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1. INTRODUCTION AND SUMMARY 

Introduction 

This report  is the unclassified portion of the forty-eighth in a se r i e s  of monthly reports  
of the work in process on materials research and development for the Atomic Energy 
Commission under Contract AT(40-1) -2847. 

Included is a summary of the work from March 15, 1965 to May 15, 1965, on four of 
the specific research and development efforts in process. Four of the remaining programs 
a r e  reported in the classified portion of this report, GEMP-48B. 

Six other research and development efforts covered by the contract a r e  reported in 
alternate months. 

Summary 

FISSION PRODUCT TRANSPORT PROCESSES IN REFRACTORY-METAL FUEL SYSTEMS 

Krypton was concurrently dissolved and diffused in tantalum cathode samples which 
were self-resistively heated to 17300C while under glow discharge for different exposure 
t imes and pressures.  These diffusion samples were sectioned in 400 8-thick sections. 
The data obtained suggested that a constant surface concentration is maintained during 
the experiments (up to 10 minutes) and that the data could be analyzed using an e r r o r  
function solution to the diffusion equation. Analysis of the data indicated that, under the 
test  conditions used, diffusion along high diffusivity paths was the dominant transport 
process beyond about 400 8. 

INTERNAL CONVERSION FUEL ELEMENT RESEARCH (57072) 

Two ETR irradiation t e s t s  of fuel elements containing 25 volume percent U02-Th02- 
Y203 a r e  continuing on tes t  after satisfactorily operating for 2500 hours a t  12500C. 
Post-irradiation analysis of the in-pile ducting used with LITR test  LTC-73 of fueled B e 0  
at  temperatures up to 1 5 5 0 ' ~  confirmed previous indications that the dominant fission 
product release process is recoil. 

Chemical analysis of U02-Tho2 and U02-Tho2-Y203 fueled-Be0 specimens that com- 
pleted extended fuel retention tes ts  at high temperatures in various atmospheres con- 
firmed the excellent stability of the Y203-containing compositions. 



RADIATION EFFECTS IN B e 0  (57063) 

Measurement procedures for determining bulk volume and density and open and total 
porosity of ceramic specimens to a precision of *O. 1 percent a r e  described. The proce- 
dure is similar to that described in ASTM method C 20-46 but utilizes vacuum impreg- 
nation with toluene and diethylphthalate fluids rather than water. 

Density and porosity measurements of unirradiated specimens representative of the 
compositions, grain sizes, and densities used in the irradiation studies showed that, in 
general, the open porosity exceeded 1 percent only if the total porosity was greater than 
10 to 12 percent. 

Post-irradiation measurements on additional specimens containing glass-phase addi- 
tives provided further evidence that these additives lead to slightly increased expansion 
at irradiation temperatures of 900' to 1000°C. 

Electron micrographs of polished sections of the 20-micron grain size AOX and EBOR 
samples irradiated at 1 0 0 0 ° ~  to 2. 5 to 3 x 1021 nvt (2 1 Mev) failed to yield evidence of 
microcracking. Additional examinations a r e  in progress; however, i t  appears now that 
these a r e  the f i rs t  irradiated specimens to exhibit a decrease of 20 to 40 percent in 
strength in the absence of microcracking. 



2. F I S S I O N  GAS DIFFUSION IN UNFUELED CERAMIC MATERIALS 

The objective of this  program is to advance the basic knowledge of fission gas  diffusion 
and radiation damage in unfueled ceramic materials. 

This work is concerned with the diffusion of Kr, Xe, and I atoms in ceramic oxides 
(MgO, BeO, A1203, and Zr02) subsequent to their injection via ion bombardment. The 
diffusion characteristics of these heavy atoms a r e  deduced by an analysis of the amount 
of diffusant remaining in a sample a s  a function of time at  constant temperature. 

ION BOMBARDMENT STUDIES 

The use of a washer-type target holder with i t s  surface discontinuities was shown 
previously' to destroy beam uniformity at  the target. However, retention of beam uni- 
formity has been achieved by employing a target holder with individually recessed holes 
for target placement. The depth and diameter of these holes a r e  just sufficient to receive 
the ceramic targets and form essentially a planar surface for ion impact. Maximum vari  
ation in krypton inventory was no greater  than 8 percent among B e 0  targets injected in 
this manner. 

The krypton release from these targets is currently being measured at 1000°C with 
release measurements at  higher temperatures to follow. The release data obtained, 
however, will be from a highly damaged material since 3.7 x 1014 ion impacts/cm2 
were required to attain a level of radioactivity adequate for counting statistics. To ob- 
tain material with l e s s  damage, the ~r~~ enrichment of the bombarding gas has been 
increased so  that ion impacts of 1011 ions/cm2 will be sufficient for radioactive assay 

2 of targets with impact a reas  of 0.28 cm . 
In the past, the total ion beam current  was obtained by integrating t ime versus  current 

curves of a recording micromicroammeter. This method has been replaced by a current 
integrator of the following type: the ion beam charges an 0.1 microfarad capacitor con- 
nected between the Faraday cage and ground, and the number of ions striking the cup a r e  
calculated from the measured voltage drop across  the capacitor and i t s  capacitance. 
Charge build-up on the capacitor by secondary electron emission from the cup during 
bombardment i s  suppressed by biasing the cup + 10 volts prior to the s tar t  of an ir- 
radiation. 

WORK PLANNED FOR NEXT PERIOD 

Krypton inventory changes in B e 0  target specimens will be investigated a s  a function 
of time at  constant temperature and initial inventory. 

' " ~ i ~ h - ~ e m ~ e r a t u r e ~ a t e r i a l s  Program Progress Report No. 46, Part A," CE-firfMPO, GEMP-4bA, April 15, 1465, pp. 9-10. 
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3. FISSION PRODUCT TRANSPORT PROCESSES IN 
REFRACTORY -METAL FUEL SYSTEMS 

(57070) 

The purpose of this program is to study fission product transport processes in refrac- 
tory-metal fuel systems at  temperatures exceeding 17000C in inert o r  reducing atmospheres. 

