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J. E. Evans, Director, Nuclear Physics Branch 

MTR Technical Assistance - Heat generation calculations showing a breakdown - fission energy in the MTR has been completed giving 198 + 6 Mev per 
fission. Calculations indicate the necessary control system chakes to 
allow MTR operation with pu239 as fuel. New shim rod magnets have been 
installed and one regulating rod has been changed to a metal sprayed type. 

ETR Technical Assistance - Nondestructive methods of fuel and boron analysis 
for ETR fuel have been developed, and core measurements have been made using 
the new "pinned" plate elements which will receive full mter flow. By 
placing large boron content elements in the center and law content on the 
outside a long burnout core with fairly unifo~g heat generation is achieved. 
Transient power studies have been used to demonstrate safety of the control 
magnet design, The rewating rod control system has been studied and 
recommendations made for'mpdifications to inaprove operation. 

Reactor Physics and Engineerinp, - Transfer Mction analysis of heat exchangers 
using a space dependent differential equation for the heat exchanger is being 
applied to a system similar to the ETR for comparison with analyses using a 
lumped exchanger; OuLof-pile experiments are outlined to study metal-water 
react ns and initial results described, Thorium irradiation calculations 
and UhY3 build up measurements are summazized. RMF control element modifi- 
cations allow direct reading to 1 x 10'7 6k/k. 

Hydraulic and static testing of MTR production fuel assemblies has been made 
giving flow vs pressure drog, mrswimm flow rate at failure, and deflection 
to static pressure. The new elements did meet tentative m m i m m  specifica- 
tions, although they appear somewhat inferior to earlier elements, Hydraulic - tests of tubular-type fuel elements are under way an$ a transparent ~ A a b l e -  
channel flow fixture is naw available for direct observation of the flow, 
The program of irradiating va~ious fie1 plates is now under way with 19 of 
the 21 compositions on hand. Twelve compositions are currently beix 
irradiated with 28$ burnup and will continue to 40$, Pre-irradiation testing 
of the remainiiag. fie1 plates is in progress, and post-irradiation testing 
is scheduled for June. 



Nuclear Physics - The u233 cross section measurements are continuing. Total- 
minus-fission cross section subtractions, eta, and fission product mass 
asymmetries data have been obtained. 'Prepsrations for gas scintillation 
f i e w n  counting are in progress, and total cross sections of Nd, Sm, Gd, aad 
Pu have been submitted for the cross section compilation. Initial 
scattering measurements (10 to 150 ev) on W have been made. The low energy 
neutron velocity selector consisting of two phased rotors i s  under active Y 

development, and initial experimental results using a spinning sample tech- 
nique m e  presented. Calculations of the gatuma-ray detection efficiencies 
of different shapes of ma1 crystal d extended sources have been completed, 
and a 4.7 millisecond isomer in PbbYhas been discovered. A description is 
given of the multichannel pulse height anslyier temporary storage system which 
is being developed, 
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11. MTR TECHNICAL ASSETANCE 

A. Heat Generation and Distribution in the WIR * '(R. A. ~rimesey) 
. . 

A breakdown of the ~~3~ fission energy its distribution in the MTR 
has been made and is reported in IllO-16443. Tf? The calculations are made 
specifically for the MTEl with a 3 x 9 loading and 40 Mw operation. The 
average energy generated per fission is found to be 198 - + 6 Mev of which 
-go$ is generated in the fuel plates. 

~ ~ ~ & ~ e ~ s x ~  
the measured heat generated by the MTR, as measured from the temperature 
rise and flow of the cooling water, and the calculated heat from fie1 and 
flux distributions. As expected, the heat generated p r  fission is in 
essential agreement with the numbers used in the flux-fuel calculations. 
Since the flux-fbel calculations estimate 40 to 60s more heat than is 
measured, the possible 1.5$ change, indicated for the energy per fission, 
makes an insignificant change in the calculated values. 

The problem of determining the generation and distribution of heat in 
the MTR is resolved into three essential parts: (1) determination of direct 
fission energy, (2) determination of energy liberated from parasitic capture 
processes in the core and reflector, and (3) determination of the distribu- 
tion of heat In the core and reflector. Tab* summaries of these considera- 
tions are given in Tables 11-1, 11-2, and 11-3, respectively, 

TABLE 1 5 1  

Breakdown of Direct Fisslo rgy as Given by Four Current Sources 

Glasstone , Reactor Handbook 
Edlund R. L. Murray CRR-489 CRP-642~ 

Source : ( ~ e v )  - (Mev) (~ev) (Mev) 

KE of Fission . .  . . 

fiagment 6 1'62 167 168 - +:5 167.1:. - + 2 

KE of Fast Neutrons 6 5 5 2 0 0 5  5 +.0.5 - 
Prompt Ganrma -Rays -6 7 4.6 - + 1 7+12 

Fission Product 
Gamma-Rays 5 6 70 51 7.51 

Beta Decay Energy: - 5 

(1) R. A. Grimesey, An ~stinab of the Heat Generation and Distribution in 
the M T R ,  IDO-164h3, (1958). 



a~o-16474 
Page 10 

m r g y  i n  the Mil3 

Event Energy per Ehergy per 

Event - 
Fission 1 r. 1% + 8 - 190 2 5.5 

235 . . 

U . Capture 
. . 

0.182 . . 

. . 

H 0 Capture Oolg ' 2,2 ' 1 1 0042 ,!+, 
2 

8 .  

. . 
'Sm Capture O.OIJ7' 8 , 4 .  ' 2 0.1 . . : 

Reflector 

H20 Capture 0 0 272 

. . 

Be Capture 00  528 

Be (n,2n) Reaction %,08 

Neutrons that 
Escape T& o O l 5  

Total 2.47 + 0.08 (n,2n) 

<%Class 1 gaztum-rays w e  those i n  which one photon possesses the t o k l  energy 
of a ground s ta te  transition, Class 2 gamma-rays are those i n  which the' 
emission energy is e a t t e r e d  among mmy photons. 

m e  average energy per photon i s = 3  Mevo 
- - 



Distribution of Heat in . the  MTR . . 

Fuel Escape t o  
Heat Element Moderator Reflectm Graphite Total 

=' Source (~ev/Fiss  ) (Mev/Fiss ) (~ev/Fiss)  ( ~ e v / ~ i s s  1 ($iev/F'iss 1 
Fission Fragment 167 167 

Fast Neutrons 0 05  2.9 l 04+ .13~e (no2n)  .1 5 

B Energy 4 -1 5 

(n, y) Energy i n  
Ref lector  0,4 0 - 3  3 

Be (n,2n) 0 .05 0004 - 0030 - .04 0,43 

Total 177 0 7 9.24 9 0 7 . 8 4  197.5 

B. Xenon Override Computer Program (R. W. Goin) 
b 

A program has been completed for  the EM-650 t o  be used t o  determine the 
maximum number of fuel  assemblies which can be carried over *om the preceding 
chazge, This w i l l  allow the NIB to  go c r i t i c a l  at  a t icular  time a f t e r  @f shutdown. The program ut i l izes  Eq. (25) of DO-16401 where the derivation, 
a discussion, and results are reported P Q ~  the equation. t e r  discussions ? P of fuel  load calculations have been presented i n  DO-16394 3 and 1110-16430. (4) 

C . S z c i a l  Fuel Experiments i n  the HTR 
- - -- -. 

The second of a series of f u l l  core loadings of various nuclear fuel  
systems in  the MTR is  in  preparation. s experiment using 20s u~~~ 

The prevtyy The present experiment t o  enriched uranium fuel  is reported i n  DO-16459. 

(2). H. L. McMuny, Go A. Cazier, R. W. Goin, Calculation of MTR Fuel Charges, 
1~0-164O1, (19571. 

(3) H. L. M c M u r q ,  t for  MTR Technical Branches, 
Second Quarter 

(4) He L. McMurry, G o  A. Cazier, and R,  W. Win, Quarterly Progress Report 
for  MTR-SEE! Technical Branches, Third Quarter - 1957, XIXI-16430, 21-4, 

(5) Do R. deBoisblanc and R ,  S o  Mardd.ef, 
8) * 



be undertaken hll employ ~~239-aluminum alloy clad in alpminum i n  an array 
of 23 elements and 4 f i e 1  shim rod6 in the standard 3 x north slab loading 

report is being prepared. 
ctj of the MTR. Cri t ica l  s ize  calculations have been made, and a summary 

1. Control System Changes for  Pu239 Load (w. J. Byron, H. W. ~ a v i s )  

~ n v e s t i b t i o n s  of the control and safety aspects of the koposed ~u~~~ 
load have been conducted, These were required because of the differences in  
delayed neutron lifetimes and the value of p (the yield of delayed neutrons) 
from those of the u235 loading i n  the MIR. 8afculated analysis of the 
kinetics of the Pu loaded BE?R revealed the mximum worth sf the regulating 
rod and the maximum k addition ra te  (rod drive speed) permissible. me re- 
ac t iv i ty  design specification i s  t h s b t  the M!l% regulating rod for  Pu mat be 
less thEan 0.& bk/k. 

All cwuponents fo r  the coatPo1 cam3 sarety syste- modification are 
ready for  use. A special regulating rod has been fabricated for  the Pu core, 
The rod, as constructed, is mechanically identical t o  the MTR regulating rods 
used w i t h  u235 except that  there is considerably less  cadmium i n  the rod, 
An experiment with a dishantled regulating roq in the RMF provided infornation 
from which the final mount of cadmium was established, 

Motors (900 rpm or half-speed) t o  drive the shim rods for  the Pu core 
1-ing have been modified aad are  stomd for  l a t e r  use with the experimental 
core. Half-speed motors were selected so as t o  keep the runaway reactor period 
(on high-speed w f t h d r a ~ ~ , l )  high enough that the existing safety system can 
override it, Preliminary "safe-side" calcula,tions indicate that the maximum 
period for  th i s  motor speed is 1/22 second. The corresponding period for 
normal u235 opeiation is q15 second with fW1 speed motors. The eafety scram 
system operates within 1/30 second, To adjust the Pu239 control system period 
t o  1/15 second would require a $10,000 &i& system i n  contPast t o  the $700 
cost of the present motor. Refined calculations are  under m y  t o  investigate 
power transients fo r  this contxol system, 

Shim R@ Magnet 

A l l  MTR shim r now completely equipped with magnets of the 
new cylindpicsi des i gn ?jr m e  replacement was necessitated by the 
iaereased maintenance costs of the w i g w  'magnets and a lso  by the diff iculty 

(6) W. B. Lewis and G. 0, Marshall, Quarterly Progress Report for  W-Em 
Technical Branches, Fourth Quarter - 195T9 IDO-16436, 11. 

(7) H. We Davis, Qurterly Prowess Report for  MTR-ETR Tecmical Branches, 
T h h  Branches,-16430, 20-10 

(8) H. W. Davis and W. J, Byron, Quarterly Propess Report for  MTR-ECR 
T> Branches,-16436 >, 23. ' 
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experienced in obtaining replacement parts for the previous magnets, The 
new cylindrical magnet is manufactured st the EaTR, hence, no replacement 
parts problem is expected to arise, 

A measurement of the gamma dose receive+ by the qgmts foq one cycle 
has been completed. Silver activa6ed glass dbsimeters were placed on top of 
the magnets, irradiated, and read after obe cycle.. TBe total dose registered 
by the dosimeters was 1.1 x 105 i.oentgen. This information 'indicates that 
insulators of the new highly cross-linked polyethylene now coxxtercialljT 
available will last many cycles. Measurements of brittleness, conductivity, 
and other properties after irradiation also bear out this conclusi~n. 

