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Work ~ i i e c t e d  'byx- D .  :R. deBoisblenc, Dirgcto.r, Reactor Physics mid 
'Engineering Branch 

W, B. Leas ,  Director, ~ h e o ~ e t f  c.al Physi cs and 
Applied &l&hatics :Bf mcb : , .' 

J E. 'Evans;' D i  qector ,, ~ u c l e a r  Phy~ ic s  Brmch 

NIX-ETR Technical Ass i s tace  - Tha Engineering Test Reactor Cr i t ica l  
Facil i ty ' fuel  loading. was increased from a 49 element core' t o  a 59 
elem&t core to  give an excess reactivity of 11% i n  Ak/k. S ta t i s t i ca l  
weights and thermal f l u  measurements have been made throughout the 
coree A m&s of estimating variation in  boron content i n  ETR f i e1  
elements by comparing a stmidard fuel element with a dummy element and 
an element containing only fuel  showed the. average'boron content per 
fuel  element to  be 0.65 grams. more. =the specified 1.6 grams. The 
equivalent . to ta l  curie value of MI% fuel  elements and the .curie content 
of several specific isotopes has been worked ou&J operating 228 hours 
i n  addition t o  the regular d.8.y shif is ,  the Machine Computational Facility 
(IBM 650) achieved 675 hours of production time Ws quarter. 

MTR-ETR Development - Four experfmental. s h i m  rod magnets have already 
operated successfully 'withou% fai lure for  longer than the. average l i f e  
of exlsting MITI shim rod magnetso The lower original cost, the re- 
placeable co i l  feature, and the negligible maintenance for  the experi- 
mental magnet should drast ical ly reduce the maintenance attention 
presently required in the  Refinements have been made on the calcu- 
bations of MlTR fuel  cbsge  and Xenon override, Prediction of MIX 
charge l i f e  k s  been made using ingr&h of Xe-135 a f te r  a power re- 
duction w i t h  an improved accuracy campared t o  previous methods. Methods 
of measuring both boron and fuel  contained in  ETR elements by chemical 
and non-destruc%%vs %e&migues% are 'behg e ~ w t e d .  ~d lPau l i c  t e s t s  
have been made on four modif%catfons of the EZR -1 element design. 
A study of the effects  of varying parmetere and changing design of f i e1  
elements has been conducted. Pre-irradiation metallographic exmination 
of representative fuel sample plates has Been completed. Preliminary 
planning has been completed on proposed experiments t o  study the reaction 
of molten metals wi$h water i n  the reactor. 

Reactor Physics and Engineering - A method of obtaining the lethargy 
dependence of the flux, @(u), t o  obtain the f a s t  group constants for  
group diffusion theory caJ.culations has been programmed for the PBM-650. 

* W i  t h  e&%~ibu%f ons from the Operations Evaluation Branch. 



The revised r e su l t  of the y ie ld  of 1-135 vas 4-3. 9 0.6$ i n  the fj.ssiec 
' o f  plutonium. A thorium slug i r rad ia ted  fo r  a ' yea r  i n  the  MI% was 
sectioned and analyzed t o  obtain the d is t r ibut ion  of uranium within the 
slug. No signif icant  angular dependence about the  axis .  of the slug was 
observed. 

. Nuclear Physics - The major emphasis of the cross section program has 
been on understanding 'the f i ss ion  process i n  U-233. The 1024 channel 
time-of-flight analyzer with an automatic detector delay-correction 
system has completely replaced the or ig ina l  100 channel analyzer. Total  
cross section curves a re  given on PU-240, Sm, Cd, Ca, .Sr, and Li-7. The 

' 

HG-6 beam hole plug fo r  the inelastic-scattering-of-slow-neutrons program 
has been ins t a l l ed  i n  the MiR,and radiation and temperature measurements 
have been made. a t  an operating power of MMw. I n i t i a l .  development i s  
under way on a 1024: channel. time-of-flight anal zer fo r  the  sca t te r ing  5 data accumulation. In nuclear chemistry the Mo 9 / ~ p 3  saturation ac- 
t i v i t y  r a t i o s  of the  f i ss ion  of U-233 with thermal and 1.8' ev. neutrons 
were compared with the l a t t e r  regul t  appe~r ing  Larger by about 15 per, 
cent. Several second order capture measurements a re  being investigated. 
In  the  decay schemes progym, the machine calculated detection eff ic ien-  
c i e s  of sodium iodide sc in t i l l a t ion  c r y s t ~ s  a re  being checked experi-. 
mentally. The .decay schemes of B i  -205 and ~a -142  a re  being investigated. 
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A *  Engineering Test Reactor C r i t i c a l  Fac i l i t y  (E. E. Burdick) 

1. Reactor Measurements (B. L. Hanson, J. W. Henscheid, Do L. Farry, 
To K. ~ B o e r )  

The i n i t i a l  ful l -core loading i n  the  ETR C r i t i c a l  contai 
f u e l  elements wfth a measured excess r eac t iv i ty  of 1.5% i n  &/k. 
loading was increased t o  59 elements (by eliminating several  experimental 
posi t ions)  t o  g i  e an excess r eac t iv i ty  of ll$ i n  &/k. An average t o t a l  6 flux of 2.9 x 10 neu% ./em2 sec i n  t h e  49 element core corresponds t o  
approxf t e l y  206 watts. I n  %he 59 element core a t o t a l  average f lux  of 9 2.9 x 10 neut o /  em2 see corresponds t o  approximately 220 watts, \ 

The "shP%-up" core f o r  the  EJB using 59 elements was loaded i n  
t h e  EOlPR C r i t i c a l  p r io r  %o being used i n  %he ETR s t a d - u p o  The difference 
i n  excess r eac t iv i ty  compared t o  the  59 elements used i n  t h e  or ig ina l  
loading of the  ETR C r f t i  c a l  was -0~47% i n  &/k. 

. . 
~ ~ t f s t i c a l  weights have been -measured i n  many repr&s6nktive 

posit ions %hroughout the  core wfth 36 inch boron impregnated tapes and 
vary from neglf @-ble t o  0.2% i n  ak/k per gram. of boron. 

2. m e 1  Element Mea'surements (D. Lo F ~ P P ~ )  

A s  a means of, estfmatfng the variat ion i n  boron content i n  the  
f u e l  elements, t h e  r eac t iv i ty  dSfferences between 10 f u e l  elements picked 
a t  random were measuped i n  a given posit ion i n  the ETR Cr i t i ca l .  The 
percent standard deviation was found t o  be 2.6%. . Each of the  f u e l  
elements was compared t o  a dummy element (one containing no f u e l  o r  boron) 
and a f u e l  element conhin ing  fue l  but no boron. Since the  s t a t i s t i c a l  
weight, w, of boron was known, the  amount of boron per f u e l  element could 
then be computed with the  following relat'Lonshi3s: 

,&' 

/ boron content i n  gmms 
w boron 

/?is t h e  r eac t iv i ty  per gram of the  f u e l  and boron respectively. The . 
average boron content per f u e l  element computed i n  t h i s  manner was found 
t o  be about 0.65 grams more than that reported by Babcock and Wilcox 
(nominally 1.6 grams ) Thi s estimate neglects s e l f  shf elding. 

Investigations of modiffcations of the  present ETR f i e 1  element 
t o  increase i t s  s t ruc tu ra l  r i g i d i t y  l ed  t o  severpal experfments i n  the  
ETR C r f t i c s l  F%cili ty.  Changing the  metal-%o-water r a t i o '  of t he  ETR 
elements from the  present 0 ~ 6 4  t o  0.84 resul ted i n  a ne t  decrease. i n  the . 

excess r eac t iv i ty .  of 1.66% i n  ~ / k .  

Changing the  boron from the  f u e l  plates  t o  e i the r  (1) %he s ide  
p la tes  o r  (2) a simulated center ph%e,  showed no s ignif icant  depression 
i n  a h o r i z o n b l  midplane f lux  %&verse through the f u e l  element. 
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I. 

3. Control Rod Worths (J. W .  ~ensche id )  

Values f o r  the  net worths of the FXB C r i t i c a l  Fac i l i t y  control 
rods were found t o  vary considerably due t o  perturbation ef fec ts  caused 
by changing nearby control rods from poison t o  f u e l  and vice versa. 
However, the averages of values obtained throughout the core were as 
follows : 

Gray rod (nickel) 1.05 i n  Ak/k 
Black rod (cadmium - aluminum) 1.4% i n  &/k 
Black rod (boron 7- s t a in l e s s  s-&eel)  1.6% i n  Ak/k 

Of the two types of black rods mentioned, the cadmium - aluminum rods a r e  
used i n  the  ETR C r i t i c a l  Fac i l i t y  'since the  boron - s ta in less  s t e e l  rods 
were not immediately available.  J 

O f  specif ic  in t e res t  is  the  c a l i b q t i o n  of t h e  motor driven gray 
;(shim) rod i n  t h e  ETR C r i t i c a l  Fac i l i ty .  , TO' check the  v a l i d i t y  of 
cal ibrat ion methods t h i s  rod was evaluated by three d i f fe rent  methods 
with the following resu l t s :  

\ 

Period Measurements ( local  poison additions ) 1.0@ Ak/k 
Period Measurements (dis t r ibuted poison ) .go$ Ak/k 
Distributed poison jA z 7 , , , 98$ .m/k  

C p i l e  ' 

I 

Since the regulating rod dr ive i s  not yet operable the  
regulating rod w a s  not calibrated, but i ts  net  worth was measured t o  be 
0.01% i n  nk/k i n  i t s  present position. It is planned t o  change the  
regulating rod t o  another position, however, i n  order t o  increase i t s  
worth t o  approximately 0.3% i n  Ak/k. 

4. T h e m 1  Flux Measurement (P. W.  ~ e a l y )  

Flux measurements have been mde  i n  the  ElX c r i t i c a l  F a c i l i t y  t o  
compare with a comparable core i n  the  ETR. The f lux  measurements from the  
ETR C r i t i c a l  Fac i l i t y  w i l l  simplify the  determination of hot spots i n  the  
ETR and w i l l  provide the  Theoretical Physics Section with data  f o r  
calculations f o r  the  ETR. 

The most extensive f lux  mapping was made on the  59 element core 
shown i n  Figure 1 since t h i s  i s  the core which wil1,be used f o r  most of 
t h e  Start-up t e s t s  i n  the  EX%. The posit ion of the  shim rods, whether 
" I N t 1  o r  "OUT" is  indicated i n  the  figure.  The f lux  measurements were 
made e i the r  with 5 m i l  c i r cu la r  gold f o i l s  3/16 inches i n  diameter, o r  
with 40 m i l  gold wire usually 3 o r  5 inches i n  length. The wires were used 
pr incipal ly  t o  determine the  cadmium ra t ios ,  and when so used were covered 
with close f i t t i n g  cadmium sleeves on the lower ha l f  of the  3" wires and 
on the  center section of the 5" wires. The f o i l s  o r  wires were e i the r  
secured t o  the  s ide of the  f u e l  elements with short  sections of black 
p la s t i c  e l ec t r i c i ans t  tape, o r  they were fastened t o  p l a s t i c  wands o r  
aluminum s t r ingers  and inser ted i n  the  f u e l  elements and aluminum f i l l e r  
pieces. 
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Figure 2 gives the  v a h e s  of the  Cd ra t ios  used i n  determining 
the thermal f lux  map. The underscored values a r e  experimentally determined 
and the other values a r e  interpolations.  Figure 3 gives values proportional 
t o  the t h e m 1  flwi as determined from the  t o t a l  count of the  gold f o i l s  
o r  wires and the  Cd ra t ios .  Figure 4 i s  a rough t h e m 1  f lux  map based on 
these data. Figure 5 gives v e r t i c a l  f lux t i v e r s e s  f o r  selected positions 
i n  the core. 