As part  of the overall evaluation of refractory metals for reactor applications, both fis- 
sion product migration and the effect of fission product impurities on the mechanical proper- 
t ies of refractory metals and their alloys a r e  being invest1 ated. The current  work is di- 
vided into four major areas: (1) dlflueion of r a r e  gases (Krt5) in arc-cast  tantalum, (2) per-  
meation of r a r e  gaaes (Id5) through arc-cast  tantalum, (3) transport of fission products 
in refractory metals, and (4) effect of fission product impurity atoms on mechanical proper- 
t ies of refractory metale. 
RABE CiM DIFFUSION 6TUBIE8 

The diffusion sf r a r e  gstsers in refrsretory metals in being etudied by concurrent wolution 
md diffueien sf krypton (containing ~ r e s )  in reeietlvely heated a r e - c a ~ t  ta~ltalum cathodes 
slubjected t s  glsw dieekarge. The eatbcle $peoimens ma rtrippad in thin sections and the 
ebange In beta activity determined, Modifiogtien b the vaeurrm eystew, roaulting In a 
e 1 ~ a . m ~  atmosphere during glow d i ~ c h w p ,  permits h i t i ~ l  sestions se thin RS 100 61 to 
be removed. The thiekneaa 84 the ssation WWI getimatad from t b ~  applied voltage for 
anodizatian 99 the sample m d  the limiting v e l t e e  thickness,' The berta aouat F&?B 8n 
bsth sidan ~f the @ample alter each oectiening were in ~s t t l s fmts ry  w r e e r r t s ~ t *  

Absorption and diffuslsn of krypton in fineggrained ( ~ 1 6  mieronce) tantalum sheet sqm- 
ples were attained under glsw diecharge at an applied voltage sf 300 volte and a constant 
temperature of 1 7 3 0 ~ 6 ,  Based on the srutora.diographic reoults from one sample, the 
areal  distribution of krypton is as@umed to be uniform. Variations of both time (5 and 
10 minutes) and pressure (0.05 to 0.24 Torr)  did not have an appreciable effect on the 
surface concentration or on the dilatribution profile of the krypton. T h i ~  suggests that 
(1) a constant surface concentration is maintained during the experiment$, at  least  until 
pronounced grain growth apparently causes depletion of the concentration, and (2) that 
the data can be analyzed using an e r r o r  function2 solution to the diffusion equation. Typi- 
cal data for fine-grained (-16 microns) material a r e  shown in Figures 3.1 and 3.2 in 
which the logarithm of beta activity is plotted versus  distance into the sample and the 
square-of-distance into sample, respectively; the data points a r e  plotted at  the midpoint 
of the section removed. 

A s  indicated by the data in the figures, the distribution of krypton from beyond the 
f irst  400 2-thick-section is linear with distance into the sample rather than with square- 

l " ~ o u r t h  Annual Report -High-Temperature Materials and Reactor Component Development Programs, Volume I -  
Materials," GE-NMPO, GEMP-334A, February 26, 1965, p. 176. 

'A. J. Mortlock, "Anomalous Volume Diffusion in t he  Surface Laye r s  of Metals," Actu h le lu l l t r r~ ic t r ,  Volume 12, 
i964,  p. 675. 
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of-distance into the sample. These data indicate that beyond approximately 400 $ diffu- 
sion along high diffusivity paths is the dominant transport process under these tes t  condi- 
tions. If the concentration in the f i rs t  section removed (-10-4atom fraction of Kr) does 
not exceed the solubility limit of the gas in the metal, it is possible that volume diffusion 
is dominant in the f irst  few hundred angstroms. Other distribution curves a r e  being ob- 
tained using 100 8-thick sections to examine this  possibility. 

Larger grained (0. 5 to 2 mm in diameter) samples were prepared by heat-treating the 
fine-grained material at 24000C. The samples were subsequently cooled to 1730°C, sub- 
jected to glow discharge for 10 minutes, and then sectioned in 200 2-thick sections. Even 
when tested for longer t imes than the fine-grained samples, these samples exhibited l e s s  
activity than did the fine-grained samples. Within the data scatter, the distribution of 
krypton was linear with distance into the sample from the f i rs t  section, and the slope was 
in good agreement with those obtained from the fine-grained samples. This suggests that 
diffusion along high diffusivity paths is also the dominant transport process under these 
conditions. Additional analyses of data and experiments a r e  underway to check these 
interpretations. 

RARE GAS PERMEATION STUDIES 

Two evacuated arc-cast  tantalum permeation specimens (Ta-9 and Ta-10) were tested 
at  24000C in krypton (1. 3 x 10-3 mole fraction Kr85) at  a pressure of approximately 625 
Torr.  One specimen (Ta-9) was tested for  100 hours in two 50-hour increments, and the 
other (Ta-10) was tested for a single 75-hour period. At the end of the tests, each speci- 
men had a dull, dark gray surface coloration which was identified by X-ray diffraction a s  
alpha - laltalum pentoxide. The source of the oxygen contamination has not yet been 
identified. 

During the second 50-hour increment, specimen Ta-9 was oxidized and permeated by 
krypton a s  indicated by a gamma count ra te  of about 4000 cpm (counter efficiency, -15%) 
and a beta count rate of about 300 to 400 cpm (counter efficiency, -50%); no evidence of 
krypton penetration into specimen Ta-10 was found even though it too was oxidized. From 
the count r a t es  on specimen Ta-9, the final krypton pressure in the specimen was calcu- 
lated to be approximately 7 percent of the pressure  outside the sample. A leak-test a t  
room temperature, using helium gas  at 7 kg/cm2, revealed no leaks in the specimen; 
however, the gamma count rate dropped to zero when the specimen was broken, indicating 
that the gas  was inside the specimen rather than trapped in the oxide. Inspectivr~ 01 the 
broken pieces revealed that the interior surfaces also had a gray discoloration but that 
the fractured edges had a metallic appearance. Metallographic mounts a r e  being prepared 
of the broken pieces for a more detailed visual and electron probe examination. The be- 
havior of specimen Ta-9 is not typical of arc-cast  tantalum; several other such specimens 
have been tested under similar conditions for longer periods of time without evidence of 
krypton penetration. 

.TRANSPORT OF FISSION PRODUCTS IN REFRACTORY METALS 

Work to determine the migration and release of fission products (other than the r a r e  
gases) through refractory metals was continued in two phases: (1) determination of the 
fission product distribution in refractory metals used to contain fuel during irradiation 
at  high temperature and (2) determination of the extent of release of fission products other 
than the r a r e  gases by measuring the magnitude of specific fission products deposited on 
the in-pile test  assembly adjacent to the canned sample. 

3 " ~ ~ g h - ~ e m p e r a t u r e ~ a t e r i a l s  Program Progrcss Report No. 46, Part A," GE-NMPO, GEMP-46A, April 15,1965, p. 12. 



Determination of Fission Product Distribution 

The fission product distribution in refractory metals used to contain urania fuel during 
irradiation is being determined by obtaining very small counting samples after grinding ' 
away 100- to 250-micron-thick increments of the bottom plate. Both abrasive and anodiza- 
tion - mechanical stripping techniques were demonstrated, in the remote handling cell 
facilities, for obtaining very small counting samples from an unirradiated tantalum 
specimen. Measurements a r e  underway in these facilities to calibrate the counting sample 
size and to determine the reproducibility of removing 100- to 250-micron-thick incre- 
ments by grinding. 

