  cubic centimeter of pluto- 
nium were held constant) and t h e  r eac t iv i ty  became l e s s  than neeessary 
f o r  c r i t i c a l i t y .  

' considered f o r  cent ra l  s t a t ion  pawer plants . )  

I n  the  plutonium enriched thorium cases, it appeared that fuel opera- 
tion would be possible at any effect ive fue l  density between 1 gram per 
cubic 
econamical effective fuel density appeared t o  be i n  the range of 4 t o  5 
grams per  cubic centimeter. Note t h a t  f o r  the  batch i r rad ia t ion  method 

centimeter and 10 grams per cubic centimeter; however, the  most 

* 
an a t d c  number of 90 (thorium) o r  greater. 
thorium, uranium, and plutonium i n  the i n i t i a l  fue l .  
consis ts  of f iss ionable  o r  f e r t i l e  material and intermediate decay and 
capture products . 

The "effective fueln i s  defined 20 be the isotopes i n  the  f u e l  with 
I n  these cases, it includes 

The ef fec t ive  f u e l  

The "fuel" is  defined as including all material i n  the  f u e l  region and 
includes both d i luents  and effect ive fue l .  
"fuel" and "effect ive f u d "  i s  essent ia l .  

Diluent i s  defined as any material i n  the f u e l  other than the  "effective 
fue l .  

A c lear  d i s t i nc t ion  between 

1 2 2 8 4 4  I 
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t h e  fue l  costs  a re  nearly constant frm 1 t o  10 grams per cubic centimeter 
e f f ec t ive  f u e l  density.  

Other da ta  have shown that when thorium w a s  enriched with uranium-235 or with 
plutonium of camposition 95% Pu-239 and 
wtth a decrease i n  e f f ec t ive  f u e l  density.  

When thorium w a s  enriched with piutonium of composition 65$ a-239,  259 
PU-240, 8$ PU-241, and 2$ Pu-242, f u e l  cos ts  were e s sen t i a l ly  flat over the 
range 5 t o  10 grams per cubic centimeter e f fec t ive  f u e l  density.  
cases with normal self-shielding (1/2-inch rods), these results indicate  
thst plutonium-enriched-thorium fuels should o f f e r  similar advantages t o  
plutonium-enriched-uranium fuels .  
pXutonium-enriched-thoriurn-zirconium metal l ic  f u e l  appears f eas ib l e  
frcm t h e  standpoint of f u e l  costs.  
Over a wide range of zirconlum/thorium content r a t i o  and have good high 
temperature charac te r i s t ics .  

- 

Pu-240, f u e l  costs  increased 

For 

In par t icu lar ,  the  poss ib i l i t y  of a 

Thorium-zirconium fue l s  can be fabricated 

JASON Fast EPfect Test 

A test w a s  made t o  determine the  
of rod diameter f o r  t h e  fflputer 
four fac tors  G, 7, pY f) f o r  

var ia t ion  in fast e f f ec t  a~ a function 
code, JASON. JASON calculates  t h e  
a un i t  l a t t i c e  c e l l .  The cases were 

1 percent enriched kanium-235 i n  uranium-238 U02 aad uranium m e t a l  with 
&de dens i ty  10.5 grams per cubic centimeter, m e t a l  densi ty  18.9 @;rams 
per cubic centimeter. 
QO, %O, o r b r a p h i t e  as moderatfcg material. Volume weighted s l a J ing  
down powers of 1 and 2 were used. The f a s t  e f f ec t ,  as calculated, was 
independent of t h e  moderator used and the  moderator-bo-fuel ra t io ,  so that 
each curve i n  Figure 7 represents r e s u l t s  f o r  D20, graphite, and %O 
moderators at two w/u r a t i o s .  

Six experiments were made using metal o r  oxide with  

An optional fast e f f e c t  calculat ion i s  avai lable  i n  JASON. Tests are  
being made t o  determine haw the  optional. calculat ion c a p a r e s  with the  
standard method. The standard method calculates  lower epsilon values 
than aro determined experimentally. Results from a s ingle  t e s t  of the  
optional fast calculat ion show it t o  be much nearer t o  the published data  
f o r  t h e  fast e f fec t  cf a zorre-?tionsl  water moderated power reactor .  

(a)  E ,. = fast  f i s s i o n  effect i n  U-238 
11 = neutron g l e ld  per neutron absorbed i n  f u e l  
p = resonance escape probabi l i ty  
f = thermal u t i l i z a t i o n  f ac to r  

(b) SDW = volume weighted slarillg down power 
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Data Preparation Code 

A cclnputer-code named PER- w a s  writ ten tha t  would prepare input data  
f o r  t he  JASON CASE GENERATOR code. 
preparation and uses less than 10 seconds computer time t o  prepare 
input cases that formerly required two days of' hand computer calcula- 
t ions .  

W s  code requires miahid dsta 

The code is debugged and completely operable. 

Neutron Balance Calculations 

Calculated neutron bslances were sent t o  the  AEC Plarining and Forecasting 
Branch. 
twelve d i f fe ren t  fuel ing modes (-asnlum-235, plutonium, and uranium-233) 
for use by the  AEC t o  evaluate the  neutron economy of various reactor  
types. These data are pessimist ic  t o  plutonium 8s the self-shielding of  
t he  plutonium-239 resonances i s  insu f f i c i en t  i n  the code and indicates  
t he  alpha values of plutonium-239 and plutonium-241 a re  greater  than ex- 
pected i n  f u l l  reac tor  loads. 
of f u e l  cos ts  and uranium-235 concentratioc data fo r  these cases were 
prepared and forwarded. 
tails are included in this monthly report. 

These data were generated for four reac tor  types, each with 

I n  addition t o  neutron balances, summaries 

The data are so voluminous t h a t  no fur ther  de- 

Nuclear Safety A c t i d t i e s  

Approval was granted by the  AEC on September 30, 1963 t o  increase the 
power level l i m i t  for PRCF fmm 100 watts t o  19 kilowatts .  
is needed t o  achieve the required precis ion on period measurements with 
i r r ad ia t ed  fue l  without interf.erence fram the  shutdown neutron flux. 

The increase 

Baaed on Fnformation >rovided,the Atomic & e r a  Commission approved oper- 
a t ion  of the  PRTR Fuel Element Eupture Testing Baci l i ty  i n  accordance 
with the  proposed tempersture and pressure Limits and the Fressure tube 
survei l lance program as proposed fo r  operation with a standard P€U'R pres- 
sure tube i n s t a l l e d  In the  t e s t  sec t ion .  

Additional information w a s  provided ACRS and AEC staff members in response 
t o  questions on material furnished fo r  the forthcaning review of N-reactor 
Preparations w e r e  made for  the  meeting with ACRS scheduled November 7 .  

Acting Manager 
i? r o gr  d n g  

M. L e w i s : r m  
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RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTH OF OCTOBER 1963 

A. 

B, 

ORGANIZATION AND PERSONNEL 

L. C. Rouse terminated on the  last day of September t o  accept a posit ion 
with the  AEC i n  Denver, Colorado. J .  V .  Panesko concluded h i s  ro ta t iona l  
assignment w i t h  Environmental Studies and Evaluation. A .  R .  M a k i  
t ransferred from Radiation Monitoring t o  ES&EO . T.  C .  Mehas, Engineer, 
t ransfer red  from RMO t o  T e s t  Reactor and Auxiliaries.  D ,  E.  DeFord 
joined RMO as a Radiation Monitoring Trainee. 

ACTIVITIES 

Occupational Bposure lbperience 

One new plutonium deposition case was confirmed by routine bioassay 
analysis during t h e  month. The body burden f o r  t h i s  employee, an 
operator in Fission Products Processing Operation, w a s  estimated t o  
be 1% of the  maximum permissible body burden. 
(bone as reference) i s  0.04 pc. The t o t a l  number of individuals who 
have i n t e r n a l  plutonium deposition at Hanford i s  325 of which 235 
are current ly  employed. 

The MPBB f o r  plutonium 

There were nine incidents involving 13 employees t h a t  required spec ia l  
bioassay sampling f o r  plutonium analysis t h i s  month. The following is 
a br ie f  description of t h e  more s igni f icant  incidents.  

A CPD p i p e f i t t e r  received a plutonium n i t r a t e  contaminated 
injury on October 4, 1963 at  the  Weapons Manufacturing Building 
(234-5) The employee w a s  connecting a pump i n  Hood 7C when h e  
snagged h i s - f inge r  on a burr  from a pipe thread, 
the  Whole Body Counter showed 1.7 x 10-3 uc present i n  the  wound. 
After excision, t he  wound count w a s  1.2 x loo4 uc. 
i s  not a previous deposition case. The detect ion 1 it f o r  
the  plutonium wound counter i s  approximately 1 x 10' pc  of 
plutonium a 

Examination a t  

The employee 

A CPD operator received an in jury  at the  Weapons Manufacturing 
Building (234-5) on October 10, 1963, while handling a t e n s i l e  
sample container. 
t o  disclose any contamination. 