B. Curie Value of Spent MIB Fuel Elements (w. C.  Francis, E. H. porter) 

Total Equivalent Curies - 
Requests f o r  shipping purposes and from users of spent MI% f u e l  

elements have indicated the  need f o r  assigning some curie  value t o  these 
elements. Normally the  gam decay dose r a t e  st a specif ied distance from 
the  spent fue l  i s  expressed i n  roentgens per hour. Confusion a r i s e s  i n  
t ry ing  t o  assign a curie  value since more than 100 nuclides a r e  known t o  
emit gammas during the  decay of U-235 f i s s ion  products. These vary widely 
i n  half  l i f e  and energy so t h a t  the  energy spectnun changes throughout the  
cooling period. It i s  usual t o  assume t h a t  each dis integrat ion i n  t h e s  
f i s s ion  products r e su l t s  i n  the l ibera t ion  of one gamma photon. Each 
dis integrat ion of CO-60 on the  other  hand yields two gamrns photons of 
1.17 and 1.33 Mev energy. A curie  value based on the  t o t a l  dis integrat ions 
of a l l  f i s s ion  products w i l l  be quite d i f fe rent ,  therefore, from one 
re la ted  d i r ec t ly  t o  a CO-60 equivalent curie  value. Although several  l o c a l  
sources had reported curie  values f o r  the  spent MTR f u e l  elements, they 
were based on d i f fe rent  assumptions. A se r i e s  of decay curves have, there- 
fore, been prepared f o r  use by the  MTR Operations Branch summarizing the 
past work and applying sui table  corrections f o r  the  present 40 eni~ operation 
of the  MTR. Table I shows a sample of the  r e su l t s  of t h i s  work. Column A 
is  i n  the  usual r/hr terms, and Column B i s  based on the work i n  1DO-16247(2) 
which sums the dis integrat ions per second f o r  various energy groups. 
Column C is  based on measured data of C.  H. Hogg using a standax-d 168-curie 
CO-60 source. 

TABLE I 

TYPICAL SPENT NIB kUEL EIJDEVT DECAY RATE FOR A BURNUP 

OF 28.5% AT 40 MH OPERATION 

Decay Time .,A , . , . < I  ,. . "B c .x.-x- 
After Shutdown r /hr  CO-60 

(days (through 3" water) Total Curies Equiv . Curies 

't?c Defined as t h a t  amount of CO-60 d is t r ibuted  over t h e  same volume as t h e  
fue l  element, which would produce the  same gaxnma dosage r a t e  as the 
f u e l  element. 
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2. Curies of Specific Isotppes (G. A. Cazier, R.  W. Goin) 

In  connection with programing ME? fue l  elements f o r  the RaU 
process, an equation has been developed which r e l a t e s  the  t o t a l  curies  
of a c t i v i t y  avai lable  from an KPR f u e l  assembly t o  the  number of g& 
of U-235 consumed. 

7 

curies  = 1.61 x 107  yj8 -e -A jT. Iz 3 
i .. 

where . . 

hj = radioactive constant (hr-1). 
113 

. . 
! : ' 

y j  = STssion yield (fract ional)  . --, . . 
2. . 

ti = length of time f o r  cycle i (hrs)  . 
Ti = time from erid of cycle i t o  end of l a s t  cycle (hrs).  

' % 

. . r  

TD = decay time a f t e r  last shutdown (hrs ) ,  

mi = change i n  U-235 gram content of assembly i n  question during 
cycle i (grams ) . 

This equation has been programed fo r  the IBM-650, and &i;ves the . 

cur ie  content of f ive  species; ~a-140,  ~ r - 8 9 ,  Sr-90, 1-131, and Te-132. i s ,  

After programing several R a I a  elements it was found tha t  a tab le  
of cur ie  contents of ~ a - 1 4 0  as a Function of a l l  the  variables of the  
above equation would be very useful. Therefore a new IBM-650 program has 
been developed which calculates  the ~ a - 1 4 0  curie  content a s  a function of 
mi, ti; Ti; and TD. These data has proved t o  be very helpful i n  scheduling 
t h e  RaLa  assemblies. 

C.  Decay Curve Equation (El. Lo. Hansen) 

A "three-component" decay curve m y  be represented by an equation of 
the  form 

I? = ~ e - h a e  + ~e-'b'' + ~ e - k t  

where R i s  the  t o t a l  a c t i v i t y .  

Coefficients of the  above equation were derived f o r  curves from . . ,  

f i v e  s e t s  of empirical data, using the method of Least squares with 
an incorporated weighting factor .  

The empirical data consisted of the  t o t a l  a c t i v i t y  (c/m),of a s i l v e r  
sample taken a t  various time intervals  durfng decay. This equation and 

. t he  derived coeff ic ients  were used t o  help analyze f o r  mss yields i n  
resonance f i s s ion  of U-233 {see page 56). 

. ......... . . .  . : .  '. . .,.( . . , , . :..+:$ , .,;<.+ . . . . . .  9 ,  ..Y 

.,,, F, .. &', .. 
3 . .  



Using decay constants, 

Table 2 is a tabulatfon.of the coefficients and associated limits of 
error (95 percent confidence level) ..for 'the five sets of data in- 
vestigated. 

. . . . . ... 

.. . 

TABLE 2 
. . . ,  . .. . .  , 

c. . . 
. : . .. ,CGEFFICIEDiTS O F  DECAY CUINE EQUATION' FOR Ag. 

, . . . . ,  .~ . 

. I  ' . . .  . . .  

Foil Nwnber A B C 

D. Machine - Compu.t;ition Facii.i:i;y ('M. W. Holm, A .  V. ~rimaud) . '%.. -.- 

1. General 

' h e  volume of work done by the ."650" has continued at a high 
level. In addition to regular (day shift) operations, 88.5 hours of 
overtime.and 139.6 hours of scheduled second shift; were used for machine 
computations. 

2. Library Routines 

Programs written and/or checked out during this period include 
. . . . 

the following: . . 

(a) A routine for computing a table of the f'unction A'.cos BX. 

(b) A data reduction routine for the 1024 channel .analyzer. 

(c ) A routine for interpolation using Newton 's interpoiation 
formula for fourth, fifth and sixth differences.*:' 



(d) L2,1 an interpretive system for the 650 obtained from Bell 
Laboratories. 

( e )  A routine solving for the quantity 1/$? 

(f) A routine obtained from ORlgL for computing the ahgular 
correlation' of gamma rays emitted in cascade from excited 
states of nuclei. 

I .. ' 
. . 

(g) A routine for determining the f l u  as a,function of .lethargy. . . . .. . 
(h ) Paracantor, a two grOUp-twO region reaetor code! obtsf ned ' from 

/' UCKL- . . 
1 

(i) An interpretive subroutine for the solution of systems of 
first order ordinary differential equations . .- obtained from 
RCA, Davf d Samoff ~esareh Center. 

(j ) L i l '  Abner, a few group one-dimensional code obtained from 
WAPD . . >., 

- -. . - 

(k) A tracing routine for normal and interpretive .instructions. 

3. &chine Utilization 

Operating statistics for this quarter are given i.i.Table 3. 

MACHINE OPERATING S'PATISTI'CS ;? -ci  "' 

Warm-up and Sehedul.ed Unscheduled produeti on Power 
Month Test-deck Time Maintenance IvBintenanee TPme Faf lures 

July 1.746 
August 00% 
September 0.7$ 

4. PPodueLiati Tfme 

Of the 675.09 hows of produeti on time this quarter; 6.3% were 
spent in checking out programs, and 93.7% in problem-solving and d a t a  
reduction. A brief breakdown of the production time follows: 

Cross Sections 16 0 59 
SPERT . 14-3$ 
ICPP 003k 
Gemha Ray Specti?oscopy 270$ . 
RP~IF 0.8$ 



,.- 
Calculations 

. -. 

SPERT I The~re~ical Studies 18 774 
IvfI'R "Technical Assistance" Ca.lculations 9.6% 
Applied Mathematics Compuhtions 1.4% 
Miscellaneous CalcuLations . . 0.6$ ., 
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A .  1.QR Development . . . r ' : , ' . . 2 . ,  . . _. . . . , s . . . ... , 

1. Shim kpd. MBgneL Design (H . W . Davis ) 

Upon sa t i s f ac to ry  oper - t 'on  of the magnet designed f o r  the @rR 't f C r i t i c a l  Fac i l i t y  Control rods 3 , it was decided t o  incorporate malzy of 
the  design featzlres of t h a t  magnet in to  an experimental, bER shim rod 
magnet. The FJITR magnets have somewkt d i f fe rent  operating conditions 
from the  ETR C r i t i c a l  mgnets .  A l is t  of some of the features of the 
experimental WR shim rod magnet versus those of the exis t ing MCH magnet 
a r e  shown i n  Table 4.  

TABLF: 4 

Features of MTR kgne t s  

Experimental EQR Existing MIX 
Feature Jkgnet mgnet 

Operating Current 120 ma. 1 8 9  ma 

Inductive Voltage Back Pulse 4.5 w 12 kir 
( ~ i  thout ~ h y r i t e s  ) 

Case Testing Pressure 125 psi 10 ps i  

A t t r i t i on  of Case Due 
To Each Coil Replacement 

Type of Case Closure "0" Ring Seal Weldment 
Containing Exciting Coil  

Total Cost For 5 Coils $500.00 $1,050.00 

Cost of 12 E&igne%s (1952) - - $17,479 00 

Four of the  experimental shim rod magnets have performed 
s a t i s f a c t o r i l y  since t h e i r  i n s t a l l a t ion  i n  the  MTR on August 27, 1957. 
These magnets have an average of 56.5 days of operation un the  shin^ rods 
trithout f a i lu re .  The average l i f e  of exis t ing mgnets i n  t he  1.QR i s  
43.9 days. Bta  taken on October 28, 1957., indicate  the experimeli-Lzl 
rmgnets w i l l  perform s a t i s f a c t o r i l y  f o r  several  more cyzles.  For the  
three  months t h a t  these experimental magnets have been used i n  the  MTR, 
they have had no maintenance which compares t o  an average of 450 hours 
f o r  maintenance of the  ex is t ing  mgnets during a similar period. 
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The use of a special cross-linked polyethylene gasket should. 
add even more to the expected life of the experimental MTR magnet. Its 
resistance to radiation plus many good mechanical properties indicate it 
to be superior to the material now in use. Also, under investigation is 
the use of natural rubber "0" rings containing a compound resistant to 
radiation damage which should endure 10 times the radiation that neoprene 
or silicone can take and perfoim properly. 

,The lower cost of the original magnet, the,replaceable coil 
feature, . the negligible maintenance required, and the long life of this 
magnet should aid considerably in the future operation of the mR. 

2. Calculation of MTR -Fuel. Charges' (H. L. McMurry, G. A.. Cazier, 
R. W. Goin) 

Several methods have been presented (49 596) ., for the :calculation 
of MTR fuel charges, but so far no very satisfactory one has been found. 
From.perturbation theory one obtains the following relation for calcu- 
lating the charge life of a fuel load. 

, . 

where 

I T2 = life of charge 2. . . - -\ 

T1 = life of charge 1. 

0 

Mi, 2 = grams fuel in position i in charge 2 when fuel element was new. 

0 
%,1 = grams fuel in position i in charge 1 when fuel element was new. 

%,1 = grams burned out of the element in position i prior to charge 2. 

Ni,2 = grams burned out of the element in position i prior to charge 1. 



1m-i6430 
Page 22 

N = number of verbieal ce l l s  i n  position i. 

UJ = fract ion of the  burnout i n  the  ith l a t t i c e  location which 
takes p k c e ' i n  c e l l  J of the assembly located there. 

Xi = fract ion of the  burnout which takes place i n  +Ae f i e 1  assembly 
i n  the.  ieh l a t t i c e  l o e i t i  on. 

This represents a refinement over a previous method ('1, which was 
a l s o  based on perturbation theory. It has several disadvantages; but 
the  relat ion can be adapted t o  cores using fuels  other than hfghly 

,enriched U-235, and i s  as good as o r  be t t e r  than any of the  previous 
methods f o r  ca leuh t ing  charge l i f e  . 

3. Xenon Override Problem 

With the s m e   base^ f o r  derivation a s  the expreeaion f o r  the 
reactor  charge l i f e ,  the  following relat ion f o r  c s l cuh t ing  xenon over- 
r ide  was obtained: 
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. . 
where 

* fuel assemblies retained from previous charge. 

+W fuel assemblies brought up from the'canal. 

i = all positions in the core 

m = all positions containing fuel assemblies retained from the 
previous charge. 

n = all positions containing fuel assemblies . . brought from the 
canal. 

P = power in megawatts 

The other notations are the same as for the charge life equation, 
except it will be noted that here data goes back two, charges.instead of .just 
one. The reason for this is that charge 2, which has been terminated by 
the scram, may not have run long enough for an accurate prediction of its 
charge life to be made. , . . . . :  

. . 
Using these relations j fairly good results are possible. The charge 

life can be predicted with a restively small uncertainty,,and the. xenon 
override can be predicted within an uncertainty of - + 2 fuel elements. 

m e  derivation of ' and the' experimental- e?idence 
are provided in.1~3-16401. . . . . &. . 