Determination of Fission Product Release 

As reported previoushy,4 fission products were found in the in-pile test  assembly in 
which a tantalum-canned fuel sample was irradiated for 1035 hours at 1850° to 20000C. 
The fission products present on the assembly surfaces were in excess of the release pre- 
dicted from r a r e  gas  release measurements during the test, suggesting that either migra- 
tion of solid fission products through the metal can was more pronounced than was the 
migration of r a r e  gases, o r  that the test  assembly was contaminated during the many 
disassembly operations. 

Analysis of the fission product release from a W-Re-Mo-canned fuel sample was begun 
during this report  period. Rare gas  release data obtained during the 1015-hour, 2 0 0 0 ~ ~  
irradiation indicated very little release of fission gases from the metal can. The amount 
of other fission products (1131, ~ s ~ ~ ~ ,  ~ a ~ ~ ~ ,  ~ r ~ ~ ,  zrg5) were present in the primary 
experimental capsule in lesser  amounts than predicted. Particular care  was taken during 
the dismantling of the capsule to assure  the absence of c ross  contamination. Additional 
data a r e  being obtained from the exit gas ducting. From these data i t  appears likely that 
the earl ier  determinations of fission product release from Ta-canned fuel was compromised 
by contamination from other sources. 

EFFECT OF FISSION PRODUCTS ON MECHANICAL PROPERTIES 

A continuing literature search has thus f a r  revealed very little information regarding 
the effect of small amounts of substitutional impurities on the high-temperature mechanical 
properties of refractory metals; however, there is reason to believe that creep resistance 
may be affected by such impurities. Plans for studying the high-temperature creep charac- 
terist ics of refractory metals impregnated.with fission products a t  high temperatures were 
formulated. 

Preliminary design studies demonstrated the overall feasibility of in-pile impregnation 
of refractory-metal specimens with fission products at high temperatures for subsequent 
mechanical properties testing. Small specimen size is desired in order to impregnate 
as large a volume fraction of the specimens a s  possible with recoil fission products since 
i t  is not known whether thermal mobility is sufficient to diffuse the recoiled products 
effectively during the 1800° to 2200°C irradiation. Preliminary study indicates that the 
specimens should be wire configuration surrounded with a U02 sheath designed to act a s  
the in-pile source of heat a s  well a s  to provide fission products by recoil. A study of heat 
transfer and materials compatibility in the irradiation capsule is in progress. 

WORK PLANNED FOR NEXT PERIOD 

Experimental studies of the movement of krypton through tantalum will continue. Diffu- 
sion and permeation studies on tantalum will be expanded to include single crystals  and 
powder metallurgy samples, respectively. 

Determination of the distribution of fission products in an irradiated tantalum fuel con- 
lail~ar .will be started and work will bc initiated on the fabrication of tungsten creep speci- 
mens and components for the in-pile test  cartridge. 

41bid. 



4. INTERNAL CONVERSION CERAMIC FUEL ELEMENT RESEARCH 
(57072) 

The objectives of this program a r e  to study the chemistry involved in the use of a fertile 
material (thoria) in stabilized fuel - B e 0  systems and to develop i t s  capability a s  an in- 
ternal conversion fuel element. 

EVALUATION OF BeO-BASE FUEL ELEMENTS 

Studies were continued on extruded BeO-base fuel elements containing 7 to 25 volume 
percent UO2-Tho2 and U02-Tho2-Y203 solid solutions. These studies a r e  primarily 
concerned, at  present, with in-pile testing of uncoated fuel elements containing 25 volume 
percent U02-Tho2-Y203, and the preparation of BeO-coated fuel elements for future 
in-pile testing. In addition, bench tes ts  in support of the in-pile tes ts  were continued. 

Most of the fuel elements being studied a r e  homogeneously fueled, have a hexagonal 
external configuration, and a cylindrical bore with nominal sintered dimensions of 0.76 cm 
ac ross  flats and 0. 5 cm diameter bores. Fuel elements designated 6BF-243 a r e  tubular 
with nominal sintered dimensions of 0.7 cm OD and 0. 55 cm ID. 

Irradiation Testing 

Status of the irradiation program is summarized in Table 4.1. The ETR tes t s  a r e  run 
in sealed capsules; the objective of these static tes ts  i s  to determine the effect of high 
fuel burnup on the physical integrity of the fuel elements. The two ETR tes t s  (GEFP2-19 
and -23) in progress on uncoated fuel elements have operated satisfactorily for 2500 hours 
at approximately 1250°C. Non-nuclear bench test  specimens being run to duplicate the 
ETR irradiation time and temperature conditions have shown essentially no change after 
1900 hours of testing. The purpose of the ETR tes t  of BeO-coated fuel elements in ca r -  
tridge GEFP2-22, awaiting insertion, is to assess  the capability of the coating to res t r ic t  
fission product release. 

One dynamic test  (LTC-73) on uncoated fueled tubes was run in the LITR for 931 hours 
at temperatures from 1250° to 1550°c to determine the kinetics of fission product r e -  

TABLE 4.1 

IRRADIATION TEST PROGRAM OF Be0 FUELED WITH U09-Th09-Y~Oq COMPOSITIONS 

Fuel ~ompoeltlon, 
- - 

Operating Conditions 
Test Specimen Test mole ratlo Time, Temperature, Deslred Burnup, 

Number Deslgnatlona Facllity U02 Tho2 Y203 Coating hr OC loz0 fisslone/cm3 Status 

GEFP2-18 11.5BF-230 ETR 1 3 0'. 55 None 2500 1000 - 1250 2 t o 5  In progress 
GEFP2-22 8BF-243 ETR 1 7 0.55 B ~ O ~  - 1250 1 to 2.5 Awaltina insertion 
GEFP2-23 11. 5BF-230 ETR 1 3 0.55 None 2500 1000 - 1250 1 t o 2 . 5  In progress 
LTC-73 11.5BF-230 LlTR 1 3 0.55 None 831 1250 - 1550 -c Test complete, evaluation 

in progress 
LTC-74 11.5BF-230 LlTR 1 3 0.55 ~ e d )  - 1250 - 1550 -c Awaiting insertlon 

"The Iirat llurl~ber 01 the fuel element dealgnatlon la the U02 content of the opccimcn in wcight percent. All fuel elements contain 
25 volume percent fuel additive in BeO. 

bFuel elements were dip-coated with 0.004 to 0.007 cm of BeO. 
Enurnup not applicable; mi6 IS a ayMmlc tern, the prlmarg purpose uf wlllcll la Lu rlrlrrrub~r fi3aiula y~wluct  relehse kinetics. 



release to' be the dorninarit'+elease p r ~ c e s s . ~ ~ h e  l&k pf a diif&6ion ctptributi& an8 the 
. 