Examination at the Mobile Wotmd Counter f a i l ed  

A CPD operator received nasal contamination ranging from 
1300 d/m t o  2300 d/m a t  the  Weapons Manufacturing Building (23L-5)  

UNCLASSIFIED 
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on October ll, 1963. 
seSyng off glove por t s  in Hood 40-DB where leaky or ruptured 
hood gloves had been found, 
operation, operating personnel normally w e a r  appropriate respira- 
tory protection. However, t h i s  employee failed t o  w e a r  any 
resp i ra tory  protection thus permitt ing t h e  high l eve l  nasal 
contamination t o  occur , 

The contamination occurred when h e  was 

While performing t h i s  type of  

A HL technician received an injury a t  t h e  PFPP Building (308) 
on October 15 ,  1963, while working i n  a hood, A survey of t h e  
anployeeIs surgeons glove showed 1,000 d/m contamination. 
of s t a in l e s s  steel w a s  found i n  the  wound. Examination a t  t he  
Plutonium Wound Counter f a i l e d  t o  disclose any contamination, 

A piece 

A s i tua t ion  which occurred a t  t h e  PFPP Building (308) on October 17, 
1963, resulted in a spread of plutonium conternination t o  four 
minor construction employees and a radiat ion monitor, A 6 '  x 6 1  x 8'  
green house w a s  b u i l t  around a hood i n  Room 124 where t h e  construction 
personnel were t o  remove two ovens, 
t o  providing a new f i l t e r  box and exhaust l i n e  t o  the  hood, A 
panel w a s  ranoved without any p r io r  cleaning in t h e  hood, thus 
permitting t h e  spread of contamination i n  quant i t ies  unmeasurable 
by n o m a  survey equipment. The f i y e  personnel leaving t h e  
green house were found t o  have contaminated protect ive clothing 
with readings up t o  50,000 d/m. 
contaminatiop up t o  40,000 d/m w a s  spread t o  t h e  skin of these 
employees, However, no nasal  contamination w a s  detected,  The 
contaminated personnel were sent t o  PFtTR fo r  decontamination 
s ince there i s  no decontamination shower avai lable  i n  t h e  308 
Building 

This work was being done pr ior  

Upon removing t h i s  clothing, 

A C?D operator received skin contamination ranging from 2,000 to 
20,000 d/m and nasal contamination ranging from 200 t o  250 d/m while 
preparing t o  s e a l  a drum f i l t e r  un i t  i n to  maintenance hood 170 a t  
t h e  Weapons Manufacturing Building (234-5) on October 25, 1 9 6 ~  
Equipnent which was contained i n  double p l a s t i c  bags had been 
surveyed and had been found f r ee  of contamination pr ior  t o  t h i s  
worko Therefore, no resp i ra tory  protection w a s  required, However, 
apparently during the  operation, the  p l a s t i c  w a s  ruptured thus 
permitting t h e  spread of contamination t o  the  employee and t o  a 
la rge  portion of t h e  surrounding areao 

The t o t a l  number of plutonium contaminated in ju r i e s  for the year is 
20 w i t h  1 4  requiring excision, 
contaminated in ju r i e s  w i t h  8 requiring excision, 

I n  1962, there  were a total .  of 1 5  

UNCLASSIFIED 
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Also during t h e  month there were two incidents involving f ive  employees 
t h a t  required evaluation f o r  possible intake of radioactive materials 
other  than plutonium, These incidents are summarized below, 

Two e l ec t r i c i ans  and a rad ia t ion  monitor received beta-gamma nasal 
contamination up t o  850 c/m whi le  working on the  west crane i n  
t h e  P u r a  Building (202-A) canyon on October I, 1963. 
were wearing respiratory protection during t h e  work on the  craneo 
Therefore, it appeared tha t  t he  contamination occurred when the  
employees removed protect ive clothing and respiratory protection 
p r io r  t o  leaving the  work &ea, 
revealed a t r a c e  of zirconium-niobium-95 i n  one employee. The 
r e s u l t s  were negative f o r  t he  other two employees, 

The employees 

Examination a t  t h e  Whole Body Counter 

Two HL employees received beta-gamma nasal contamination ranging 
from 400 t o  500 c/m and skin contamination ranging from 25 mrads/hr 
t o  50 mrads/hr a t  t h e  Radiometallurgy Building (327) on October 21, 
1.963~ 
F c e l l  i n to  the  roan when the  contamination w a s  found, Examination 
at t h e  Whole Body Counter on October 22, 1963, revealed a t r a c e  of 
chromium-51 in one employee and 1 pc of chromim-51 i n  the  other ,  

These employees had been moving i r rad ia ted  cobalt samples from 

Several other  s ign i f icant  incidents occurred during the month, 

An IPI) operator'reccived an unplanned exposure as measured by the  
fi lm badge dosimeter of 0,5 rems gama and 1,2 rems beta  during 
spl ine removal operations a t  t he  105-B reactor  on October 27, 1963, 
The badge w a s  worn f o r  a period from October 4, 1963, through the  
date  of t he  incident,  
t o  dislodge a spl ine can containing an act ivated sp l ine  from the  
sp l ine  c o i l e r  apparatus. When t h i s  was ineffect ive,  the  cperator 
opened t h e  door t o  the  sp l ine  co i l e r  apparatus where he found the 
can t o  be held up by a broken piece of spl ine approximately 20 
inches i n  length.  
piece t o  the  tank by s t r ik ing  them with a wrench. 
ungloyee's hand was estimated t o  be approxaa te ly  1 5  rems, 
calculat ion w a s  based on data from t h e  employee's f i lm badge dosimeter, 
and f a c t s  brought out a t  t h e  IPD invest igat ion,  
examined t h e  employeeus hand, 
re-examination i n  7 t o  10  days, 

The operator used a long pole i n  an attempt 

He discharged both t h e  spl ine can and the  broken 
The dose t o  the  

This  

Medical personnel 
The employee was scheduled fo r  

Seventeen IPD exempt employees received exposures ranging from 400 
t o  900 mras gamma at lO5-KE reactor  during October 9 and 1 0  
while attempting t o  remove a f u e l  element which became stuck at 
approximately 1200 on October 9 i n  a scun gu t t e r ,  (The scum gu t t e r  
i s  located a t  t h e  surface of t h e  water below the  chute a t  t h e  rear 

UNCLASSIFIED 
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face of t he  r eac to r , )  An attempt w a g  made i n i t i a i l y  t o  remove the  
elemmt using nonnal handling too ls ,  A t  approximately 1900 on 
October 10, t h e  element w a s  removed using a special ly  designed 
snare a t  the  end of a 30-foot extension. Dose r a t e s  involved during 
t h i s  work ranged f i o m  20 r/hr at the  18 foot  l eve l  platform t o  
5 r/hF at t h e  38 foot  level, 
u t i l i z e d  i n  t h i s  work w a s  approximately 650 mrans gamma, 

The average dose for the  17 employees 

A false c r i t i c a l  radiation alarm occurred a t  the 306 Building a t  
1357 on October 19, 1963, as the  result of a fau l ty  detector ,  
steam w a s  turned off t o  t h e  building i n  preparation fo r  some maintenance 
work, t h e  temperature i n  t h e  building dropped causing detector  No, 17 
t o  operate e r r a t i c a l l y ,  
of time thus on ly  a small number of personnel i n  t h e  building heard 
t h e  alarms The response of those people hearing the  a l a r m  appeared 
t o  be good, Detector No. 17 vas removed from the  system and repaired,  
This is t h e  seventh f a l s e  c r i t i c a l  radiat ion alarm t h a t  has been 
reported since t h e  f i r s t  of t h e  year,  

When 

The alarm signal led for a very short  period 

Environmental Experience 

A thyroid burden of 73 pc of 1-131 was measured October 19, 1963, 
. i n  a 3-1/2 year  old boy liviw at t h e  West Richland fann where maximum 
1.131 concentrations were measured in m i l k  samples. collected after t h e  
recent Purex 1-131 release, 
year old sister was ~ 3 0  pc 1-131, 
thyroid)  is 0.03 rem f o r  t h e  period of September 3 through October 19, 
1963, I t  is probable t h a t  t h i s  represents t h e  maXmUm off -s l te  thyroid 
dose a t t r i bu tab le  t o  t h e  Purex 1-131 release,  

The thyroid burden of t h i s  boyss eight 
The dose calculated fo r  the  boy ( x b  gram 

The B p lan t  s tack monitor alarmed twlce during t h e  morning of October 24, 
Apparently, both alarms were t h e  result. of shorts  caused by excessive 
moisture in t he  sample head, 
la ter  i n  the  day did not show any malfunction of t he  monitoring equiptent,  
The steam line which heats t h e  sample intake line w i l l  be turned on 
and should eliminate the  moisture problem, 

Source checks of t h e  instrument made 

Concentrations of f a l lou t  materials i n  t h e  a i r  of the  Pacif ic  Northwest 
averaged 2 pc 6/m3 of a i r  during October, 19630 
different  from t h e  average value of 3 pc,’m3 noted during September, 

This is not significantly 

One aerial environmental survey w a s  conducted during t h e  month following 
f l i g h t  pa t te rn  2-E (Pasco, Ri tzv i l le ,  Ellensberg, Prosser ) ,  
i n  rad ia t ion  l eve l s  were detected, 

No anomalies 

UNCLASSIFIED 



LJIVCLASSIFIED G-5 Hw-79377 

A t o t a l  of 406 biological ,  produce, and food 
radiochemical analyses. They were: 