. . .  . .  $ .  .- 

4. Extrapolated Charge Life From 11igrowl;h of Xe-135 (H.. . . L. McMurry, 
: Go A*. . ~azier.) . . . .-. . . 

. . .. . . 
Predictions , of MTR charge lives are based :on the maximum possible 

life of a completed ruri;. If this run is tehnated.before its full charge 
life is realized, it is necessary to estimate how, long. it could have run. 
Until now this has been..done.by.ext&pola~ing the observed shi.m rod 

. ' 

position vs. MWD curve. %g %he 0-heh level. 

Recently, data on the change in shim rod level with time after 
reduction in power to NL (= 0.01 of full power) have become available. 
Following a suggestion of W. B. 'Lewis, equations based on these data 
have been developed for estimating the additional time a charge could run 
following its termination. 

of the shim rod vs. curve can be obtained 
from the relation 



" .  , ., . 
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where 

T1 = t o t d l  possible MWD from charge 1. . 

T; = a c t u i l  MWD run of charge 1. 

13.4 = constant obtained from solving the t ransient  equations of 
Xe-135 and sm-149. 

I . 
' I  ;Xi'='fl.eaction of burnout i n  l a t t i c e  loeation f .  

($ps)i = the sl6q rim weimtlted By the slow a d ~ o i n t  a t t r ibuted  t o  
h t t i c e  location i. 

A = number pertaining to the fue l  burnout dis tr ibut ion (6). 

t = time i n  minutes a t  NL a t  which shims have reached 30 inches. 

Substituting numerical values in to  equation 111-9 we have 
approximately: 

This methoa of obtaining the t o t a l  possible MWDts from a given 
charge has provedto be much superior t o  other methods. 

B. ETR Development 

1. ' Fuel Element Boron Content. 
. . 

a .  -hralmtion of Boron Measurements (J. A.  erri ill) 
. . 

1 .  I 

~xperimen*~ were s t a t i s t i c a l l y  designed t o  enable evaluation 
of the  r e k t i v e  merits of feasible  methods f o r  determination of boron i n  
U-A1 al loy.  The bes t  method is based upon use of carminic acid. The 
data were gstherhd i n  two stages. Stage 1, covering the f i r s t  group of 24 
experimental runs, constitutes a 2 x 2 x 3 fac to r i a l  experiment where the  
fac tor  a t  three levels  (boron) did not have the levels equally spaced. 
Stage 2 was designed t o  supply additional infomatSon concerning t h e  shape 
of the  relationship between boron concentration and the absorbance reading. 
Regression analysis of the  data ylelds twocempirical equations; one based 
upon the Stage 2 data alone, t h i s  being fn  a narrow range surrounding the 
properties of ETR alloy; the second based upon a l l  the data collected. - 

The stage 2 ,e uation (boron range, 0.025 - 0.040 mg,  and \ 

alumi.p~l,mnge, 18.4 - 23% mg, i n  type melt samples) -is a s  f o l l m s  : 
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where 
. . 

Y = absorbance reading 
. . .- 
: ,, ' 

X2 = aluminum concentration 
., . ' . , 

! , ' ,  
. . . 3, ' ? .  ' 

X3 = boron concentra-Lion ' - ,.. . 

X 4  = carminic acid concentration "1 

!The Stage 1 equation (boron range 0.010 - 0.075 mg, and 
aluminum range, 18.4 - 23.4 m g  i n  the  E;TR type melt samples) i s  as follows : 

Figures 6 and 7 a r e  graphicai representa.tions of the estimated 
relat ionship between the absorbailce readings and boron contents at 21 
mg aluminum, and a t  0.05 and 0.10 weight pe?cent carminic acid, respectively.  
The broken l ines  represent the  95 pel-cent confidence l eve l  l imi t  of 
uncertainty attending a s ingle  determination* 

b .  Boron Contents of B and W "Heat" Samples (F. Hi ~ i n g e y )  

Additional chemical analyses f o r  boron content of Babcock and 
Wilcox heat samples have been made. The heats involved were so chosen t o  
represent those i n  which an efficiency of boron retention of 100 percent 
was assumed. Furthermore as can be seen from the  data given i n  Table 5 t h e  
samples were chosen so tha t  a comparison between samples from di f ferent  
ingots of the  same heat and samples from diifferent posit ions i n  the  rol led 
ingot could be effected. S t a t i s t i c a l  analysis of the  data show that there 
i s  as much variat ion between samples from-the same ingot as there i s  between 
samples taken from di f ferent  heats and i n  f a c t  t h i s  var iat ion i s  i n  some 
cases i n  excess of 100 percent of the average concentration (1.46 mg/g) 
f o r  the  twenty samples. 

It i s  a l s o  t o  be noted t h a t  the average concentration, 1-46 
mg/g, as found from these samples i s  s t i l l  in excess of the specif icat ion 
value of 0.96 mglg and i s  not s igni f icant ly  d i f fe rent  from the  average 
concentration of 1.49 mg/g found f o r  tkz 25 sample analyses previously 
observed f o r  heats i n  which 75 percent boron eff ic iency fac tor  was being 
used. It i s  apparent therefore t h a t  the  fabricat ing technique by which 
boron i s  being introduced i n t o  the  element i s  not i n  control and t h a t  
some a l te rna t ive  scheme must be devised i f  the boron content per element 
i s  t o  be controlled t o  within 0.2 gram a s  defined i n  the  specif icat ions.  

F'urther evidence as t o  the  gross var iat ion i n  boron content 
i s  provided by inspection of ETR fue l  element scan data t o  date which a r e  
given i n  Table 6. The values givsq are .  . .  +q:tive . .to the  nominal U-235 content 
of 254 grams f o r  the  a r b i t r a r i l y  chosen slandard, H-421; hence a deviation 
from nominal 'content f o r  any given elemen6 r&flec-ts vai-iation between boron 



ID0 - 16430 
Page 26 

ABSORBANCE DETERMINATION OF BORON IN U-AL ALLOY 

BORON CONCENTRATION (mg)  
PP-CO. 11-27-57- M 1 

*- 
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ABSORBANCE DETERMINATION OF BORON IN U-AL ALLOY 

BORON CONCENTRATl.0N (mg) 



BORON ' ANALYSES ON ETR HEAT SAMPLES 

Heat 

411 

Boron Concentration 
Ingot Sample Position ( ~ / g  >* 

Top 
Middle 
TOP 
Bottom 

Top 
Bottom 
Top 
Bottom 

TOP 
Middle 
TOP 
Bottom 

' 1  ~ & . l e  
1 Bottom 
2 TOP 
2 Bottom 

TOP 
Middle 
Top 
Bottom 

* Specification value of 1.6 g boron/element corresponds to 
a concentration of 0.96 mg/g in the core. 

content of the standard and the element and/or variations in U-235 content 
and thus primarily reactivity relative to element H-421. In view of 
experience with scanning M17R fuels which are boron free, differences of 
the magnitude observed in ETR fuels are grosslyjin excess of those which 
can be reasonably attributed to uranium fabricating process deviations and 
thus must be attributed to gross boron variation. 

Attempts are being made to shed more light on this problem by 
making chemical determinations of both boron and uranium on samples from 
those heats involved in the "standard" (H-421) element. In addition, ern 
experiment is being designed to determine the amount of segregation existing 
in the master alloy used by the fuel element fabricator in the EX9 heats. 
Samples of approximately the same weight as the heat samples will be analyzed 
for boron content add compared in terms of variationSkLth th&t observed for 
the heat samples. 



Element 

H-421 
H-363 
H-370 
H-371 
H-373 
H-378 
H-379 
H-384 
H-386 
H-387 
H-389 
H-392 
H-395 
H-396 
H-397 
H-3% 
H-399 
II-400 
H-403 
H-404 
H-405 
H-406 
H-407 
H-408 
H-409 
H-410 
11-411 
11-412 
H-419 
H-420 
H-423 
H-424 
H-425 
H-426 
H- 427 

Scan U-235 
Content ,, 

Relative I .to 
H-421, grams 

Standard 
250 
245 
254 
255 
228 
252 
242 
267 
251 
249 
249 
253 
250 
228 
253 
269 
251 
249 
245 
234 
267 
254 
248 
236 
256 
260 
243 
231 
253 
263 
264 
230 
245 
250 

. 
. . .  .. . .  scan"^-235 

Shipper ' s . .  . Content, ... Shipper's 
Nominal .U-235 . Control Relative to .  ., Nominal U-235 
Content, grams, Rods . . H-17, grams Content, grams 

254.02 H-17 Standard 101.81 
253 63 11-16 98 . ' 101.77 

. . . -. . 253.03 11-18 . . 97 101.77 
253.68 , H-19 99 103.40 
253.68 H-20 : 99 103 .40 
253.42 , H-21 94 - 103.40 
253.46 . ~ - 2 2  , . .  ' 96 103.40 
253.40 . H-23 104 : 103.40 
253.19 . . H-24 . 103. . -  101.70 
253.36 H-25 : 100 101.70 
254*3,0 11-26 . .  . .  1.01 . . . 101.70 
254.44 H-27 . : - 100 . 101.70 
255.61 H-28 105 101.60 
253.84 . .Hi29 . ...:. : 105 ,  . . .  103 37 

. -  2 8 4  , . .  . H-31 $9'7 . . 103.20 
254.!43 , : . H-33 , . - 1-04. . . . . 101.92 
254.43 . . H-34 . . . . .98'. .. ." .: 101.92 

. ..254.13 H-35 . 104 101.92 
253 47 . . 

253.47 Scan U-235. . 

253.47 .. Content; '.. - . Shipper's 
253 47 Relative t o  nominal U-235 
256.85 - L'S - L-316, grams content, ,grams 
256.00 
256.00 1;-316 ,Standard 240.91 
256.00 L-310 273 239.56 
256.00 L-312 243 237.84 
256.00 L-317 256 . . 2 4 ~ .  91 
255.96 L-319 247 

.. < . . 
240.12 

255.68 % . .  , : . :  .! . 

263.61. 
255 -95 ..- 

256.16 
256.85 
256.43 

. . 

a .. . . . . .  . . ,  . . - .  

. , . . 
, . .  . 

8 I. 

' . ., , . . . 
. . "  . . .  

. ,. , 
. I .  , 

, . . ,. .. I , .  . 



2. Fuel Element U-235 Content 

a. Delayed Neutron Activation Analysis (c. Co ~ i e l s e n )  

meriments  were designed and evaluated for  determining the effect  
of the presence of boron and fo r  identifying and estimating the variables 
i n  the  nucleonic activation technique of det,ermining U-235 content i n  ETR 
fue l  a l loy  samples. 

To determine the effect  of boron, f ive replicas from each of four 
boron-spiked uranium samples were prepared for  activation. The sample 
gregamtlon scheme was as follows: from one uranium sample were h w n  - 
5 aliquots, each of which was spiked with a different amount of boron; 
from each aliquot 4 samples of 250 A each were plpetted in to  polyethylene 
rabbits  for  a c t i n t i o n .  The experimental scheme used was that of a 
randomized-block experiment. For t h i s  experiment the different capsules 
conhining the same boron e r e  'hol0elPed"-with time In order to 8 e t e H n e  
the  effect  of boron within the range expected t o  be found in  the ETR fuel  
samples t o  be tested. The Analysis of Variance Table showed no signif i-  
cant ef fect  at tr ibutable t o  the presence of boron. 

', 

Having determined that boron would have l i t t l e  or  no effect on 
the  assaying of fue l  samples by th i s  method it was decided t o  identify 
and estimate the variebles present i n  t h i s  method. For these four 
samples were prepared containing 0.1, 0.2, 003, and 0.4 mg U-2351- and 
two aliquots each of 250 A were pipetted into polyethylene rabbits. These 
were analyzed using a randomized-block scheme. Within each block each 
aliquot was duplicated. The analysis of variance l i s t ed  in  Table 7 shows 
the  variables and theix.,estimated mean square variation. 

ANALYSIS OF VARIAMCE 
1) 

I Mean square 
Source of E m r  Degrees of Freedom Variation 

Bptween upsnih concentrations 4 1,202,216,305 

Between duplicates 

The significance of the sources of error can be tested by dividing ( 
the mean square fo r  the variables t o  be tested by the mean square \. 

associated with analytical error. ' This ra t io  of the mean square of the 
variation between duplicates t o  analytical error  i s  3.31. A table of the 
"F" distribution gives a value of 3.33 which shows significance'at the 
95 percent confidence level. From th i s  table it is possible t o  ascertain 
the e w c t e d  error i n  determining the U-235 content of a gi~entsample~ 
It was found that  t h i s  method gives a precision of + 7 percent stated k t  
the' 95 percent confidence level. This figure is eszimted using both the 
analytical  error  and the sample preparation error,  
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b. Nucleonic Assay of Reactor Fuel (F. P. Vance, F. H. ~inge~) 
, .  . .. . 