. la& of ~ng .  tempeT'&ture dependqce for fission me$ releaked was contrasg to previous 
experience-with other fuel cTompos$tiorre. Therefore, the exhauagas ductin$ f r ~ m  the test 
was aha&&?& b ra&ochemfstpy for 1x3~ .  The fractional releam,,abtained from the duct- 
ing (R/B = 10' 4 'urss comp&&1e to the values abtained for the rare gases dWing testing 

, (R/$ = % to 3 ff10'q)~whhh frrrthcir supports the iaterpretation that the' dominant release 
p~acess  for fMs compa'sitian is recoil in the tempkature range from 12- to 16509C. 

- Other past -irrad!atioq evaluations of "LTC -73 were reparted prev40ukly.~ 
( ,  
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. orA'eaiy 3une 1 ~ 6 6 ,  . &T6;74 contahe BeQ-coat7d fue!biemente wr~cb w e  a comporition . , 

ideialcad to that bf the uncoaSed WC-73 fuel ebmer6te.- LThe purpose of ais €&st is Co 
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In an effort to improve the B e 0  coating density and to res t r ic t  grain growth, 3 weight 
percent ZrO2 sol was added to the B e 0  coating solution. Direct blending of the Be0  slip 
and ZrO2 sol resulted in a semisolid having undesirable coating properties; therefore, 
the ZrO2 sol was f irst  blended with B e 0  powder, dried, and ignited and then the coating 
slip was prepared in the usual way. Initial observations of the coatings after sintering at 
1 8 0 0 ~ ~  indicated that this addition of Zr02 did not improve the coating microstructure. 
Additional specimens will be sintered at  lower temperatures in an effort to reduce grain 
growth and diffusion of fuel into the coating. 

Fuel Retention Tests  

The results  of fuel retention tes ts  of uncoated fuel elements in moving a i r  at 12000C 
and 1 4 0 0 ~ ~  were presented previously; 4 9 6  however, the test specimens had not yet been 
chemically analyzed. Fuel losses calculated from chemical analysis, which were per-  
formed during this report  period, a r e  listed in Table 4.2 for fuel elements containing 
7 to 25 volume percent U02-Tho2-Y203 solid solutions. These results  confirm the pre- 
vious conclusion that Y203-containing specimens a r e  superior to non-Y203-containing 
specimens ( l lBF-27) in fuel retention capability. The data illustrate the excellent stability 
of Y203-containing fuel elements even under severe test conditions (5000 hours at 140O0c 
in air).  

TABLE 4.2 

FUEL LOSS FROM UNCOATED BeO-BASE FUEL ELEMENTS 

UO9 ~ o s s b  After Tcstina, wt % " -. 
Fuel Elemont Fuel Compoeltlon, Fuel Content 

Dedgnatlon And mole ratio In BeO, 2000 Hours At 1 2 0 0 ~ ~  In 5000 Hours ~n Air 
UOa contenta UOI, Tho, YQOQ vol % Helium He + 5 Vol % 01, A- 

q h e  Otrfat number of the fuel element doelgnation le  the UOn content of the speclmcn In wotght percent. 
b ~ ~ 2  Loso was calculated from the difference In chemlcal malyels of egeclmens before and after 
testing. Valuee ws the average of two speclmene elnterad at  olther 16750C lor 2 hours o r  1800°C for 
1 hour tn hydrogen having a dowpelnt of OOC. 

WORK PLANNED FOR NEXT PERIOD 

Irradiation teeting will be continued in the ETR on BeO-base fuel elements containing 
25 volume percent of w U02-Tho2-Y203 solid solution. A third ETR test  (GEFP2-22) of 
high-Th02-content fuel elements coated with B e 0  is scheduled for insertion in May 1Q65. 
A second LITR test  (LTC-74) using BeO-coated fuel elements, is scheduled for insertion 
in late Nay o r  early June 1986. Non-nuclear bench testing of specimens to duplicate the 
irradiation terst conditions will continue together with limited coating studies. Post-irradia- 
tion examinations will be continued on LTC-73. 

'"~ourth Annual Report-High-Temperature Materials and Reactor Component Development Programs, Volume I - 
Materlals," GE-NMPO, GEMP-334A, February 26, 1965, pp. 192-196, 



5. RADIATION EFFECTS IN Be0 
(57063) 

The purpose of this program is to define the irradiation behavior of B e 0  in t e r m s  of 
the composition and microstructure variables that contribute to extended radiation 
stability. 

IRRADIATION STATUS 

A summary of the current se r i e s  of irradiation tests  i s  given in Table 5.1. The 100°C 
tes ts  completed previously have been returned to GE-NMPO for disassembly and post- 
test examination. Operation of the size-effect and thermal conductivity test, GEFP2-134, 
began during this report period. The thermocouples pertinent to the thermal conductivity 
measurements failed early in the test and it will not be possible to obtain these data. Ex- 
posure of the samples, which a r e  approximately 2. 5 cm in diameter and length, i s  con- 
tinuing at 900°c, the maximum temperature that could be attained. Test capsule GEFP~-1'32, 
in which previously irradiated samples will be further irradiated, i s  a t  the ETR for in- 
sertion during the June shutdown. TestGEFP2-135, to determine in-pile annealing of pre- 
viously induced defects, remains tentative; the earliest practicable insertion date appears 
to be late summer. 

TABLE 5.1  

PLANNED IRRADIATION TESTS O F  B e 0  

Irradiation Conditions 
Dosage, Approximate 

Temperature,  1020 nvt Irradiation Dates 
0 Test  Number C (2 1 Mev) Purpose Star t  End 

GEFP2-216, GEFP2-217 100 1 to 2 1 Evaluation of B e 0  + Be and 1/1/65 3/31/65 
GEFP2-223, GEFP2-226 100 2 to 5 ), Thermalox 995 compositions 
GEFP2-134 1000 10 to 20 Size effect and relative 3/29/65 2/66 

thermal  conductivity 
GEFP2-132 1000 20 to 40a Determine if saturation of 6,'15/65 1/15/66 

expansion occur s  
GEFP2-135 1200 2 to 4a  Determine in-pile annealing Tentative 

of previously induced defects - 
a ~ i g u r e s  shown a r e  dosages to be added in th i s  irradiation. These  specimens have accumulated 

dosages of 2 to 6 x 1021 nvt () 1 Mev) a t  about 1000°C in previous irradiations.  