- 
Milk 234 gal lons 
Pasture grass  and hay 
Beef Thyroids 
Oysters 6 pounds 
Dried Oysters 
Fish ( f r e sh  f i s h  sold 3 pounds 

Duck muscle 
Duck heads 
Fish 

from l o c a l  grocer ies)  

samples were obtained fo r  

83 samples 
73 samples 
25 samples 
3 samples 

19 samples 
3 samples 

28 samples 
118 samples 

54 samples 

About 100,000 gal lons of "Vertan" , a proprietary chemical cleaning solution, 
was released t o  t h e  Columbia River shoreline at N Area on October 2 ,  1963. 
This material had been used t o  clean and de-scale secondary system piping 
at t h e  N-Reactor. Because of a cap on the  end of t h e  eff luent  pipe, t h i s  
material could not  be discharged t o  t h e  main r i v e r  channel as or ig ina l ly  
planned. The shorel ine discharge resul ted i n  unfavorable concentrations 
i n  t h e  immediate v i c i n i t y  of point of release, 
from turbulence at; t h e  end of t h e  flume, but diss ipated w i t h i n  a mile 
downstream, Anobserver vas present from the  Washington S t a t e  Pollution 
Commission a t  t h e  time of t h e  discharge. The remainder of t he  "Vcrtan" 
solut ion w a s  subsequently discharged through the  uncapped ou t f a l l  l i n e ,  

Heavy foaming occurred 

Studies and Improvements 

The Hanford Laboratories radioact ive waste disposal  pract ices  were 
reviewed, 
loca t ions  f o r  disposal  of t h e  more tox ic  long-lived radioactive materials 
such as t h e  plutonium isotopes and strontium-90. 
CPD b u r i a l  groundswkdch already contaip la rge  quant i t ies  of these  materials 
w a s  discussed with CPD personnel. 
Hanford Laboratories i n  es tabl ishing methods f o r  using t h e i r  disposal s i t e s ,  
Subsequent t o  these  discussions a l e t t e r  w a s  c i rculated throughout Hanford 
Laboratories recommending t h a t  plutonium and strontim-90 be disposed t o  
200 Area bur i a l  si tes,  

The 300-N and "Wye" bur i a l  grounds do not appear t o  be appropriate 

The poss ib i l i t y  of uslng 

They were qui te  wil l ing t o  work with 

The mobile whole body counter w a s  operated i n  100-F Area during October. 
Three hundred and eleven (311) examinations were completed represent i rg  
more than 90 percent of a l l  Biology Laboratory and IPD employees in t h e  
area, 
Showers removed up t o  50 percent of t h e  scandium indicat ing externel 
contamination. 
less t h a n  1 percent of t h e  applicable MPBB. 
recorded as in t e rna l  depositions. 

Ten employees were re-examined because of detected scandium-46 

I n  a l l  cases, t h e  quantity of radionuclide measured was 
None of these cases will h e  

Whole body counter operation under 
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f i e l d  conditions was danonstrated t o  be feas ib le  yielding va l id  r e su l t s  
under conditions of unstable background. 
shop i n  F k e a  w a s  detected and reported t o  responsible management, 

Scandium-16 contamination i n  a 

On-plant bioassay sampling w a s  i n i t i a t e d  at 234-5 Building, w i t h  59 employees 
scheduled for sampling during October, 
Monitoring supervision t lo  famil iar ize  them w i t h  t he  area on-plant sampling 
program aad plans f o r  its expmsion, Preliminary s teps  toward establishing 
o n - p l a t  sampling i n  231-2 Building were completed, The current ; tatus 
of the on-plant sampling program was documented f o r  in te rna l  use w i t h  
ins t ruc t ions  f o r  sample pickup, keypunching of sample r e su l t s ,  and scheduling 
ins t ruc t ions  

A meeting w a s  held w i t h  Radiation 

A manual containing radiological  design c r i t e r i a  w a s  issued fo r  general  
use a t  Hanford. Eight manual sections were completed and included i n  the  
m s r m s l ,  The eight  'sections included are: Building and Construction 
Layout, Shielding Requirements, Glove Boxes, Building Ventilation, Duct 
A i r  Samplers, Room Air Samplers, Stack Monitoring, and High Efficiency . 
F i l t  ers.. 

Two IPD log picoennneter c r i t i c a l i t y  alarm systems were t e s t ed  f o r  response 
w i t h  t h e  Flash X-ray machine a t  doses of about lo9 R / h r  and i r rad ia t ion  
duration of 0.12 microseconds. The first system alarmed readi ly  a t  dose 
rate s e n s i t i v i t y  settings up t o  i ts  m e x i m u m  range of lo3 R/hr. 
system using mothe r  company's log picoammeter would not alarm when the  
dose rate s e n s i t i v i t y  was set above 50 R / h r ,  
'were used i n  t h i s  tes t .  

A similar  

A t o t a l  of 16  X-ray pulses 

A new l o t  of 4" x 8" H-70 f i l t e r  paper was received by Central Stores.  
Field mulistion monitoring groups reported tha t  t h e  f i l t e r s  appeared t o  
vary in flow cha rac t e r i s t i c s .  
f i l t e r  paper indicated t h a t  about 10% of t h e  f i l t e r s  required about a 20% 
grea te r  vacuum i n  inches of water t o  obtain the  same flow ra t e .  
with t h e  purchasing agent resu l ted  in sending samples of t he  paper t o  the  
manufacturer., Their comments were not yet  received by the  buyer, 

Examination of a small sampling of t h e  

Discussions 

A so l id  state detector ,  vacuum chamber system was assembled and t e s t ed  
wi th  various prepared sources of alpha and beta e m i t t i n g  radionuclides 
for possible applications in air  f i l t e r  counting. No d i f f i cu l ty  was 
encountered in d i f f e ren t i a t ing  between Pu-239, Am-2h1, and Np-237 i n  a 
mixed source. The detector  used does not have suf f ic ien t  resolution t o  
d i f f e r e n t i a t e  between Pm-147, Bi-207, and Tc-99. 
f o r  examination of a i r  f i l t e r s  w i t h  mixtures of alpha emi t t ing  radionuclid?? 
will be investigated.  , 

The use o f  t h i s  device 

Purchase r equ i s i t i on  G-590836 f o r  100 CP meters w a s  prepared. 
G-558675.for 25 Technical Associates, Inc., Juno Meters was returned 
f o r  f u r t h e r  "no-substitution" j u s t i f i c a t i o n ,  

Requisition 

UNCLASSIFIED 
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A l l  30 Sc in t i l l a t i on  Portable Poppies were placed in to  service and t h e  
10 obsolete plant-made portable poppies were removed from service.  

The annual radium inventory was resolved w i t h  Plant Accountability on 
September 30, 1963. 

- 

Research Studies. 

-,--..I Effect of -- Reactor .--- Effluent -- . - on - t h e  - ~ u ~ l ~ t ~ ~ f - C ~ l ~ ~ i ~ ~ i ~ e =  XaLeL ( 0 2 )  

A study of t h e  e f f ec t s  of reactor  eff luent  on r ive r  water qua l i ty  with 
emphasis on temperature continued. 
at H and F areas f o r  measurement of t i m e  of t r ave l ,  rate of dispersion, 
and temperature change i n  the  tagged water masses. 
date  have shown a s igni f icant  time lag (one to th ree  hours) between mid- 
stream and shoreline a r r i v a l  t i m e s  a t  t h e  PRTR intake. Equipment for  
t h e  portable meteorological s t a t ion  w a 8  assembled and put on t e s t  operatson 
a t  the'183-KW water plant .  
calculated and measured evaporation at  a controlled,  b u t ' r e l a t i v e l y  humid 
locat  ion 

Dye s tudies  continued, with releases 

The dye tests t o  

The purpose of t h i s  t e s t  i s  a comparison of 

Work began on correlat ion and plo t t ing  of 1-131 measurements obtained 
on samples of a i r ,  vegetation, and m i l k  col lected from t h e  Hanford environs 
following the Purex 1-131 release of September. 

C, RELATIONS 

Four suggestions were evaluated. Three suggestion awards were made. 

Saf'ety meetfngs were held throughout the Section during t h e  month. 
There were no secur i ty  v io la t ions ,  

A two-hour pract ice  session was held f o r  members of the  Radiological 
Fslergency Staf f .  The session included a tour  of the new 703 Building 
Emergency Plo t t ing  f a c i l i t i e s ,  discussion on the  new telephone system 
and radio monitor, followed by a pract ice  problem regarding dispersement 
of airborne material, 

D. SIGNIFICANT REPORTS 

HW-79326 - "Estimation of Radioactive Contamination Activity by 
Radiation Survey Instrument E?' by F H ,, Sanders. 

UNCLASSIFIED 
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Hw-76525-9 - "Radiological Status  of the Hanford Environs f o r  
September, 1963" by R.  F. Foster - 

Hw-79485 - "Monthly R e p o r t  = October 1963, Radiation Monitoring 
Operation" by A. J. Stevens 

HW-79206 = "Radioactive Liquid Waste Disposal f o r  August", by 
R .  H. Wilson. 