< .  

In connection with liaison on fuel procurement contract C-200 
with Babcock and Wilcox Company, most of the fuel elements were scanned on 
the non-destructive assay facility. Analysis of these data showed that 
variable fuel core area introduces a large uncertainty in the measurement. 
The device was accordingly fitted with a drive mechanism that propels the 
fuel element at a steady speed across tlie neutron beam. By utilization 
of instruments available on the Reactor top at the MI% it has been possible 
to collect a graphical trace of the scan. It is thus possible to compare 
fuel elements on the basis of total counts, detect apparent anomalies in 
distribution, and to make precise measurements of mean fuel core length. 
The total counts collected enables excellent counting statistics; repro- 
ducibility is expected to be of the order of + l,5 percent (95 percent 
confidence level) compared with - + 2.5 percent-previously. 

3. Minimum Risk Fuel Element Specification Limits (F. H. Tingey, 
J. A. Merrill) 

A study has been completed in which there were developed methods 
for establishing rejection limits to be used by the purchaser of a 
mnufactured product in a screening (100 percent ) inspection system 
which minimize the total risk associated with the misclassification of 
items of product in the presence of meas~rement variation. It is 
conceivable that because of measurement error an item is classified as 
defective when in actuality the item of product possesses a true value for 
the quality characteristic under surveilla~~ce which lies in a region which, 
from an operational standpoint, has been determined to be acceptable. On 
the other hand, an item might be classified as nondefective when in actuality * 

the true value for the characteristic is outside the established technical 
limits. The economic consequences of misclassifying an item of product 
and the probability that an item would be misclassified formed the basis 
for defining the risk to be dnimized. 

The practical problem which initiated this study arose in con- 
junetioa witli the writing of fuel element specifications for the Materials 
Testing Reactor-aria the Engineering Test Reactor. 

In addition to developing the methods for establishing the 
rejection limits, an extensive tabul.ation of .prticul..ar solutions was 
drawn up for the case felt to possess the most desirable properties from 
the practical standpoint. 

4. ETR Storage Rack Calculations (G. D. krshall, D. R. ~etcalf) 

It was desired to know under what conditions a criticality hazard 
might exist in a proposed storage rack to be placed in the ETR canal. This 
rack consisted of a 6 x 21 array of square cells 3 318" on a side,. For 
calculational purposes, the fuel assemblies were assumed to be arranged in 
rows. These rows were separated by water gaps. Separating each row of 
f'uel assemblieo and water gap was a sliee.1; ur cadmlum. It was necessary to: 
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(1) determine the  c r i t i c a l  water gap spacing between the f ie1  
elements i n  the  rack as a function of fue l  assembly loading f o r  both boron 
poisoned elements (1.55 gms per assembly) and elemen%s wi%h no boron0 

(2) investigate the  m r i a t i o n  f n  water gap spacing f o r  change i n  
metal-water patios. Spcfng  values were calculated ( w i t h  no boron) f o r  
metal-water patf os of 0.40 and 0.50 which a r e  on both sf des of the 0 ~ 4 6  
value used i n  (1). 

a- Methods 

The s%andard two-group diff'usion theory equations were spplfed. 

Fuel Region Water o r  Moderator Region 

9 c V  *@lc - %c@lc + v%f $ 2 ~  - 0 D ~ V ~ @ ~ ~  - h 4 1 m  s o 

v 2  ; D2c' 4'2, * Cle@le ' &e@2c " 0 

In-13 
This system was assumed irifiinf t e  i n  'two' df reetions, thus making the f lux 
a function of x only. 

Boundary conditions were applied as  follows: 

(A) Fast aad slow fluxes i n  finel and moderator a re  symetrf cr%l 
f o r  an in f in i t e  system about x = 0 and x = b, mere b f s  th'e & & p i n t  of 

. .- water s lab and x = 0 i s  a t  the  center of f u e l  slab. 

(B) Continuity of fast current and f lux a% x - a, where a i s  
the  boundary between fue l  and water region. 

(c) Slow f lux  i n  fue l  i s  s e t  equal t o  zero a t  x = n, i .e . ,  
OZc(n) = 0, where n = a + 0.71 kr. 

By applying boundary eondftf on A, the  follawlng flux . 
equations a re  determined: 
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~ o d ~ d a r ~  conditions B and C were applied, from which a'determinant for  
c r i t i c a l i t y  was derived: 

The volume of a c e l l  w a s  taken. t o  be 6,720 cm3. The microscopic 
cross sections 'used t o  compute . the '  constants of the determinant were obtained 
from BNL-325. (8) The neutron age f o r  the  determination considered i n  (1) 
above bras obtained from the ETR Final  Physics Report, (9) while the  
ages for  the  investigation i n  2)  above were taken from ID0 16133. 
method was fur ther  refined i n  2 )  by considering variat ion of DZc with U-235 
loading, In  both (1) and (2),  a 1.12s 4.32 cm, and b was i n i t i a l l y  9.110 cm. 

1 s2  cos pa 

I cosh va - -- cosh vn -cosh kh(b-a) 
S1 cos pn 

t 

S2 ,in cosh vn + Dlc v sinh va DImkImsinh i r i ( b - a )  
?LC% cos pn 

b,  Results 

= 0 

111-15 

The r e su l t s  a r e  shown i n  Figures 8 and 9 wi'th the  safe ty  fac tor  
of no leakage i n  y and z d.brections included i n  the  model* Water gap 
spacings above the c r i t i c a l i t y  curves w i l l  thus be safe  (not c r i t i c a l  
according t o  the t1.10-group model, .A metal-water ra6io change of 10% 
resul ted i n  .'5$, change i n  %rz-l;er gap spacing. 

C. Fuel Element Development (w, C I    ran cis) 

1. Introduction 

The development of f u e l  assemblies and shim rods f o r  reactors 
involved hydraulic t e s t s  on ETR tank components, design s tudies  on new 
fue l  element and shim rod geometries, and metallurgical t e s t ing  of sample 
f u e l  plates.  The out-of-pile, preneutron hydraulic t e s t s  provide know- 
ledge of the  operating (strength) capabi l i t ies  of these components, The 
sample t e s t  p l a t e  program i s  aimed a t  producing an improved f i e 1  element 
not only applicable t o  the PllTR and ETR but f o r  the  AM: reactor  program i n  
general. The shim rod modifications a r e  f o r  improvement of MITI control 
rods. 

2. Hflraulic Tests (J. R. McGeachin, A. W. Brown, D4 E. W i l l i a m s )  

a,  E 3 R  Core P5"eces 

Pre-neutron, out-of-pile hydraulic t e s t ing  of the  ETR- 
simulated-beryllium-reflector piece has been completed. 3 r e e  separate 
t e s t s  (flow versus Ap) have been run on the  beryllium re f l ec to r  piece, 
consisting of (1) a l l  flow through the  four small holes and through the  
large hole a t  the center, (2) the i'lo~r wtth the large center hole plugged 
and (3) flow with a beryllium X-baskei; 1.ocaLed i n  the  center hole. Two 
separate t e s t s  (flow versus L I P )  have beer? run on t h e  aLWnum reflector 
piece, These consisted of one run with and one run without the  X-basket 
located i n  the  center hole. One t e s t  (flow versus Ap) has been run on 
the  core f i l l e r  piece. The core f i l l e r  piece and the  aluminum re f l ec to r  
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piece were both tested a t  two different temperatures while the beryllium 
refleckor assembly was run only a t  one temperature. The flow through the 
0.167" hole with the basket i n  place was 48 gpm and the flow through the 

,: 

1/4" ccoknt  holes was 34.5. gpm (for a core pressure ,drop of 55 psi a t  70% 
and a.n equiva,le2'c fuel  velocity of 35 .ft/sec).  The flow'through the core 
f i l l e i -  piece ead aluminum reflector -piece was 127 and 26.7 gpm respectively. 

' These ~ e s u l t s  have been forwarded t o  ETR operations. 

b, E R  Single Element Test 

Six E!TR fue l .  elements have been tested i n  the Girigle elemkt 
hydraulic 'loop. The elements tested qonsisted of two with slotted side 
p1a-k.e modification, two instrumented fur pressure d ~ o p  along five. channcl~ 
i n  the f i e 1  section, one wise-braced element, a.nd,one production type 
el-emen-h. Most liests were rm at 'two dSfferent -1;mpe~+&'t'l;~~.es.. The change 
of measu-red pressure drop due t o  the change of temperature o? the coolant 
agreed with the calculat.ed valuep Figure 10 gives the results  of the 
s lo t ted  element t e s t s  and ins tmeri ted  element tes t .  .All.the r u m  have 
been corrected t o  a. water temperature of 1 1 8 O  F. 

c. Fuel Element Tests i n  Multi-Elanent H,ydraulic Test mop 

Previous hydraulic t es t s  (1') indicated fuel  element fa i lure  i n  . '  
the  rmge of 33 - 35 ft/sec. Four t e s t s  have since been made y i t h  modified 
ETR fue l  elemen-6s t o  dekmine  which of several proposed methods of modifi- 
ca-Lion would produce a stronger element, These t e s t s  were mqde i n  the multi- 
element hy1:raLLic t e s t  loop. 'l%e f i r s t  t e s t  ut i l ized four elements which 
hed 0.092 ingh aluminum wires fastened between each of the fuel  plates and 
n W n g  the entire length of the plates, The capacity of the loop limited 
-:he maximum flow which could be obtained t o  41 f t /sec through the elsments. 
Th-is flow had been mintained for several hours when pieces of p i re  were 
no-ticed 0.1 the top of the fue l  elements, 'The loop was then shut down and 
the  e1eme~'i.s examined. Some waviness ws observed i n  the plates of a l l  
elenerts  but by f a r  the greatest ttcsnage occurred t o  one dummy element. 
'Ilixee of the wires i n  the cenker channels of th i s  element had broken off 
and the plates bulged, res t r ic t ing flow i n  1 - e s e  channels, Many wires i n  
the out$ide chapnels stretched or cut  Into the comb on which they were 
hung mt i l  they were quite loose over the  plate, Definite scar marks along 
the  owkside plates indicated the wires undezwemt considerable vibration and 
tha t  t h i s  occurred generally towards one adge of the plate. The broken 
wire ends indicated fatigue failure. 

The second t e s t  u t i l ized elements with square spacers brazed 
be$weeai each of $he fue l  plates i n  f ive  elements. These spacers extended 
down 12 112 inches from the top of the fuel  plate and 6 1/2 inches up 
from the hot-tom, thus leaving 18 inches of unsupported plate (designed so 
f o r  heet t ransfer  purposes). These elements fai led a t  a velocity of about 

' 35 ft/sec, Ehmina"con' of the elements revealed extensive damage t o  the 
uisupported portion of the fue l  plates and l i t t l e  or  no damage t o  the 
supported sections. However, one of the bottom spacers i n  one of the 
elements had been firmly brazed only at  the bottom, The flow forced t h i s  
spacer over t o  the side plate thus blocking off one-half of the channel* 
Figure ll i s  a photograph sharing the results  of t h i s  failure. 
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The t h i r d  t e s t  u t i l i zed  three elements with sl i ts  cut through 
the  s ide  plates.  These sl i ts  provided a cross-flow across any given f u e l  
p la te  i f  a l a t e r a l  pressure d i f f e ren t i a l  did ex is t ,  thus reducing the  
l a t e r a l  d i f f e ren t i a l  pressure t o  a minimum. Again the  capacity of the 
loop limited the maximum flow t o  42.7 f t /sec.  Inspection of the  elements 
a t  the  end of the t e s t  revealed t h a t  no damage had occurred, 

The fourth t e s t  u t i l i zed  three elements furnished by GE-APED. 
The fue l  plates  of the  elements were cold ro l led  and swaged in to  the  s ide  
plates  of the f u e l  assemblies. This method of fabrication omits the 
brazing s t ep  and permits the  use of cold work hardened plates .  The 
maximum flow obtained during t h i s  t e s t  was 43.9 f t / sec  (higher than the  
previous t e s t  due t o  increased system pressure and reduction of back-pressure 
i n  the  bottom end box). No damage was  sustained by any of the  elements 
during the t e s t .  