PROPERTIES OF UNIRRADIATED B e 0  

Efforts have been in progress for some time to obtain relatively accurate measure- 
ments of the bulk and apparent volumes and densities of the specimens a s  a means of 
supplementing dimensional measurements and of obtaining open and closed porosity data. 
The commonly used procedures for such measurements a r e  of the type described in  
ASTM method C 20-46, in which the desired information is obtained from specimen 
weight in thc dry condition, impregnated with water, and submcrgcd in water. (Dcfinition 



of the terminology of the volume and density measurements is given in Table 5.2.) The 
accuracy of the' bulk volume measurements in this  procedure is limited by the method of 
determining the weight of the specimen impregnated with water; both the blotting oper- 
ation to remove excess water and evaporation of the water from the impregnated speci- 
men during weighing lead to er rors .  Evaluation of a number of alternate fluids a s  well 
a s  various modifications of the procedure lead to the use of diethylphthalate for the bulk 
volume measurement. With this fluid, a bulk volume of 1 cm3 could be reproduced within 
0.1 percent. However, the fluid penetrates into the open pores somewhat slowly; there- 
fore, a different fluid that would penetrate more rapidly was desirable for the apparent 
volume measurement to reduce the time required for completing both bulk and apparent 
volume measurements. 

TABLE 5.2  

DEFINITION O F  TERMINOLOGY O F  VOLUME AND DENSITY 
MEASUREMENTS FOR UNIRRADIATED B e 0  

Bulk volume = volume of specimen including the volume of the 
open and closed po res  

saturated weight - suspended weight 
Bulk volume = 

density of suspension liquid 

d ry  weight 
Bulk density = 

bulk volume 

Apparent volume = volume of specimen exclusive of the volume 
of open po res  

d ry  weight - suspended weight 
Apparent volume = 

density of suspension liquid 

theoretical  density - bulk density 
Percent  total  porosity = x 100 

theoretical  density 

apparent density - bulk density 
Percent  open porosity = x 100 

apparent density 

In the improved procedure, toluene is used as the impregnating and weighing fluid to 
determine the apparent volume. Other fluids, i. e. ,  water and heavy liquids such a s  
carbon tetrachloride and trichloroethylene, a r e  equally satisfactory for determining apparent 
volume; however, toluene appears to penetrate the pores somewhat faster  than water and 
temperature control is more easily maintained than with the heavy liquids. Overnight soak- 
ing following vacuum impregnation is adequate for the toluene to penetrate the pores of 
all specimens except those with greater  than 10 percent open porosity which required 
3 to 5 days. Toluene is removed from the specimens by overnight exposure in a drying 
oven. 

Diethylphthalate is used solely to determine the bulk volume. To avoid the time lapse 
required for complete impregnation, the volume is determined from the impregnated 
weight and weight submerged in the liquid;' this method also provides apparent volume 
data which can be compared to the toluene values. Samples a r e  vacuum impregnated and 
a r e  allowed to soak overnight. For most samples, this treatment gives adequate im- 
pregnation; however, for specimens of high open porosity, a longer soak period may be 
necessary to avoid weight changes between the two weighings. The blotting operation 
preparatory to obtaining the impregnated weight does not appear particularly critical, 
Specimens taken from the liquid a r e  f i rs t  blotted on paper towels thoroughly soaked with 
the diethylphthalate, then blotted on a smooth-finish bond paper sheet, one half wetted 

'~etermination of the open porosity from the difference between the impregnated and dry weights requires complete 
impregnation. 



with the diethylphthalate and the other half dry. Blotting proceeds from the wetted end to 
the dry end of the paper. With this procedure an impregnated weight of 3.5 grams can be 
reproduced within 1 milligram by different operators. The diethylphthalate can usually 
be removed by boiling 2 to 4 hours in trichloroethylene; however, heating at about 
5 0 0 ' ~  may be required for specimens with greater than 10 percent open porosity. 

A comparison of the density and porosity data obtained with toluene - diethylphthalate 
(T-D) versus those obtained with water (plus 0.1% wetting agent) is given in Table 5. 3. 
The values a r e  recorded in the sequence in which the measurements were made, i. e.,  
in T-D, in water after 7 days soaking, in water after 21 days soaking, then in T-D. The 
data show that the T-D measurements yield values comparable to those obtained with 
water. The apparent density and total porosity values should, and do, agree quite well. 
The bulk density and open porosity values differ to some extent, principally because of 
the relatively poor reproducibility of the impregnated weights using water. Little credence 
is attached to these water values other than a s  an indication of the magnitude of the open 
porosity. Because of the significantly better reproducibility of the bulk volume measure- 
ments, the T-D data a r e  probably the more accurate; mercury intrusion data a r e  being 
obtained for further comparison. 

Density and Porosity Data on B e 0  Specimens 

Using thc procedure described in the preceding paragraphs, measurements of the total 
and open porosity were completed on representative samples of each of the compositions, 
grain sizes, and densities used in the irradiation studies. In most instances, specimens 
of a given grain size and density were obtained from four different sintering batches 
prepared a t  different times. With the exception of a few isostatically pressed materials, 
the specimens were prepared by extrusion and in all cases  sintered in hydrogen. All 
specimens had been centerless ground to final dimensions of 0.604 h 0.0025 cm diameter 
and, in many instances, duplicate specimens of 4. 37 cm length were obtained by cutting 
specimens originally 8.9 cm long in half. 

The density and porosity data a r e  given in Table 5.4. In general, the data for two 
specimens fabricated from the same piece a r e  in excellent agreement, indicating longi- 
tudinal uniformity of the specimens. The poorest samples in this respect include some 
of the lowest density specimens, in which some variation of the open and closed porosity 
is probably to be expected, and some of the compositions containing glass-phase additives. 
These latter materials were prepared in only one o r  two batches and i t  is doubtful that the 
results  cited here a r e  representative of the uniformity that might be obtained with further 
experience in handling and sintering. Interestingly, the open porosity in the majority of 
the compositions and grain sizes was l e s s  than 1 percent even when the total porosity 
was a s  much as 10 to 15 percent. Open porosity i s  appreciable only in specimens with 
bulk densities l e s s  than 2.7 g/cm3 and var ies  f rom low to high values in this group. In 
this respect, the specimens appear to differ appreciably from the cold-pressed - sintered 
and hot-pressed specimens described by ~ o s s . ~  The comparison with Ross' data i s  illus- 
trated in Figure 5.1. The data points in the figure a r e  for materials of approximately 5- 
micron grain size but the data a r e  representative of larger grain sizes. The cause of the 
difference in open porosity is not known; in addition to the different preparation methods, 
the starting materials, the sintering atmosphere, and the sintering temperature may be 
factors. 