HW-79073 - "Environmental Effects of a Fuel Element Fai lure" ,  
by R. E. Hall. 
c la r i f i ca t ion  of c lass i f ica t ion . )  

(Distr ibut ion is being withheld pending 

LTNCLASS IFXEE 
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PERSONNEL DOSIMFTRY ANJI RADIOLOGICAL RECORDS 

External Ecposure Above Permissible L i m i t s  

Whole Body Penetrating 
Whole Body Skin 
Extrenity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford Beta-G-a Film Baue Dosimeters 

Fi lm Processed 
Results - 100-300 mads  
Results - 300-500 mrads 
Results - Over 500 mrads 
Lost Results 
Average Dose Per Film Packet - m r a d  (ow) - m ( 5 )  

Hanford Neutron Film Badge Dosimeters 

Slow neutron 
Film Processed 
Results - 50-100 m r e m  
Results - 100-300 mrem 
Results - Over 300 mem 
Lost Results 

Fas t  Neutron 
Film Read 
Results - 50-100 mem 
Results - 100-300 
Results - Over 300 m r e m  
Lost Results 

Hand Checks 

Checks Taken - Alpha - Betadamma 

Skin Contamination 

Plutonium 
Fission Products 
Uranium 
T r i t i u m  
Thorium 

October 1963 

0 1 
0 0 
1 1 

6,313 63,839 

9,229 
180 
17 
6 
10 
9.5 
37.5 

1,624 
3 
0 
0 
5 

47 2 
8 
49 
0 
5 

96,494 
1,706 
156 
37 
23 5 
7.7 
30.9 

16,965 
18 
2 
0 

102 

4,597 
268 
4 87 
6 
81 

37,356 378,759 
56,252 576,944 

39 248 
24 382 
0 5 
0 0 
0 1 
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Whole Body Count er Number of Examinations 
747-A WBC 1963 Mobile WBC 1963 

GE Fmplagees 
61  600 310 322 
12  144 1 1 

T e r m i n a t  ions 2 124 1 
26 491 1 

Regular 
Incident Cases 

N e w  Hires 
Special Studies 44 47 6 

Non-Fmployees 
Children 2 2 1  

2 44 
Enviromental Studies - 0 19 - - V I  sit  ors 

149 1,919 311 325 

B i 08s say 
Current Results Above 

Reportinu L i m i t  Reporting L i m i t  Samples Assayed 
1963 

Plutonium 2 . ~ 0 a  w/sample 45 856 544 5,895 

3.lx1Oo5 pc/sample = 45 - 45 

Oct . 1963 Oct. - 
Fission Prod. 3.lxlOo5 uc/sample 20 98 497 5,322 
S t r  ont ium 
Trititk 5.0 c/l 148 1,315 325 2,275 

0.14 w/l 0 = 207 1,581 
358 

Uranium 
Special Studies .I - 30 

Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
B&e F i lm 
Pencils 
Other 

Number of Units Calibrated 
1963 

1,090 10,642 
2 40 2,584 
590 5,738 
188 1,906 

October 

114 
2,222 
- 

816 8,012 
75 1,065 

3 12 
1,203 
- 3.038 

12,115 

UNCLASSIFIED 
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- 
Miscellaneous Special Services 
Total Number of Calibrations 

G-11 Hw-79377 

Number of Units Calibrated 
October - 1963 

194 14,249 
3,619 48,305 

- 

RADIATION PROTECTION 

AFt Kcene:HVL:ald 

UNCLASSIFIED 
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I. 

I1 0 

111. 

IV 0 

V. 

VI. 

TECHNICAL INTERCHANGE DATA 
RADIATION PROTECTION OPERATION 

None 

Articles Published 

A n  article entitled, “Environmental Radioactive Contamination as a 
Factor in luclear Plant Siting Criteria”, by E. C. Watson was 
published in the IAEA Proceedings of the Symposim on “ S i t i n g  of 
Reactors and Nuclear Research Centres”. 

Visits and Visitors 

See attached Visits and Visitors form. 

Achievanent s 

None 

Honors and Recornitions 

None 

Professional Group or Organization Assignments 

None 

UNCLASSIFIED 
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RNAblCE AND ADMINISTEWTION 

ACCOUNTING 

Cost Account 1% 

Estrntes requested by RIxx)-AEC show the cost to initiate the Containment 
Test Program in FY 1964 to be $420,000 for construction and $80,000 for 
research and development. 
facility to be located in the 'IT" Plant is $87O,OOO. 

During October, Hanford Laboratories was allocated an additional $350,000 
for 02 Program equipment obligations, $18,000 f o r  03 Program equipment 
obligations and $76,000 for capital wcrk order costs. Total FY 1964 f'unds 
authorized for these purposes axe now: 

Total estimated construction cost of the 

-pent Obligations Authorization 

02 Program 
03 program 
04 Program 
05 program 
06 Program 
08 program 

T o t a l  

Capital Wrk Orders 

$ 600 000 
60 000 
278 600 
100 000 
125 000 

25 ooo 

9 130 ooo 

A revised allocation of W o r d  Laboratories' FY 1964 depreciation accrual 
to end programs prepared during the month follows: 

Research and Development 
Program 

02 
03 
04 
05 
06 
08 
Subtotal 

(In thousands) 

$ 649 
165 

2 359 
148 
327 

Special Off-Site Requests 148 

C&AO 249 

35 Assessments to: NRD 

CPD 
IPD 138 86 

Total $4 314 

UNCLASSIFIED 
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A special accounting code was established for  the  ac t iv i ty  described below: 

.3W -frradiation Servlces t o  Lewis Research Center - NASA. An 
authorization of $10,000 was received for  the i r radiat ion 
and analysis of two tungsten-U& cermet f'uel plates .  

The following program code changes became effective during October: 

. WA 

.wB 

.wc 

.WE 

.wF 

.wH 
*wK 
.wL 
.wM 
.urn 
.wP 
.uR 
52 - 53 

Codes Established 

CPD - Foundry - Proposed R & D (03 Program) 
CPD - Foundry - Process Development (03 Program) 
CPD - Mechanical Working - Proposed R & D (03 Program) 
CPD - Mechaaical Working - Rocess  Development (03 Program) 
CPD - Metal C u t t i n g  - Proposed R & D (03 Program) 
CPD - Metal Cutting - Process Development (03 Program) 
CPD - Inspection - Process Development (03 Program) 
CPD - Component Processing - Process Development (03 Program) 
CPD - Auxiliaries & Support - Process Development (03 Frogram) 
CPD - New Processes - Proposed R & D (03 Promam) 
CPD - Plutonium Technology - R & D (03 Program) 
CPD - Plutonium Purification - R & D (03 Program) 

TPD - U-233 fie1 Compaction (02 Program) 
IPD - U-233 R & D (02 Prosam)  

Codes Canceled 

.62 CPD - Weapons R & D (03 Promam) 

General Accountinq 

Ebllowlng is the sta tus  of let ters requesting AEC concurrence i n  proposed 
actions : 

AT-241 Banford Visitors Center 
Addendum 
m. 2 

Approved 
10 -22 -63" 

AT-313 Professional Research and Teaching Leave In hands o f  AEC 

AT-316 AM: Mnograph on Iodine 131 - L. K. Bustad In process 
and J. K. Soldat 

*Approved with cer ta in  conditions. 

The following new and revised OPGs were isscred during the  math: 

UNCLASSIFIED 
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New Revised Titlc OPG No. - 

m-79377 

- 
22.1.6 
22.1.3 
22.1.1 
55 010 

7 -1 

1.15 (gp. 1 
8c 2) 

7.8 (pp. 1- 
12) 

66.7 

22.1.12 
22.3.1 (pp. 1, 

8c 2c) 
22.1.u 
2.2 
2.3.10 

99.483 
99.4 
8.8 

8.11 

8.15 

X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

Applied Mathematics Operation 
Reactor ami Fbels Laboratory 
m o r d  Laboratories 
Employee Lmation Card 
Compliance with Antitrust Laws 

Security Requirements - Protection of 
Property and Information 
Control of Documents Classified Secret 
and Confidential 
Compliance with Antitrust Laws (Cancellation 
Notice) 
Test Reactor and Auxiliaries Operation 
Approval Authorizations 

Programming Operation 
Organization Announcement 
Technical and Business Planning Operation 
Manager Position Guide 
Mtor Vehicle Operator's Permit 
Use and Control of Motor Vehicles 
Standaxds for Maintenance of Plant  and 
Quipment 
Control of Materials, Tools, Jigs and 
Fixtures on Purchase Orders or Contracts 
Property of Others at HAP0 

Classification activity for  the m0nt.h included the review of 1,142 purchase 
requisitions, 884 work orders, and 17 appropriation requests for capital or 
expense determination, compounding, work review, and reimbursability. 

Hanford Laboratories' net material investment at October 1, 1963 totaled 
$23.9 million as detailed below: 

(In thousands) 
SS Material $22 4u 
Reactor and Other Special hbterlal 1 269 
Soare Parts 342 
Yttrium 47 

Subtotal rn 
(128) 

Reserve: @are Parts $dl 
Yttrium - 47 

Net Inventory Investment 

UNCLASSIFIED 
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The cumulative value of nuclear material consumed in research by Hanford 
laboratories during Fy 1964 (at October 1, 1963) is $91,520, comprised as 
follows: - 

02 Program 

04 Rogram 
03 R O S ~  

(1- R e t u r n s  from PRTR resulted ln.a net reduction of 
$17,442 in nuclear materials consumed in research 
during the month of September. 

