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ABSTRACT

Approximately one—quarter of the construction and 85% of the firm
design of the Heavy Water Components Test Reactor (HWCTR) were
complete at the end of January 1960, Safeguards analyses of the
liquid-Dy0~cooled loop of the HWCTR showed that none of the
accldents consldered to date have serious potential. Exploratory
tests of a device for quenching the steam that would be generated
in the bolling-Dy0-cocled loop of the HWCTR showed that a guencher
could be designed to operate satlsfactorily without excesslve
accompanying nolse or vibration. Two Zlrcaloy-clad tubes of
crushed, fused uranlium oxlde were cold swaged toc a density of
greater than 90% of theoretical. Several other cold-swaged oxlde
tubes clad with stalnless steel were fabricated for lrradiation
specimens. Mechanlcal, hydraulic pressure, thermal- and pressure-
cycling tests of tubular metallurgical joints between Zircaloy and
stalnless steel, fabrilcated by Nuclear Metzls, Tnc., continued to
show excellent properties,
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HEAVY WATER MODERATED POWER REACTORS

Progress Report
Jonuary 1960

INTRODUCTION

Thls report is one of a series that records the progress of the du Pont
study of heavy-water-moderated, natural-uranium-fueled power reactors.

The current effort is divided into two maln categories: (1) the
regearcnh and development requlred for the successful design, construction,
and operation of the Heavy Water Components Test Reactor (HWCTR), a high
temperature fuel irradiation facility, and (2) the experimental and
theoretical studies required for developing the technology of a full-
scale Dgp0-moderated pcower reactor plant. Earlier reports on thils study
are:

DP-232 DP-315 DP-%05
DP-245 DP-345 DP-415
DP-265 DP-375 DP-425
DP-285 DP-385 DP-435
DP-295 DP-395 DP-445

DP-455

Progress for the month of February 1960 wlll be reported in DP-475,
SUMMARY

At the end of January 1960, approximately one-quarter of the construction
and 85% of the firm design of the Heavy Water Components Test Reactor
(HWCTR) were complete.

Safeguards analyseg of the ligquld-Dy0-cooled loop of the HWCTR showed
that none of the accldents considered to date have serious potentlal.
Among the accldents consldered were (1) the cessatilon of Ho0 flow on
the shell side of the loop heat exchanger, (2) the fallure of the AC
power supplied to the loop D30 coolant pump, and (3} inadvertent
changes in the amount of coolant Ds0 bypassing the leoop heat exchanger.
The results of the computations are presented in Figures 1 through 9.

Exploratory tests to provide preliminary informatlon for the design of
a steam quencher for the boiling-Dp0-cooled-loop of the HWCTR showed
that a perforafed sparger will probably perform satisfactorily in the
loop without excessive noise or vibratlon accompanylng the guenching.

Further analysle was made of the measurements of the effects of
mederator temperature on a mockup of the HWCTR in the pressurized
subcritical facility (PSE). This analysls iIndicated that a hot-and-
dirty HWCTR lattice willl have a sligntly longer reactivity lifetime
than had been calculated previously.




The program to determine the leakage of D0 from typlcal reactor
components, such as pump seals and valve stem closures, continued at
the Savannah Rlver Laboratory. Unrecoverable losses from these
components could have considerable effect on the economlcs of Ds0-
moderated power. To date, however, results of SRL tests and of tests
conducted by Sargent & Lundy have shown that it 1s possible to limit
the unrecoverable losses of Dp0 from these sources to a tolerable
level.

Additional tubular specimens of stainless-steel-clad uranium oxlde

for irradiation testing were fabricated at the Savannah River
Laboratory by ccld swaging., The tubes are approximately 1-1/2 inches
in ID and 2.0 inches in 0D and the cladding thickness 1s 0.022 inch.
Irradiation of an assembly with five such tubes, each 2 feet long, was
begun this month in a Savannah River reactor. In additlion, btwe 5-foot-
long, Zircaloy-clad tubes of uranlum oxide of the same diameters as the
stalnless steel specimens were swaged successfully through a 37% area
reductlon. This reduction in area produced an average oxlde density

of 91.3%% of theoretical denslty. The fabrication behavior of the
Zircaloy-clad tubes was quite gimilar to that of the stalnless-steel-
clad tubes. However, the two Zircaloy-clad tubes stuck to the mandrels
during swaglng because of insufficlent lubricatlon of the mandrel. Ne
evidence of cracks was found on the inside surfaces of the sheaths of
one of the tubes that had been cut from the mandrel. The other tube
was removed from the mandrel by means of special tools attached to a
drawbench.

Mechanical, hydraulic pressure, and thermal and pressure cycling tests
of tubular metallurgical joints between Zircaloy and stalnless steel
continue to show promising results. PFabricatlon development of these
pressure tube connections at Nuclear Metals, Inc., is now belng concens-
trated on the joints that to date have exhlblted the best corrosion
resistance. The mechanical properties of all the NMI-fabrlcated jolnts
tested thus far have been satisfactory.




DISCUSSION
I. HEAVY WATER COMPONENTS TEST REACTOR (HWCTR)

The HWCTR 1s a test reactor in which numerous fuel elements will be
i1rradlated under condltions of temperature, pressure, and neutron flux
that are typlcal of those expected in Dy0-moderated power reactors. A
descriptlion of the reactor was presented in DP-383(1 and in earlier
progress reports. Construction of the facility was authorized by the
Atomle Energy Commlssion in November 1958. The goal for startup is
mid-1961. The total cost of the test facility, which is designed for
a thermal output of 61 MW, 1s estimated to be about $8 million, plus
an additional $1 million for two 1solated coclant loops in which speclal
fuel assemblles wlll be irradiated. Progress during the month of
January on the HWCTR design, construction, and supportlng experimental
work is summarized 1n this section.

A. BSTATUS

1. Construction

At the end of January 1960, approximately one-quarter of the HWCTR
construction was complete. The zero-level concrete slab for the
reactor containment, bullding was poured on January 6 and all external
forma were removed., Erection of scaffolding for installation of
post-tensloning strands around the concrete structure was completed.
Approximately one-half cof the required strands were received at the
Savannash River Plant. Installation of the permanent Interior stairway
for the hullding began, and preparation of interior walls for
application of "Liguid Tile" was started.

Work also began on the converslon of Wing D of the TC-1 bullding into
the O0ffice and Shops Bullding for the HACTR. The foundatlons were
poured for the remote bunker from which the deluge system of the
reactor contalnment bulldlng can be operated.

Dellivery of stainlegg-steel-clad steel plate to Paceco for fakricatlon
of the reactor vessel began during January. Faults detected in the
upper head of the reactor vessel and in one clad plate intended for
the wall of the lower portion of the vessel will cause a delay 1in the
dellvery of critical reactor materials to Paceco. Shipment of a new
head agnd wall plate 1s expected 1n March.