2. Sprayed Regulating Rod Calibration (w, Jo Byron, H. W. Davis) 

One of the regulating rods in the NTR has been changed to a diameter 
smaller than the original rods and the cadmium and stainless steel have been 
metal-sprayed on the rod, This type of fabrication should elimfnate distor- 
tions occurring in previous rods, made by metal phte cladding of the cadmium 
strips onto the stainless steel rod, when water ge$6 between the cadmium and 
stainless steel. 

Calibration of this regulating rod by the period technique showed an 
initial reactivity for the rod of 0,346 6k/k. Periodic calibration of the 
rod will be made to establish the optimum life of the rod in the 

3. Shim Rod Modifications (E, H. porter) 

gn continued on a shim rod embodying. removable - ael and poison 
sections Y8f Engineering work was completed and flow rateeanil pressure drop 
calculations were m&de based on the new configuration. As presently envi- 
sioned, the fuel section of 16 curved plates will not be'reversible. This 
decision was made when it became apparent that the gains derived from 
inverting the fuel-section did not balance the engineering and fabrication 
complicationso The poison section will be reversible, end for end, for 
increased service. Detailed construction drawings for the shim rod are being 
made. 

(9) KO V. Moore and E. H. Porter, Quarterly Progress Report for the MlJ!R 
Technical Branches, Second Quarter - 1957, DO-16394, 3b0 
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. 113. ETR TECHNICAL ASSISTANCE 

A. ETR Critical Facility 

1. Fuel Element u~~~ and Boron Content Analysis 

a b Reactivity Measurements (J. W. ~enscheid) 

Because of the unpredictable variations in the boron content of 
the ETR fuel assemblies, it was deemed advisable to develop a nondestructive 
method of fuel and boron analysis. Reactivity measuranents, as a m e w  of 

the boron content in ETR elements, have been previously de- g:iz3) These mens~~remen~e indicated that the boron contien* varied - ' 

widely from element to element and that, in general, it was considerably 
higher than that reported by Babcock and Wilcox (B & w), nominally 1.6 gams. 
Sfmflar measurements have since been made on a number of ETR fuel elements 
from several different B & W shipments. The results of these measurements 
are tgbulated in Table 111-1 along with the B & W reported values, It should 
be pointed out that the boron content values from ETRC measurements are 
really "apparent content" values since segregation of the boron in the fuel 
plates could cause c ns derable self-shielding, It has been shown that seg- 
regation does exist; fl1f therefore, the values reported here are undoubtedly 
low. However, these values do represent ;the equivalent effectiveness in a 
new loading. 

Boron Content ' of ETR Elements 

ETRC E4easured Valuee B & W Reported Values 
Rue1 Element Boron Content Boron Content ' Fuel Content 

Number ---&L- (8) b3) 

(10) D. L. Parry, Quarterly Progress Report for MTR-ETR Technical Branches, 
T m h  m-16430, 8. 

(11) F. H. Tingey, Quarterly Progress Report for M!lX-E!CR Technical Branches, 
bird Quarter - 1957, IDO-16430, 28. 
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In the measurements above, it was assumed that the fuel content 
in all of the "H" elements (hd~l~blly 255 grams of u235) was constant *and 

\ 
I that the difference in reactivity effects between elements was not'due - to 

variations in fuel content, The validity of this assumption was borne out 
by subsequent reactivi ty measdements on five special fuel elements, These 
elements are identical to the s t a a d  "H" elements except that they contain 
no boron. The maximum deviation fiom the average of these five elements . 
was equivalent to 1.3 grams u235. This, however, i s within the average 
experimental error in this type naeasurement, 

m e  sensitivity (statistical weight) of boron in the vicinity,of 
_+bp weze made is about 5Q times that of ~235, 
when expressed in grams, Consequently, by Whg the assumption that the 
u235 content is the same in all fuel elements, the expected maximum error in 
the apparent boron content would only be about 0.03 g r ~ .  However, the 
experimental procedure used in obtaining the data in Table 111-1 included 
additional uncertainties which, when critically evaluated, resulted in 
assigning maxinun deviation limits of - + 0.1 gram to all values, 

Recently a modified aaacl mre refined procedure has been used to 
measure the boron content in fuel elements. A known mount of natural_boron 
(boron impregnated polyethylene tape) was uniformly loaded into one ,of the 
special fuel elements free of boron. This loaded element was placed in a 
  elected grid position in the ETRC core, and the shim position for criti- 
cality was recorded. By varying the amount of boron in this element, a 
curve relating critickl shim position to boron content was obtained, Sub- 
sequently, each of a selected group sf 21 new pinned-type borated elements 
(Section E E ~ ~ A - ~ . )  ; were alternately placed in the selected =id position, 
The shim position for criticality was recorded in each case. Using the 
curve described above, the boron content of each of the elements was deter- 
mined. It should be noted that this method of measuring boron content, in 
contrast to the previous method, is independent of (1) reactor period measure- 
ments, (2) the inhour relationship of period to reactivity, and (3 )  a shim 
rod calibr&tiono 

The values obtained using this method are shown in Table III-2 
along with the B & W reported values, !The ma%fBuap limits of error (due 
primarily to nomeproduc~bility) are approximately -b 0,04 gram. A cursory 
examination of Table XIH-2 shows that t e vapiationIbin boron content is not 

580 a random effect The con ent ia the B 's is relatively co ant, increases 
through the ~ 5 ~ "  H5801 s, decreases again through the H 9% Is to a low 

ag80's. On the basis of these observations, the boron value in the upper H 
content in each of the 30-some remining pinned-type elements was estimated, 

I 

2. El3 Cycle 9 Core Measurements~ 
i 

ETR fuel elements have been received which will operate at the 
required water velocity for fill power operation (175 NW). The maximum 
power of the ETfa has been limited to 90 Mw because of the inability of the 
elements to receive fill water flow velocities. This lmtationJ has been 
attributed to ripples in the fie1 plates which set up differential pressures 
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i n  adjacent coolant channels. (12) Since the ripples were created during the 
brazing process, the effect  has been eliminated by pinning the plates into 
the side plates. 

TABLE 111-2 

Boron Content of ETR Elements 

ETRC Measured Values B & W Reported Values 
Fuel Element Boron Content BoronContent Fuelcontent 

Number A (€3) -A.d-- 
~ 5 2 2  1.34 1.548 
~5 

255.17 
1.29 

I ,563 
1.5'18 Q55.17 

1.32 
. ,566 

1.548 255 0 17 

*567 1 0  33 1.548 255 17 
1.36 

H568 1.36 1.548 1.548 255.17 - 

,569 
255 0 17 

1.36 1.548 
H57l 255 0 17 

1.22 1.548 
H574 

255.17 
1.73 105$2 

H579 
254.45 

1.64 
,581 1.552 .254.45 
,505 1.74 1.552 254,45 

1.91 1.551 254.62 

9% 1.44 1.553 254.32 
,601 1.35 1.549 254.84 

loll :g; 1 0  552 2540 g0 
O o g O  1.549 255,18 

3311 0.78 1.548 255.14 
614 0.95 1.548 255+14 

'620 a 7 5  1.553 255 06 

3 2 5  
0.78 1.555 255 0 52 
0.76 - 1.555 255- 52 

Average 1.26 

A ful l  loading of these "pinned" plate elements has been received 
and will be used in the ETR loading for Cycle 1 (previous cycles have been 
designated A through D), Cri t ical i ty  measurements have been performed in 
the ETRC for  two loading arrangements using these elements, 

(12) J. R. McGeachin and A. W. Brown, Qumterly Progress Report for MTR 
Technical Branches, Second Quarter - 1957, IDO-16394, 31. 
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a. Loading Arrangements and control ~ d d '  worth' ' ( T .  K. I _  be~oer, 
. . BB 

Because of the large variation in the ajoron content of the fuel 
elements, (see Section 1x1-Ala) . it was possible to obtain a number of loading 
arraagements that would produce the sme control r ~ d  pattern at the beginning 
of the cycle. It was decided to d e t e d n e  what the extreme core loadings 
would be, and it was these two core loadings that were studied. In the 
initial loading, the low boron content elements were placed in the Center 
grid positions, while those with high boron content were placed around the 

51 fuel elemxlts (~ig. 111-1). The second 
loading arrangement contained 54 fuel elements (~ig. 111-2) and was essentially 
the initial core loading "turned inside-out" with the high boron elements 
moved to the inside and the low boroa elemnts to the outside. 

The worth OR No. 7 control rod (ETRc operational rod) was aeter- 
mined for both cores an6 I ~ S  found -to be 2,3$ Eik/k and 1.65 6k/k for the 51 
and 54 element loadings, respectively. Sbce No. 13 rod is the rod with 
which criticality is attained in the ETR rod progrm, its worth was'also 
determined for the 54 element core. It was measured to be 2.546 k/k. 

The 54 element core was chosen as the core arrangement Lo be used 
in the ETR for the following reasons : (1) a more uniform heat generation 
distribution is achieved by having the Mgh boron elements in the center axxl 

'"(2) the 54 element core will have a longer core life due to he additi'onal 
amount of fuel preselut in the three extra fuel asseniblies 

/ 
/" 

b. Excess Eeacti.\rity (B, Lo .Hanson) / 
/ 

The controlled. excess reactivity at start-up of the 54 element 
core was measured by the distributed poison method. The poison introduced 
was powdered metallic boron impregnated in extruded polyethylene tape. 
Chemical analysis has indicated a uniform boron distribution and an average 
boron content of 4.52 might percent (w/$) and 0.998 w/$ Four 4.52 w/$ 
and three 0.998 w/$ tapes were inserted into each s h b  an3 fuel section. 
With this poisonix, the reactor was critical with shbn fuel sections in all 
fixed control rod positions, and No. 7 rod withdrawn 12 inches. 

Using the relationship ./ ...- 

where I 

hxcess = the ~ X C ~ S S  reactivity codr~lxed by- the gray rods, 

3oison = the macroscopic absoaption cross section of the 
distributed poison, 

'core = the macroscopic absorption cross section of the 
, - homogenized core (excludf tae; experimental holes ) , 
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the controlled excess retictivity at staxt-up was detemined to be 11.24 &/k; 
the. worth of the' unused portion of Rod No. 7 was 0.6% giving a total value 
of 11,8$ &/k, . ,  -. . 

c . Neutron Flux Distributions (B. Lo Parry and Jo W. Henscheid) 

Neutron flux measurements were made in both the 54 and 51 element 
cores so that heat generation distributions could be calculated. Since it 
was decided early in the program that the 54 element core would be the loading 
confi&ation in the ETR, mre extensive measurements were made on this core 
than on the other. The horizontal midplane flux was measured in each fuel 
element as presented in Fig. 111-1, The measurements which were made in ,the 
51 element core are presented in Fig. 111-2. The operating power level, . 
during these flu measurements was calculat,c?d f inm t.hc average fd~aion rdtc. 
The accuracy of this calculation is questioxlable because in the MTR A~- I~ ,FTR 
some difficulty b s  been experienced in correlating the results from this 
tne calculation with ca1cuLation.s using AT and water flow. 