T o t a l  plant a d  equipment investment and net value at September 30, 1963, 
follms: 

Area 

100-B 
100-D 
100 -F 
100-H 
100-K 
100 -I 
200-E 
200-w 
300 
7 0  
u o o  
O f f  -site 
White Bluffs 
LR-2) 

Asset Reserve-1) 

$ 103 550 
2 057 181 
3 757 988 

18 268 
857 998 

605 
1 403 733 
4 906 863 

55 529 049 
415 116 
36 424 

627 084 
4 819 701 

1 317 567 

$75 851 u? 
(1- Reserve is computed through 12-31-63. 

$ 16 061 
605 8 s  

1 385 666 
5 722 

259 074 
198 

279 568 
2 232 u4 

14 974 698 
131 2 7 5  
LL 720 

3 8  232 
203 825 

1 861 929 

Net Book 

$ 87 489 

598 924 
407 

1 124 165 
2 674 749 

40 554 351 
283 841 
24 704 
999 335 
423 259 

2 957 772 

953 565 a6 

(2- Includes plant and equipment inside the perimeter barricade, exciuding 
the U t e d  areas, uncatalogued equipment and unclassified equipment. 

Laboratory Storage Pool activity is sunrmarized as follows: 
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- 

Beginning Balance 
Items Received 
Items Reclaimed by Custodians 
Equipment TYansf er s 
Items Msposed by PIE! 
Items Disposed by &cess 

Current Month FY t o  Date 
Quantity Value Quantity Value 

(1- Includes 152 i t e m s  valued a t  $ll4,181 on loan a t  10-31-63. 

During the month, 102 items valued a t  $34,279 were loaned and/or transferred 
in l ieu of purchases. 
redirected to  usef'ul purposes t h i s  f iscal  year* Operating costs for  Septem- 
ber were $1,339 and for  FY 1964 were $4,002. 

Total value of equipment and material i n  custody of the  Laboratory Storage 
Pool at. October 31, 1963 was $1.7 million, including Reactor and Other 
Special Materials of $290,984, SS Mat.erials of $163,800 and other materials 
valued at 8423,574 ., 

A t o t a l  of 292 items valued a t  $110,152 has been 

Action during the  month on projects  follows: 

New k n e y  t o  Hanford Iaboratories 

CAH-100 
CAH-916 Fuels Recycle P i lo t  Plant-1) 

High Temperature Lattice Tes t  Reactor $ 6 COO 
(47 000) 

(1- Pansfer of Title I11 t o  the-CPFF-AE. 

Physical Completion Notices Issued 

*CAH-958 
CGH-992 

*CAH-995 Air Conditioning Modifications, 309 EWg. 

Plutonium F?zels Testing and Evaluation Laboratories, 308 Bldg. 
Additional Fuel bading Quipment, 3C8 Eldg. 

*AI24 Services only.  

Construction Completion and Cost Closing Statements Issued 

~N-938  
CAH-963 

Coolant Systems Development Laboratory, 1106-m 
Geological and Hydrological Wells - FY 2962 

UNCLASSIFIED 
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The following contracts  w e r e  processed during the  month: 

L- 43 c i t y  of Richland 
CA-kll B?. David C. England 
SA-90 Washington State University 

MRO- 67 Fisher Sc ien t i f i c  Cornparry 
MRO- 68 X-ray Products Corporation 
MRO- 70 RCA M c e  Company 

Personnel Accounting 

W s r y  administration s t a t i s t i c s  as of October I, 1963 were completed during 
the  month. 
Laboratories' exempt employees are couege  graduates and that 47 nonexempt 
employees have college degrees. 
of college graduates reported for the  past seven years.  

S t a t i s t i c s  obtained *om report  Indicated t h a t  86.95 of Ha.nSord 

The fol lowlag schedule compares the number 

Graduates 

Highest Degree 

PhD 
Ms 
Bs 

589 - 452 - 
HAME Council required a l ist  of  all nonunit employees who have sen ior i ty  
i n  a bar- unit  together with their sen ior i ty  date,  sen ior i ty  group, 
and c l a s s i f i c a t i o n  a t  the time employees transfmed from the u n i t .  
list contained 170 employees of Hanford Laboratories. 

The 

H. C. Burkepile, Elec t r ic ian  Bainee, died October 2'7, 1963. 

Patent Awards  w e r e  made t o  the  following enployees: 

R. H. Moore HWIR-1393 A Method fo r  Preparing Reactive Absorbents with 
High Flow Character is t ics  from Fiaely Divided 
Materials. 

W. B. Si lker  HWIR-1436 The Effectiveness of High Coagulant Feed i n  
Reducing Hanford Reactor Effluent Radio- 
isotope Concentrations. 

UNCLASSIFIED 
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R .  Do Weed HWIR-1585 Decontamination by the  Oxidation and Dissolution 
of Uranium Metal and Its Oxides for Removal from - 
a Reactor S y s T e m .  

Personnel s t a t i s t i c s  foilow: 

mployee Chaw es T o t a l  - Exempt Nonexempt 
Ehployees a t  beginning of month 1 761 776 98, 

25 
12 

Additions and t r ans fe r s  i n  39 14 

2 Removals and t r ans fe r s  out 14 
1786- 7758 Employees on payroll a t  end of month - 

Overtime Payments During Month 

Exempt 
Nonexempt 

T o t a l  

Gross Payroll  Paid During Month 

B e m p t  
Nonexempt 

T o t a l  

October September 

$ 6 239 

Part ic ipat ion in Employee Benefit October September 
Plans a t  Month Esld Number Percent Number Percent 

99 -4 Pension 1 565 99 - 4  1 550 
413 

99.9 i 334 99.9 
L18 Insurance F m  - Personal. - Dependent 1 357 

U.S. savings Bonds 

savings Plan 
39.3 156 39.9 ?.e 

S a r L n g S  and securi ty  Plan 1 237 88.7 1 213 88.7 
Good Neighbor Fund 1 283 71.8 1 250 71.7 

66 
155 Stock Bonus Plan 

3.7 67 

Insurance C l a i m s  
Ebployee Benefits Number Amount Plumber .4mount 

3 3 i k  

-0- $ -0- 2 $64 L50 
924 8 GILL 

Life Insurance 

45 
Weekly Sickness and Accident 9 
Comprehensive Medical 57 3 5 a  

Dependent Benefits 
Comprehensive Medical 

T o t a l  
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TEcmcAL ADMImm!rIoIv 

Ebployee RElations 

Fourteen nonexempt vacancies were f i l l e d ;  twenty requis i t ions  a re  *&Uec i .  

Suggestion plan a c t i v i t y  included 68 submissions, 28 adoptions and 34 
re jec t ions .  

AEC approval has been received t o  ref'und 100 per cent of t u i t i o n  costs  on 
graduate school courses e f fec t ive  Seytember 1, 1963. 

Information and Presentations 

Vis i tors  Center ac t iv i ty :  

October attendance 
Average attendaxlce per day open 
w t i v e  attendance since 6-13-62 
Conducted groups 

' 
1488 

54 
58 113 

10 ( t o t a n g  277 people) 

plant tour  ac t iv i ty :  

General PubUc Relations Tours 

CMPiLative attendance since 1-1-63 
Special Tours 5 52 

(all t ou r s )  2 573 - 
Documented information f l o w  during the  month was comprised of 1,714 t i t l e s  
(14,913 copies) received a t  W o r d  and 125 t i t l e s  (9,778 copies) sent o f f -  
s i t e  * 

The IIPR reac tor  model was i n s t a l l e d  in the  Vis i tors  Center. 
received from RIM>-AEC t o  continue operation of  the  Center indef in i te ly  
(1) provided C i t y  of Richland provides f r e e  space and j an i to r  service,  (2 )  
provided RIxx)-AEc approves addi t ion or  major improvement of  displays, and 
(3) subject t o  qprterly reviews of  v i s i t o r  attendance. 

Approval was 

Professional PLacement 

Advanced Degree - Three PhD appl icants  v i s i t e d  HAW for  employment i n t e r -  
views. One offer was extended; four r e j ec t ions  were received. One of fer  
i s  current ly  open. 

BS/MS (Direct Placement) - Two o f f e r s  were extended. 
re jec t ions  were received. 

One acceptance and no 
Two o f fe r s  a r e  current ly  open. 

UNCLASSIFIED 
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BS/MS (Program) - Four offers were extended. 
t ions were rpceived. 

No acceptances and IE rejec- 
There are  four open offers .  

Technical Graduate Program - One Technical. Graduate was placed on permanert 
assignment. 
t o t a l  76. 

Two new members were added to the r o i i ;  Current program members 

FACILITIES ENGImEEtiMG 

A t  month end, Fac i l i t i es  Engineering Operation was responsible for seven 
active projects,  having t o t a l  authorized funds i n  the amount of $6,424,50C. 
The t o t a l  estimated cost of these projects i s  $10,269,000. Expenditures on 
them through September 30, 1963 were $l,261,000. 

The following summarizes projebt ac t iv i ty  i n  October: 

Number of authorized projects a t  month end -------------- 
Number of new projects authorized ....................... 

New projects submitted t o  the AEC ....................... 
m-1~6, PRTR Decontamina+,ion and ~0 Cleanup 
CAH-ll9, PRTR Storage Basin and Experimental. 