2. Design

At the end of January 1960, about 15% of the firm design remalned to
be completed,

(1) DP-383, Preliminary Hazards Evaluatlon of the Heavy Water
Components Test Reactor, D. S. St. John, et al., May 1959.
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3. HWCTR Model

The model of the HWCTR reactor containment building was shipped to the
Savannah River Plant. Some minor changes that reflect recent design
modifications are belng made teo the model at SRP. Installation of
isolated coolant loop plping and equipment in the model is also to be
completed at the plant.

4., 1Isolated Coolant Loops

Approximately 20% of the flirm design of the liquid-Dz0-cooled loop and
the belling-Dg0-cooled loop was complete at the end of January.

B. PHYSIGCS

1. Transient Behavlor of the Lliguid-Ds0-Cocled Loop

The transients that follow coolant flow acclidents in the liguld-Dg0-
cooled loop of the HWCTR were analyzed with the ald of the Savannah
River Laboratory's IBM 650 digital ccomputer. The calculations show
that none of the accldents considered have seriocus potentlal, if the
reactor gcram clrceults are operative.

a. Transients Followling a Loss of H O Flow

In DP-44K, the progress report for November 1959, it was shown %that
87.35% of the D,0 flow in the test loop must bypass the heat exchanger
in order to attaln the design temperatures of about 274°C for the D0
effluent from the test assembly and about 250°C for the Dy0 entering

the assembly. These condltlons would exlst 1f the HWCTR were operating
at 50 MW and the uranium metal test assemblies deseribed in DP-4U45 were
each generating 1.8 MW. In DP-445, a surge tank wlth a gas volume of
about 55 gallons was recommended 1n order to obtaln a reasonably constant
pressure differential between the reactor and the loop following a scram.
The seals between the gas pressurlizing systems of the loop and the
reactor are designed to rupture (a) when the pressure in the loop 1is

700 psi higher than the pressure 1ln the reactor, or (b) when the pressure
in the reactor exceeds the pressure in the loop by 200 psl. In the
present calculatlons, the reactor pressure 1s assumed to be 1000 psi,

the loop pressure 1485 psil, and the reactor operating power 50 MW.

Typlcal translents in loop temperatures and pressures followlng a sudden
and complete loss of Ho0 coolant flow to the loop heat exchanger are
ghown in Filgure 1. For the curves shown 1in Figure 1, 1t was assumed
that the scram cilrcuilts failed, that 87.35% of the D0 flow through the
loop was bypassgling the loop heat exchanger, and that the reactor
continued to operate at 50 MW. The flgure shows that upon cessatlion

of H,O0 flow, the %temperatures around the loop rise steadlly, and that
the rate of rise of the loop pressure depends strongly upon the Initial
gas volume in the surge tank. The calculations covered a perlod of 35
seconds after the accldent.
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The pressure dlfferentials that are reached 35 seconds after cessation
of Hu0 flow are listed in the table below for several combinatlons of
loop heat exchanger bypassing and initlal surge tank gas volume.

Pressure Differentials Followlng Loss of H.0 Flow

D0 Bypassing Initial Reactor Pregsure
Loop Heat Ex- Gas Volume Reactor Loop Pressure Pressure Differentisl
changer, % of 1in Surge Power, after 35 sec, after 35 after 35 sec,
Total Flow Tank, gal. MW peila sec, psla psl
0 110 50 1559 1000 559
" 55 " 1629 " 629
" 22 " 1884 " 884
87.35 110 " 1586 " 586
! 55 " 1697 " 697
" 22 " 21kl " 1144
" 110 scram 1458 816 643
" 55 " 141 " 625
" 22 " 1392 " 576

At a reactor power of 50 MW, with 87.35% of the D.0 flow In the test
loop bypassing the heat exchanger, and with a surge tank gas volume of
55 gallons (the operating conditions proposed in DP-445}, a sudden
loss of Hz0 coolant to the loop heat exchanger causes the pressure
differential to rise to about 700 psi in 35 seconds, Lf the reactor

is not sersmmed. The seal between the reactor gas system and the loop
gas system 1s ruptured at that tims, and the pressures in the combilned
gas systems quickly become balanced at about 1045 psia. Within these
35 seconds, the temperature of the D0 emerglng from the test assembly
(the hottest DL0 in the lcop) has increased to 2989C; at thls temper-
ature, Dy0 exerts a vapor pressure of about 1249 psla, considerably

In excess of the pressure of 1045 psia of the gas phase over the Dg0.
Consequently, if the flow of Hy0 coclant is stopped and the reactor

is not scrammed, rupture of the seal between the loop and the reactor
occurs within about 3% seconds, and sudden beilling of the D0 in the
loop follows. Even 1f the "very-low-HpO0-flow" signal or "effluent-Ds0-
temperature-too-high" signal fails toc scram the reactor, about half a
minute 1s avallable in which to scram the reactor manually, thus
avolding seal rupture and D0 boiling in the loop.

Instead of assuming that the reactor scram circuits are Inoperative,

one would be more realistic to assume that the scram circults will not
fail. Figure 2 shows that 1f the reactor 1s scrammed when the H0
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flow astops, the loop temperatures rapldly approach new levels about 59¢
above the 1nltlal test assembly inlet D0 ftemperature and the loop
pressure decreases somewhat to a steady value. The reactor pressure
decreases a bit more rapldly than the loop pressure, but the excess of
loop pressure over the reactor pressure rlses to only 625 psi after 35
seconds, well below the seal rupture pressure differential of T00 psi.
There 1s ample time to adjust both the rezctor pressure and the leoop
pressure as the reactor and the loop cool.

Figure 3 shows the temperature of the test assembly effluent D0 as a
functlon of time for three possible conditions durlng HyO0-loss
accidents: (1) constant reactor power of 50 MW, no Dp0 bypassed around
the loop heat exchanger; (2) constant reactor power of 50 MW, 87.35%

of Dy0 flow bypassed; and (3) reactor scrammed from 50 MW, 87.35% of
D0 flow bypassed. Initial values and values 35 seconds after the
start of the accident are listed below for the test assembly fuel
temperature and for the Dy0 temperature at the 1nlet and outlet of

the test assembly.

Loop Temperatures Fecllowing Loss of HoC Flow

Ds0 By- ‘
passing Inltigl After 35 seconds
Loop Heat Inlet Outlet Inlet Outlet

Exchanger, Reactor TFuel D20 Ds0 Fuel D0 D50
% of Total Power, Temp, Temp, Temp, Temp, Temp, Temp,
o

Flow MW Oc Og c op O¢ °¢
0 50 2325 17% 192 262 205 20l
87.35 50 303 250 273 325 276 298

87.35 scram 0% 250 273 255 255 255

b. Transients Following an AC Power Fallure

When the AC power supply to the loop clreculating pump fails, coolant
circulation decreases relatively slowly, because of the actlon of the
pump flywheel; the circulation continues at this lower rate when the
emergency DC power 1s supplied to the pump. For the calculations, 1t
was assumed that the coolant Ds0 flow decreases linearly to one-third
of its initial value within 30 seconds and then remains constant at
this level.