'A. M .  R o s s ,  "Penetration Rates of Water into Hieh Density b r y l l i l l m  Oxide During Vacuum Imptognotion at Room 
Temperature," AERE-R 4783. 



rmm5.3 
mMl'AR60N OF D- - P(YN361TY DATA ON %&O DB2OM IN WaTKR AND M TOLUENE - D~lEl'aPLPmHALATE 

S p e c i i  D e m o n  dppuer+-* dasSb W--%d-@'@ n 4 a l  meZ p - d b  Open h r o s i t y ,  percentqb 
Gnin Nominal W e +  W*+ -+ -+ Tdune - W e  + Water + T O h e n e  - Toluene - Water + Water + Toluene - 
size, ai% 0-1% -- Ql% %,I% -- -1- Ql'S hl% -1- Diethyl- 0.1% 0.1% Diethyl- 

a l p d m n  ~~ =' 'bm -@ l b b s b ?  - f 4 p S % b 2  cdgmiie Lb.ll10 Calgonite Calgonite phthalaie 

UIX+O.Sat% 5 1.60 2.6518 26!il3 26588 2.8515 L w  2- kW&Z L64ST l2.W l2.10 a 0 9  12.10 0.21 0.21 0.27 0.22 
m0 2.75 2.7175 27160 ~ " n b ~  Z ~ T O  LWXM ZP~ZB L'D~& 2'01~1 9.89 9.89 9.81 9.88 0.19 0.14 0.07 0.16 

X90 1.9110 29105 1910129jT15 L- ZSlm 2.- L#u 1 3 6  1 3 l  3.34 5 3 8  0.08 0.01 0.03 0.12 

10 2.60 2.6601 26Y19 2 6 5 9 1 2 0 5 W  L- L m  LBB1B 2.- 1LM l L W  11.m 11.86 0.26 0.11 0.19 0.21 

AOX 5 2 6 0  19987 2.999 2.9928 2- k m  k m  LW&t 2-4 13.60 1164 1162 1357 13.27 13.23 13.12 13.06 
b 7 5  2.8927 2- 2.8990 Z6SH L%ZM 2- k- 2.m 9-ts 9-27 9.M 9.31 5.71 5.78 5.87 5.78 
2.90 ~ 9 1 1 8  zsln ~.slr,zs1a zsm z m  ~ n m  s.n 2 %  =as 5 3 1  0.15 0.10 0.01 0.13 

10 2.75 a.7691 2- z m a z m  LPPLB zwm L ~ I  z l ~ n  azs a w  a 1 7  a 0.27 0.26 0.21 0.16 
2-90 2.1~69 z m 4  zwm z m  z w  L ~ W J  LOW LUG 4 1 6  4 %  4.18 LIT O.M 0.19 0.14 0.15 

20 2.60 2.5659 2.m Z 6 1 5 l L 5 S l 0  ZS#VS L5M4 L ZMSl 15.36 15.47 lL38 15.44 0.71 1.12 2.61 1.7SC 
8-75 2-7468 am10 2 0 6 ~ z ~ t 9 % ¶ ~ ' 1 ~ 2 5 ? . ~ 2 1 f t 6  9-m 9.1s 9.19 9.08 0.29 0.57 1.08 0.91c 
2-90 rssss ram z m  zaa~ tam L ~ L W  LW Z I I ~  4 0 6  cu cts c i r  0.06 0.08 0.24 0.14 

50 2.60 1.6779 26158 2 - 2 6 T 6 S  E m  2- L- Z W  lL35  11.43 11.46 0.40 0.28 0.53 0.51 
2.75 2.7704 2WW ~ 7 7 2 3 Z V 5 7 S L T % U Z ~ 2 . ~ Z l E n  all a09 a 1 5  6.18 0.17 0.15 0.28 0.32 
2.90 2.9444 2- 294YYZW41 L S g P  ZW0 L m  L1)93 231 Z t s  2.15 2.35 0.16 0.09 0.05 0.18 

80 2.75 2.7469 27465 274% 20469 LPaee 2- ZTS56 2- 9-06 9.15 9-12 9.11 0.35 0.44 0.43 0.41 
2 9 0  1.9399 20385 29S99 kS%F3 2.- LSXV ZS3U 240 2443 1 5 5  2 . S  0.07 0.10 0.14 0.17 

%'dues a r e  reported horbmhlly in the in d k l a  the 7 .WP mxk Tke -4ishaI vlks h w a e  &tabed alter naaun -on for 7 days; the second-listed values 
uewereobtaiwdaRerimpregnationforaWaL21dgs "Ilr-hrtnM-awe-hIlobcr-dl-mhUoviogtbemevwementsinwater. 

b~oreomparisonpuposes ,  a l l e x p e r i m e r h l n l w s u o c i t e d t o - ~ ~ - ~ b ~ ~ ~ .  
=The data for these samples are possibly W c P t i v e  of in the spszsxinrss ftbe -5 t&e w y  of m d b  dtb rater is being eheebed in further measurements. 



TABLE 5 .4  

DENSITY AND POROSITY DATA FOR UMRRADIATED B e 0  SPECIMENS 
OF DIFFERENT GRAIN SIZES AND COMPOSITIONS 

Bpeclmen Descrlptlon 
Nomlnd Bulk Apparent Total Open 

Grain Blze, ~ e n s l t ~ c ~  Densltpc ~ o r o s l t ~ , ~  ~ o r o s l t ~ , ~  
Comwsltlon mlcrons a/cm g/cm percent percent 

- 

UOX+O.6 ~t % MgO 6 ?. 518 2.584 14.346 0.210 
2.971 1 1 6 . .  L Q r Y L  
2.990 18.5GO 17.953 



TABLE 5 . 4  (Cont.) 

DENSITY AND POROSITY DATA FOR UNIRRADIATED B e 0  SPECIMENS 
OF DIFFERENT GRAIN SIZES AND COMPOGITIONS 

Speclmen Deecrlption 
~ o m l n i I -  Bulk bparent Total %en 

Grain $ 1 ~ 8 ,  Deneity bb ~ e n n l t ~ c  Poroaity,d Poroslty,d 
Comp~lt ion micronr g/cms g/cm percent percent 

UOX+O.b wt % w0 10 1.796 C. 
(Imrtntlc.lly prsrrsd) 2.957 

TT 
it- * 



TABLE 5 . 4  (Cont..) 

DENSITY AND POROSITY DATA FOR UNIRRADIATED B e 0  SPECIMENS 
O F  DIFFERENT GRAIN SIZES AND COMPOSITIONS 

Specimen Descrlptlon 
Nomlnal Bulk Apparent Total open 

Graln Size,  D e n ~ l t y , ~ ~  Donslty,c ~ o r o s l t ~ , d  ~ o r o s l t y , ~  
Composlllon mlcrone g/cm3 g/cm3 percent percent 

AOX 6 12.917 2.921 3.106 0.146 

,90b, Z.910 3.458 OelZ1 
AOX 
(I lo6tnt l~dly  prrrrrd) 2.w7 2.01 2.099 0.152 

1.94) 1.048 P . L ~ B  0.116 

AOX 

AOX 



TABLE 5 4 (Conl.) 