FBeili t ies bbdifications 

New projects awaiting AEC approval --------------1------- 
cAH-u~, PRlR Decontamination and WO Cleanup 
CAH-U9, PRIB Storage Basin and Ecpeslmental 

Fac i l i t i e s  Wdiffcations 

Other project proposals being prepared ------------------ 
CAH-ll4, Cr i t ica l  Mass k3oratory Addition 
Laboratory Flre Protection System - 335 k e a  
Heat Transfer Apparatus for Model Smdieij 
Waste Transport System 
141-M Wrilding Addition 
Geological and Hydrological Wells - E 1964 

7 

0 

2 

2 

2 

6 

The following is the  s ta tus  of active projects: 

CAH-916, Fuels Recycle P i lo t  P lan t  - Construcsion is 13 per cent coqle%e 
compared t o  a scheduled 12 per cent" Erection of concrete sub-structures 

UNCLASSIFIED 
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is s t i l l  the  major a c t i v i t y  a t  t he  construction s i t e .  
cubic yards o f  concrete have been placed. 
with the  d 5 u c t u r a l  work. The design changes t o  eliminate piping inzer -  
ferences i n  the  storage vault a r e  being processed. 

ApproximatePj i,sOC 
Piping work i s  progressing & C I ~  

CAB-922, Burst Test Fac i l i t y  for b r a d i a t e d  Zirconium Tubes - On-site con- 
s t ruc t ion  i s  68 per cent complete and on schedule. Procurement is s t i i l  
lagging. Instal ls t ion of improper heaters  in  t h e  f i v e  containment vessels 
w i l l  necess i ta te  removal of the containment she l l s  t o  g a b  access t o  the 
heaters.  Following completion of t he  outer s h e l l s  by the v e d o r ,  the 
vessels  are t o  be brought to Richlnnd where the  heater changes and f i n a l  
w e l d i n g  are t G  be performed i n  the J. A. Jones shops. Vessels were due 
September 3, 1963 and have not a s  ye t  been shipped. 
was due October 24 and is  now promised November 15. 

The instrument paael 

' CAH-958, plutonirrm a e l s  Testing and hraluat ion Laboratories, 308 Buildirqq - 
Work was physically completed by the  d i r ec t ive  completion date a t  a COST of 
$120,000. The amoupt authorized by d i r ec t ive  was $150,000. This project  
Kill no longer be reported. 

CAH-962, IDW Level Radiochemistry Building - The Architect-Engineer sub- 
mitted t h e  de ta i led  design drawings f o r  Conmission and Company review on 
September 23, 1963. The drawings were reviewed and comments were trans- 
mitted t o  the  Commission on October 15 ,  1963. 
information t o  the Architect-Engineer, who i n  turn reviewed it wi+h the  
Commission. 

The Commission forwarded the 
- 

The A r c h i t e c t - m i n e w ' s  conrmerts a r e  LZOW being -zed. 

CAH-gn, F k c i l i t i e s  f o r  Radioactive Inhalat ion Studies - Comments on the  
de ta i led  deslep were forrarded t o  the Architect-Engineer on October 8, 
1963. Detailed design is  expected t o  be completed ear ly  i n  November % 

CAH-982, Addition t o  Radionuclide F a c i l i t i e s ,  1414 B u i l d i x  - On October 2, 
1963, the  Architect-EngLaeer was autk- r ized  t o  perform de ta i led  design of  
these f a c i l i t i e s .  
scheduled completion date is I'bvember 26, 1963. 

CGH-992, Additional. F'uel hadm Equipment, 308 BulldiyJ - The project  vas 
p4ysically completed on October 10, i963, slightly ahead o f  scked-de. The 
total. pro jec t  cost  was $J.58,897 compared t o  an authorized cost of $165,000. 
Thls project  will no longer be reporsed. 

The work i s  approximately 30 per  cent complete. The 

CAB-995, 309 Building Air Conditioning Modifications - The projecr, was 
physically completed on September 30, 1963, the  direcTive completiot dare. 
The t o t a l  project  cost  was approximately $51,500 compared t o  the authorized 
$56,000. This project  Kill no laxer be reported.  

rmcLAss1FIED 
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C GH-999, Plutonium Recycle C r i t i c a l  Fac i l i t y  Conversion to Light Water - 
Construction is 60 per cent complete compared t o  a scheduled 55 per zent. 
Mock-up of aXl. major mechanical components i s  nearing completion i n  the 
J. A. Jones Company shops. 
Fac i l i t y  for  i n s t a l l a t i o n  of new components is szheduled for  November U, 

Shutdown of t ne  Plutonium Recycle C r i t i c a l  

1963 - 
CAH-100, High Temp era+,ure Lat t ice  Test Reactor - The Commission authorized 
an addi t ional  $60,000 interim Pmds for  performance of design. 
preparing a design schedule containing a Ti t le  I design completion date of 
November 15, 1963, and a completion date for  de ta i led  design of A u g J s t  31, 

Vitro i s  

1964 G 

Selection of su i tab le  mater ia ls  for  s t ruc tu ra l  componeats, control  rods, 
and other mechanisms has proved t o  be a d i f f i c u l t  problem. Hastelloys and 
other materials tes ted  under the  proposed operating conditions have under- 
gone nitriding suf f ic ien t ly  severe t o  preclude the i r  use. FWther t e s t ing  
i s  being performed t o  solve t h i s  problem. 

.. 

CAH-116, PRTR becontamination and DpO Cleanup Fbc i l i t i e s  - Directive cumber 
AEC-227 dated October 28, 1963, authorizsd the  Commission $43,500 for  per- 
formancP of design. 

Pressure Systems 

Invest igat ive work yas s t a r t ed  on the 5echnology of i i qu id  metals systems 
In t he  25000 t o  3500' F range. 

Assistance was provided on the  waste calcinat ion and helium loop s tudies  i o  
the  appl icat ion of appropriate press.De codes* 

The b o t t l e  gas s t a t ion  at  3717 building was reaewed -.a safety iEprcve- 
ments are being formulated. 

Building 314 was surveyed for  locaticr,  of %he pressure Sccding autoclave, 

m i n e e r i n g  Services 

Engineering work performed i n  sugport of desiga and eonssrucsion or, acsive 
projects  and project  proposals and design c r i t e r i a  for  new pro:ects -mcLxded: 
(1) f i e l d  l ia i son ,  review of skop drawings, and approvai of subrm.+,ted rcater5ti-s 
on CAB-916, J?R€!P, (2) review of A-E design on CAH-962, b w  Level Radiochemrsmy 
Building, ( 3 )  review of A-E preliminary design and consd ta t ion  mth A-E o r  
CAa-982, Radionuclide Fac i l i t i e s ,  (4; sccpe and design cr rTer ia  for a f a s t  
reactor c r i t i c a l  f a c i l i t y ,  ( 5 )  p reLimimy study of relocatior- of Bioiogy 
Laboratory, and (6) preliminary study of  a consolidated amintenance shop- 

UNCLASSIFIED 
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Engineering and consulting work provided to customers included: (1) mgi- 
neering assistance on experimental neutron spectrometer 105-KE building, 
( 2 )  engineering of cell door operator at 747 building, ( 3 )  study of feasi- 
bility of extending future waste disposal railzoad spur to 324 buildiag, 
(4) engineering assistance on Ugh temperature water t e s t  loop, 314 build- 
ing, (5) engineering assistance on ins+Ution of 329 building x-ray 
equipment, ( 6 )  operation and engineering of NPR charging -chine modi2L- 
cations to utiUze magazine loader, (7)  purchase of waste flow metering 
and monitoring eqyipment, (8) study of relocation of Biology IaboratoFJ $0 
300 Area, (9) operation and modificaqion of 108-F source handling ;quip- 
mat, (10) engineering and test work for installation of 20,000 psi pres- 
sure banding autoclave, (11) ventilation studies of 251 and 151-A build- 
ings, (12) assistance on set-up for air flow test of  fuel section 02 31L 
gas loop, and (13 )  instrument engineering assistance CG the Chemical 
Processing Deparnnent . 
Plant EnRf neerinq 

P u t  engineering service was provided on numerous maintenance and Labratory 
modification and improvement jobs. 
building process sewer requirements and engineering for installation of an 
auxiliary water supply, ( 2 )  s t u d y  of effectiveness of 308 building acous- 
tical treatment and investigation of means to reduce noise transmission 
from dpapak machines throughout the building, (3) completion of 309 buiid- 
Ing paging and alarm system, (4)  review of 32'7 building expansion requre- 
meats, ( 5 )  study of filter changing, 32'7 building, to reduce radiatlon 
expome, and ( 6 )  study of requirements for activation sf 5201 buildlag 
for Iaboratories use. 

Major items were: (1) study of 306 

Facilities Operation 

Costs for the month of September were $149,34", which is 99 per cent of 
the forecast for the month. 
cal year were $441,118, or 197 per cent of the predicted. During this 
month, improvement maintenance costs continued lower shan ",he forecast 
xi5h $3,674 spent compared to $15,000 prsdlcted. Building and general 
maintenance expenditures, however, were both higher than she forecast, as 
they have been for each month. 
exceed forecasts by $32,000 for tne first quarter. 