The loop temperature and pressure transients that follow such a
reduction in D50 flow are shown in Figure 4., In thils typlcal case, 1t
was assumed that the reactor continues to operate at 50 MW and that
87.35% of the loop D0 flow continues to bypass the loop heat exchanger.
As shown in Figure 4, the temperature of the D0 at the test assembly
inlet descreases slightly because of the 1lncreased residence tTime in the
heat exchanger. The test assembly fuel temperature and the test

- 11 -




assembly effluent D0 temperature rise to higher steady values. The
rate of rise of the loop pressure depends upon the initial gas volume
in the surge tank, but the rise would be smaller than in the case of
the loss-of-iig0-coolant accident. Onily in the case of a 22-gallon
initial gas volume in the surge tank would there be the possibllity of
rupture of the seal between loop and reactor.

It 1s more realistlc to agsume that when AC power falls, the "AC power
fallure", the "effluent-tempsrature-too-high" or the "very-low-Do0-flow"
slgnals would scram the reactor, rather than that the scram circults
would be lnoperative. Figure 5 shows that when the AC power fallure is
accompanled by a reactor scram, the loop temperatures decline almost
linearly after 5 seconds, and the loop pressure decreases alsc; the
reactor pressure decreases a llittle more rapidly (except for the 22-
gallon case). With an initilal gas volume of 55 gallons in the surge
tank, 35 seconds after the start of the accident, the pressure
differential would be only 535 psi.

The pressure differentials that are reached 35 seconds after the start
of an AC power fallure for several combinations of heat exchanger
bypassing and initial gas volume 1n the surge tank are given in the
folliowing table.

Presgure Differentials Following an AC Power Fallure

D20 Bypassing Initial Reactor Pressure
Loop Heat Ex- Gas Volume Reactor Loop Pressure Pressure Differentlal
changer, % of 1n Surge Power, after 35 sec, after 35 after 35 sec,
Total Flow Tank, gal. MW psia sec, psla psil
110 50 1492 1000 hgp
55 ! 1497 ! 497
22 " 1510 " 510
110 " 1526 " 526
55 " 1566 " 566
22 " 1696 " 696
110 scram 1410 816 594
55 " 1250 ! 535
22 " 1199 " 384
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Figure 6 shows the temperature of the test assembly effluent as a
function of time for three possible conditlons during an AC power
fallure accldent: (1) constant reactor power of 50 MW, no D0 bypassed
around the loop heat exchanger; (2} constant reactor power of 50 MW,
87.35% of D0 flow bypassed; and (3) reactor scrammed, 87.35% of D0
flow bypassed. The test assembly fuel temperature and the D0 tempera-
ture at the inlet and ocutlet to the test assembly are presented 1n the
next table for the start of the acecident and 35 seconds later.

Loop Temperatures Following an AC Power Fallure

D0 By-
passing Tnitlal After 35 Seconds
Loop Heat Inlet Cutlet Inlet Qutlet

Exchanger, Reactor Fuel D50 D50 Fuel Ds0 Dz0
% of Total Power, Temp, Temp, Temp, Temp, Temp, Temp,

Flow MW e Ca Oa o¢ o¢ oc
0 50 2325 172 192 247 159 219

87.35 50 303 250 273 322 249 BN

87.35 scram 303 250 273 237 235 2357

c. Transients Following Changes in D30 Bypassing the Loop
Heat Exchanger

(1) Increased Cooling - Typical loop transients followlng
a sudden decrease in the fraction of coelant D0 flow bypassing the
locp heat exchanger are shown in Figure 7. Continued operaticn of the
reactor at 50 MW 18 assum=d. AS shown in the figure, the resultant
pressure differential decreases slowly, but seal rupture (at a
differential pressure of -200 psl) 1s not threatened. The data 1in the
following tables indicate that this accident 1ls not dangerous.

Pressure Differentials Followlng an Incereased Cooling Accident

D0 Bypassing Initial Reactor Pressure
Loop Heat Ex- Gas Volume Reactor Loop Pressure Pressure Differential
changer, % of in Surge Power, after 35 sec, after 35 after 35 sec,
Total Flow Tank, gal. MW psia gec, psla psi
87.35 = 0 110 50 1419 1000 hig
" " 55 " 1 368 i 368
" f 22 n 1 237 " 237
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Loop Temperatures Following an Increased Cooling Accldent

D=0 By-
passing Initial After 35 Seconds
Loop Heat Inlet OQuftlet Inlet CQutlet

Exchanger, Reactor Fuel D0 D0 Fuel D0 D50
% of Total Power, Temp, Temp, Temp, Temp, Temp, Temp,
Flow MW °c °¢ °c °c °c °c

87.35 = 0 50 303 250 273 280 224 247

(2) Decreased Cooling - Typical loop transients following
a sudden increase in the fractlon of coolant D0 flow bypassing the
loop heat exchanger are shown In Flgure 8. Continued operation of the
reactor at 50 MW 1s agaln assumed. The data in the following table
show that this type of accident could lead to seal rupture.

Pressure Differentials Following a Decreased Cocllng Accldent

D0 Bypassing Reactor Pressure
Loop Heat Ex~ Gas Volume Reactor Locp Pressure Pressure Differential
changer, % of in Surge Power, affter 35 sec, after 35 after 35 sec,
Total Flow Tank, gal. MW psla sec, psia pai

0 — 50 110 50 1489 1000 489

" " 55 " lig2 " g2

" " 22 " 1501 " 501

0O = 095 110 " 1524 ! 524

" " 55 " 1556 " 556

" " 22 " 1662 " 662

87.35 =+ 95 110 " 1545 " 545

" " 55 " 1604 " 604

" " 22 " 1810 " 810

87.35 = 99 110 " 1613 " 613

" " 55 ! 1753 " 753

" n 22 " 2369 " 1387

If the initlal gas volume in the surge tank were 55 gallons, a sudden
increase from 87.35% to 99% bypassing of D0 would cause the pressure
differential to rlse to about 700 psi in 30 seconds unless the reactor
were scrammed, At the 700-psi pressure differentlal, the seal between
the reactor gas system and the loop gas system would rupture and the
D50 in the test loop would subsequently boll rapidly.
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Actually, however, the reactor would be scrammed wilthin about 9 seconds
by the "effluent-Dy0-temperature-too-high" signal (+15°C over steady-
state value), since an effluent temperature of 288°C would be attalned
at that time. During this 9-second pericd the loop pressure would
have risen to 1531 psi; the pressure differential of 531 psi would
st11l be well below the rupture value of 700 psi. The "increased AT"
warning signal (+3°C over the steady-state difference between test
assembly inlet and outlet Do0 temperatures)} would not give any
protection in this accident, since the AT would have actually dropped
a 8mall amount wilthin this period.