The method used t o  compute the  veloci ty  took in to  account the  
flow through the  core but external t o  the  elements themselves. This w a s  
done by obtaining one equivalent channel external t o  the  f u e l  element 
channels and then assuming tha t  the f r i c t ion  drop i n  t h i s  equivalent channel 
i s  the  same as the f r i c t ion  drop i n  a nominal (0.110 inch) channel within 
a fue l  assembly. The e q u i n l e n t  diameter of t h i s  external channel was 
obtained by summing the perimeters of a l l  the  core pieces, t he  external 
perimeter of the f u e l  elements and the  re f lec tor  perimeter, then using as 
the  area term the  availabla flow area external t o  the  f u e l  elements. 

Figure 12 i s  a plot  of the  veloci ty  versus core Ap obtained 
during f ive  element runs 2nd three element runs. The Ap values have been 
corrected t o  a water temperature of 118% i n  a l l  cases. A s  a check on the  
above method of 'veloci ty  computation, the f ive  element and three  element 
runs were plotted on a graph of Ap versus core GPM a s  shown i n  Figure 13. 
The difference between these two curves i s  the  flow through just  two f u e l  
elements. This can then be related d i r ec t ly  t o  veloci ty  by t h e  flow area 
within the  two"fue1 elements. The dffference between the two curves shown 
i n  Figure 13 yields the  same veloci ty  cuwe given i n  Figure 12. 

Variable Channel Tests (A. W .  ~ r o ~ m )  

. A  variable chahnel t e s t  r i g  was i n i t i a l l y  fabricated t o  simulate 
various rectangular channels anticipated i n  the  ETR tank. Test runs were 
made yielding Ap versus flow d a b .  The t e s t s  a1so:were used t o  determine 
the f r i c t i o n  fac tor  versus Reynolds number f o r  water i n  rectangular channels. 

A l l  of the t e s t s  u t i l i zed  a.channe1 length of 37 inches. Four 
different  channel cross sections were tes ted  with aspect r a t i o s  ( ra t io  of 
channel width t o  breadth) varying from 10.6 t o  53.2. 

The f r i c t i o n  drop was measured by a s e t  of s t a t i c  pressure taps 
located 5 inches down from the channel entrance and 3 inches up from t h e .  
ex i t .  The f r i c t ion  factors  were determined from the  Fanning f r i c t i o n  f ac to r  
equation : 
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FIG. 13 

ETR HYDRAULIC TESTS 



.. . . , . -  - , . . . ~  . - . . .  . . '.i . . . I '  where , . . . ' c  i . % . _  . > 

f = Fanning f r ic t ion factor Qiiimensionless) 

F = f r ic t ion loss (f~t of water) 
. , . , . . . . . . . . . . . . . . , 

g = 32.2 lbs. mass - f%. 
lbs. force - see2 

De = equivalent diameter (f%) - 
F1 @ ; I I P ~  1 h @;~vcF? %he resul-ks obtained f o r  the four cshmnel oiaco 

tested with wetter temperature s f  LOO0 F Sco 150° F. 

The d a k  i s  best represented by the equation: 

Qe = Reynolds nirmber. 

For comparison purposes, e 14 also gives the e w e s  for  
smooth %ubes.md eommereial pipes 

I The desdgn was completed and material ordered for  a t e s t  fixture 
very sindhr' t o  the<,exfsti ng single channel t e a t  f i x twe  but made of a 
special clear  plast ic  possessing smfaces comparable: i n  smoothness, luster,  
and qhemi-1 resfs%mce t o  polished plate glass. Its r e s i sWce  t o  
abmsi  o.n, wear, &d ,yeathering i s  intermediate between the better  grades 
o f  thezkophstics and plate g lass . .  Flow pa%tems a re  hoped t o  be. 
observed through use'of dyes o r  peaPtiele additives and photographs. 

4, Sample Fuel Plates (J. A. ~ e ~ d e r ,  E. Ho PorP%er, W. C. Pmncfs) 

Pre-imdia%?on metallographie exadna%ion has been completed on 
representative sample p l a t e sk f  the different fuel  eomposftions. 931s cores 
all contain U02 i n  m f o u s  enm;lehmm-bs and weight pereen%ages; several of 
the cores also conkin  gadolinium and boron poisons. A l l  plates are elad 
wftll alurninm. 

The t e s t s  completed t o  date include: 

a. Dimensiona.1 s t ab i l i t y  - Pre-irradiation measurements of overall 
dimensf ons . 

b. Uniformity of fuel dfstribution - e d n a t f o n  of mdiogmphs 
suppli ed by vendor and m e ~ l l o g ~ p h i  c e&&f on of p h t e  
cross sections. 
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c .  Hardness measurements of core and cladding - diamond p-d 
hardness measurements have been taken on the core components 
and the cladding. ( I  

d o  Photo~~etphfc record of core and cladding - photomic~ogm.phs 
of core components and cladding have been completedo 

Three additional pre-irradiation t e s t s  a re  planned - a fqllS1Ebce 
bl is ter ,  an ultmsonie, and s corrosion tes t .  !The b l i s t e r  t e s t  w i l l  
furnish information on the quality of the bond between the  core and 
cladding and wPll eliminate those f i e 1  plates most susceptible t o  b l is ter -  
ing i n  the reactor. The ultrasonic t e s t  i s  a non-destructive method for  
determining Fuel plate cladding thickness, core thickness, fuel  distpjibu%ion, 
and quality of the core-to-cladding bondo The l a t t e r  equilphent has been 
received and is being checked out and adjusted. 

Conceptual design i s  completed for a test eosmsion loop provid-trig 
water velocities of h.0 fee t  per second at  500'~ and 1000 psi. The loop 
w i l l  aceornodate steLnhrd ASTM round tensi le  t e s t  specimens as well as the 
f l a t  plate t e s t  specimens. The loop is closed, wlth a portion of the 
water by-gassing through ion exchangers t o  maintain a p p m x i ~ t e l y  1.0 x 10 6 
ohm-em deminemli zation . -- 

Hot spot - hot channel calcuhtions(l3)  were made for  the reactor 
insertion of the sample fuel  plates for  a t y p i c a l  represen%a%ive L piece 
loading. Cslcula%ions were based upon a known average water veloci-by of 
20.5 fee t  per second for  a given pressure drop across the L piece holder 
of 40 psi.  These &%a were obtained from flow %esta. A typical L piece 
holder loading was selected and the q / ~ ,  A t  bulk, and At  film were cheeked 
f o r  t h i s  loading- The loading for  each subsequent irradiation w i l l  be 
similarly checked. The experiment now awaits insertion approval, and 
s cheduling . 

Arrangements have been made with the vendor of these sample fuel  
plates t o  extend the contract t o  supply the remining 250 p b t e s  o r ig iml ly  
planned. Because of the di f f icul t ies  encountered in  obtaining t e s t  
specimens, the feas ib i l i ty  of making them locally has been investigated, 
A preliminary conceptual layout was n d e  for  s f ac i l i t y  fo r  fabrTea%ing 
experimental sample fuel  plates, rods, and tubes. Cost estimates and ' 
technical data were obtained on major pieces of equipment for  %he facili%y. 

Heat transfer calculations made 'on a modified MPR s h i m  ro bodying 
removable fuel  arid poison sections have been reported previously, ?4-' 
!These calculations indicate acceptable flow rates, heat fluxes, and heat 
t ransfer  rates f o r  8 16 curved plate fue l  section. Accordingly f o m 1  
designs a r e  being completed ut i l iz ing much of %he previous work but 
including the followfng additional features: 

C 

a Removable (and invertable) 16 curved plate fuel  section. 

b. Removable (and invertable) metal sprayed cadmium poison section. 
A * ,  ;,:, . . . , . . . . ; ..,,,,," ;:".* ' ..; , . ". ., . ;.., *,,' . . a , 

. . .  

( ~ 0 t h  o f  the ,:abov'e u & t 8 ' ~ i & ' t o  bk. rem&&ble' through the e d i t i n g  up"er grid 



bearing configuration. Preliminary interference layouts -were mde  t o  
confirm the  f e a s i b i l i t y  of t h i s ) .  2. 

f - 
Upon completion of design and drawngs a complete prototypesshim 

rod i s  planned f o r  flow tes t ing .  For t h i s  purpose, f u e l  and poison 
sections w i l l  be simulated. 

Design and working drawings were completed f o r , t h e  metal sprayed 
poison section which would replace the  present poison section i n  the  shim 
rod. Metallographic examination has been completed on these sprayed 
poison sections and a formal reporttof the r e su l t s  is  i n  preparation. 
!Two designs were examined, v ~ z . ,  (1) an exbruded aluminum-sprayed cadmium- 
sprayed s ta in less  s t e e l  section and (2 ) an extruded aluminum-sprayed 
cadmium-sprayed aluminum section. Both sections were autoclaved i n  water 
a t  l1.00~ F f o r  72 hours. The aldnum-eadmfum-stainless s t e e l  section 
res i s ted  corrosion well but the aluminum-cadmium bond was very poor and 
separated easi ly .  The sprayed alumlnum layer  of the aluminum-cadmium- 
aluminum section showed serious corrosion and poor bonding. Complete 
deter iorat ion of t h i s  layer  could be expected with addi t ional  time i n  
the  autoclave. 

6 .  Fuel Element Geometries ( M ~  L. Griebenow, F. A.  Meichle) 

A study of some of the most frequently considered f u e l  element 
designs has been conducted, with the emphasis placed on the  possible 
improvement of the ETR. The e f fec t s  of varying the parameters and 
bracing o r  s lo t t ing  the  present f l a t  p la te  element were analyzed and the  
poss ib i l i t y  considered of a design constructed of bundles, concentric 
tube nest, o r  a hexagonal arrangement. 

Slot t ing of the s ide plates  presently i n  use i n  the  EXTI appears 
t o  be a simple means f o r  l a t e r a l  pressure r e l i e f .  For higher powers, 
other  geometries appear more e f f i c i en t  and several of these a r e  scheduled 
f o r  fur ther  hydraulic t e s t s .  The hexagonal arrangement seems t o  o f fe r  
considerable promise i f  some obvious fabrication d i f f i c u l t i e s  can be 
overcome. 

A heat flow simulator was constructed t o  help determine whether 
a strengthening brace, tying together the  centers of the f u e l  plates  on 
E2R elements, will cause hot spots a t  t he  jmct ion  of the  brace with the 
p la te .  An e l e c t r i c a l  analog was used t o  determine the heat flow from the 
f u e l  plate  through the brace i n t o  the water. This two-dimensional 
analog simulates heat flow through a cross-section of the brace perpen- 
dicular  t o  the  plates  a t  the mid-plane of the f u e l  elements. The instru-  
ment c ~ n s l s t s  of s r e s i s to r  matrix i n  which the r e s i s to r s  simulate the  
heat flow resistance, current flow simulates the  heat flow, and voltage 
d i f f e ren t i a l  simulates the temperature d i f f e ren t i a l .  

D. Metal-Water Reaction (w. F. ~ e l e z n y )  

s i c  of thermodynamic considerations (lS) and experimental 
evidence most of the metals of i n t e r e s t  i n  reactor construction a r e  
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capable, i n  the  molten condition, of undergoing explosively violent 
reactions with water. Attention has been turned t o  this potent ial  
reactor hazard with experiments, both in-pile and out-of-pile, being 
planned t o  yield further  informaf;ion on t h i s  reaction, 

In-pile experiments under consideration include an extension of the 
work of Elgert  and ~rown(l6)  i n  an attempt to  distinguish between the 
contribution of s t e m  generation and of chemical reaction t o  the destructive 
pressure r i s e  produced by the metal-water reaction. Pressure vessels con- 
ta in ing  ~123502 fuel  under water i n  one ser ies  of experiments and ~1-@3502 
underrwater i n  another se r i e s  wi l l  be exposed t o  the neutron f lux of the 
MIX. Pressure r i s e s  can be due only t o  steam generation i n  the f i r s t  ser ies  
and t o  e i the r  or both steam generation and chemical reaction i n  the second 
series .  Because present scheduling commitments for  the L-k posftiuu ( the  
only f a c i l i t y  i n  the  reactor core that experimental lead8 can be brought 
*om the  reactor) will- not make t h i s  f a c i l i t y  available u n t i l  well into 1958, 
aad because certain d f f f i cu l t i e s  inherent i n  reactor tes t ing  limit the drrtti 
program for  f i s c a l  1958 i s  planned for out-of-pile work. The two phases are  
t o  be co-ordinated t o  supplement each other. 