Costs for +be first three months of the fis- 

Consequentiy, maintenance costs in t o t a i  

Fire drills were conducted an October ll i n  Hanford Laboratories; b ~ ~ i l d m g s .  
Although the.performance was satisfactcry, Lmprovements wL'L be =de ir. cer- 
taia locations to provide better coverage of the alann sound. 

Criticality alarms were tested 02 October 29. 
vided at the buildings to inform perscnnel of the scheciuled ~ist. 
was one spurious signal on the system in October, 

"Test" signs hve beer, pro- 
m-ere 

UNCIASSIFIED 
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The following t ab le  summarizes waste disposa l  operations: 
- - Item August September 

Concrete waste bar re l s  
disposed to:  300-N b u r i a l  ground 20 

300 Wye b u r i a l  ground 0 
200-W pu bur ia l  ground 0 

a 
10 
ILL 

hadluggers  of dry waste 
disposed from 325 Building 
to:  300-N burial  ground 2 1 

300 Wye bur ia l  ground 0 2 
200-W p~ buria l  ground 0 1 

Loadluggers of dry waste d is -  
posed From other 300 Area s i t e s  
to: 300-l? buria l  s o u n d  22 

300 Wye b u r i a l  ground 0 
7 

13 

The "Wye" b u r i a l  ground, contaminated during a m i l k  p a i l  dumping operation, 
w a s  cleaned sa t i s f ac to r i ly .  

There was an increase i n  the amount of  nonroutine decontamination perforned 
by th i s  group. 

Act ivi ty  in t he  axea of building service operation included: 

1. Frequent changes of air  baiance in 308 building necessitated by 
construction work in this buiLding. 

2. A l l  heating and vent i la t ion  controis in the 306 and 3 0 6 - ~  build- 
ings are being oversmuled. 

3. New heating and vent i la t ion  un i t  for  the mezzanine section of 
325 building was completed and placed i n  service on October 15- 

New booster c o i l  was ins t a l l ed  i n  the  326 building main system. 
No. 1, 2 and 3 vortex dampers were r ebu i l t .  Circuitry of base- 
ment sump pumps f a i l ed  on two occasions during the month. NeY 
control wiring will be i n s t a l l ed  and revis ions inade as soon as 
new parts a r e  available.  

4. 

5 .  A l l  supply exhaust dampers i n  327 building were inspected and 
adjusted on Saturday, October 19.  



6. Fan sheave on No. 2 exhaust fan, 329 Building, was found t G  be 
cracked a t  four of the  six spokes. 
o f i e r .  Meanwhile, the  u n i t  is being used only for  standby 
se r r i ce .  
October. New water m e t e r  was i n s t a l l ed .  

Replacement sheave is on 

New fan bearings were in s t a l l ed  in this unit  duriw 

7. Air f l o w  measurements w e r e  obtained in 325 basement for  Vitro. 
Approximately 80 hours were required t o  complete. 

The j u s t i f i c a t i o n  fo r  t he  ra i l  t ransport  of c r i b  waste project  w a s  rewri t ten 
t o  r e f l e c t  recent operating conditions and to respond t o  suggestioos made by 
AEC . 
Draft- 

The equivalent of 194 drawings were produced during the  month fo r  an average 
of 22 man-hours per drawing. 

%jar jobs in  progress are:  (1) high temperature gas loop, ( 2 )  HTLTR mock- 
up core, (3) powder processing Une, (4) i-ation hood as-bui l t s ,  ( 5 )  
"C" c e l l  salt cycle process, (6) fast super pressure power reactor  concept, 
(7)  apLpi control  rods, (8) t h o r i a  processing l i n e ,  and (9)  dynapak furnace 
hood. 
prevlous sect ions of this report. 

Also work was produced i n  support of  en@ neering reportea under 

Construction Supervision 

Act ivi ty  during t h e  month on construction work (J. A. Jones Compsny) b d n g  
performed fo r  Hanford Laboratories components is given below: 

Unexpended Waste 
Balance C a l c  irat i o n  

Orders outstanding beginning of month $272 726 93L 536 
Issued during the  month (including 

u4 751 51 500 suPPl- and adj4 
J. A. Jones expenditures during 

month (includes C.O. cos t s )  
Balance at  month end 
Orders closed during month 

167 943 19 839 
219 534 66 199 
15; 363 

In addition, work on two maintenance work orders issued t o  plant forces  ac 
having a face value of $1,622 was supervised. 

SA-289 Crane Safety Inspection - Lnspc-cion of cranes ami hoist; was eon- 
ducted as listed below: 

UNCUSSIFIED 
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Building No. of Pieces of Equipment 
- 

321 - 321-A 
314 
309 
328 
U71 

8 
4 
6 
4 
1 (Consulting work for transportation 

on 45 ton crane) 

Copies of inspection reports are being sent to the building custodians for 
corrective action. 

Major nonproject jobs in progress are: (1) precooling system rooms 201 
and 202, 108-F, (2) feeder stalls and feeder troughs, 141-C, (3) building 
modifications and laboratory furniture, 141-H, (4) sawdust silo, 1&-R,  
(5) concrete pad, 1&-F, (6) hay storage area, 100-F, (7) construct 
maintenance shop addition and install tensile test glove box, 231-2, ( 8 )  
install drain lines, q l - C R ,  ( 9 )  construct building addition, 292-T, (10) 
install electrical bus and water filter, 306, (U) provide start-up 
service for fie1 fabrication line, modify lighting, room 108, relocate 
s n d l  dympak and install new dpapak, and renovate room 125, 308 build- 
ing, (12) construct block addition for gas loop, install PR'13I tube replace- 
ment mock-up and install HTLTR mck-up, 314 building, (13) construct roof 
enclosure, construct maintenance shop, modify room 520 and construct retain- 
ing wall 325 building, (14) construct exhaust system, install. floor drains 
and install unit heater, 327 building, (15) install lighting, 371?-B, and 
(16) fabricate waste calcination equipment for 324 building 

Three requisitions were issued during the month totaling $350. 
of equipment being processed in $b6,OOO. 

Total value 

Manager 
Finance and Administratior 

W Sale:JVM:whm 
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REACTOR DMELOPMENT - 04 PROGRAM 
- 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Reactor output for  October was 1248 MWD, fo r  an experimental time 
efficiency of 78$ and a plant efficiency of 57.5$. mere were f o u r  
operating periods during the mnth,  one of which was terminated fo r  
scheduled refueling and planned maintenance, one was terminated 
manually due t o  vent i la t ion unbalance, one was terminated by a spur 
ious Log N period t r i p ,  and one operating period continued through 
month-end. A sumnary of the fuel i r radiat ion program as of October 

Program 
1963, follows: 

- 
' 31, 

~~ 

In-core 18 1636.7 0 
Maximum 100.9 
Average 90.9 

Al-A2 U@ PuOp-UO? Other Totals 
NO. MWD N o .  NO. 1~fl.JD NO. I.filD N o .  *E - - 

67 7063.6 
171.8 

a5 8700.3 

105.4 

I n  Basin 25 1895.0 32 3815.0 13 382.0 1 7.3 '(1 6095:; 

67 4275.1 

15 3841.0 a 5780.8 80 1445.6 1 7.3 a 1907b.7 
Note: (MWD/Element) X 20 = MWD/TU fo r  U02 and Pu02-U02. 

%O and indicated helium losses for  October were 859 pounds and 114,Cli 
scf . ,  respectively. 

A shipment of 19,091 pounds of scrap %O was made t o  Savannah River. 

Chem. Boces.  E 2309.3 5 1965.8 - - -  
Bog.  Totals - 

Equipment Expe rience 

A t o t a l  of 71 reactor outage hours were charged t o  repair  work. 
items were: 

Main 

+O and helium leaks 16 hours 
11 hours Flash tank repairs 

Ion exchanger replacement 11 hours 
Valves 8 hours 
Instrumentat ion 8 hours 

UNCLASSIFIED 
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Preventive maintenance required 275 hours or 5.5% of the t o t a l  
maintenance e f fo r t  . 
The autcunatic control ler  was operated during the reactor outage fo r  
controlling the moderator level under s i t e d  power conditions. 
Deliberate disturbances *re induced, which  demonstrated the a b i l i t y  
of the controller t o  respond i n  a proper and timely manner. 
problems were detected. 

Several modifications were made t o  the Light Water Injection System ( f ina l  
reactor backup coolant s y s t e m )  increasing i ts  reliabilitjj. 