Figure 9 shows the temperature of the test asgembly effluent D20 as

a funetion of time for four possikle Increased-bypass cooling accidents:
87.35% — 99%, 87.35% — 95%, C% — 95%, and 0% ~ 50%. The D0 coclant
and fuel temperatures at the start of the accident and after 3% seconds
are summarized In the following table.

Loop Temperatures Following a Decreased Cooling Accildent

DEO By—
passing Initlial After 35 Seconds
Loop Heat Inlet Outlet Inlet OQutlet

Exchanger, Reactor Fuel Ds0 L0 Fuel D0 D0
% of Total  Power, Temp, Temp, Temp, Temp, Temp, Temp,

Flow MW o¢ °¢ o¢ oc e o¢

¢ =50 50 235 172 192 237 75 195

¢ = 95 " v " " 254 195 215
87.35 — 95 " 303 250 273 320 269 292
87.35 — 99 " ! " ! 335 286 309

2. PSE Measurements of HWCTR Temperature Effects

A more accurate analysis of the PSE measurements cof the effects of
moderator temperature in the HWCTR showed that a het-and-dirty HWCTR
lattice will probably have a slightly longer reactivity lifefime

than nhad been previcusly calculated. The analysis described in this
article differs from the previcus analysis of the experimental data
(DP-%45) because (1) a different method is used to correct the measure-
ments for the difference between the reflector thickness cof the PSE
mockup and that of the full-scale HWCTR, and (2) the effect of tempera-
ture change on rod worth is taken into account 1n the present analysis.
The results of the experiments and calculations now show that the
equlvalent of 3.0 black control rods must be removed from the reactor
in ralsing the moderator temperature from 20 tc 240°C as compared to
the 3.65 value reported in DP-445.

In the experiments, the change in the "material buckling" of the lattice
was measured as a function of temperature for varlousg control rod

- 15 =~




configurations. It was assumed that the "radial buckling" remalned
constant. As the temperature of the moderator 1In the mockup was
increased from 20 to 240°C, the buckling of the mockup remalned
constant when the number of rods in the outer ring was decreased from
10 to 6 rods. By combining thls measurement with the results of
multireglon, two-group calculations (the LIL ABNER code), the change
in reactlvity that results from ralsing the HWCTR moderator temperature
from 20 to 240°C can be obtained from the eXpression.

PSE

Akeff = aékc (Nl - BNE),

where

N, and Np are the required number of ccntrol rods in the
HWCTR mockup at 20 and 24%0°C, respectlvely, that glve the
same material bucklling in the PSE,

PSE

8k, 18 the reactlvity worth of a single control rod in

the mockup at a temperature of 20°C,

B 1s the ratlo of the worth of a control rod at 240°C %o
that at 20°C, and

@ is the ratlo of the temperature coefficlent of the full-
scale HWCTR to the temperature coeffilcient of the PSE mockup
with the smaller reflector.

Values of N7 = 10 and Np = 6.0 were obtalned from the PSE experiments.
The experimental uncertainty in Ny - Nz 1s probably about #0.5. The
value of échSE was obtalned by use cf the followlng expression:

PSE 2 2
e o ®B " (pgE) M pp!

g
HWCTR 2 2
ok 5B M eff(HWCTR)

5k PSE)

(HWCTR)

Comparison of the measured buckling changes due to control rod
insertions in the full-scale PDP mockup of the HWCTR lattice and in the
PSE mockup gave a value of 1.13 for the 6B® ratio. The 6kcHWCTR was
measured to be 1.85% kerp in the PDP experiments. An M°.¢p ratio of
0.806 was obtained from LIL ABNER calculatlons. Combination of these
quantities resulted in a value of 6koPPE = (2.13)(0.806)(1.85) = 1.694
kKere.

The value, a = 0.75, was obtained by comparing the calculated temperature
coefficlent in the full-scale HWCTR mockup to that in the PSE mockup.

A value of B was not measured, but was assumed to be 1.1 #0.1. The

above values for a, B, k.FPSE, N;, and N, lead to the following value
for the temperature effect

- 16 -




Ak .. = (-0.75)(1.69){10 - (6.0)(1.1)] = -4.3% k_..

e

Uncertalntles of 0.1 in B and *0.5 in (Nl - N2) wlll each produce an
error in OMKgpp Of $0.7% kopg-

The number cof black contrel rods that mﬁst be removed from the HWCTR
to compensate for a moderator temperature increase from 20 to 240°C
can be obtalned as follows

(Ni - 1.1N;) = 2,32

where Ni and Né are the number of black control rods that are in the
reactor at 20 and 24000, respectively. This shows that if Ny = 19

in the cold c¢lean conditlon, the temperature rilse will be compensated
for by the removal of 3.0 rods from the reactor.

The "experimental"” value of 4.3% k for the effect of temperature is
significantly lower than the theoretical value of 5.8% k that was
reported 1in the HWCTR papers presented at the 1959 Amerlcan Nuclear
Soclety at Gatlinburg, Tennessee (DP-413). Therefore the margiln

of reactivity that wlll be available for fuel burnup 1s larger than
had been anticlpated.

C. COMPONENTS TESTING

1. Steam Quencher for the Bolling-D,0-Cooled Loop

Exploratory tests were conducted at the Savannah Rlver Laboratory to
provide prelimlnary information for the design of a steam quencher for
the bolllng-Ds0-cooled loop of the HWCTR. Two types of pilpeline
quenchers were tested: (1) a 1-1/2-inch-diameter perforated sparger
pipe in a Y¥-inch diameter steam line, and (2) an open end 1-1/2-inch-
diameter plpe in z 4-inch-dlameter steam llne. The performance of both
units was deemed to be satisfactory, but the perforated sparger 1is
considered to be superlcor because of the lower nclse level that
accompanied 1ts use. The detalls of the experiments are recorded
below.

No significant increase 1n vibration and audible nolse was observed when
a stream of saturated steam at 180°C was quenched by sparging water at
16°C into i1t. As shown in Figure 10, water at 16°C was injected through
a perforated sparger plpe, 1-1/2 inches in diameter, into a 4-inch-
diameter pipe in whlch saturated steam at 135 pslg was flowlng. The
difference 1n temperature between the steam and ccld water approximated
the maximum subcooling that has been proposed for the HWCTR quencher,
195°C. In one experiment, 17 gpm of water was sparged Into a steam.
flow of 2000 1lb/hr, at whilch rate the steam velocity approximated that
intended in the approach plplng to the HWCTR quencher. The water flow
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was about 20% greater than the stoichiometric quantity requlred to
condense all of the steam. In a second experiment wlth this equipment,
37.5 gpm of water was sparged Intc steam that was flowlng at a rate

of about 4700 1lb/hr, which roughly duplicates the mass flow rate
expected in the HWCTR quencher. The flow of water in this case was
about equal to the stolchiometric quantity required to condense all of
the steam. In both experiments no significant nolse or vibratlon was
observed. In a third experiment, water was injected into the steam
flow from the open end of a 1-1/2-inch-dlameter plpe. At a steam flow
of 4500 1b/hr and a water flow of 40 gpm, audlible nolse and vibratilon
of the teat apparatus were observed, but neither was of a serious
nature. The effectiveness of the test eguipment in quenching all of
the steam downstream of the sparger was not determined in any of the
tests.