When making a full core flux map, it is not possible to remove' 
all foils from the reactor ~ediately. Since the ETRC is a beryllium 

' 

reflected reactor, the gold activation by the (y,n) contribution from the 
beryllium after the reactor is scrammed gives an error in flux measurement. 
To determine the importance of this error, gold foils were placed in the 
reactor immediately after it was scrammed. It was found that this activation, 
even in those positions adjacent to the beryllium, was less than ~1.15 of 
the activation during the operating period of" 22 minutes. In Fig. 111-3 the 
power reduction as measured by the level chambers far the same experimental 
cnnd.j-tions is presented, 

3. ETR Weighting F@unctions for Fuel and Boron (P. W. Healy) 

As discussed previously, (I3) predictions of the charge life of v~rious 
fuel loadings depend upon knowing ttie weighting function sf the effect upon 
reactivity for fuel and ppison at each f'u 1 legaent position in the core. 
PPeliminary analysis sf experimental data 11.39 f r o m  14 core positions with two 
control rod patterns indicates that large variations occur in both fbctions 
for the different patterns. .In one pnsit.don (1-5) the boron weighting emc-  
tion was 4 times luger in the secona run than in the first, and the he1 
weighting function was 3 times as large, 

In order to avoit3 making a comprehensive measurement of weighting 
functions for each loadizq a d  rod ptttem, a program SA being investipted 
of calculat e adgolnts of the fast and slow neutron fluxes as proposed 
in IDO-16379, These adjoints, in coab,ion with the masued f l u 9  
are hoped to yield the weighting functions without their direct measurement. 
Calculations of the adjoints show that they vary considerably. The minimum 
variation was 11% for boron and 44 for fuel. Calculations are now beit% rntlde 
to deternine how great an effect these variations will have on charge life. 

(13) P. W,. Healy and J. W. Heolscheid, Quarterly Progress Report for M9X-ETR 
Technical Brtirrches , Fourth Quarter ' - 195Tp 1mb.16436, 17, 

(14) H. Lo M c M u r r y  and P. W; Healy, Calculation of ETR Charge Life Using 
ETR Cxltical Facility Data, IDO-16379, (1957). 



/ROD NUMBER 

ROD INSERTED - FUEL ELEMENT 

ROD WITHDRAWN 

wFLUX VALUE- 

WITH EXPERIMENTAL ALUMINUM HOLE 
FILLER PIECE 

Fig. 111-1. The 51 element loading arrang nt for the ETRC with horizontal 7 midplane thermal flux values i n  units of 10 neuts/cm2 sec. The.operating 
power was 320 watts and the No. 7 rod was a t  22.5 inches. 
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3.62 3.70 420 4.48 4.09 

3.27 6.19 6.59 5.74 4.13 

A l .  

4.06 A I. 10.3 5.42 

4.05 881 10.3 9.21 6.31 

3.28 5.36 7.34 8.97 10.2 10.5 9.33 875 785 7.77 
- 

3.68 6.8 5.52 579 6.15 8.4 6 31 

A I. A I. A l  . 
3.25 4.86 

3.53 3.92 4.48 4.80 5.06 4.86 4.91 4.88 

ROD NUMBER 

ROD INSERTED 1 FUEL ELEMENT 

FLUX VALUES 

ROD WITHDRAWN EXPERIMENTAL HOLE 
- 

WITH ALUMINUM 
FILLER PIECE 

* 

Fig. 111-2. The 54 element loading arrang nt for the 'ETRC with horizontal T midplane t h e m 1  flux values in  units .of 10 neuts/cm2 sec. The operating 
power was 390 watts and the No. 7 rod was at  26.5 inches. , 
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Fig. 111-3. The ETRC power as a function of time after scram as measured 
by the level meters. The reactor was scrammed after operating at the 
initial power for 22 minutes. 

4. ETRC Control System Modifications (F. A. ~eichle) 

It is planned to add a second driven grey rod in position H-13 and 
to relocate some of the instruments in the reactor consple. This will allow 
more flexibility in the operation of the ETRC. The design, drawings, and 
wiring schedules are completed for these modifications. 

B. ETR Developments 

1. Magnet Design and Transient Power Studies (K. V. Moore, H. W. Davis, 
S. R. Gossmann, W. J. Byron) 

In connection with the redesign of the ETR clutch magnets to obtain 
sufficient holding power, assistance was requested by and'given to Operations 

. Engineering'Branch in the electrical design of the magnet itself and in 
calculating the transient power overshoots produced in part by the neasured 
magnet release times. Design assistance involved calculation of pole face 
areas, flux and flu paths, core material, and shapes to give low release 

'.! "..&,le >. s . 
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Transient power overshoots were calculated by ignoring delayed 
neutrons and by accounting %or a l l  delayed neutrons. 

I n  the f i r s t  case, taking the kinetics equations and ignoring a l l  
delayed neutrons, 

2 2kl t = noeRt / 111-2 

where 

n ( t )  = power level, watts 

no = power level  a t  t . = 0, watts 

J = prompt generation time, sec 

When n ( t )  = nl a signal i s  generated t o  drop the rods. Because of delays 
i n  the system a time i s  experienced, mostly through the magnet 
release time, and the r e a c t ~ r  power r ises  t o  n2, the time a t  which the rods 
begin t o  f a l l  t o  shut the reactor down. The -power continues t o  r i s e  t o  a 
maximum and then decreases rapidly. The behavior of the reactor with no 
delayed neutrons is described as 

where 

ko = maximum .reactivi ty i n  the core a t  t2 

t ' = t h e  a f t e r  t2, sec 

= prompt generation time, sec 

ag = effective rod acceleration ( f b c t i o n  of primary flow), cm/sec 2 

R ' = rod calibration, &k,/ccm 

n1 = power level  a t  which time the rods began t o  f a l l ,  watts. 

In the second case, with the delayed neutrons accounted for, the 
kinetics equations 
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where 

keff = effective multiplication  fact^^ 

' p  = total fraction of delayed neutrons 

C i  = concentration of delayed neutrons in ith group 

pi = fraction of delayed neutrons in the ith gmup 

were solved simultaneously by an d-650 computer sub-routine. The condi- 
tions were changed as in the fixst case so that after tg, Eq. 111-6 becomes 

A hypothetical case was evaluated by both methods, It was assumed 
that the ETR control rods were being withdrawn at f'ull speed as the power 
passed through 5.25 Mw (376 of no& operating power). Conditions were 
specified in each case that k,gf = 1 at no = 5.25 Nw. The scram level, N1, 
is assumed to be 263 Mw (1.5 normal operating power), The power level as a 
f'unction of time and the total integrated energy released were calculated. 
Delay times for accelerations associated with no flow and full flow were 
accounted for and included in the computxtions, The cases considered are 
summarized in Table 111-3, and the drata m e  shown graphi cally in Fig, MI-4. 
These data have been given to Operations Engineering for their calculations 
of heat flux and fuel element temperatures, 

61xmmry of Cases and Pertinent Data 

Maxilmm Total 
Acceleration Power, % Integrated Energy 

bd.--. ___lm set) 

Case 1 3 . 602 54 (no. delayed neutrons ) 

case' 1 (a) . 3 317 . 125 (delayed neutrons) 

Case. 2 0.7 992 104 (no delayed neturons) 

Case '2 (a) 0.7 347 142 (delayed neutrons) 

(3g is estimated for fill flow, 0.7 g is measured in ETRC for zero flow) 
. " 
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I nm 602 MU nm =sse* (WITH DELAYED NEUTRONS) 
E 0 5 4 M * s e c E  =IO4Mwaecnm=3I7Mw n m = 3 4 7 M w  
FULL FLOW . NO FLOW E 5 l25Mr sec E = 142 Mu sac 

FULL FLOW NO FLOW ' 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 . 2 . . 4  6 8 1.0 1.21.41.6 1.82.0 2.4 28  3.2 3.6 4.0 

TIME (SECONDS ) 

Fig. 111-4. Calculated power as a f h c t i o n  of time for the ETR assuming 
f u l l  speed withdrawal of the rods. It has been assumed for a l l  cases that 
keff = 1 at  5.25 Mw and the scram level is  s e t  a t  263 Mw. The various 
cases are  summarized i n  Table 111-3. 

2. Modlf ications of the Regulating Rod Controller (F. L. ' ~ e t r e e )  

Early i n  1958, the ETR Operations Branch requested a study of the 
ETR servo system to determine changes to  correct the following operational 
problem : 

(I) Due t o  i n su f i c i en t  sensi t ivi ty it we necessary t o  glace 
the servo ion chamber i n  a valuable irradiation space i n  order t o  obtain 
sufficient  current fo r  the servo amplifier. 

(2)  .When the regulating rod was s ta l led  i n  the ful ly withdrawn . 
l i m i t  position a very large error signal was necessary t o  s t a r t  insertion. ' 

On release theylarge  error signal frequently inserted the rod rapidly enough 
t o  reach the lower l i m i t  switch causing automatic1, shim rod insertion. 

(3)  Wheh approaching either mec'hanicil l i m i t  a t  high 'speed, 
the regulating rod struck the limits causing mechanical damage t o  the rod. 
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The proposed solutions to these problems are the replacement of the pre- 
amplifier with a new unit with more gain and a modification of the servo 
amplifier, Operational tests indicate that the clmnges will correct the 
problems. , - 

Pig. 1113 shows a circuit diagram of the proposed new beamplifier. 
The gain is adjustable from 10 to 100 (in contrast to 1 for the original 
preamplifier) to allow optimum adjustment for chamber sensitivity and position 
in the reactor. The reference voltage is adjustable *om - 0.5 to - 5 volts 
whereas that for the previous prem lifier was fixed at 50 volts, The input 
grid current will be less than 10'lg, amperes:. 

Table 111-4 shows the range of input currents over which the proposed 
preamplifier can be adjusted as well as the actual operating conditions that 
are obtained in the ETR servo chamber. 

Possible Adjustments of the Proposed Premplifier 

Reference . Chamber MOR . . . ( Time Calculated 
Voltage Reactor Current Resistance Wos4.tnp Constant Output Noise 
(v) Power (pxnp) (meg) Gain (msec) mv) 

Nf = .no-.< aperating.. pxqem-.:?. .:': 
N~ =- l$:no~mal operating power . ' 

MOR = motor-operated rheostat 

A problem of pr.Lmmy concern in such a high gain dc amplifier is 
that of drift. In Tah1.e IXI-5 a drift record i s  shown for a prelimias~~y 
model of the new preamplifier. Similar drift in an operational preamplifier 
on the ETF4 would result in power &ifis  of approximately 74. Variations of 
this type are expected to be reduced by a careful "warm-up" of the opera- 
tional amplifier and by cheaging the method of balancing. 

It was also found that considerable noise (100 to 200 mv) appeared 
at the output frolg the test preamplifier. This noise is caused by statis- 

' 

tical fluctuat'ions in chamber current and has the same effect as hum picku~; 
it causes "grid le& bias" to develop in the output tubes of the servo 
amplifier so that the output naeteps deflect downwaa-d. 
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This problem is solved fairly well at high powers by inserting a low- 
pass filter in the preamplifier. The filter consists of a 0.04 pf capacitor 
from grid to grid of V3 in Pigo 111-50 The feedback in the preamplifier 
changes the time lag characteristic of this filter when the gain is adjusted; 
it is found that this change should theorqtically compensate exactly for the 
changes in noise and preamplifier gain so that the noise in the preamplifier 
output will be 30 mv at operating power (N ) for any set-point adjustment. 
In the ETR, the input ci~cuit, which inclu d es the motor-operated rheostat 
(MOR) and input capacitance, forms another filter whose effect is negligible 
at Nf; at the lower limit of servo control (1$ of ,normal power or N~), 
however, the MOR resistance is so high that its filtering action predominates 
over the effcct of the 0.04 pf capacitor, In Table 311-4 m e  shown the 
theoretical values of the output noise for different conditions of set-point 
and MOR resistance. 

The disadvantage of using low-pass filters is that they introduce a, 
time lag which tends to cause unstable operation. From Table III-5 it is 
seen that this effect is most pronounced at low power (I~). Tlais preampli- 
fier effects a "best" compromise between excessive noise and excessive tine 
lag. 