Lrrprovement Work Status (significant items ) 

- 

No serious 

Work Completed 

Fi l tered Water Pump #3 
#k 1.25-v Battery Charger 
Flash Tank Modification 
P h t f o m  at -U' 
Light Water Injection System Modifications 
Helium Compressor Piping Modification f o r  Snubber Instal la t ion 
Actuator with Hydraulic Snubber f o r  Bottom Blow-Darn Line 
S-60 V a l v e  T r i m  change 

Work Par t ia l ly  Completed 

In-llne Gas sampling 
Process Tubes Iwel Indicator 
Inlet G a s  Seal Replacement 
Backup EZPergency Power t o  Primary plmrps 
Xelium Compressor Unloading Orifice Modification 
l25-Volt Battery Disconnect Contactor 
Shim Rod Shroud t o  Tap Cap Modification 
Improved RTD Comector Sealant and Bracing 
Instnmrent Power h.ansfer System 
Installation of New Alarm Annunciator 
Reactor Automatic Controller 

Design Work Completed 

Flow Monitor Tubing Snubber Instal la t ion 
Pressurizer t o  Stack Valve Relocation 

Galvanometer Shunt Replacement 
Indication of DC Solenoid Failure 
Ihrgency  Personnel Air Lock Door Operators 
PRTR Data IIandlFng System 
Holdup Tank - H i g h  Level A l a r m  

DT-1 Storage TankSight Crruge 

UNCLASSIFIED 
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Design Work Partially Campleted 

Additional Fuel Storage and &amination Fac i l i ty  
Vibration Snubbers fo r  Earthquake Protection 
Decontamina.tion Building and %O Cleanup Fac i l i ty  
ETUX W i r e  6canniq System 
Supplemental Wrgency  Water Addition 
Fermsnent Instal la t ion of Closed Circuit TV 
Rupture Monitoring System Modifications 
PRTR Increased Power h v e 1  
Battery Power fo r  Galvanometer L i g h t  
Conta-nt Valve By-Pass for Sump Pumpout Lines 

- 

Process Engi neerinp; and Reactor physics 

PRTR Test Number 34 (Shim Temperature After A Scram) was completed 
during the month. The maxim temperature reached after a reactor 
sc&n was between 250 and 260 F. 

A computer program was written and used t o  generate tables of the 
constant 
with the coolant isotopic purity as a parameter. 
i n  the manual calculation of PRTR power. 

as functions of coolant inlet temperature and coolent AT, 
The tables are used 

The deaerator vessel  was drained and inspected which revealed tha t  
there was a reasurable increase i n  the depth of p i t s  from the previous 
inspection conducted i n  April. 

Procedures 

Operating Procedures Issued 
Revised Operat- Procedures Issued 
Revised Operating Standards Issued 
Temporrrry Deviations to  Operating Standards Issued 
Eguipmext Stsndsrds Iaaued 

Dr8WiJlg As-Built status: October 

Approved f o r  A e - W l t  
In Drafting 
In Approval  
Deleted or Voided 

Scheduled for Review 

18 
( 3 )  

2 
7 

13 
2 
2 

Tmal - 
1 032 

20 
14 
81 z - 
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Personnel Training : Man-Ho~s - 
W i f i c a t i o n  Subjects 224 
Specifications, Standnrds, Procedures 82 
Ehrgency Pmcedures 7 
Maintenance Procedures 64 z 

Status of Bualified Personnel at Month-End: 

Qualified Reactor Ebgineers 
Qualified Lead Technicians 
Wif ied Technicians 

9 
6 

17 

Ekperinrental Reactor Semices 

The status of the various test elements at the end of October 1963, is 
shown be low.  
exposure o r  had been lpnnsnently discharged f o r  ather reasons pr ior  t o  
October 1, 1963, have been deleted fran the table.  

Those elements which had reached t h e i r  assigned goal 

Approx 
mtR ACCumU- 

Test Ch-1 F.E. Initial Date M s -  lated 
NO. Location Number Description Charge charged MWD 

-- 171.8 repad 
14 1956 5097 Moxtyl-Swsged 

-- l27.0 repad 
5098 M o X t y l - V i ~ C  5/8/62 

-- li7.8 
5/8/62 

14 13% 
14 1758 50% MOXtyl-VipaC 

51-50 Moxtyl (3" x 5'' pads) 8/1/62 
-- 73.5 

48 =53 
5121 Unautoclaved IX Fu-U 6/13/63 -- 66.5 

47 1647 
5 1 9  Unautoclaved LX Pu-L 7/6/63 -- 6L.7 

47 1653 
5193 Unautoclaved LX PU-L 7/6/63 -- L22.0 

47 1453 
5116 Moxtyl (clip-on pads) 5/8/62 -- 169 7 

54 1542 
5118 Moxtyl (clip-on pads) 5/8/62 

83.1 
5& 1554 
61 =47 5185 MoXtyl-physics 5/28/63 

~ a s ~ n  5186 Moxtyi-physics 5/28/63 107;5/63 77.3 
-- 96.3 

61 

e- 82.3 
61 l a 7  5187 M o ; s - t y l - f i y S i C S  5/ 28/ 63 

-- 22.3 
61 1556 5192 MoXtyl-phySiCS 6/ 13/63 

1144 51-19 Moxtyl (Repaired Wire)10/20/63 
67 1459 5117 Moxtyl (Repaired Wire)10/20/63 -- 64.8 67 

- 
4/2/62 -- 105.5 repad 

Visual examination of 14 process tubes showed one tube that  had a .020" 
high b l i s t e r  8' from the top flange. 
being stored in the basin f o r  further nondestructive t e s t s .  

lhis tube has been replaced a d  is 

UNCLASSIFIED 
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blockup t e s t i n g  of the Gama Scamer F a c i l i t y  was completed during the 
month a.n&it was disassembled from t h e  mockup area f o r  basin i n s t a l -  
lat ion a t  month -end. 

Wire wraps on two f u e l  elements were repaired and the elements were 
charged in to  the reac tor  under PRTR Test 67. 

Four fuel elements were inspected i n  the basin and f i v e  were inspected 
i n  the Fuel Element Examination F a c i l i t y  (FEEJ?), one of which was 
re Jected. 

Completed improvement work consisted of the Gamma Scanner Ins t a l l a t ion  
and the Autoclave I n s t a l l a t i o n  f o r  ZR-2 Fre t t ing  Corrosion Studies. 
Design was completed f o r  the Thermister Probe Ins t a l l a t ion  in  the FEEF. 

Plutonium Recycle Crit ical .  F a c i l i t y  

Operation was routine f o r  the  month, involving both irradiated and u i r -  
radiated PRTFl f’uel elements w i t h  a D20 moderator. The f a c i l i t y  was 

shutdown at  month-end f o r  scheduled conversion t o  4 0  moderator. 

Three revised Process Specif icat ions were accepted f o r  use. 

Fuel Element Rupture Test Fac i l i t y  

Operation 

Three operating runs were completed. 
without interrupt ion and survived several  external ly  caused 
disturbances. 

!The f inal  r u n  went e ight  days 

Pracedure s 

Operating Standards issued 6 
Process Specifications Accepted f o r  Use 7 

Personnel m i n i n g  : Nan I.Iours 

Operating ProcE.(?Lm s 
Mabtenance Prxedurcs 

150 
4 i z r  - 

Processinlz; of Spent Fuels 

Thirty-four UO, fuel elements, with i r rad ia t ions  of 42000 bIW/T, were 
shipped t o  the Redox plant  i n  200-W. 
which were i r rad ia ted  t o  42000 MWD/T that a re  being stored f o r  Applied 
Physics and Fuel Testing and Analyses. 
16 will be used t o  support Applied Physics programs. UNCLASSIFIED 

There a re  11 more Uo;! fuel elernents 

Of the remaining 21  U02 fuel elements, 
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TECHNICAL SHOPS OPERATION - 
Total productive time f o r  the period was 23,275 hours. 
13,804 hours p e r f o m d  i n  Technical Shops, 6,271 hours assigned to J. A. 
Jones Company, 3,088 hours assigned t o  o f f s i t e  vendors, and 112 hours to 
other project shops. Tota l  shop backlog is 18,315 hours, of which 90% 
is reqpired i n  the current month with the remainder distributed Over a 
three-month period. Overtime worked during the nonth totaled 761 hours 
o r  3.1$ of the t o t a l  available hours. 

This includes 

Distribution of time was as follows: 

Man-Hours $ of Total 

N Reactor Department 
Irradiation Processing Ccpartment 
Chemical Processing Department 
W o r d  Laboratories 
Hanfoxd Util i t ies and Furchasing 

2 876 12.36 
4 280 18.39 

480 2.06 
67 19 - - 15 639 

Total productive tiE was 18,500 hours of 20,000 hours potentially avail- 
able. 
Laboratories components, with the remaining 9 directed toward providing 
service for  other HAP0 organizations. 
as follows: 

O f  the t o t a l  productive time, 914 was expended in  support of Emford  

Manpower u t i l i za t ion  fo r  October was 

A. Shop Work 2 200 hours 

B. Maintenance 7 000 hours 

1. Preventive Maintenance 2 200 hours 
2. Unscheduled o r  Emergency Maintenance 1 400 hours 
3. Normal Scheduled Maintenance 3 400 hours 
4. Overtine (included i n  abuve figures) 760 hours 

C. R&D Assistance 9 300 hours 

Manager 
Test Reactor and Auxiliaries 
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- INVENTIONS OR DISCOVERIES 

A l l  persons  engaged in work that might reasonably be expected to 
r e s u l t  in inventions o r  d i scover ies  advise  that, to the best  of the i r  knowledge 

and belief,  no inventions o r  d i scover ies  w e r e  made in the cour se  of their  

work during the per iod covered by this  r e p o r t  except as listed below. 

persons  fu r the r  advise  that, for  the period there in  covered by this r epor t ,  
notebook r e c o r d s ,  i f  any, kept in the cour se  of the i r  work have been 

examined f o r  possible  inventions o r  d i scove r i e s .  

INVENTOR 

L. A .  B r a y  

Such 

TITLE OF INVENTION OR DISCOVERY 

Strontium Recovery  from Acidified 

Sludge (HW-79286) 

d Manager ,  Hanford Labora tor ies  4 
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