2. Prototype Gripper Mechanism

Testing of the prototype gripper mechanism for the irradiated fuel
transfer coffin has continued at the Savannah River Plant. The up-and-
down drive for the gripper has been cycled at speeds as high as 40
ft/min. It 1s now expected that during HWCTR fuel discharge the gripper
will be operated at a speed of 40 ft/min for part of the up-down cycle
and with a reduced speed of about 20 ft/min in certain zones. This

will approximately halve the time previously required for transport

of 1rradlated fuel elements through air before cooling can be applied

to them inslde the transfer coffin. Testing is also in progress on

the pilston-ring hold-down devices for the fuel housing tubes. To
determine the effect of sediment on the reprcducibility of the hold-down
force, water contalning iron powder 1s beilng circulated through the

test rig.

D. FUEL ELEMENT DESIGN

The designs of top fittings on all the subassemblies assoclated with
both the driver and test fuel elements for HWCTR were modified to make
them compatible with the latest gripper mechanisms on the charge-
discharge coffin. Because these grippers now include distribution cones
to direct emergency cooling water over the discharged fuel pileces,
regardless of whether the fuel 1s dlscharged with or wilthout its housing
tube, 1t was necessary to lengthen the top flttings on the houslngs and
to provlide on both fuel pleces the necessary clearance for the long
grippers.

The results of the design changes are shown in Filgures 11 and 12. The
outer housing subassembly was increased in length by one inch and the
fuel subassemblies were also lengthened by the same amount. In all
cases the increase was made In the length of the top fittings. The
target subassembly was decreased in length by 3/4 inch to provide

part of the needed clearance so that the top fitting of the driver
fuel plece would not have to be lengthened excessively.
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All of the parts that were redeslgned nave been fabricated. The
dimensions are now belng measured and the pileces are belng fitted
together prior to 1lncorporation into flow test assemblles.

[l. TECHNOLOGY OF FULL-SCALE REACTORS

A. PHYSICS

1. Modificationa to the Process Develcpment Plle

The versatility of the Process Development Plle (PDP) of the Savannah
River Laboratory has been increased substantially by recent equipment
modificatlions that willl permit a greater variety of heavy-water-
moderated lattices to be studied. The azlterations were made durlng
the last few months. The following discusslon presents a brief
description of the modifled PDP.

The stalnless steel PDP tank, which is approximately 16 feet in dlameter
and which has an effective height of 15 feet, 1s surmounted by a grid
of lattice support beams onto which are clamped individual support
plates for the separate lattice elements. By varying the positions and
dimensions of these support plates almost any type of lattlce element
can be studled over z wide range of lattice spacings. The lattice
support beams are in turn surmounted by a D0 vapor seal consisting of
large, gasketed, aluminum plates that are hinged and are swung out of
the way during lLoading and unloading operatleons. The FDP 1is provided
with three separate rod systems, the safety, shutdown, and control rods.
All three sets of rods are motor-driven by a system of cables. The
safety rod actuators have provision for scram; the control rods are
driven individually; and the shutdown rods have jack-shaft drives. A
total of nearly two hundred separate rods are provided iIn the three
systems. These rods may be lcocated at any place in the reacteor tank.
The auxlliary systems of the PDP include reactor instrumentation, and

a water-handling system with storage, chemical purification, heating,
and drylng facilitles.

2. Natural Uranlum Metal latfices

The iniltial lattice studies in the modlified PDP facllity are belng
made with full leoadings of seven-rod clusters of l-inch-dlameter rods
of natural uranlum metal. The first experiments with these clusters
were performed at trilangular lattlce spacings of 18.5 and 14 inches,
center-to-center between the fuel clusters, 1n moderator having an
isotople purlty of 99.3% Dy0. Both bars and reflected lattices were
examined. The measurements included (a) critical-water-height and
flux-distributlion measuremsnts to determine the lattice bucklings,
(b) detalled thermal-flux and neutron-temperature measurements to
determine the thermal utilizations and diffuslon areas, (¢) detalled
resonance-flux measurements to determine resconance captures and the
neutron slowing down distributions, and (d) detalled fast-flux
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measurements to determine fast fisslons and captures. The same serles
of measurements 1is now being repeated in 99.76% D0 to determlne the
effects of moderator purity on the varlous lattlce parameters.

Analyses of these experiments are still incomplete, but the results
generally appear to be In falr accord wlith those obtained earller in
studies of partial PDP loadings. An exception to this general
agreement 1s the resonance flux distribution, which has more spatial
variations than had been reccognilzed previously.

B. Dp0 LEAKAGE

The program to determine the leakage of D0 from typlecal reactor
components of conventional design contlinued at the Savannah Rlver
Laboratory. Unrecoverable losses of D0 from components, such as the
pump seals and valve stem closures reported below, could have
considerable effect on the economlics of heavy-water-moderated power
reactors. However, results of SRL tests and Sargent & Lundy tests

to date have shown that it is possible to 1imit the unrecoverable
losses of D0 from these sources to a tolerable level.

1. Pump Seals

The measurement of 1liguid leakage from the mechanlcal seals of a
centrifugal pump in a flow loop at the Savannah River Laboratory 1s
continulng. The average leakage of ligquld water during 57 days of
operation was 29 gal/yr from the inboard seal and 90 gal/yr from the
outboard seal. During the last 15 days of test, the leakage rates
decreased to average values of about 20 gal/yr for each seal. This
type of leakage 1s usually recoverable. The pump suction pressure
was malntained at 850 psig.

As reported previously, the vapor leakage from mechanical seals 1s of
considerable interest because such leakage may not be readily recoverable.
An attempt was made to measure the vapor leakage from one of the seals
by analyzing the effluent stream of nltrogen from the seal collection
chamber for molsture content. However, this method was found to be
unsatisfactory because the effluent nitrogen stream was almost
saturated with water wvapor over a wlde range of gas flows. At high
purge flows of nitrogen, a substantial fractlion of the liquld leakage
was vaporlzed, and at low purge flows 1t was uncertaln whether or not
the vapor leakage was adequately swept out of the seal chamber into

the moisture-detecting ilnstrument. Durlng the next scheduled shutdown
of the test facility, one of the seal assemblles will be modlfied so
that the vapor leakage can be measured wlthout flow of nitrogen through
the seal chamber.
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2. Valve Stem Closures

Preliminary analysis of the data obtained 1n thermal- and pressure-cycllng
tests of three valve stem closures showed that the maximum leakage rate
from any of the closures was less than 75 in”/month (3.9 gal/yr) of
liquld water at 25°C; the average leakage rate was considerably lower.