Out-of-pile experiments w i l l  include the melting by induction heating 
of samples of metal under water with attempts t o  induce violent reactions 
between t h i s  molten metal and the water by the application of (a) ultra-  
sonic waves, and (b )  shock waves from the detonation of an explosive 
cartridge. Afier success has been at tained i n  the in i t i a t ion  of the metal- 
water reaction the  course of the reaction w i l l  be followed by such means as  
oscillographic pressure recordings and high-speed photography. The objective 
of t h i s  work w i l l  be t o  define more closely the conditions necessary t o  pro- 
duce a violent reaction between molten metals and water. With this infos- 
mation a s  a guide it should be possible t o  control conditions t o  prevent or  
a t  l e a s t  reduce the  violence of the metal-water reactions. 



IV REACTOR FTESICS AND ENGPIWEBING 

A. Reactor Calculations ., . . 
_ I  

1. Reactor Fast Group Constants (D. R. ~ e t c a l f )  i 
. . 

A method of obtain'n the lethargy dependence of t h e  f lux  @(u) (-6 from the balance equation, 

has been programed f o r  the IBM-650. Cross sections f o r  the  individual 
elements i n  the  SP reactors and i n  the core of t h e  Mm( were taken v 1 e i the r  from BNL-325 o r  i ts  supplement (dated 1957). This program was 
developed essent ia l ly  as an a i d  t o  obtain the  f a s t  group constants f o r  
group diffusion theory calculations. The microscopic scat ter ing and 
absorption cross sections were read a t  lethargy intervals  of 0.1, thus 
taking qui te  accurate account of resonance s t ructure.  For most elements 
other than U-235 the  absorption cross section was taken as proportional 
t o  & with a constant oa a t  higher energies such t h a t  the  resonance integral ,  

would agree with the measured r e  nce in t eg ra l  values as reported by 
Pomerance and h c k l i n  s t ,Genem. ?f@ 

The conventional method of obtaining averaged f a s t  group constants, 
averaging them over an appropriate f lux  spectrum, was employed. The low 
energy cut-off of the  fast group was taken t o  correspond t o  a lethargy 
(u) of 18. 

B. Fission Product Transient Studies 

Previously, preliminary resu l t s  were given('9) on t h e  yield of 1-135 
i n  the  f i ss ion  of plutonium. The data have subsequently been t rea ted  
fur ther  by taking in to  account burnout of plutonfum, the  neutron energy 
dependance of plutonium absorption and f i ss ion  cross section, isotopic  
d is t r ibut ion  of plutonium, and other factors .  The revised r e su l t  gave 
a yield of 4.1 a 0.676 f o r  1-135. The procedure of making f i ss ion  product 
t ransient  measu?ements and the  r e su l t s  obtained on the  plutonium napkin 
r ing experiment were prepared f o r  presentation a t  the  second winter 
meeting of the  American Nuclear Society. 

C.  Thorium Program 

A thorium slug i r rad ia ted  f o r  a year under the RD-1 program (from 
December 1952 t o  December 1953) w a s  sectioned and'representative pieces 
analyzed t o  obtain the d is t r ibut ion  of uranium within the slug. No 
signif icant  angular dependence about the  ax is  of the  s lug  was observed. 



The average values as 8 function of radial distance from the center fs 
sumri zed in Table 8. 

AVEMGE RADIAL DISTRIBUTION OF URANIUM PN 

EWLDIATED :THORIUM SLUG . . 

u-233 Isotopic Distribution 
Weight $ of" TO~ELJ. :uranium , 

$ U-233 U-23't U-235 
t 

A depression of about 2 9  of the surface value is obtained eat the center 
if one assumes the values 0.42 and 0.30 weight percent respectively as ' 

the best extrapolated values from the data. This depression compares well 
with the flux ratios of 26 percent obtained by cslcuhtion from simple 
diffusion theory. 
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A. Cross Sections Program (R'. . G o  Fluhapty) 

The major emphasis of the cross section program has been on under- 
standing the fission process in U-233. Fission cross section data are 
being studied in terms of the Wigner-Eisenbud hultilevel formalism. The 
1024 channel analyzer, with strip chaqt and punch card readouts, has been 
made an integral part of the fast chopper,time-of-flight equipment, 
replacing the 100 channel analyzer. Eats handling procedures which include 
use of the IBM-~~O have been. set up. The determinations of resonance 
parameters from transmission eta are continuing. 

1. Multilevel Fitting of U-231 Fission Cross Section Data (M. So Moore, 
C. W. Reich, L. G. Miller) 

Attempts to fit the U-233 fission cross section data from 0.03 to 
11 ev are continuing. Crystal spectrome-ber k .are being analyzed by 
means of a Wigner-Eisenbud multilevel formu320 1, which considers neutron 
capture to be a many channel process, Reasonable fits have been obtained 
over most of the region being studied. 

2. Fission Product l&ss Distribution Studies (J. R. Smith,.R. Be ~e~ier) 

A large fraction of the crystal spectrometer running time has been 
utilized in xrialeing irradiations of W-233 samples at theel and 1.8 ev 
energies to study differences in the fission product mass-yield distributions 
at these two neutron energies. Details of these measurements are described 
in the chemistry section of this report;. 

3. Fast Chopper Improvements (F. B. Simpson, 0. D. Simpson, C. L. filler) 

For the past six months the 1024 channel analyzer has been operating 
in parallel with the original 100 channel analyzer. During this period 
operational debugging, stability improvemen'%s, and the development of data 
handling procedures were in progress. WOW the 100 channel cnalyzer has 
been removed and the 1024 channel analyzer has been made an integral prt 
of the fast chopper system. The automtic,detector delay system and racks 
to hold amplifiers and power supplies for fission and other special 
detector systems were installed. A special power distribution system was 
installed to p e d t  cutting off the power to a section on which work was 
being done without removing the power from circuits which require 
extensive warm-up periods for stable operation. 

The conceptual design of a shielded automatic sample changer that 
will be located on the entrance stator of the fast chopper has been 
completed. Radioactive samples will be transferred pneumatically from a 
lead transportation pig to the sample changer. 



4. The. Total cross Sections of Pu-240 and Gold (0. D. Simpson, 
R. G. Fluharty) 

The t o t a l  cross sections of Pu-240 and gold, from 0,03 t o  42 ev 
and 0.03 t o  1.0 ev, respectively, a re  shown inFi"gt~re. 15. The gold cross 
section was run as a standard and is i n  good agreement with existing data. 

Theoretical f i t s  t o  the data from the two thinnest samples fo r  the 
1.06 ev resonance i n  PU-240 a r e  shown in  Figure 1 6 ~  capture width 
r y  32 + 3 mv and a neutron scattering width rn = 2.45 + 0.15 m were 
detemingd. These' parameters indicate that  the l0 06 ev ?esonernce should 
contribute 317 barns t o  the t h e m 1  cross sectiono Therml contributions 
from the measured levels above 10 w a re  less  than 3 banis. The.difference 
between t h i s  calculated thermal cross section (= 320 barns) and the measured 
value (n 390 barns) is not completely understood and is being studied fuPther. 
The PU-240 measured cross sections i n  the higher energy regions appear t o  
be approfimately 20 barns too higho The measurements above 42 ev have 
limited'accuracy due t o  a 20 per cent Pu-239 contamilz~ant and a re  not shown. 
Studies a r e  being continued on a limited basis un t i l  additional samples, 
necessary t o  check these differences, a re  available. 

5. The Total Cross Sections of Neodymium, Samarium, Gadolinium, and 
Tellurium (F. B. Simpson, R. G. Fluharty) 

The t o t a l  cross sections for  neodymium have been computed f rom %he 
t~ansmiss i  on measurements i n  the enekgy regions of 0.9 to. 12,000 ev. A 
neodymium oxide sample, which'was heated i n  an oven a t  8000. .Cs for  16 hours 
t o  drive off the water found t o  be present i n  previous runs, was us.&; 

The samarium and gadolinjSum ~ ~ 8 8 6  section measurements have been 
extended below 18 ev and the data a re  presented i n  Figure 17. ' The isotopic 
identif ications were metde by use of samples enriched inl.the even-odd 
isotopes. , ... . . . 

The tellurium cross section has been remeasured vith a thick samp3.e 
i n  order t o  obtain bet ter  values between the resonances. Measurements a re  
being extended t o  the t h e m 1  energy region. 

6 .   he Total Cross Sections of Ught ElemeAts XE. H. m e b y ,  I 
J. R. Smith, L. G. Miller) 

Addftiaml mcaeuremen%s of the t o t a l  cross sect fois  of ,Cis, Sr, 
U-7, Na, and K have been mad& on both the crystal  spectrometer and f a s t  
chopper. The data on Ca, Sr, and Li-7-are shown i n  Figure 18. The @a , -.- . 
data can be considered essentially complete. They indicate a t o t a l  cross 
section a t  t h e m 1  energy of 3.08 barns, of which approxfmebtely 0.43 ( 

691%~ is  due to  absorption. t 
. . 



I DO 16430 
PAGE 51 

NEUTRON ENERGY (ev) 



NEUTRON TIME OF FLIGHT sec) 9- 5- 57-1 

FIG. 16 



ID0 16430 
: PAOE 53 

GADOLINIUM 
MTR FAST CHOPPER , 

16 METER DATA ' ' 

4 
SAMARIUM . . ' 2  

' " .MTR FAST CHOPPER 
o4 16 METER DATA, 
6 

2 

o3 
6 

2 

o2 
6 

h 

I I 12 13 . 14 . . 15 16 . 17 . 18 19 
NEUTR,ON. .,ENERGY (ev) I .  . . - . . .  

P P t o  11-19157-2. 

, ,  . 

FIG: 17 



I D 0  16430 
PAGE 54  

100 

TOTAL NEUTRON CROSS SECTIONS 
PRELIMINARY MTR DATA 1957 

10 

0.5 

NEUTRON ENERGY (ev) 9 - 5  -57-2 
\ 

I 



B. Ine las t ic  Scattering of Slow ~ e b t r o n s  Program (R. M. ~ r u g g e r )  . 

1. Experimental ~ a c i l i t ~ ' , ~ e v e l o ~ m e n t .  (R. M. ~ G ~ e r ,  .. . L. W. McClellan, 
J. B. Thompson) 

Fabrication of the  RG-6 beam hole plug has been completed and the  
plug has been ins ta l led  i n  the HCR. "Phe plug has an in t e rna l  nickel  s t e e l  
gate which a l so  serves as a variable  width (from 0 t o  2") collimator. The 
maximum beam s ize  i s  4 inches i n  height by 2 inches i n  width. For an MCR 
operating power of 40 Mw, thermocouples attached t o  the t i p  of the  co l l i -  
mator plug gave a temperature reading of 5b0 C when the  plug was evacuated 
and 48' C when the plug was a i r  f i l l e d .  

Radiation l eve l  measurements have been made around the  catcher tanks 
with the  f u l l  2" x 4" beam open t o  the catcher. The slow and f a s t  neutron 
levels  a r e  reduced below biological  tolerances by the  catcher, but  the  
gamma-ray l eve l  i s  45 m/hr  i n  the  beam beyond the  catcher. This beam has 
penetrated 2" LiF, 15" borated paraffin,  4" lead and 5 ' water. An addi t ional  
4" of lead w i l l  be added to fur ther  reduce the  gamma-ray level .  

The dumnickel "R" f o r  the  chopper rotors  has been delivered. Three 
bids have been received f o r  machining and heat t r ea t ing  these rotors .  

I 
. ' Three phase 4-pole synchronous motors have been ordered t o  drive 

the  phased rotors.  They w i l l  operate from 300 t o  30,000 rpm and w i l l  be 
powered by a yariable frequency osc i l l a to r  and three 200 watt amplifiers.  

The detai led drawings f o r  the  rotor  chambers and adjustable mounts 
a r e  essent ia l ly  complete and construction should be completed by approxi- 
mately January 1, 1958. 

2. 1024 Channel Analyzer fo r  Velocity Selector (F. L. Petree) 

I n i t i a l  development has begun of a 1024 channel time-of-flight 
analyzer, It w i l l  be similar t o  the  uni t  which was recently completed f o r  
the  MIX f a s t  choppe~, i n  t h a t  it w i l l  u t i l i z e  a m t r i x  of f e r r i t e  magnetic 
memory cores t o  s tore  the  data a s  they accumulate. 