Two modifications are proposed for the servo amplifier as shorn in 
Fig. 111-6. The application of tachometer feedback at the input when the 
regulating rod comes to either limit provides dynamic braking, The insertion 
of relatively large resistors in the cathodes of the output amplifiers, when 
the rod comes to either limit, drastically reduces the field current of the 
a3llplidyne; and thus redxces the stall top~ue, 

In the modification in the output circuit, when K2 or K3 de-energizes 
as the regulating rod approaches the inner or outer limit, respectively, 



m-16474 . . . , I  

page 28 . . 

resistors ase inserted in the athode circuit of the output tubes. These 
limit the currents in Vl4 and V15 to values that are just sufficient to 
move the rod, Since-a sma.lber'error signal is necessary from a cocked 
position, the rod inserts' smoothly out of the limit. 

4. 

The other modification, that of the input circuit, slows the rod 
electrically as it approaches a mechanical stop, K3 and K2 contacts, each 

, in series with a germanium diode, are in parallel with R8, the adjustable 
damping resistor. Now, if the rod approaches the outer limit, K2 de- 
energizes and comects a diode across R8. The polarity of this diode is 
such that it shorts ~8 as the rod drives against the limit. This applies 
full tachometer feedback to the amplifier of such polarity to brake the rod 
abruptly so that it gently strikes the outer mechanical stop, This braking 
action does not operate when the rod withbaws %rm the limit b e c ~ ~ ~ s e  
polarity reverses and the diode cuts off, 



ETR SERVO AMPLIFIER SCHEMATIC DIAGRAM 



IDO-16474 . 
Page 30 

A. Transfer Function Analysis of Heat Exchangers (s. R. ~ossmnn) 

The dylamic behavior of a heat exchanger is pertinent to the problem of 
determining analytically the transient operation of a reactor such as the A 

ETR. The transfer flmctions of the lumped and spce dependent heat exchanger 
models are to be compared to see which fits the actual case better. The 
transient effects of the heat exchanger affect the reactor power though the 
tempera w e  efficient of reactivity. m e  usual approtach taken by most 
authors t159 "7 in describing the transient character is tics of heat exchangers 
13 to assume a lumped system, foeo, a system in which temperatuk variations 
are space iahdepen~3en-b~ Brae result of this assumption is to concentrate the 
heat transfer at a psintg thus the time taken for the fluid to pass through 
the heat exchanger is ignoredo This result may or m y  not seriously agg'ect 
the dyaanalc behavior of a reactor as predicted by the solution of the dif- 
ferential equations representing the reactor core and the heat exchanger. 
In order to determine whether the representation as a lumped system is suf- 
ficiently descriptive of a reactor with heat exchanger, transfer functions 
for space dependent heat exchangers have been derived, The derivation of 
the equations for a space dependent heat exchanger i b sed on the work done f 178 by Dr. Yasundo Tabhashi of the University of Tokyo. 

Let the heat exchanger be represented schematically as in Fig, IV-l,o 
The differential equations for the heat transfer through the heat exchanger 
are 

.+ ( +) for parallel ;low; ( for counter flow. 

(15) M. A. Schultz 2 Control of '~uclear Reactors and Power Phnts 2 New York, 
McGraw-Hill, ( 1 1  

(16) R. Lo fiurray, H E ? ,  New Jersey, ,'Pi-entice-Hall, ' (1957). 
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p,  = PRIMARY FLOW RATE Blo = PRIMARY OUTLET TEMPERATURE 
: , ' ; J .  . - '  

p2 = SECONDARY FLOW RATE 82i = SECONDARY INLET TEMPERATURE 

. . .  3 

Fig. TV-1. A schematic representation of a heat exchanger. 
. . . . .  ... . . . . . .  

The transfer function of interest in the GllR analysis is 

(Definitions of the symbols for the. above equations follow- as ,a .separate list. ) ... .  

Since no evaluation has yet been performed with this transfer function, no 
direct caparison exists between the space dependent and the lumped representa- 
tion of the heat exchanger. lZle necessary calculations !ill sgon be,performed. 
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The transfer function +(jn) was derived from the differential equations 
given above. 1 i 

One serious limitation of this transfer function is that both primary 
and secondary flow rates have been assumed to be constant. The case of 
particular interest in the analysis of the ETR is that in which the secondary 
fluw rate is allowed to vary with time independently of the temperatures. 
The deriviation of the transfer function expressing this condition requires 
further modification and linearization of the differential equations. This 
work is presently being performed. 

Definition of symbols and functions: 

1 = primary side of the heat exchanger 

2 = secondary side of the heat exchanger 

h = inner wall 

i = inlet 

o = outlet 

s = outer wall 

-.€Il2 e2 = temperature of primary and secondary fluid,respectively 

O h  = temperature of inner metal wall 

9, = temperature of outer metal wall 

p = flow rate 

t = time 

a = total passage length 

L = 1/11 transportation lag, L = / L2 = 

Y = w i n g  l e ~ t h  . along primary side . .  . 

y =.Y/&-  

r = t / ~ ~  

a = surface coefficient..of heat transfer 

U = perimeter of heat exchange surface 

' W = heat capacity of fluid per7unit length 



e - a '  = alF1/p 1 . ::, - . . . . . . .  _ /  _ . . 
, .  _ . .  . . 

I .  . ' 
, < 

at2  = a2~2/P2- ',.- 

a t  s = a F / % .  . . 
s S . . 

. Ch = distributed solid heat capacity per uni t  length along t h e  flow 

w = angular frequency 

B. Heat Traasf'er Experimental Pr°opinm (M, L, ~riebenuw) 

Heat transfer experiments are s-d a t  obtaining d a t a  i n  the nucleate 
boiling xe@;Idn, .tit burno* and i n  the film boiling region, t o  provide data 
for  operating reactors under conditions of nucleate boiling. Exploratory 
in-pile boiling heat transfer experiments were conducted i n  the MTR i n  1956. 
Out-of-pile tes ts ,  followed by a continuation of the in-pile experiments, 
are now proposed, 

The status of the heat transker experimental program a t  the M'IX was 
reviewed with the Heat Transfer Subcamittee of the Phillips Reactor ' 

Safeguard Committee on February 27, 1958. Program planning has 3een con- 
t imed  & some exploratory out-of-pile testing was started. A brief 
discussion of some of the experimental areas under consideration was 



presented in the previous MJB-ETR quarterly progress report. (18) The 
Operations Evaluatiom Group is designing Ed series of experimknt's' 'to determine 
the significant independent variables with a minimum of eyperinaental effort. 

Exploratory experbents consisting of observing the reaction of droplets 
of water in contact with heated alunainum have been performed. These experi- 
ments m e  intended to show the temperature range in which burnout occurs 
under'conditions of natural convection and to yield some film boiling data, 

A bi-metallic heat transfer test section is being assembled for forced 
convection heat transfer experiments in the nucleate boiling and film boiling 
regions. This unit consists of a 0.250" thick ahminum muff 36" long 
metallurgically bonded to a 8.375" stainless steel tube, The aluminum muff 
will be incased in an alundum furnace core wand with a 228-volt 3-phase 
nichrome resistance coil, The entire test section will be adequately.insulated. 
Ei@t tbemocouples placed in the aluminum will be used to determine the tube 
surface temperature. The inlet and outlet coolant tcaperatures will be 
measured by conventional Chermocouples and the average heat transfer sate will 
be determined. 

Metal-Water Reaction Program 

The obgective of the metal-water experipaental program is the develolpnqnt 
of methods of measurement of the reaction rates befxeen water and metals at 
temperature levels both below and above the melting points of the metals. 
The fundamental data thus obtained will aid in understandi ng the variables 
of the metal-water reaction and in predicting the potential hazaxd involved 
in water-cooled nuclear reactors, 

The first phase of the out-of-pile experiments was initiated to determine 
isothermal reaction rates between water and aluminum at temperatures above 
the nelting point. The apparatus used for these tests is illustrated in 
Pig. J3-2 and consists of a reaction vessel to pemitdl%gopWise addition of 
mtes to molten aluminum, 

The vessel Is flushed with a stream of argon gas before and during the 
melting of the alumdnu smple, When the alunrhm sample has reached the 
desired operating temperature the system is sealed (except for the safety 
valve arrangement) and the addition of water droplets to the molten aluminum 
is begun, The argon within the system is circulated at a rate of about 1 ~ / 2  
liters per minute throughout the melting and reaction periods. A cold trap 
cooled With dpy ice is provided to prevent the accumniLation of excess moisture 
in the system, 

Samples sf the gas within the apparatus &re withbarn at the beginning 
and at the end or a aad analyzed by means of the mass spectrograph to 
determine the precentage of % gas which has accumulated during the run. 
The He gives a measure of the extent of the reaction which has taken place 
between the alminm,and the water. When a circulatlxg pump of higher 
capcity is obtained to k'eep the hydrogen gas uniformly mixed with the argon 
at all times,-it will be possible to sample the gas at intervals throughout 
the run. In thigA&=f,changes in the rate of the reaction with time may 

.$ r .. 'A .. .' 
be observed. . , r ( - r  . $ .  
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PUMP (ABOUT .I 1/2 
LITERS PER MINUTE) 

Fig. IV-2. A schematic diagram of the metal-water reaction apparatus. 

While more work i s  necessary t o  establ ish the conditions of maximum 
reproducibility, the r e su l t s  shown i n  Table I V - 1  are typical  of those 
obtained thus far .  

mS?E ;6v-1 

Typical Metal-Water Reaction Test Results 

Quantity Numerical Value 

Length of run 1 1/2 hours 

Sanrple 30 g of 1100 aluminum 

Temperature of aluminum 1400' F 

Water added 

Water reacted 

6.0 m ~ .  i n  1.5 hours 

Aluminum reacted 0;73$ , , 



The bebvior  of the water droplets on the molten aluminum surface (or 
more properly the oxide surface on .the molten metals) depends i n  a very 
sensitive manner on a number of s t i l l  undefined variables, such as the com- 
position of the alloy. When water droplets were added t o  molten 6061 
aluminum they remained quie t ly- in  p u c e  for  30 t o  60 seconds un t i l  empora- 
t ion  was complete, With llb &luminum, Imre m i a b l e  ma imeproducible 
behavdoraas observed,. the drops in  some cases remaining only 1 t o  2 seconds, 
and in 'other cases up t o  20 seconds before evaporation w s  cmplete. 

De Thorium Program (R, G. Elisle) 
' 7  . 

Calculations of production of u~~~ from Th232 by cyclic and continuous 
irradiat ion have been c~ntfauedl a ~ a  ex%endec%. me 16-5 (16 days irradiationp 
5 days decay) and 16-26 b y  cycles calcula,t%ons have been extended t o  10 
cycles. Although ca,lculations fndLcsted no significant difference 
cycles sf irradiation, a f t e r  10 cycles it ms found that the net U ,per 
production was s l ight ly  less  fo r  cycled (16-26) t b  for continuous (16-5) 
irradiat ion fo r  both cycle times. Table IV-2, which summarizes the results  
on a 10 cycle irradiat ion using the 16-26 b y  cycle, illustra.tes the fac t  
t ha t  whatever u233 is l o s t  by cycling hers been fissioned or i s  potentially 
fissionable as  ~ ~ 3 5 ~  Hence, continuous irradiation i s  preferable i f  the 
onlyfiJin$erest i s  i n  u233 production. On the other hand, no loss of net 
energy resul ts  $ran cyclic operation of a power-breeaer reactor. 