In a typical three-hour cycle, each valve stem assembly was malntalned

at a maximum temperature of 260°C and a maximum pressure of 1000 psig

for one hour; the balance of the fLime was used for heating and cooling

at a pressure of 1000 psig and venting to atmospheric pressure at the

end of the cycle., The tests 1included the bonnet-and-stem assemblies of
a 3-inech globe valve and a 6-lnch gate valve that were cycled 110 times,
and the stem assembly of a 3/4%-inch globe valve that was cycled 80

times. Testing of a second 3/4-inch valve stem assembly was terminated
after 5 cycles because the leakage rate exceeded the maximum range of

the molsture detectlon instrument. In thils last test, a complete valve
was tested, and 1t is believed That The excesslve leakage may have
resulted from distortion of the valve body when the flange of the leakage
collection chamber was welded to 1t.

During the tests all of the valve stems were statlonary and backseated.
Each valve stem was pollshed to a No. 6 RMS filnilsh, and preformed packlng
rings of whlte asbestos with copper wire reinforcement were used, It
was reported last month that the leakage from the 3- and 6-inch valves
was to be determined from the molsture lnerease in a nitrcgen stream
that was to pass through the lantern ring of the valve, between the
upper and lower sets of packing rings. However, this method proved

to be unsatisfactory because the leakage rates caused the range of the
hygrometer to be exceeded. A leakage collection chamber was therefore
constructed around each wvalve stem assembly. The leakage past the

two sets of packilng rings was then sufflclently low to be measured by
the hygrometer. The leakage rates reported above were determined by
this latter method.

Modificatlions were made to exldsting piping to permit testlng of a
complete 3-Inch gate valve, through which deilonlzed water will flow
at 260°C and 1000 pasig. During the fest, the valve wlill hbe opened
and closed at 2 to 5-mlnute Intervals for 1000 cycles, and the water
leakage from the valve stem closure wlll be continuously measured and
recorded. The packlng material and the finlsh on the valve stem are
ldentlcal wilth those described above., Testing of this valve 1s
scheduled to start early 1n the next report perlod.

C. REACTOR FUELS AND MATERIALS

The chief obJective of the program on reactor fuels and materials

is the development of a low cost natural uranium fuel, of oxlde or
metal, that can withstand the exposures and temperatures contemplated
for Dp0-cooled-and-moderated power reactors. The work onr uranlum metal
tubes 18 being conducted at Nuclear Metals, Inc., where the Ilmmediate
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emphasls 1s on the coextrusion of Zircaloy-clad tubes of varlous core
compositions for 1rradiation tests. The major effort in the du Pont
study on oxlde fuel is at the Savannah River Laboratory, where
experimental studies of a cold-swaglng process for direct mechanical
coempaction of Zircaloy-clad elements of oxilide are underway. The
progress of these programs as well as the results of tests on Jolnts
between Zircaloy and stainless steel are reviewed 1n thils section.

l. Fuel Elements of Uranium Metal

a. Unallcoyed Tubes for VBWR Irradiation

Fabrication of two 3%-enriched unalloyed uranium tubes was completed
at Nuclear Metals, Inc. These tubes, which are 2.060-inch 0D,
1.465~1inch ID, and 50 inches long are candidate test specimens for
lrradiation 1n the Valleeltos Bolling Water Reactor. VBWR irradiation
of such tubes will permlt comparlson of the behavior of unalloyed
uranium with the U - 2 w/o Zr alloy at temperatures and pressures
similar to those of a full-scale power reactor. The progress of a
VBWR 1lrradiaticon test of the alloy materlal has been recorded in
earller reports. The fabrication of the unalloyed tubes was similar
to that used for four natural uranium prototype tubes. The fabrication
of the prototypes was discussed in previous reports. The results of
visual Inspection and evaluation tests 1ndicate that the twe enriched
tubes are satisfactory irradiation candidates.

Radlography measurements showed that the total core length of each

tube 1s very close to 40 1nches; the front taper ig 6 inches long,

the uniform core is 29 inches long, and the rear taper is 5 inches long.
Front and rear shifts are less than 1 inch. After beta heat treatment,
plckling, and etching, the Zircaloy surfaces were smooth and contalned

no dilscernible defects. All dlameters and wall thicknesses were within
gpeclflications. Ultrasonic tests showed that good-quality clad-core bonds
had been obtalned over the core gection of the tube. Notch-fracture tests
on rings cut from the tube ends showed that gocd bonds were also cbtalned
between the c¢lad and the end seals. An autoclave test for U4 hours in
wabter at 345°C followed by 4 hours in steam at 400°C and 1500 psi
produced the usual black oxlde fillm that 1s desired for corrosion-
resistant Zircaley.

An autoradiographic test to locate areas of thin cladding is the only
evaluation test that 1s not yet complete. A preliminary autoradiograph
survey that was made before etching and autcclaving indicated that these
tubes prcbably do not contaln areas of thin cladding. Final measurements,
after etching and autoclaving, are now 1n progress.

b. Beta-Phgse Uranlum Alloys

Study 1s contlnulng at NMI to find an alloy that will retain a beta
phase under reactor conditions. Uranium in the beta phase may be more
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creep resistant and dimensionally stable in lrradliation than alpha
uranium. Earlier studies of fabrlcation, heat treatment, and structure
have revealed four promlsing alloys:

(a)
(b)
(c)
(a)

Further tests of these alleys are reported below.

0.% w/o Cr

0.3 w/o Cr - 0.3 w/o Mo
0.% w/o a1 - 0.% w/o S1
0.3 w/o Cr - 0.4 w/o 81

g g o o
1

Tenslle properties of the four promising beta-phase alloys were measured
at room temperature. The strength and ductllity of the alloys were lower
than usually encountered with beta-phase uranium and both properties
decreased with increasing amounts of the beta phase. It should be noted,
however, that the amount of beta phase present in the alloy can be
controlled by warying the fabrication and heat treatment procedures.

The significance of the lower strength and ductility on the irradiation
behavior of the alloys cannot be surmlsed, but will be determined by
irradiation tests.

c¢. Improvements in the Coextruslon Process

(1) Copper Extrusion Sleeves - The source of the surface
depresslons that marred the quality of many of the ccextruded tubes
that had been produced at Nuclear Metals has been found - iron particles
in the copper extrusion cans.

Thin-walled copper tubing is used to encase the extrusion billets of
the power reactor metal fuel tubes. Thls copper Jacket prevents
oxldatlion of the billet components durlng pre-extruslon heatling and
then acts as a lubrlecant durlng extruslion. Nuclear Metals has recently
found that tiny iron particles in the copper cause severe depressions
in the cladding of the extruded tube. For example, a recently extruded
tube at NMI was rejected as an irradlation candldate because of
depressions that were 0.0065 inch deep.