It i s  planned t h a t  t h i s  device w i l l  u t i l i z e  t rans is tors  as amplifying 
and current-generating elements. It w i l l  employ a temporary-storage matrix 
of 100 f e r r i t e  cores. This w i l l  reduce the  e f fec t ive  dead-time t o  l e s s  than 
two micro-seconds, by temporarily s tor ing the  random detector pulses so t h a t  
they can be presented t o  the  pennsnent-storage m t r i x  st regular intervals .  
Besides reducing the dead-time, t h i s  feature w i l l  allow memory cores with 
l e s s  s t r ingent  drive requirements t o  be used i n  the  permant-storage matrix, 
so t h a t  d i r ec t  drive from t r ans i s to r  current generators w i l l  be feasible .  
The memory matrix can be divided so that separate storage from as many as 
sixteen detectors w i l l  be possible. It w i l l  require twenty microseconds 
t o  s to re  a pulse in to  the permanent-storage matrix, so t h a t  the  maximum 
permissible counting r a t e  w i l l  be l e s s  than 50,000 per second. A t  t h i s  
ra te ,  the  coimtlng loss  will be l e s s  than ten  per cent i f  the  temporary- 
storage matrix does not fill up. 



The channel wfdth of t h i s  instrument w i l l  be adjustable by factors 
of two from 2.5 t o  160 microseconds An ad jushb le  i n i t i a l  delay up t o  
a maximum of 10,240 microseconds w i l l  be provided. 

The instrument w i l l  continuously display the  stored information on 
a cathode ray  oscillograph. Data  readout onto a strip-chart recorder and 
in to  punch-cards w i l l  be provided. 

C . Nuclear Chemistry F~ogroeun (w. H. Burgus ) . 

1. I@ss Yields i n  the  Resonance Fission of U-233. (R. B. Regier, 
W . H. Burgus ) . .. 

Me~sl~rements  a r e  being made t o  determine i f  theke are differences 
i n  the  peak- to - t row r a t i o s  of f iss ion product mss-yield curves of U-233 
f o r  f i ss ions  produced by thermal neutrons ernd f o r  those produced by 1.8 ev 
neutrons. It is expected that the re la t ive  mounts ot' symmetric and 
asymmetric f i ss ion  depend on the  SF?$ s t a t e  of the-compound nucleus. Also 
t h e  multilevel f i t t i n g  experience of Mmi Cross Section personnel 
indicate t h a t  most thermal f iss ions i n  U-233 a r e  due t o  one spin s t a t e  while 
t h e  f i ss ions  produced by neutrons a t  m y  of the resonance energies are due 
t o  the  other  spin state. Since f iss ion products having yields lying i n  the  
trough of t h e  mss yield curve are  from nearly symmetric f i ss ion  and those 
on the  peaks a re  from asymmetric fission, the  observed saturation a c t i v i t y  
r a t i o s  between properly selected f i ss ion  products near one of ' the  peaks 
and i n  the  trough will indicate the ra t ios  of symmetric and asymmetric 
f i ss ion .  

In the  f i r s t  experiments the ra t ios  of the saturated ac t iv i ty  of 
67 h Mo-99 (near top  of l i g h t  peak) t o  t h e  saturated a c t i v i t y  of 5.3 h 
Ag-113 ( in the  "trough") were compared f o r  t h e m 1  neutron f ission and 
f o r  f i s s ion  with 108 ev neutrons, the  energy of the first large resonance 
i n  U-233 f i ss ion .  For the  t h e m 1  irradiations, sma.1 m i l l i  ram s i ze  samples 
of U-233 were i rradiated i n  VG-23 of the  MPR. The Moh9/Ag113 saturation 
a c t i v i t y  r a t ios  observed i n  several runs averaged 394 with es  i m t e d  !H hl accuracy of 5 percent. (subsequent experiments i n  which / ~ g  ra t ios  
were compared fo r  VG-23 irradiations and f o r  i rradiat ions i n  the  t h e m 1  f 

beam of the MCR crys ta l  spectrometer have indicated no significant difference 
i n  the  ra t ios  between the  two thermal i rradiat ions.  ) In  the thermal 
i r radia t ions  i n  position VG-23 i n  the reactor there was ample f lux  t o  produce 
f i s s ion  product samples having counting ra tes  i n  the range of' thousands of 
counts per minute, even when irrebdiatdng smll quantit ies of U-233. !)?his 
was not t rue,  however, i n  the spectrometer runs where only small yTelds of 
f i s s ion  products were obtained due t o  much lower flux. 

For i rradiat ions on the crystal  spectrometer a t  1.8 ev, larger  
(2 t o  3 gram)  portions of U-233 oxide were required t o  obtain measurable i 
5.3 h Ag-113 ac t iv i ty .  The use of larger  samples, however, introduced a \ 

new problem; tha t  of i so la t ing  and purifying the low-activity f iss ion 
product samples from the several millicuries of alpha, beta, and gamma I 

a c t i v i t i e s  present i n  the original  uranium oxide. The standard f i ss ion  
product isolat ion procedures were found t o  yield samples s t i l l  contaminated 
with the  debay products of U-233 and U-232, and improved methods of f i ss ion  
product analyses had t o  be devised. 



,Four i r radiat ions of 2-3 gram portions of U-233 oxide were 
carr ied out with 1.8 ev neutrons i n  the  Bragg beam of the  ME? c rys t a l  

.- 

spectrometer using the  (1011) planes of a beryllium c rys t a l  f o r  d i f f rac t ion .  
The estimated energy resolution w a s  15 percent. Ehch i r rad ia t ion  was of 
18 hours duration so tha t  near-saturated 5.3 h Ag-113 was obtained. The 
saturated Ag-113 a c t i v i t y  f o r  these i r rad ia t ions  w a s  of the  order of 300 
counts per minute a t  100 percent chemical recovery. However, the  chemistry 
required approximately one h a l f - l i f e  of Ag-113 and recovery w a s  only about 
$0 percent i n  the four samples. For resolution of the  s i l v e r  decay curves, 
each sample was counted a t  about half  hour in te rva ls  during the f i r s t  20 
hours t o  resolve t h e  Ag-112 and &-%I3 components then a t  longer in te rva ls  
t o  obtain the  Ag-111 ac t iv i ty .  The Ag-ll3 a c t i v i t y  a t  the  end of 20 hours 
was therefoi-e only several counts per m i n ~ t e  above background. The M o 9 9 / ~ ~ ~ 1 3  
ra t ios  f o r  these resonance i r rad ia t ions  were 469, 471, 485, and 567 for  an 
average of 498 with a standard deviation of + The data indicated t h a t  
the  "peak-to-trough" r a t i o  f o r  resonance f isgion (498) i s  greater  by about 
25 percent than f ~ r  thermal f i s s ion  (392). The lack of precision i n  the 
spectrometer experiments i s  discomforting and i s  believed p a r t i a l l y  due t o  
the  d i f f i cu l ty  of resolving the  s i l v e r  decay curve in to  i t s  3.2 h Ag-112, 
5.3 h Ag-113 and 7.5 d Ag-ll l  components, par t icu lar ly  w%th low counting 
samples. The values f o r  Ag-113 used i n  computing the above r a t i o s  were 
obtained from a least-squares analysis of the  counting data, assuming pure 
s i l v e r  samples. 

Additional work is  underwa,y t o  examine changes i n  "peak-to-trough" 
r a t ios  using Mo-99, Ag-111 and Cd-115. A low background counting system i s  
being assembled t o  improve the  s t a t i s t i c a l  a,ccuraey. 

2. Second Order Capture Measurements (R. Bo Regier, E. H. Turk, 
Rb P. Schmim) 

Specimens of natural  potassium, antimony, rhodiump and enriched 
RU-104 were frra a ted  i n  posit ion L-45 i n  the  MTR during Cycle 90, a t  a 
f lux  of 5.4 x 10% n/cm2/sec, i n  attempts t o  measure the  p i l e  cross 
section of K-42, ~b-124, ~h-104, and Ru-105. The antimony and ruthenium 
w i l l  be allowed t o  decay u n t i l  about mid 1958 before they a r e  examined. 

A l l  attempts t o  detect  Rh-105 by gamma speetroscopy were unsuccess- 
ful. The rhodium was processed by ion exc chemistry, following the %'g This procedure f a i l e d  t o  procedure outlined i n  Analytical @heanistry 
remove a l l  the i r id ium impurity (20 ppm according t o  the  supplier) and the  
Ir-192 completely masked m y  Rh-105 t h a t  m y  have been formed, 

Samples of spectsoscopically pure magnesium, nickel and chromium 
were i r rad ia ted  i n  VH-2 f a c i l i t y  of the  Mrm (nv = 1.87 x loi4 n/cm2/sec) 
f o r  = 18 hours t o  study the  production of the  second order neutron capture 
nuclides (143-28, ~ i - 6 6 ,  Cr-56), After i r rad ia t ion  the  samples were 
chemically purified and the  a c t i v i t i e s  present determined by s c i n t i l l a t i o n  
spectrometry and b e t s  proportional counting, 

The magnesium sample was purified by dissolution i-n hydmchlorio 
acid, followed by repeated precipi ta t ions of magnesium hydroxide, and 
repeated scavenging precipi ta t ions of f e r r i c  hydroxide, ferrous su l f ide  and 



mnganese sulf ide from mmoniacsl solutions. The magnesium was f ina l ly  
precipi tated as magnesium ammonium phosphate f o r  counting. V e r y  l i t t l e  
a c t i v i t y  was found i n  the  f i n a l  purified precipitate,  which was counted - 1 day a f t e r  the end of bombardment. From the known ha l f - l i f e  of ~ g - 2 8  
(21.4 h r s )  and the m a x i m  possible 32 kev gamma a c t i v i t y  observed 
(corrected f o r  absorption) a p i l e  neutron capture cross sec%ion of B 20 mb 
f o r  Mg-27 was calculeb%ed. 

The nickel sample was d5ssolved i n  hydrochloric acid; and purified 
by repeated precipi%atfons as nickel dimethylglyoxime and f e r r i c  hydroxide 
scavenging precipfta%fons. The nickel was f ina l ly  precipitated a s  the  
su l f ide  f o r  counting. The a e t i v i  t y  of the CU-66 &u&%er fomed by b e k  
decay of Ni-66 wan fi%udfed-by two different  methods : (1) by be%a pro- 
port ional  counting with an aluminum f i  l t e r ;  and (2) by pulse height ainlyaio 
of the  l00)1)+ Mev @m photopeak wfth Che scfntilW.%f on spectrometer, The 
decay of the b e k  alsd g m m  aa t iv f t f e s  weye observed and gave f o r  t h e  k A;- 
l i f e  of ~ i - 6 6  = 54 hours, compared t o  55 hours given by W. =. Sullivan 
The sample contained a, considerable amount of 36 h Ni-57 produced by the 
(n, 2n) react2 on on m i  -58. The disintegration ra te  of the NT -66 calculated 
from the  sc in t i l l a t ion  counting, assuming a 9 per cent branching r a t i o  f o r  
%he 1.044 Mev CU-66 garma, and the  m t e  cslcula%ed from be- count1 ng the 
cu-66 2.63 Mev + 1,59 Mev betas agreed within 6 per cent. A p i l e  neutron 
capture cross section of 20 barns was obtained f o r  , ~ i - 6 5  i n  the MI% VB-2 
facf 1% t y  . 

A n  attempt w a s  mde t o  obtain ~ r - 5 6  by second order neu%ron capture 
i n  (3-54. As  a method of analyzing f o r  CP-56, xmganese was separated, 
then the  regrowth of MI-56 f nto the puxpff ied chromium was sought. No pow%h 
of MI-56 could be observed, indicating l l t t l e  o r  no pro8uction of ~ r - 5 6 .  . 

3 .  Study of ( t ,p)  Reactions (E. H. W k ,  R. P. ~ch-) 

I n  order t o  s%udy another method of produetion of nuclides with ' 

two more neutrons than the  t a rge t  nucleus, the  (t ,p) reaetf on products 
produced by thermal neutron irradiat ions of a mire$ure of %he target  nucleus 
and enriched ILL-6 were fnv&s%fgated. !The t r i tons  a r e  made by %he reaction 
L i  -6 (n, a) H-3 and have 2.7 MeV of 1Pine%f c energy 

6 
Trmdiations were made of d x t u r e s  of MgO, N i ,  C r ,  end ~ $ 3 0 0 ~  with 

Li2S04. A good yie ld  of Mg-28 -8 obtained. In %he eases of Ni and U, the 
yielcl was no greater t h n  th% produced by %he second order neutron capture 
reactions. No evidence was romd for era5C. 