DENSITY AND POROSITY DATA FOR UNIRRADIATED B e 0  SPECIMENS 
OF DIFFERENT GRAIN SIZES AND COMPOSITIONS 

Specimen Description 
Nominal Bulk Apparent Total open 

Grain Size, ~ e n s i t ~ $ b  Densitpc porosily,* ~ o r o s i t y , ~  
Composillon mlcrons g/cm g/cm percent percent 

. , 
AOX 80 2.952 2.041 C..ll8 

7 .P5P 1.950 0.04P 
2.917 1.955 0.310 

Y.bL.--&!27 7 1.447 C& 
(2.955 2.961 1.837 0.224 

UOX 

UOX 

2 882 
- 
0.165 

2 0  
2.890 uox 

(Isoatatlcally pressed)  2.940 2.397 0.071 

UOX 30 

U O X + 3 w t % Z r %  5 

12.938 2.943 3.672f  0.141 

20 
4 . 3 ~ 8 ~  

2.941 3.6371 0.159 

3.6041 0.052 

2.987 2.130; 0.293 

3 4 0.590f  
3.034 3 6  0 .524 l  0.080 

13.032 3.037 0 . 4 9 2 ~  0.143 

0.166 
0 . 9 1 8 ~  0.144 

3.020 3.025 0.8851 0.161 

HPA+O.5 wt % MgOe 20 4.139 . 0.164 
4.134 0.- 
4.854 0.142 
4.803 0 . l l L  



TABLE 5. 4 (Cont.) 

DENSITY AND POROSITY DATA FOR UNIARADIATED B e 0  SPECIMENS 
O F  DIFFERENT GRAIN SIZES AND COMPOSITIONS 

Specimen Description 
Nominal Bulk Apparent Total %en 

Grain Size, Densily,a,b D e n ~ i t y , ~  Porosity,d Porosity,d 
Comlmsition microns g/cm3 g/cm3 percent percent 

HPA+O.5 w t % ~ g o e  20 2. a60 
2.867 4.971 0.235 

7.862 2.864 4.909 0.072 
~ ; - - A B L L Q U - - - U L  

EBOR 25 2.861 5;059 0.122 
A ~ J U L ~ ~ P ~ L ~ ~ + - - - - - ~ ~ U L  

2.805 2.813 6.796 0.260 

2.771 2.777 7.945 0.232 

UOX + 1 wt %Bentonite 
7.838 

5 - d * 8 3 0  5.Q83 0.23.l- 
'2.590 3.003 13.955 13.760 

UOX+ I wt % Bentonite 

UOX+2 wt% Bentonite 5 2.874 2.879 4.505 0.155 
- - % ~ ~  J A S  9.342 0. UU_ 

UOX+2wt%highsilica 20 2.675 2.826 11.134 5.339 

glass  2.882 4.367 0.106 

UOX + 2 wt% low sil ica glass 5 '2 .882 2.883 4.241 0.020 

UOX+2 wt%medium sil ica 5 
glass 
UOX+2 wt%highsil icaglass 20 

HPA (Hot pressed) 

aBulk densities measured with diethylphthalate. 
b ~ r n c c o  indiontc half specimens cut f rom 8.9-cm-long specimen. 
CApparent densities measured with toluene. 
d ~ o t a l  porosity and open porosity values a r e  significant to only one decimal place. 
eHPA specimens made from Minox AAA grade of BeO, Mineral Concentrate Co. 
I ~ a t a  changed because all calculations on run-off were based on a theoretical density of 
3.010 g/cm3; the theoretical density for UOX+3 wt % ZrOZ i s  3.052 g/cm3. 
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F i g .  5.1 -Open versus totol porosity in unirradiated speci- 
mens fabricoted by extrusion and sintering in 
hydrogen 

Thermal Conductivity 

Test runs  using the laser thermal diffusivity equipment were completed on Armco iron 
specimens over the temperature range from 175O to 8 0 0 ~ ~  to check out the equipment. 
Good agreement was obtained with published values of the resistivity of this material. 
The f i rs t  runs  on unirradiated Be0  specimens will begin following extension of the Armco 
iron measurements to 1000°C. 

MEASUREMENTS OF IRRADIATED B e 0  

Several post-irradiation measurements were completed on specimens in the second of 
the two irradiation cartridges in test  33MT105. The objective of this test  was to compare 
the elevated-temperature irradiation behavior of compositions containing glass-phase 
additives with those of UOX-MgO- and AOX-grade B e 0  materials. Specimens included 
the EBOR composition (with 1 wt O/o bentonite), and compositions containing 1 weight per-  
cent high-, medium-, and low-silica content g l a ~ s e s , ~  and 2 weight percent bentonite 
in UOX-grade BeO. Also included were small grain size specimens containing 1 weight 
percent Al2O3, and 3 weight percent Zr02 in UOX. The exposure was to dosages of ap- 
proximately 1021 nvt (2 1 Mev) at 1 0 0 0 ~ ~  nominally; specimens near the end of the 
cartridge, i. e . ,  those with the lowest dosages, ran  at 9000 to 950°C. 

Changes in the dimensions, open porosity, and elastic constants a r e  summarized in 
Table 5.5. Dimensional changes ranged from 1 to 3 percent, the smallest changes oc- 

3 curring in the 5-micron grain size UOX-MgO specimens of approximately 2.9 g/cm . 
Slightly larger but comparable expansion occurred in the small grain size UOX-MgO, 

3 4 ' ~ o u r t h  Annual Report -High-Temperature Malerials and Reactor Componenl lScvelopmrnl Pruglal~~s.  \'olun~c I - 
Materials," GE-NMPO, GEMP-334A. Febmi~ry 26, 1965, Tablc 3.2, 11. 124. 



TABU 5.5 

DIMENSION AND PROP= CEWGES M Be0 03'- lEUMlHAT Ei) A T  900' T O  l@c 

Specimen Description Eams~se M c  amSants 
Grain Nominal Rm, h- Y ~ s ~  SJear Modulus 
h. ld4m l f l  mt - % -)I Rrc~~tob Percent of Poisson's 

ampsi t ion  3 1  1 - Vu&me % XU@ a&mqfcd I& psi LO" ~ s c m 3  "airradiated Ratio 

UOX+lwt% 
lbw sllicaglass 

u o x + l w t R  
medium silica 
glass 

UOX+lwt% 
Ugh silicaglass 

UOX+2wt%. 
Bentonite glass 

0.5 QI 1 6  
0.5 QE L'P 



AOX, and UOX-Zr02 compositions. Changes in the glass-containing compositions ranged 
from slightly larger than the non-glass materials to some of the largest values that oc- 
curred. Changes in the glass phase materials did not appear strongly dependent on the 
grain size. Expansion of the EBOR material (22- to 28-micron grain size) was com- 
parable to that of the non-glass compositions; in contrast, in the UOX-medium silica 
glass composition, expansion of the 20-micron grain size material was less  than that 
in the 7-micron grain size. The largest expansion occurred in this latter material, in 
the UOX-2 weight percent bentonite, and in the UOX-A1203. 