Cycle = 16 dsys irradiat ion - 26 days decay, 0 = 1014 neuts/cm2 sec, initial 
~ h ~ 3 ~  = 3 x atoms. Net nvt the same for  both cycled and continuous 
irradiations. 

Nuclei After Nuclei After 
Element Continuous Irradiation 

-233 3.9143 x lo19 7.4367 i~ lo19 

$33 1.9023 x lorn 1.7026 x 10 20 

233 $33 Sum Pa , 2.2937 x (1) 2.4462 r lda, (2) 

,235 3.7138 x 10'7 4,3017 x 1 0 ~ 7  

u233 f i s s  ioned 7.4908 x ld9 5.7436 x lo19 

~~3~ fissioned 
. : - 

Sum ~ ~ 3 ~ ,  u ~ ~ ~ ,  and 
fissioned nuclei 

Difference: I t e m  = 1,525 x 10lg at- 
Difference: Item = 1.527 x l0 lg  at- 
Fissioned plus fissionable nuclei = 3.0475 x 1 0 E  atoms (cycled) 
Fissioned plus fissioluable nuclei - 3 0 ~ 2 6 ~  x 10 atanas (continuous) 



Measurements of the build up of u~~~ from decay of pa23? ,in irradiation 
slugs &re coliti,uing, About 4 half-lives have elapsed since these slugs were 
removed from the W R .  Hence, the u233 content should be approaching its 
equilibrium yaSue. The estimated increase in u233 content since remval from 
the MTFt is 0.2 to 0.3 grams in about 900 grams of thorium. Some of the 
reactivi$y naeaswements on these slugs have been rather erratic, hence, these 
results should be considered tentative until csnfirming measurements have - - 
been made. 

E. RMl? Control Element Modificati ~ n s  , (E, Fast, W. J. Byron) 

A revised shim rod and an auxiliary fine ccxntr~l re-c 
installed in the W. The new design allows support of the entire assembly 
above the water level, The increased support rigidity, together with ti more 
rigidly constructed neutron absorber element, should improve the reproduci- 
bility of masurements. Tke auxiliary regulating rod consists of a fine 
cadmium wire element on a stainless steel wire mounted with its structural 
tubing in R I P  position 4-7 about 1.6 inches Prom the active lattice. The 
poison wire can move a vertical distance of 9 inches far a total reactivity 
worth o approximately 5 x 10-5 6k/k. Measuffements can be read directly to 
1 x lomq 6k/k. 'Phis rod can be used in servo operation of the reactor for 
measurement of swles h v i w  small effect on the reactivity. 

The object of the fuel element developnent program is to perfom design 
studies, carry out hydraulic, metallurgical, and irradiation tests on fuel 
compositions, develop assembly techniques, and study geometries resulting 
in improved fuel assemblies a d  shim rods for reactors, Details of taydPa,ulic 
tests performed on five fuel elements, static pressure tests performed on 
two fuel elements, irradiation of sample fuel phtes, and progress on a new 
shim rod design are described in the following ~ections, 

The objectives of t 1 b e  by&%Ubic tests are: (1) The measurement of 
flow though the fie1 element vs pressure drop. (2) The determination of 
the maximum flow rate obkhmble through the fie1 section without fuel plate 
buckling. (3) Tkhe csamelaticpn sf pressure drop across the assemblies with 
temperature changeo (4) The c ~ ~ i  son sf measured values with calculated 
values. All of these tests were performed in the s%y@e. element hydlpaulic 
test loop located at the b%Bb. 

Two NTR production type elements, but with depleted cores, were 
tested hydpaulicsUy to determine flaw vs pressure drop and the maximum flow 
rate at failure. The tests were run at two different temperatures in order 
to measure the change bs @oeff%c%eaat of f r i e t f sn  with change in kinematic 
viscosity. The pressure drop across the end boxes of the elements proved to 
be independent of the tempratwe in the rmge in which the tests.were 
conducted (&" to 120" F) an& the maeaswed change 5n pressure drop due to 
change of temperature agreed with the calculated values. Element No. 1 war: 
run at a maximum bulk velocity of 39.75 f%/sec (fuel section average velocity) 



fo r  8 short period of t b e  without aw evidence of plate buckling. Limita- 
t ions of the t e s t  loop did not pralt operating a t  higher flow rates. .  The 
l a t e r a l  d i f ferent ia l  pressure across the outside fuel  plates of the element 
was increasedunti1 backllng o f  the outer fie1 plate occurred. Because of 
the high flow ra te  through the element when fai lure occurred, the husge 
propagated throughout the element, The fa i lure  was observed by a rapid 

+ 

increase ' in pressure drop across the e1e11bent and tib mpid decrease of flow' 
through the The nmxbmm lateral d i f ferent ia l  pressure across the 
outside fue l  plate was about 14 psi  a t  f!a$lure, 

Element No. 2 FLBS tested pz9mxily for the pressure dPop cor- 
relation'w-ith respect to t e w m t w e ,  The plotted dab showed a 2/3 ps i  
5ncrease in the Level Q? the pressme drop curve between an average velocity 
of 30.5 f t / sec  amCe 33.5 f t /sec bd3.atfw t h a t  fa i lure  occurred during the 
t e s t .  'This s i ight  increase in Fressure drop couh  not be 8etected'during" 
test ing,  Inspection of the element a f t e r  t e s t a  revealed that one center 
fue l  'plate bad failed. This T'uel pUte  was cut firm the s1men.t; f u r  e u u -  
tfoa. !The cause of fa i lure  was determined t o  be the lack of brazing of the 
f i e 1  plate t o  the side plate for  about. 8 inches along one side, Fig, IV-3 
shows a photogmph of the fuel  plate shQ&piaag th i s  unbmzed section and the 
fue l  plate with the cut prtiaa of the sf&e plate pulled.away. Center l ines 
marked on the fuel  plate imzdiate the location of the bulge, Fig. IV-4 
presents the flaw-pressuse drop results  of t e s t s  run on both elements. The 
overal l  pressure drop ~~beasurernents have been corrected t o  an i n l e t  and ex i t  
area of 12.25 s q w e  inches (3.5" x 3.5"). 

Two depleted t u b d h r  fuel  elemnta; for  out-of-pile hydraulic t es t s  
have been rece%ved from the vendor as part of the fie1 element development 
p r o p .  Sixty-four fue l  tubes have been encased i n  a she l l  having the 
contours of a m  MI3 f i e l . e l e~ben t~  The four sides of this shell k v e  p l e m  
(3/4" in  diameter) fo r  r e l i e f  of the l a t e r a l  W f e r e n t i a l  pessures.  By 
means of" these holes aml a plexighss windm i n s W l e &  i n  the hydraulic t e s t  
holaer, visual observation of the fuel  tubes during test ing is possible. 
Preliminary hydraulic t e s t s  have shown a slfght  Isbteral shifting of the tube 
bundle i t s e l f .  The avemge frequency of thgs shifting i s  estimated a t  1/2 
t o  1 cycle per second, idepencknt of the flaw rate.  The determination of 
the vibration of g s iwbe  tube i s  being attempted by ultrasonic techniques. 
Velocity contours and l i f e  t e s t s  are also  scheduled, 

2 0  TPa.nsge9rent Flow Test Fixture (E, H. Porter) 

An experimental variable channel t e s t  fix'twe has been fabricated 
with t r a s p r e n t  side plates, Direct observation of the flow i n  various 
sized channels is expected t o  yield valuable data, on velocity distribution. 
The design of the f ix ture  is  similar to that of an existing metal f ixture 
and permits complete interchangeability i n  the hydraulic loop pumping 
f ac i l i t i e s .  

The material chosen for  the f ixture is a clear plast ic  with the trade 
name of "Hmabi-te". In  appearance it is l ike  '!Luc6teW or "Plexiglass", but 
i t s  surface hardness, abrasion resistance, am3 tensi le  strength are superior 
t o  those o f ' t he  mse common clear mt3terjials, 



SECTION OF NON-BRAZED SIDE PLATE 

NON-BRAZING ON SIDE 
(CLOSE-UP VIEW) 

PLATE 

Fig. IV-3, Section from an MTR production type fuel element showing a 
damaged Azel plate renwed from the fuel section, It s h m  a lack of 
brazlng for about 8 inches along one side. 
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Fig. IV-4. Flcm vs pressure drop through an MTR fuel elerpent a t  an average 
water temperature of 120° F. The pressure drop across the elenvent bas been 
corrected to  an area of 12-25 square inches above and below the element. 

3. Static Pressure Tests (J. A. Alexander, D. D. Jeffries) 

One of the first production MTR f ie1  elements fabricated by the 
current supplier was  subjected t o  s ta t ic  pressure tests. These tests  
involve the application of air pressure internally t o  the fuel element while 
measuring the deflection of the outside plates. By releasing the pressure 
af ter  each measurement, the onset of a permanent deflection can be determined. 
The resulting pressure-deflection curve closely paralleled previous MTR fuel 
element t e s t  z.-estiLts up t o  about 8 psi. Beyond this  pressure the deflection 
was greater than in  previous tests. Plate reversal on the element occurred 
at 19 psi campared t o  23 psi for earlier MTR elements. Permanent deflection 
first occurred at 9 psi canpared t o  a previous average of 11 psi. Although 
somewhat inferior to  earlier elements, the new element d3.d met the tentative 
minlmLrm specification for the test.  

b- Sample Fuel Plates (J. A. Alexander, E. H. Porter, D. D. Jeffries) 

The investige~tion of the behavior of various f ie1  compositions, 
poisow, and claddings under high flux conditions began with the irradiation 
of 6 batches of sample fuel plates in Deceraber 1957. A to ta l  of 316 sanrple 
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plates representing 19 of the 2 l  csmpositf?ns ordered ha.ve been received 
*om the vendor. Only two thorium oxide conapositfons remain to be delivered. 
One hundred seventy-one of these plates were received during this quarter. 
Pre-irradiation metallurgical tests have been canpleted on 12 of the composi- 
tions; tests on the remaining 7 compositions are in progress, Post- 
irradiation metebllurgical tests in the MIR hot cell are scheduled to start 
in June and will duplicate as closely as possible the pre-irradiation tests. 

Twelve compositions are currently being irradiated in the L-51 
position in the MTR on an alternate cycle basis. The maximum me1 burnup 
to date is 28$, Two additional reactor cycles are currently scheduled for 
each of these compositions to give an esthuated fuel burnup of 40%. 

The irradiation program has revealed no plate damage caused by the 
radiation. A slight bending of several of the plates was noticed following 
two of the irradiation cycles and has been attributed to Ufferential lateral 
pressures. In order to equalize this lateral pressure a new type plate 
holder has been designed and fabricated, The first loading with the new 
holders will be for Cycle 103. 

Flux values for position L-51, measured with alunainum-cobalt flux 
wires, have been obtained for the first three cycles (97, 98) and 99). The 
flux for the succeeding cycles is also being measured, Fuel burnup is be in^ 
calculated, using the measured flux values for each cycle. Reactivity 
measurements have been made on one plate of each composition after each cycle, 
These data have not yet been correlated. 

The 0rigina.l "L" piece container for irmdiating the sample fie1 
plates has given considerable trouble in the removing and replacing of the 
top end box, An improved disconnect mechanism has been designed which 
appears to overcome mny of the objections of the earlier type, A handling 
tool for the new "L" piece has also been designed. Upon comp1etion of the 
construction drawings, thee "L" pieces and one W d l b n g  tool w l l l  be 
ikbricated. 