40 - Studies of Shod-lived Fission Products. (E. H. !pu,pk, R.$ pe Sehmn) 

Samples of enriched uranium were! ac%ivea.ted i n  %he VG f a c f l f t i e s  of 
t h e  f o r  short periods (1-5 min). The f ission product zirconium sample 
was isolated (= 6 mfn afler end uf irradistiion) ueing barium fluozfreonate 
precipi tat ions with lathmum fluoride scavenging precipitations. No new 
f i s s ion  product zirconium a c t i v i t i e s  are fomed with appreciable yields and 
wi%h half-lives greater  thean 2 minutes, 

i. 



Short-lived bar ium f i ss ion  products were a l so - i so la t ed  from 
samples of enriched uranium i r rad ia ted  f o r  short  periods (1-5 min) i n  the 
VG f a c i l i t i e s  of the MIX. The barium was isolated and purified as--rapidly 
a s  possible (x  6 min a f t e r  end of i r rad ia t ion)  by repeated ?barium chloride 
precipitations and f e r r i c  hydroxide scavengings. The decay of the  various 
gammas i n  the  purified samples was studied with a 20-channel s c i n t i l l a t i o n  
spectrometer. The energies and approximate half- l ives  found a r e  given i n  
Table 9. The gamma a c t i v i t i e s  with 11 minute half- l ives  a r e  believed t o  
be due t o  ~a -142 .  s is i n  disagreement with the value of 6 minutes 
which has been f o r  the h a l f - l i f e  of ~ a - 1 4 2  f o r  some time. 

'JxBLE 9 

Gamma ~ n e r ~ i e s  and Half-lives 
. , 

Found i n  Short-Lived Baku Fission Products Studies 

Chemical 
T-112' . Ident i f icat ion 

0 .  (&in) of Act ivi ty  

5 Xenon Gas .Purification (S . D. ~ e e d e r )  

A sample of f i ss ion  product xenon obtained from the  Chemical 
Processing.Plant is  being purif ied f o r  cross section measurements on 'the 
Mi3 f a s t  chopper and f o r  other studies.  The sample contained:l@ xenon 
and 02, N2, N20, and Kr impurities. Some purif icat ion k s  achieved when 
the  sample w a s  t ~ a n s f e r r e d  t o  a lec ture  s i ze  cylinder from.the 1A s i ze  
gas cylinder i n  which it w a s  delivered. The t ransfer  w a s  Illade by freezing 
the gas a t  a pressure of a b o u t 3  cm of Kg i n  & t r a p  cooled i n  l i qu id  ' ' .' 

nitrogen. Some oxygen, nitrogen and most of the  kr&on we& bumped off 
i n  t h i s  s tep.  The so l id i f i ed  gases w&e then d i s t i l l e d  i n t o  the  evacuated 
lecture cylinder cooled i n  l iquid nitrogen;'. The higher boi l ing oxides of ' 

nitrogen were allowed t o  escape a f t e r  a l l  of the  xenon %s believed t o  be 
.. . 

t ransferred.  
. . 

A mass. analysis of the  collected gas gave the following' composition: 
26$ Xe, 46$ N2, 1'2% 02, and 15% N20 !The xenon ~ $ 1 1  be s e s r a t e d  from the  
other gases by passing the mixture over hot calcium and titanium metals 
which convert the impurities t o  so l id  oxides and n i t r ides .  



D. Decay Schemes and Nuclear~Isomerism Program . .  , , 

1. Experimental Check of Calculated ScintiPlation Detector Efficiencies 
(S. He Vegors, R.  Lo Heath) 

A program has been in i t ia ted  t o  make an evaluation of the accuracy 
of machine calculated detecti  on ef f i  cienci es fo r  NaI (TI) sc i  n%ill.at'ion 
detectors. The major error  t o  be expected i n  the calculated values may 
be at tr ibuted t o  e m r s  i n  the expertmentally determined values for  the 
absorption cross section of N a I g ~ l ) ~  It wets f e l t  that a check of the 
in ternal  cofisistency of the machine program could be obtained by measuring 
several monoergic sources under known geometrical conditions using 
different  s ize  detectors. Since the probability for  interaction i n  the 
p h ~ s p h ~ r  i s  p~oport ional  t o  *the product of absorption cross section and the 
path length traversed by the photon, a measurement of the number of photons 
detected by different  s lze  detectors should provide an Pndepenaent check 
on the error  i n  tEe absorption cross section. 

Three sources were measured on each of two different s h e s  of 
IVa1(~1) detectors (1  3/4" dia. x 2" and 3" dia. x 3" cylinders) and ,%he 
source intensi ty calculated fo r  each case. The results  are  sham in  
Table 10. It i s  f e l t  that the slmlP discrepmeies i n  the values for  the 
disintegration rates represent the ancumulertive effects of errors i n  the 
experimental method, These measurements were mde using a source-detector 
distance of 3.00 + 0.05 em for the 1 314" detector and 10oOO - + 0.05 cm for  
the  3" x 3" deteczor. 

Comparison of the Disintegration Rates of Several Sources as 
Measured by Two Different Detectoro 

, . 

Radioactive Gemma Ray 1 314" 'dia. x 3" dfao x Percent 
Source Energy (kev) 2" Thick 3" Thick W f f erence 

2. Scinti l lat ion Detector Csleulati ons (S . . He Vegors, R . . L. ~ e a t h )  

Calculations of the detection efficiency of a right cylindrical 
N ~ I ( T ~ )  sc int i l la t ion detector fo r  gamma rays emitted by a disk source of 
radiation a re  near completion. The investigation of the detection 
efficiency fo r  non-point sources of radiation w i l l  be extended t o  cover ' 

the  case of a l ine  source of radiation. A-code is,being prepred by the 
computer group t o  permit computqtion on the IBM-650 for  a line source of 
radiation. CalcuLations fo r  t h i s  case should begin in  the immediate 
future. The results  of these c a l c ~ % i o n s  w i l l  be included in  t a b u h r  
form in  an ID0 report. 



3. Finite Solid Angle Correction For Angular Correlation Studies 
(S. H. Vegors) 

. , 
Since the detector used in angular correlation measurements subtends 

a non-zero solid angle with the source of radiation it is necessary to 
make a correction to the experimental data to take this into account. 
analytical expression for this correction factor has been given by R0se3~3) 
No calculations have previously been made, however, to yield this correction 
factor for the detector sizes and distances which are to be used in the 
angular correlation device being constructed at this laboratory. Therefore, 
a code has been prepared by the computer group to calculate this effect and 
calculations have been made for 'a 3" dia. x 3" thick N~I(T~) crystal for 
a source-detector distance of 10 cm. These results are listed i Table 11. 
The notation used in the table is identical with that of Rose. (2% 

4. Photo-Peak Efficiencies (peak-~o-~otal Ratios ) For Nal (TI) Detectors 
(s. He Vegors, W. M. Hammer, R. L. Heath) 

As a part of the program to increase the precision and usefulness 
of absolute gamma-ray counting, using the scintillation spectrometer as a 
quantitative and qualitative tool for radioactivity analysis, measurements 
have been made of the peak-to-total ratio for a 1 314" dia. x 2" dia. N~I(T~) .: 
crystal. - 

To minimize the error due to extraneous scattered radiation from 
material in the vicinity of the detector the measurements were all made in 
an open room with all scattering material removed from the immediate 
vicinity. Point sources were mounted on thin films and measurements were 
made at source detector distances of 3 cm and also at 10 cm for several 
sources. In most cases no beta absorber was necessary since electron- 
capture activities were used. For some energy regions it was necessary, 
however, to use low energy beta emitters necessitating the insertion of 
polystyrene absorbers. Measurements were made at the following energies: 
0.155 (Sc-47), 0.323 (Cr-511, 0.478 (~e-71, 0.662 (CS-137), 0.835 (Mn-54), 
1.114 (zn-65), 1.368 (~a-24), 2.753 (~a-24), and 3.13 Mev (21-37). A 
summary of thc rcoults is give11 111 Table 12. TRe error quoted is an 
estimate taking into consideration the experimental uncertainties in each 
case. 

5 .  Decay of 14.5 Day Bi-205 (s. H. Vegors and R. L. ~eath) 

A new source of Bi-205 has been procured and the investigation of 
the decay of Bi-205 is continuing using the new source. This source was 
prepared by bombarding radiogenic lead which is approximately 854 ~b-206 
for 10 hours in the proton beam of the ORNL cyclotron. The source thickness 
and bombardment energies were picked to maximize the production of Bi-205 
relative to ~i-206 (6.4 day) or Bi-207 (8.0 year) by a pb-206 (p,2n) ~i-205 
reaction. The new source is much freer of the 8 year Bi-207 activity and 
thus the investigation of the decay scheme of Bi-205 is considerably simpli- 
fied. In both the new source and the previous source the 6.4 day ~i-206 
activity was allowed to decay away before measurements were begun. Preli- 
minary investigations with the new source indicate that it will be much 
more satisfactory than the previous source. Remeasurement of gamma-ray 
energies, relative intensities, and coincidence relationships is now in 
progress. 



Attenuation coefficients J ~ / J ~  and (JJ /.J0l2 for angular distribution 
ineasuements. These values are for 3" diameter x 3" thick ?J~II(T~) 
detectors wf5h the distance from the source to the front f e e  g f  the 
detector bei-w! 10 em (for values of 1 = 0, 2, and 4).  

3,000 .0310g .02824 .02227 *W .82526 .71648 51334 
5. 000 o 03177 .02880 .02260 . go662 .82196 .71125 .50588 
7.000 .0320g ,02906 .02274 . 90576 .82048 70878 50237 
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Swnmary of Peak-To-Total Ratios for a 1 3/4" dia. x'-2" Na1(~1) Crystal 

~adioactive . Gamma Ray Energy 
Isotope In ~ e v  . P/T (source 3 cm) P/T (source 10 cm) 

6. Decay of La-142 (R. L. Heath and L. D. MCIS-c*) 

The d ay of this nuclide was first established by Hahn and 
Strassmann (2'(j in 1942. In their work a Lanthanum.acti+ity M t h  .a half -life 
of 77 minutes was assigned to ~a-142 by chemical isolation from the 6 
minute half life ~a-142 activity in gross fission products. Katcoff (25) also 
reports this activity in proj'ect literature. Bosch (26) studied the lanthanum 
fract,ion of gross fission products in further detail and reported two major 
gamma rays of 0.63 and 0.89 ~ev. No further details of the decay of this 
nuclide have been reported in the literature. , 

Some further work has been done on this activity at this laboratory 
in conjunctio w'th the preparation of standard spectra for scintillation 

?27j : . :  spectrometry. 

a. Sample Preparation 

Samples of enriched uranium were activated in a high flux facility 
of the MIX for 30 seconds and after a waiting period of approximately 5 
minutes the barium chemical fraction was separated from gross fission ~roducts. 
The 6 minute ~a-142 precursor was then allowed to decay for 10 minutes and 
a lanthanum chemical fraction separated from the barium. This procedure 
provided samples of Ianthanum-142 relatively free of other activities. 

b. Gamma Radiation 

The gamma radiation emitted was investigated with the 100- 
channel gamma-ray spectrometer using a 3-inch by 3-inch NaI detector. The 
pulse spectrum obtained indicated a large number of gamma-rays which decayed 
with a half-life of 88 + 5 minutes. The following energies were assigned 
to the major garmna-raysf 0.645, 0.89, 1.03, 1.37, 1.54, 1.72, 1.91, 2.05, 
2.4, 2.55, 2.95, and 3.1 Mev. A characteristic pulse spectrum is shown in 
Figure 13. 

*,Westinghouse Atomic'Power .Division employee assigned to sponsors program 
'at MIX. 
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C . Beta-Ray Measurements 

A sample w a s  prepared f o r  beta counting on a cal ibrated end- 
wi-ndow flow proportional counter and the  decay rate '  qollowed f o r  a period 
of 24 hours. The decay curve obtained indicated the  presence of two 
a c t i v i t i e s  with half- l ives  of 85 minutes and 3.9 hours. These were 
assigned t o  88 minute La-142 and 3.8 hour Ia-141. A comparison of the 
~rr-142 a c t i v i t y  of t h i s  sample with the  emission r a t e  f o r  the  0.645 Mev ' 

gamma-ray as measured on the s c i n t i l l a t i o n  spectr'ometer indicated tha t  
50 + 16 of the  beta t rans i t ions  give r i s e  t o  the  0.645 Mev gamma-ray. 
~ d H t i o n a 1  measurements a r e  planned t o  obtain more detai led information on 
t h e  nature of the decay of t h i s  nuclide. 
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