Open porosity changes, based in this instance on comparison with specimens from 
the same sintering batch rather than with pre-irradiation measurements on the same 
specimens; appeared significant in only one o r  two instances. The large increase in 
open porosity in the UOX-A1203 material indicates extensive microcracking. 

The elastic constants decreased 10 to 15 percent compared to the pre-irradiation 
values. Changes of this magnitude are not conclusive evidence for microcracking but 
do indicate that microcracking is not extensive. 

Microstructure Examinations 

Polished sections of EBOR surd AOX epecimene of 20-micron grain size irradiated at 
100O0C to 2.5 to 3 x loz1 nvt (2 1 Mev) were examined by light and electron microscopy. 
Ae noted in the g r e v t o u ~  reportI4 strength decreaeeo of 20 to 40 percant in these materi&s 
were eonsidered iftdie~tive of rnierseraking eher, in grrvisur oboervationr, the two 
phenomena were fdway~ arsseiated, 

Ntbugk weme weae of the light mierographo were queotisnable, no evidence sf mioro- 
crwkin$ wEbe Psund k the eleebon rniarepaphs, In reprosent3ive meao of the ~ l a m g l a ~ ,  
e b w n  In F i g ~ ~ e  6.2, the gmia  bundwleki we tight md we virible only b e e ~ l u ~ a  sf reHal 
psli~king.  Further ~x&rn1n&ion0 we being made ~ i a c e  these oamgles poeibly  regreseat 
the fiset Inetmee of apgreeiable strength changes without mierocracking. 

WORK PLANNED FOR NEXT PERIOD 

Examinations of the Pgecimens i r radl3ed in teet 33MTlll  ( ~ O O O ~ C ,  -4 x 1 0 % ~  nvt) will 
be completed. E x a m i n d i e n ~  will be made of the various Be0  and B e 0  4 Be compoeitions 
irradiated at 1 0 V C  to slesagee up to about 6 x 1020 nvt, 

4"~igh-~emperature~aterials Program Progress  Report NO. 16 .  Part A , "  G E N M P O ,  GEMP-46A, April 15,1965. pp. 21-27. 





6. APPENDIX 

The "High-Temperature Materials Program Progress Reports" previously issued in 
this series a r e  listed below. The first two reports were each issued a s  one document, 
containing both the classified and unclassified portions. The subsequent reports were 
issued a s  two documents; part A, the unclassified portion and part B, the classified 
portion. 

Report No. 

GEMP-1 
GEMP-2 
GEMP-3, A and B 
GEMP-4, A and B 
GEMP-5, A and B 
GEMP-6, A and B 
GEMP-7, A and B 
GEMP-106, A and B 

(F'irst Annual Report) 
GEMP-9, A and B 
GEMP-10, A and B 
GEMP-11, A and B 
GEMP-12, A and B 
GEMP-13, A and B 
GEMP-14, A and B 
GEMP-15, A a n d B  
BEMP-16, A and B 
GEM.-17, A and B 
GEMP-18, A and B 
GEMP-19, A and B 
GEMP-177, A and B 

(Second Annual Report) 
GEMP-21, A and B 
GEMP-22, A and B 
GEMP-23, A and B 
GEMP-24, A and B 
GEMP-25, A and B 
GEMP-26, A and B 
GEMP-27, A and 3 
GEMP-28, A and B 
GEMP-29, A and B 
GEMP-30, A and B 
GEMP-31, A and B 
GEMP-270, A and B 

(Third Annual Report) 

Report Period 

May 1961 - June 30, 1961 
July 1, 1961 - July 31, 1961 
July 1, 1961 - August 31, 1961 
August 1, 1961 - September 30, 1961 
August 15, 1961 - October 15, 1961 
September 15, 1961 - November 15, 1961 
October 15, 1961 - December 15, 1961 

Calendar Year 1961 
January 1, 1962 - February 15, 1962 
January 1, 1962 - March 15, 1962 
February 15, 1962 - April 15, 1962 
March 15, 1962 - May 15, 1962 
April 15, 1962 - June 15, 1962 
May 15, 1962 - July 15, 1962 
June 15, 1962 - August 15, 1962 
July 15, 1962 - September 15, 1962 
August 15, 1962 - October 15, 1962 
September 15, 1962 - November.15, 1962 
October 15, 1962 - December 15, 1962 

Calendar Year 1962 
January 1, 1963 - February 15, 1963 
January 1, 1963 - March 15, 1963 
February 15, 1963 - April 15, 1963 
March 15, 1963 - May 15, 1963 
April 15, 1963 - June 15, 1963 
May 15, 1963 - July 15, 1963 
June 15, 1963 - August 15, 1963 
July 15, 1063 - September 15, 1963 
August 15, 1963 -.October 15, 1963 
September 15, 1963 - November 15, 1963 
October 15, 1963 - December 15, 1963 

Publication Date 

July 15, 1961 
August 15, 1961 
September 15, 1961 
October 15, 1961 
November 15, 1961 
December 15, 1961 
January 15, 1962 

February 28, 1962 
March 30, 1962 
April 16, 1962 
May 15, 1962 
June 15, 1962 
July 31, 1962 
August 15, 1962 
September 15, 1962 
October 15, 1962 
November 15, 1962 
December 14, 1962 
January 25, 1963 

February 28, 1963 
April 23, 1963 
April 30, 1963 
May 31, 1963 
June 28, 1963 
July 31, 1963 
August 16, 1963 
September 30, 1963 
November 11, 1963 
November 29, 1963 
December 31, 1963 
January 24, 1964 

February 28, 1964 



Report No. Report Period 

GEMP-34, A and B February 1, 1964 - March 15, 1964 
GEMP-35, A and B February 1, 1964 - Aprfl 15, 1964 
GEMP-36, A and ,B March 15, 1964 - May 15, 1964 
GEMP-37, A and B April 15, 1964 - June 15, 1964 
GEMP-38, A and B May 15, 1964 - July 15, 1964 
GEMP-39, A and B June 15, 1964 - August 15, 1964 
GEMP-40, A and B July 15, 1964 - September 15, 1964 
GEMP-41, A and B August 15, 1964 - October 15, 1964 
GEMP-42, A and B September 15, 1964 - Novelxber 15, 1964 
GEMP-43, A and B October 15, 1964 - December 15, 1964 
GEMP-334, A and B 

(Fourth Annual Report) January 31, 1964 - January 31, 196.5 
GEMP-46, A and B February 1, 1965 - March 15, 1965 
GEMP-47, A and B February 1, 1965 - April 15, 1965 

Publication Date 

April 15, 1964 
May 28, 1964 
June 19, 1964 
July 31. 1964 
August 19, 1964 
September 30, 1964 
October 15, 1964 
November 30, 1964 
December 18, 1964 
January 29, 1965 

February 26, 1965 
April 15, 1965 
May 28, 1965 
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