G. Decay, Tf me h f o g  Canputer Feasibility Study (R, H. ~rown) 

Because of the analogy between condenser discharge and radioactivity 
decay rates, it has been cons%dered desirable to investigate the practicality 
of building a computer to study radioactive build up and decay times. In 
order to investigate this technique s test computer m s  built and a sinaple 
problem was solved with it, The basic equations for rad%oactfve dewy are 

where 

N = number of a % m  as 8 f'unctfon of time ' 

No = number of atom st t.= 0. 

h = Uecay eonstant, set.::. 

A = activity as a fbction of time, disintegrations/sec.: 



The analogous e lec t r i ca l  equation for the ~ s c ~ g e  of a condenser throu$h 
.a re 's is tor  f s . . . . 

where 

E = voltage as  a function of time 

Eo = voltage at  t = 0 

I/N = O~CBY conatant, secml . . 
,. . + .  1 .  ..From Eq, 7. the general equation fo r  a decay chain can be generalized 

gi'ving ' the ' B a t e .  ec@atSon which i s  . . 

where 
. . 

Nn = number of a tom of nth meniber as a $unction of time, and 

P1 = atom of parent substance a t  t = 0. 

The t e s t  computer diagram i s  sho~m i n  Fig, IV-5. An ~ ~ O ~ O U S  curve 
fo r  ~ ( t )  vs t i s  obtained i n  t e r n  of No by plotting E vs t for  any stage 
as shown i n  Pig. $tV-6. Also, by measuring the current flowing from a 
condenser, re la t ive  act iv i t ies ,  ~ ( t ) ,  a re  obtained as shown i n  Fig. XV-7. 
When a suitable recorder Is used, ;a ra t ios  of 1 ~ 5  m y  be computed with an 
accuracy of + 2s for one s h ~ & ~ d  deviation, By assurhg  1 mec = 1 dayO 
over 800 m y  be represented within the above limits of accuracy. As  
many as  5 stages may be coggputed i n  th%s marrnzer w2th bmnchihg occurring 
i n  each stage. 

Tbae graphs in Fig, m-6 are  as  recor&B and have not been corrected for  
the f ac t  that the condensers used i n  the small computer were not equal. The 
graphs represent N , ( ~ , P ~ )  when corrected for  condenser size. Fig. IV-7 i s  
a recording of the currents fo r  the same 'physical setup as Pig. IV-5. This 
represents the ac t iv i t i es  of the f i r s t  two stages normalized t o  the act iv i ty  
of the f i r s t  stage. 



STAGE I STAGE -2 I STAGE *3 

I 
I 

I 
I 

3 

AMPLIFIER 

2\ I )  I )  + r 2- CIRCUIT FOR 
BRANCHING CALCULATIONS 

Fig. IV-5. A schematic diagram of the decay time analog computer. 

TIME ( SECONDS) 

Fig. IV-6. The voltage-time response of the circuit in fig. IV-5 which is 
analogous to the number of atoms of a decay chain. 
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. . TIME (SECONDS) : 

Fig. IV-7. The current-time response of the c i rcui t  i n  Fig. IV-5 which is 
analogous t o  the ac t iv i t i es  of the decay chain. . . 

It should be noted that, due t o  the same mathemstical form of a~), the 
cross section flux product, and A, the decay constant, it'! would be possible 
t o  calculate areutron activation problems analogically also. 

H. Neutron Flux Measurements 

The need for  the further development of neutron measuremerit: B t n n n n r d e  and 
techniques has become pressing. The determinations of absolute cross sectione 
and the measurements or fliiX are clpsely iukl-relcrlcd fi.\rm the lm~asurcmont 
standpoint, and the general cross section program has now developed t o  the 
point that more precise f lux values are p e a t l y  needed. To solve these problems 
methLbds must be expanded for  differentiating between the various energy corn- 
ponents o f ,  the reactor neutrons. The developnent and appli%ation of these 
techniques w i l l  greatly enhance the information that  can be.gained from various 
irradiat ion programs bath internal .Lo Phillips AED and-e+rnal t o  the outside 
experbnentalists. , 

. . - I .  . . , -, . .,- ,  . , \ ' . ' . .  . . .  . .. . T i  ,. .A ' , , 

~ a r t i c i ~ a G o n , ' : b ~  the three. NJ33-m. technical branches i n  these act iv i t ies  
w i l l  increase. Efforts are' being made to  coordinate this work t o  serve the 
widest needs of Phillips and the AEC. The most immediate objective will be , 

t o  increase the absolute accuracy of in-pile irradiations. 
. . : . . . . - .. ' . 1 .  * I .. , .-. . , , ,  . : .  8 ' .  . . . 
, .- 

I..: ,, 3 :< ' ? , .' .- '.?,' .. -. . . . . . . . . . . 
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1. Direct Fission Product Determination of the Amount of Fiss,ion 
(E* H. Turk, J, A. Dunbar) 

. .. - r , . I . .  . . .  . . , L., . 
Methods for meas&i'w flux by.&termining 'the mount of fission by 

radiochemical determination of the .Cs . .. produced in the. fis,sion. of u235 
are 'be.ing developed, . In this approach a &re direct' . comparison . of heat and 
fission 'can be made. . . . .  . . . , .. 

2.. Au Resonance Integral 1ntegrating.Monitor (E. H. Turk, J. -A. Dunbar) < . .  
. . 

An integrating (total nvt) monitor is being developed-for long term 
high flux irradiations. The Hg produced from Au activation is measured. 
In combination with the standard Co flux monitors, it is expected hat an Q integral value for the resonance flux can be obtained. Thus, ~ u l 9  has a 
resonance integral cross section of about 15 times its thermal cross section 
while the resonance integral of.Co is about equal to its thermal cross section. 
Thus, by a different method it is expected that an integral resonance flux 
can be measured without the flux depression which would accompany a cadmium- 
covered sample. 

In this procedure the Llu1g8 and its neutron capture products are 
allowed to decay to stable Hg which is then determined by chemical analysis. 
The method appears straightforward since second, third, and fourth order 
neutron capture in t u all lead to isotopes decaying to stable Hg. 
Additionally, the HSt8can itself capture up to four neutrons without 
producing any unstable isotopes of Hg. 

I. . IBM Machine Computational Facility 

1. General 

The volume of work done by the "650" has continued at a high level. 
In addition to regular (day shift) operations, 119 hours of overtime and 
scheduled second shift were used for machine computations. Processing of 
experimental and process-control data constituted a major fraction of the 
work. Also, 125 critical size and f l u  calciilstions were made. 

The alphabetic device which enables the "650" to accept alphabetic 
as well as numeric information was installed. Also, the Electronic Associates 
Dataplotter, which automatically plots from cards, has been functioning 
very satisfactorily. 

2. . Library Routf nes 

- Programs mitten and/or checked out during this period include th& 
following routines: 

(a) Regression analysis from IBM . .  . . .  . ,  
, . .  

, (b) Decay curve .calculation : , .  . . . . 
. . . . 

(c) Analysis of the dynamic behavior of the ETR 

(d) Resonance escape probability computation 
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(e) Calculation. of the atoms/cm2 for -yarious substances 

. , (f) Conversion of octal numbers to decimal 
I - 

(g) RAP, a routine obtained fi& IEM for calculating the constants . 
. : .and coefficients for a wide range of polynomial: regression, :.- .. 

equations. 

(h) A statistical interpretive .system. for the "650t1 oh-ined from 
. m 

. . 
. . 

. . 

(i) '~amputa6ion 'of the dose. (RIB&) to the critical organs 

; . . ( 3 )  ' Canputation of xehn override' 
. ., 

(k) Evaluatibn of specialized integrals 

(1) Polyncunial evaluation 

(m) ETEa power overshoot computations 

(n) Calculations for fission break detection 

(0) - Transient heat transfer computation 
(p) Camputation of the accumulated dosage and cost of experiments 

in the gamma facility 

(q) Calculation of the ETZa charge life 
, , ,  

(r) SOAP (symbolic, Optimal Assenbly &ogram) obtained from IBM 

(s) SIR (SOAP Interpretive Routine) obtained from E M  
. . 

(t) HO!EHA, a routine coded. for NRIp for sub-asseinbly thermo-hydraulic 
analysis 

3. , { Machtne utilization 

Operating statistics for the three .msaP,hs:~ak&ng up ;this quarter. are 
given in the following table: . . 

Warm-up and Scheduled Unscheduled Power Production 
Month - Test-deck Tbne Maintenance baaintenance Failure Time 

February 107% 9002$ . 3 0 955 0 lo$ 85.159 

March 0.gl$ 2 0  349 3.01s * 0-155 . .  93.595 
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4. Production. Time , .  . 

Of the 572.50 hours of production time in this quarter, 11.0s .were 
spent in checking out prograns, 89.0$ in problem-solving and data reduction. 
A brief breakdown of the production.time follows: 

Data Reduction (cross Sections) 

Data Reduction (SPERT) 

' Data Reduction (IcPP) 

Data Reduction (Gamma-~ay spectroscopy) 

Data Reduction . (RMF) . .. 

SPERT-I Theoretical Studies 
.*..' 7.' ' .  . . 

MTR "Technical.Assistance" Calculations 

Theoretical Physics Computations 4.76% . ., 

' .I . Applied Mathematics Calculations 

Westingbouse (NRF) 
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1. Cross Sections of u~~~ (M. So Mopre, C. W. Reich,,O. Do Simpeon) 

The fission and t o t a l  cross sections of u~~~ have been .assured with 
the  &FIR f a s t  chopper over the energy region 0.1 t o  l,OOO ev. The resolution 
fo r  both measurements wets 0 . E  psec/na, so that a naeaningful total-minus- 
f i s s ion  cross section c d d  be obtained by direct  subtraction. A consistent 
multilevel analysis has been made of these data, over the region of 0 . 1 t o  
12 ev. 'The parameters obtained ape ~jlven in ' ll~ble V-lo These results,  
combined with f ission cross section data obtained on the b4ITR crystal spec- 
trometer, 'are b e i w  prepared fo r  publicstion. 

. . ~ u l - t f  level '  Parameterg ~b ta iked  for' u233 ' '  

*Assumed Values 

The Hatwell u233 sample has been received a d  i s  being used i n  the 
measurement of the energy m i a t i o n  of 7, 321 addition, samples of 0.030 
inch and 0.170 inch thickness k v e  arrived *an LOS Alanaosg W i n g  possible 
a comparison of data on the basis of sample thickaess, Measurements thus 
fcar i n  the current kun cover the energy region *om 6,025 ev t o  3 ev, and 
w i l l  be extended t o  10 ev or above. Modified "1~ng" counters are  being used 
as  f i ss ion neutron detectors, with Cd a d  BqC shiel* t o  screen out low 
energy neutrons scattered $porn the sample, Beam f i l t e r s  are being ut i l ized 
t o  correct the data for  effects  due t o  aaeut~oxls from second order Bragg 
reflections i n  the c ~ ~ s t a l ,  !This correction amounts t o  about 10% a t  thermal 
energy. 
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The new data appear to be considerably more self-consistent than the 
previous data obtained with the same sample. This is due primarily to the 
superiority of the new Be crystal over the NaCl crystal previously used. The 
superiority lies in the higher Bragg beam intensity and signal-to-noise ratio 
obtained with the Be crystal. 

, 3. Fission Detector (J. E. cline) 

Design studies have been made on a fission chamber which can effec- 
tively sort fission fragments from an intense background of gamma-rays, a! 
particles, and p particles. Such a chamber must have a very fast response 
time, a linear energy response to a! particles and fission fragments and a 
high counting efficiency. 