Tn order to improve the quality of the copper jackets used for the
coextrusion, the usual visual Inspection of the copper sleeves before
billet assembly 1s now being supplemented by a ferrocyanide test for
ircn contamination of the surfaces. Additional tests are being
considered, including the possibllity of using an eddy current test
to locate iron particles that are not exposed on the sleeve surfaces.

(2} 2Zircaloy Etching - In the initial development of
fabrication procedures for Zircaloy-clad tubes, a comparatively complex,
time-consuming, and expensive process was used for bright etching the
tube surfaces bhefore heat treatment and before the final autoclave test.
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The obJjective was to obtaln Zircaloy cladding surfaces that would be
free of contamlination and would be corrosion resistant to high temper-
ature water and steam. It now appears that a significant cost
reduction can be achleved without any sacrifice 1n tube quality,
through changes 1n the etchlng procedures. Studles are now in progress
to investigate the possibllities of & simpllified etchlng process.

Among the 1tems under investigation are the following which have a
strong influence on the cost and complexity of etching: (1) prior
surface preparation, (2) reagent quality, (3) etchant contamination,
{(4) etchant 1life, (5) rinsing procedure, and (6) etchant additives
such as wetting agents. A serles of experiments has been desilgned
to evaluate these ltems. Results reported this month pertaln to
Item {(4), etchant life.

Repeated use of a batch of etchant has been tested through a total of
ten cycles. For this test, a Zircaloy tube of the same dimensions as
the prototype power reactor fuel tubes was repeatedly etched, with HF
additlon to the bath after each cyecle. The performance of the etchant
in each c¢cycle was evaluated by also etching a test ring in a sample of
the bath, and subJectling thils ring to a corrosion test in 7500F, 1500 -
psi steam for 16 days. The appearance of the ten test rings after the
corroslon test was essentlally identical; all had a black oxide film
with no evidence of white oxlde; and the welght gains were uniformly
low. These results 1ndlecate that satisfactory etching can be obtailned
wlth replenished etchant.

In a second test, in which fresh etchant was used, the full-length
Zlrcaloy tube was etched for a total of five cycles, and the tube was
then subjected to a corrosicn test for 18 hours in water at %45°C,
followed by 24 hours in steam at #00°C and 1500 psl. The appearance

of the tube after this test was satisfactory except for the presence

of thin white stringers on the black oxide surface. These stringers

do not resemble the white oxlde normally assoclated with poor corrosion
reslstance, and are believed to be the result of some difference between
the solld Zircaloy tube, extruded from forged material, and the Zircaloy
¢ladding of standard composite fuel tubes,

2. Fuel Elements of Natural Uranium Oxide

a. Swaged Tubes

(1) Stalnless-Steel-Clad Irradiation Specimens - A second
group of tubular specimens of stalinless-steel-clad uranium oxlde was
prepared at the Savannah River Laboratory for irradiation testing. The
specimens were fabricated by the same process that was used for an
earlier set of tubes; crushed, fused oxlde was loaded lnto the annulus
between concentric sheaths of 0.022-inch-thick tubing of Type 30U
stalnless steel and swage-compacted to final density. Durlng swaging,
the tube was supported by a hardened steel mandrel. Fifteen tubular
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specimens, 2-feet long, were cut from six swaged tubea. Stalnless steel
end flttings were then welded into each end of the tubes.

Evaluation of the fabrlcated specimens has been partlally completed.
Dimensicnal data show that the tubes are of adequate quality for
irradiation testing. Outer and inner diameters averaged 2.138 and
1.458 inches, respectively. Eeccentricity of the outer sheath with
regpect to the inner sheath averaged 0.01C with a maximum of 0.013 inch.
Cladding thickness for inner and outer sheaths averaged 0.017 and 0.020
inch, respectively, with minimum values of 0.015 and 0.018 inch. If
the maximum penetration of the oxide particles into the claddlng were
no greater than that previously encountered, 0.005 inch for the inner
sheath and 0.004 inch for the outer sheath, then the minimum cladding
at any point would be 0.010 and 0.01#4 inch for the inner and cuter
sheaths, respectlvely.

All of the tubes contalned fused uranium oxide from the Norton Company.
Although determlnation of the oxygen-to-uranlum ratio for the oxide 1s
st111 incomplete, none of the core materlal tested to date has had an
0/U ratio greater than 2.023. The tubes ranged in density from 88 to
90% of the theoretlcal density.

Some difficulty was encountered in the fabrlecation of twe 1l0-foot-long
tubes. Peeding of the tubes Into the swager was accompanied by whlpping
of the tube. The combined weight of the tube and mandrel and the lack
of support guides interfered with manual feedlng and caused the whilpplng.
A hydraulle feed mechanism is being designed to overcome this diffleculty.
The denslty of the long tubes averaged 89.7 and 88.9% of the theoretlcal
value with a range of 88 to 90.6%.

(2) Zirecaloy-Clad Oxide - Two tubes, approximately 5-feet
long and clad with Zircaloy-2, were swaged successfully through a 37%
area reductlion; the average oxide density was 91.3% of theoretlcal with
a minimum of 90.7%, and a2 maximum of 91.8%. The fabrication behavior
of the Zlrcalcy-clad tubes was simllar to that of stalnless-steel-clad
tubes except that the springback of the outer sheaths after the last
swaglng pass was nearly twice that of Type 304 stalnless steel. During
the fabrication of these tubes, the inner sheaths became hound to the
mandrels, because the mandrels had been lnadequately lubricated. One
of the tubes was cut from the mandrel and the oxlde was removed fto
perform a "Zyglo" test for cracks on the Iinside surfaces of the swaged
sheaths. No cracks were observed. Metallographlc examination of the
sheaths is in progress. Speclal tools that were fabricated for attach-
ment to the drawbench were used to remove the mandrel from the other
oxlde tube.

b. Vibratory Compaction of Uranium Oxide

Vibratory compaction 1is belng 1investlgated as a means of Inereasing the
packed density of the uranium oxlde contained in the ftubular sheaths
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prior to swaglng. The 1ncreased denslty 1s deslred in order to reduce
the possibllity of sheath wrinkling and cracking that frequently
accompanies the swaging of lecosely packed oxide tubes. Also, this
precompactlion would reduce the number of swagling passes currently
requlred te fabrlecate a tube by a factor of more than two.