A chamber has been designed which has these properties. The detec- 
tion principle is that of a scintillation gas such as xenon with quartz 
window photomultiplier tubes. The chamber may be used as a coincidence 
chamber in which the fission fragments are detected in coincidence with each 
other. Construction of this system is about 20$ complete. 

4. Total Cross Sections (I?. B. Simpson, J. E. Cline, Me K,  rice) 

The total cross section of Nd has been computed, The Nd measurements 
had to be redone to determine the effect of a special fuel element in front 
of the chopper beam hole during the previous measurements. The resonance 
parameters for the two even-odd isotopes from 1.0 to 0 ev have been deter- 
mined. Total cross sections for Nd, Sm, Gd, and Pu2@were sent to 
Brookhaven for publication in a revision of BML-325. 

Work preliminary to measuring the total rieutron cross section of Pd 
has 'been completed. Sample thicknesses have been calculated and appropriate 
samples have been ordered. In addition, enriched isotopes of Pd have been 
obtained from Oak Ridge National Laboratory for the purpose of identifying 
the resonances in Pd. 

Total cross section measurements were made on two samples of Ir 
foil, from the thermal region up to.4 kev. Analysis of the data is in 
progress . 

5.  Scattering Cros~ Sections (F. B. s imp son) 

Scattering and total cross section measurements were made with the 
fast chopper on W, in order to determine the g values of the 27, 46, and 
101 ev resonances. The g values found were 314, 1/4, and 114, respectively. 
A self-indication measurement was also made on this element to give some 
additional information in assigning the g values. 

B. Inelastic Scattering of Slow Neutrons (R. W. Brugger, L, W. McClelhn, 
,G. B. Streetman) 

1. Ill& Intensity Velocity flnlectox* (Phased Choppers) 

This program is being set up to measure the energy and angular a s -  
tributions of neutrons scattered from reactor moderator and reflector 
materials as fimctions ~f incident neutron energy (below 1 ev) and material 
temperature. A high intensity velocity selector, which consists of two phased 



choppers, is being instal led a t  the HG-6 beam hole of the MTR, During th i s  
quarter, t h e e  rotor shells  for  the choppers were completed and delivered by 
Tools, Incorporated of Los Angeles, The inser t  f o i l s  for  the rotors are being 
made a t  the MTR and a re  70s complete, The vacuum t ight  rotor  housings were 
assembled a d  aligned on the m u t i n g  table. The two Bekey motors that w i l l  
turn the choppeps a t  speeds of 1,080 t o  15,089 rpgn and t h e e  power amplifiers 
t h a t  w i l l  drive the motors were delivered, Spin and;phasfrg tests, of the rotor 
shel ls  were starting a t  the end of the quarter, Two high pressure B"F coun- 
t e r s  were delivered by RCL and tes t s  were started t o  determine thei r  ap3ro- , '  

pkiateness fo r  th is  experiment, A remtedctiara;ted,'mtor-&iwn gate &ive 
system for  the EG-6 beam hole plug was iazstdled, A contamination shielding 
pan t o  cover the H6-6 beam hole wea  was designed and colar;truction started. 

In order t o  g%%n praeticabl experience, p r e ~ ~  survey measurements 
with beryllium-filtered neutrons w e  being made by a new technique. BUTS~S 
of scattered neutrons a re  provided by a sample attached t o  a mtor&iven 
rotat ing amno When available, the fast chopper 1024 claanaaelamlyzer is used 
fo r  tigse-of-flight measurements on the scattered neutrons, In addLtion t o  
the simplicity of t h i s  method, there is no time dependent background due t o  
neutrons scattered from the sample between b u s t s .  

Fig, V-1 shows the arrangement of equipnent for  the spinning sample 
experiment, Initially, the sample (5) was conlAined in  a 3 inch long, 118 
inch I .D .  aluminum e m ,  This can was Bbomted 15 inches fkom the center of 
r o t a t i  on of the arm and the detectors were 80 inches from the beam. Figo V-2 . 
shows the data taken with a water sample with e las t ica l ly  scattered neutrons 
a t  2,200 psec, and a hump at  1,000 psec and s peak near thermal, due t o  
iaelaeticca scattered neu%rons. The bta agree with those obtained by 
Rrsckhouse except that we are observing multiple scattering effects because 
of a thick sample, The s t a t i s t i e s  a re  poor since the 1824 channel W y z e r  
was available only fo r  two hams and sufficient data for good s t a t i s t i c s  
could not be acc-ted, Mcjdifications b e  been made t o  suppress the back- 
ground sad multiple scattering effects and t o  improve the resolution. When 
a time analyzer becomes available, these sxpekfments will be continued. 

1. Mass Yields i n  the R@sonaace Fission of ~ ' 3 3  (R, Be Regier, 
R ~ T  

Measurements were continued i n  which the "peak t o  trough" ll~bss hield 
m t i o s  were ccqiwed for  resonance f ission and for  t h e m 1  fission sf U 33. 
Addi t ional  therpal ~ d i a t i  o m  of $33 were made in the VG-23 f ac i l i t y  of 
t h  MI33 t o  0bta.h t i 0  f the saturated counting ra tes  of ~ o 9 9 / A g ~ ~ ~ ,  

89 Mo / ~ ~ ~ ~ 3 ~  and M o ~ / C ~ " ~ .  Tbese empirically determined counting ra t ios  Polb 
the-1 f iss ion provide the reference values with which the stme ra t ios  %or 
r e s o m c e  f ission a re  compare precision attained t o  date i n  measuring 
the thermal ~o99/@l and ~08~~3~5 rat ios has not been as good as might 

(19) B, No Brockhouse 
Supplenaento-del 

. on-the Condensed State of simple systems), Acta. Cryst. 3 827, (1957) 



I -1. A schematic bagram of the spinning sample experimental setup. 
The motor operates a t  about 1,200 rpm. 

. .I. TIME ( p  sec) . . 
0 I . - . 2  3 4 5 6 7 8 

NEUTRON WAVE LENGTH (A0) 
, . - . . . d  .. . . . 

Fig. V-2. The wave length spectrum of Be-filtered neutrons scattered at go0 
from H20. Elast ical ly scattered neutrons have wave lengths of 4 angstroms 
or  greater. 
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be desired. The Ag and Cd samples have been counted with the low-background 
counting equipment and the No samples with an end-window proportional 
counter since the latter samples are too active for measurement with the 
Geiger counters employed in the low-background system. It should be pointed 
out that although the counting efficiencies of the two systems are different, 
this in no way invalidates the co~nparisom made between resonance and thermal 
fission since the counting efficiency of a counter for a given ra&oa,etive 
nuclide is fidepenaent of whether that nuclide originated in resonance or in 
thermal fission. EikqperSnaents to improve the thermal fission data are 
continuing. 

A numiber of resonance neutron irradiations were also made during the 
quarter, using neutrons from the Bra= beam of the crystal s c.l;rm@ter. 

23T Xn adation, a series of irradiations of csdm$um-covered U samples was 
made in MTR positions where there isappreciable fast neutron flux. These 
irradiations proviaed neutrons for fission above the Cd cutoff and fitted 
the spectrometer for other exgerinents, 

A sumana~y of the results obtained during this quarter is given in 
Table V-2. The values quoted are based on seven thermal irraa%ations in 
TIG-23, four spectrometer imadiations at 2.3 ev and two spectrometer. irradia- 

. tions at 4.7 ex Also included are the results $Pa four samples covered 
with 0.020" Cd, three of which were irreadAated in the VG-7 facility, and one 
in the VH-1 facility. Although the api-cadmium spectra are recognized to 
be different in these two positioras, the results of the four cadmium-covered 
experiments have been grouped together, The uncertainties associated with 
the values given in Table V-2 are based upon the variations between the 
indfvidual determimitiom mtil =e expressed as the standard error , a. 

[M<d;cd$ (resonance I]  
Neutron Energy Mo / (themd ) 

Fpom the d a t a  of Table W-2 it is clear tkt the difference in the 
"peak to trough" ratio between resonance and thermal fi s n is not large. 
This had been work of the previous quarter f2@ in which it was 
shown that the ratio vas larger by 15 - + 3% for 1.8 ev fission 

(20) R, B, Regier and W o  EE, B w g u s ,  



than for thermal fission of u233, The diffeknce between the results for 
the 1.8 ev and 2.3 ev resomaces can be exphined.by the relative amounts of 
non-resonance fission contributions resulting from the:energy spread of the 
neutrons in the Bragg beam. The results reported in, Table 8-2 for 4.7 ev 
resonance irradiations are questionable because of the possibility that the 
u233 sample was partly in the main beam of the spectrometer as well as in 
the 4,7 ev resolved beam, However, the result obtained is very interesting 
in view of the fact that the main beam emerging from the reactor passes 
through a 0.040" Cd filter before reaching; the spectrometer and thus any 
portion of the sample that was in the mfg beam wa.s not subject to a high 
thermal flux, A weak low energy component may have been present however, 
due to scattered neutrons. Use of cadmium-covered saaples for spectrometer 

4$1 hf$~ to eliminate the effects of any low energy neutrons. irradiations w 
Because the Mo A ratio obtained at b07 ev is less than that obtained 
in thermal irradiations, further spectrometer irradiations at this and at 
other energies are plannet3 for the next quarter in an effort to -rove the 
precision and relidbility of the measurements. 

2. Second Order Captwe Studies (E, I?. Turk, R. Po ~chuma) 
\ t  - * 7- 

~adiatlons of 60 are c ntinuing, to obtain better infopmation on *. .* 
80 the capture cross section of Co -. - 

5. .'. 
A sample of Re metal was 2 - pdiated t about 2xl0~~neuts/cm,sec * 

for a total nvt of about 1.4 10 neuts/cm8 in an attempt to measure th 
capture cross section of Re1& and to produce a sufficient quantity of Re . . 
fof&cay scheme measurements. e presence of an overwhelming amount -of +'. 

hfy been formed and the sample must. : -* Re has thus fs. masked any 13e1 9 that 
be allowed to decay fkrther before ~ b n y  Re1 9 measurements can be attempted. 

3. . Heavy Element studies (R. Po ~cfauman) 
. . 

In order to prepre a h purity ~~3~ sample for thermal fission 
cross section meas ements on uh9) long pile irradiation of two sanples of 
U, enriched in U 23y has been started. The samples are being irradiated in 
order tn b&n out the bulk of the residual u235, Samples of Co and Mn are 
being irradiated with the U samples in order to monitor the integrated flu. 
The Mn capture will be determined by chemically analyzing for the Fe produced. 

Calculations of the production of N~~~~ and Pu238 in MTR irradiated 
fuel have been made in order to evaluate the irradiated fuel s a source of 038 ~~~3~~ A considerable f'raction of the neu%ron capture of UL in a reactor 
is due to resonance neutrons; consequently the calculations of ~ ~ ~ 3 7  
production are uncertain-because o the ,poorly. h o w  reactor resonance OLux 

239 and the resonance inte a1 for U A resonance inte 
23v 

of 310 barns 
was calculated for U from the resonance parameters. EA15  his value is 
in fair agreement with the value of 257 - + 22 barns measured at Chalk River. ( 22) 

(21) D. J. Hughes and R e  B. Schvsrtz, Neutron Cross Sections, Supplement No. 1, 
mL-325, (195710 

( 22) T. A, Eastwood, private communication, 



The calculated production of N~~~~ in irradiated fuel (~1300 mg per kg of U 
for 29% burnup) was in fair a ~ ~ ~ m e n t  with the aqount determined chemically 
at ICPP. The production of Np and d238 are +ot very flux dependent for 
the fluxes available in the MTR. 

4. Counting Equipment Development (R. P.  chuma an) 

A graphite back to back in-pile fission chamber is being built for 
the measurement of thermal fission cross sections for heavy isotopes. The 
electronics components for fission counting have en received and are being 

258 tested by counting the spontaneous fission of Cf in a brass fission 
chamber built for spontaneous fission experiments. 

A Tracerlab Prisch grid alpha ionization chamber has been received 
and will be used with the cow-ting room 256 channel analyzer for alpha energy 
determinations. 

5. Short-Lived Fission boduct Studies (3, P. Schuman, E. H.. Turk, 
R, L. Heath) 

The study of the decay scheme of la142 has continued. Some preliminary 
gamma-ga.mma coincidence measurements have been made with ambiguous results. 
Additional measurements re plEb~ed. The decay scheme is very complicated 
and only part of the Celt2 levels will be determined in the present work. 

Do Decay Schemes and Nuclear Isomerisms 

1. ' Scintillation Detector Calculations (s. H. Vegors, R. L. ~eath) 

Calculations of the efficiency of right cylindrical xaI(~1) scintll- 
lation detectors for extended sources of radiation have now been completed. 
The two cases considered were (A) a disk source of radiation centered on the 
extended central axis of the detector with the plane of the disk perpendicular 
to thls axis and (B) a line source of radiation perpendicular to the extended 
central exis of the detector with the center of the line source being on this 
axis. 

Results for the disk source case, A, were obtained for five values 
of the source detector distance, h, (h = 0.001, 1, 3, 5, and 10 cm). Values 
used for the radius of the disk were 0.250, O.506), 0.750, and 0,999 of -t;he . 
radius of the cgtlin&ical detector, Calculations: were md.e Pnr thee crystal.. 
sizes, 3" dia x 3" thick, 1 3/4" dia x 2" thick, and 1 1/2" dia x 1" thick. 
Result were obtained f o ~  ten values of T (gamma-ray absorption cross section 
in cmQ) covering a range of gamma-ray energies from 30 kev to 5.5 Mev. 

Calculations for the line source case, B, were made fur the same 
detector sizes for the same range of gamma-ray energy as were used in case 
A. However, calc~tfoms were performed for only three values of source- 
detector distance, namely h = 0.001, 1, and 5 cm. The lengths of the line ' 

sources considered were 0.250, 0.508, 0.750, and 0,999 of the diameter of 
the detector. 



The above results plus those.obtained for.similar,  but much more 
extensive, calc u l @ y  for  a point source df radiation appear in  a 
published report . . 

2. A 4.7 Millisecond Isomer i n  Pb205 Formed by the Decay of ~ i ~ 5  
IS. H. Vegors, R. L. Heath) 

In t h  course of the present investigation of the electron.capture 
' decay of Bi2'3 it was noted that  one of the major transitions,,  the 987 kev 

--ray, was not i n  prompt coincidence with the electron capture x-rays. 
Since previous data had shown t h a t  th i s  gamma-ray was not. i n  

.. with any of the other gamm-rays associated with the dece~y of B i  
became apparent that  the 987 kev transition might very well come from the 
decay of an isomeric level. 

In order t o  look directly at  the spectrum of the gamma-rays which 
were not i n  coincidence with the electron pture x-rays, the following 
experiment was performed. A source of Bid9 was  placed in the center of a 

, 1/4- inch thick s p l i t  crystal as i s  shown i n  Fig. V-3. The output pulses 
from the s p l i t  crystal which is sensitive only t o  .x-rays (having an 
efficiency of >95$ for the detection of the Pb K x-ray) was fed to an 3 

anticoincidence circuit. This c i rcui t  gated off the multichannel pulse , 
height analyzer for  all gamma-rays entering the 3" x 3" crystal which were 
i n  prompt coincidence with the x-rays with a resolution of 0.3 psec. 

AMPLIFIER 

SINGLE CHANNEL 

HEIGHT ANALYZER 
source 

FAST - SLOW 

MULTICHANNEL 
PULSE HEIGHT 

Durnont ANALYZER 

. - 

Fig. V-3. Exper%men arrangement used t o  demonstrate t+ existence of an & isomeric s ta te  i n  B i  . 

(23 ) S. H. Vegors, L. L .  Marsden, R. I. Heath, ~alkulated ~ f f i c i e n c i e s  of 
~ y i i n d r i c a i  Radiation Detectors, IDO-16370, (1958). 
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The result of thfs measurement is shorn in Fig. V,-4. Tkais plot 
shows a comparison between the gamm-ray specksa obtabed on the 3 inches 
in diameter by 3 inches fala detector with and without the anticoincidence 
requirement. The strong enhancement of the 987 kev peak indicates that this 
gasnoa-ray is not in prompt coincidence with the electron-capture x-rays. 
From this it was concluded that this --ray arises fia a delayed state, 
The slight enlaancemnt of the 569 kev gamma-ray results fiom the presence 
of the 0.8 sec Pbm7 isomer as a contamia~ant. &&her investiga$ion usi 
a well crystal substantiated the hypothesis that the 987 kev level in Pb as 
is isomeric. Its half-life was measured by counting the number of gespna- 
says in a 60 kev windo~q  centered on the 987 kev --ray using the Pb K 
x-ray to mark tfae time t = 0. The result sf thee masureme ts gave a half- 

- d life o l  4,7 + 1.5 mL11i00c~nd~ for the 987 kev level in gb . 
3 (R. I. Little, 

m e  storage system For the mil.tichamel pulse height analyzer 
(tr~bnsistorized) must be able to store pulses segamted by as little as 2.4 
psec, and w k p e  the average pulse rate will be 30,W couxats per second the 
pulse count loss due to the storage system is to be sf  the order of 0,1$ or 
less, 

Since the proposed permanent storage magnetic core takes approximately 
20 psec to complete storage of a pulse reliably, and since the probability of 
m e  pulses occurx-ing during the storage interval is hi&, a system of 14 

temporary storage currently under development will be utilized. If this 
storage system is clear of data initially, it acco~ilates temporarily four 
pulses in slightly less than 1Q psec, 5 in 28 psec, 6 in 40 psec, m d  another 

?" 

for each 2O'psec elapsed t-, aBility sf the temporary storage system 
to storc up to f 'oi~r pulses in rapid order practically elmnatec the couuLIng 
loss. 

m e  prototyp for this systemB s h m  in ~ig. V-5, employs o w  16 
inputs, sdeqyate for checking its feasibility, %''he final version will enploy 
six groups of' 2%c inputs9 and kill be capable ~f being enlarged to eight 
gr~ugs of 32 inputs. These inputs will first be emcodcd into the binary 
system by use of dlOde rrruoder groups. Rnlses passing thorough the encoders 
determine the states of four flip-flops. This yields 2 combinatlow: Lo 
gate four "half-cmrenL" generators. fchese generators feed the horizontal 
lines of a magnetic, core mtrix with just half enough current to "flip" 
the cores. 

The "mite" address scaler selects, in rotation, the one vertf cal 
storage line of four on which input pulse information is temporarily stored, 
Any thte an input pulse arrives, a coincident "total count" trigger switches 
a "write" pulse on, and 2 psec later switches it off again, The "write" 
pulse drives a half-current generator on the vertical storage line which 
was selected by the "mite" address scaler. The same trigger which terminates 
the,"writeW pulse also resets all the input flip-flops, thus switching off 
their half-current gsnerators, This trigger also advances the "write" 
address scaler and skrts the permanent storage sequence. Any core subject 
to half-current pulses coincidently on both horizontal and vertical Lines 
now has been "flipped", aaad when subject to a pulse sf opposite polarity 
will yield a small, but ussble output voltage on any coincident conductor. 
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PTg. V-4. Grumna spectrum, with and without anticoincidence circuit. 
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Fig. V-5. Multichannel pulse height analyzer prototype storage system. 

Any time the teniporary storage matrj.x is  empty and recej..Ties a pulee; 
the permanent storage, system immediately starts s tor ing this pulse. Since 
it takes 20 psec t o  s to re  a pulse, when the p e m e n t  storage cycle has 
finished, the temporary storage un i t  may o r  may not have more pulses t o  ' - 

store .  I f  not, the permanent storage system will.await the next incoming 
pulse. If i n  the meantime the temporary matrix s tores  more pulses, the 
permanent storage systen cyclcs wL;il i.t hss "caiight up". 

A "read" address scaler  similar t o  .Lhe "write" add,ress scaler  
se l ec t s  the ve r t i ca l  l i n e  from which temporarily stored data i s  read out. 
A pulse f b n i s h e d  by the permanent storage seqycnaer drives the f U l  
current generator thus selee+cd, vllcl khc voLtago~; thus induced appear on 
the horizontal  output l i nes  opposite the respective cores. 'The f u l l  cuwrenl 
generator adequately r e se t s  the cores. 

The horizontal output l ines  terminate i n  independent amplifiers 
which in turn  precede a permanent address scaler  which determines the exact 
channel i n  the permanent storage system t o  which the count i s  added. 

The permanent storage matrix consists of a 12 x 12 x 16 array of 
magnetic cores A 12 x 12 plane yields 144 channels, and the depth of 16 
cores al loys 216 or  65,536 pulse counts t o  be stored i n  each channel. 

'\ 



When a pulse is to be perkanently stored, first the address scaler 
selects the proper channel, then the sequencer reads out the existing count 
into a counting scaler, simultaneously resetting .the cores in the selected 
channel. Next the sequencer adds a count of one (representing the "one" 
pulse which is being stored) to the counting scaler, and then the sequencer 
f'urnishes drive to write the new total back into the same channel of the 
permanent storage. 

The permanent ' storage sequencer consists of a chain .of one-shot 
multivibrators which are .precede&: by a Sequencer gate. When triggered, 
this multivibrator chain will complete. automatically a pemnent storage 
sequence. This consists of: 

. . . , 

(1 Resettigg,of the permanent address and the arithmetic scaler 
with a .2 psec pulse. . , 

(2) F'prnishing the 2 psec pulse necessary to read out and reset 
one vertical storage line in the temporary storage matrix, to set the 
permanent address scaler. 

(3) Driving permanent storage. readout with a 7 psec pulse. 

(4) ,Pulsing the counting scaler with a 2 psec "sad one" pulse. 

(5) writing i?tc'magnetic storage. the new count with a 7 psec pulse. 
, . 

(6) &nishw a trigger pulse. This trigger advances the "read" 
address scaler in the temporary system to the next vertical storage line 
and resets the sequencer gate. It also undergoes a 1 psec delay after which 
it is available again to trigger the sequencer gate if necessary. 

. . . . 

~ormalgthe t@porary "read' address scalkr catches up to the "write" 
address scaler in the absence of input pulses. A comparato~ determines 
that they ,are in the same state and gates off the delayed trigger to the 
sequencer gate. If mre pulses ,have been t e ~ f p P r i ~  E tored since ' the 
beginning of Dhe last sequencing cycle, the 'hrite" address scaler will have 
advanced, and the indication of difference presented by the comparator gate 
will allow the delayed- trigger to recycle the sequencer. 

A gate which can cut off all inputs will close whenever the sequencer 
gate is closed (indicating permanent storage is taking place) and the scaler 
comparator indicates sameness. This comd.ltiom can only come about when the 
temporary "write" address has stored four more pulses than have been perm- 
nently stored. PuPther pulse storage would result in two pulses being stored 
on the same vertical address Line and when read into permanent storage would 
lead to erroneous &ta accumulation, The gate will open as soon as a storage 
cycle is complete, thereby leaving one vertical line available in temporary 
storage as soon as possible. 

The temporary storage system, accommodating 16 inputs, is complete 
in prototype but a incornpleabe output system prohibits thorough evaluation 
at present. 
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