A second serles of tests was conducted by the Savannah Rlver Laboratcry
at Dayton T'. Brown, Incorporated, on 7-foot-long stalnless steel tubes
that were filled with crushed, fused uranium oxide. The diameters of
the tubes were nominally 2.510-inch OD and 1.466-inch ID; the cladding
thickress was 0.022 Inch; and stalnless steel plugs were welded 1n
each end of the tubes. The results cf these tests were similar to the
results that were reported last month in DP-455 on tubes of 3 te 4L-foot
length. Maximum densities of 69 to 79% of theoretical were attalned

at the resonant frequency for a particular assembly. For the Ionger
tubes this freguency was in the range 145 to 212 cps as compared to

255 to 310 cps for the shorter tubes of the first test. A vibratory
compaction machine 1s being obtalned for the Savannah River Laboratory
in order to contlnue this study and to add a vibratory compaction step
in the cold~swaging process for the manufacture of Zircaloy-clad oxlde
tubes.

¢, Stability of the Oxygen-to-Uranium Ratio of Fused U0,

& test to deftermlne the stability of the oxygen-to-uranlum ratio of
fusged uranium oxide has been in progress at the Savannah River Laboratory
slnce July 1959. No significant increases in the oxygen-to-uranium
ratios (0/U) were observed in the first four months of test. Uranium
oxide of several different initlal O/U ratios and particle sizes was
exposed to elther condltloned or nonconditicned air. Eilght specimens
increased in average 0/U, three decreased, and three showed no change.
Several analyses were run on each specimen, and the changes 1n the 0/U
averages after four months were within the scatter of the original data.
Companion samples will be analyzed after perilods of eight months and one
yvear to see 1f any significant amounts of oxldatlon develop.

3. Cladding Studies

a. Zircaloy Sheathing for Swaged Tubes

Four 8-foot lengths of thin-walled Zircaloy-2 tubing were recelved from
Harvey Aluminum Company for preliminary evaluation. Thils materlal was
the 1nitlal delivery of an order for 200 feet of Zircaloy tublng that
will De used for the 1nner and outer sheaths of the swage-compacted
oxlde fuel tubes.

The sheaths were examined for surface quality, dimensional control, and
stralghtness. Although the dimensional varlations and the bow were
greater than desired, the over-all quality of the tubing was good.
"Zyglo" examination of all the outer surfaces and representative samples
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of the inner surfaces revealed no surface defects that would interfere
with the swaglng of the sheaths. The dimensicnzl data are summarlized
in the following table:

Zircalecy Sheath Dimensions, Incheg

Outer Sheath Inner Sheath
Specified Average Range Specified Average Range

Outer

dlameter 2.500 #0.015 2. 494 2.506 - 2.475 - - -

-0.000
Inner
dlameter - - - 1.465 +0.015
~0.000 1.L60 1.4A8 - 1.44%

Wall

thickness 0.03C $0.003 0.034 0.C032 - 0,036 0.030 #0.003 0.021 0.029 - 0.033

The bow in the tubes may give rise to allgnment problems during oxide
loading and to eccentriclty after swaglng. The two inner sheaths and
one of the oufter sheaths exhibited 3/32 to 1/8-inch bow. The maximum
bow on the remalning ocuter sheath was only 1/32 inch; however, this

tube exhlblted z reverse curvature, which 1lndlcated that some form

of gag-press straightening had been performed., Effort will be made

by the vendor to supply straighter tubes for the remalnder of the order.

b. Cladding Thickness Tester for Zircaloy-Clad Fuel Tubes

It 1s necessary to verify that sufficlent cladding exlists over an
entire reactor fuel element of uranium metal or uranlum oxlde before

it can be safely accepted for irradiation. kddy current testers had
been used successfully to measure the thilckness of aluminum cladding
over uranlium cores. However, these early models of the eddy current
devices were not sufficliently sengltive to measure fthe thickness of
zlrconium cladding on a uranium metal element because the resistivity
of zirconium 1s much closer te that of uranium than 1s that of aluminum.

A more sensitive eddy current tester was develcoped for use wilth
zirconium or Zircaloy cladding. This instrument was described in DP-408.
Extenslve use of thls device showed that 1t was overly senslitive to
zirconlum surface conditions, such as scale and roughness, and nonlinear
in the range of cladding thickness of current interest.

A new clrcult for the zirconium cladding thickness tester has been
developed. The new instrument has a linear response over a cladding
thickness range of 0.006 to 0.015 inch of zlrconlum and 1s not sensitive
to rough or scaly surface condltions. In addition, the cladding thlckness
measurement 1is not altered even if the measuring prebe 1s lifted off the
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surface by as much as 0.004 inch. Thils characteristic permits the
measurement of cladding thilckness on surfaces of somewhat 1rregular
shape. The new instrument may be used on hoth the Interior and
exterlor surfaces of tubular shapes. It has also been applied to the

measurement of total wall thickness of zirconlum tubes with 0.030-1nch
wall thickness.

c. Electron Beam Welder

It is Gifficult to make a welded closure on zirconlum- or steel-
Jacketed uranium oxide fuel elements because the gases contained in
the oxlde are released by the weldlng heat and cause bubbles in the
weld. It has been demonstrated at Hanford that electron beam welding,
carried out 1in a vacuum, provlides a satlisfactory solution to thils
problem. However, the Hanford experimental welder 1s too small for
economical weldlng of full-sized fuel elements.

A large-capacity electron beam welder has been assembled at the
Savannah River Laboratory. A surplus ion beam power supply from the
electromagnetic uranium separators built in 1945 was obtained from
Oak Ridge. Up To one ampere of direct current at voltages of up to
50 kllovolts is avallable to the welder. One-half ampere may be
obtalned at up to 100 killovolfs.

Initlal experiments have shown that zlrconium and steel can be readily
welded wlth the new facility. The voltage has been malntalned below
15 kilovolts to avold the X-ray shlelding requlired at higher levels.

The welding of experimental fuel elements wllil be attempted In the near
future. It is anticlpated that the uranium oxlde may be difficult to
outgas because of the slow diffusion from the lnterlor of the tube.

4, Zircaloy-to-Stailnless-Steel Jolnts

a. Fabricatlon and Testing at Nuclear Metals, Inc.

In the program to develop a process for cbtaining metallurgically
bonded tubular Jolnts between stainless steel and Zlrcaloy, effort 1s
being concentrated on the jolntes that exhiblt corrosion behavior that
18 essentlally equlvalent to that of high quality Zlrcaloy. About
fifty rod speclmens and several tubes were made to explore the effects
of several design and process varlables on Joint quality. The
concluslons derived from destructive tests of these jolnts are
summarlzed below.

The effect on Jjoint quallty of using different types of stalnless steel
was 1nvestigated. The steels tested were Types 304, 304L, 321, and 347,
all of which contaln 18% Cr and 8% Ni. The latter three were modified
for improved corrosion reslstance after weldling, by limitlng the carbon
content in the 304L, by adding titanium to the 321, or by adding nloblum
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to the 347. There was no marked difference in the bond strengths
obtalned with these four types of stainless steel, although one of two
rods with Type 321 and one of five rods wilth Type 347 had weak bonds.
Five rods with Type 304L had consistently good bonds, and thils steel
18 therefore favored for future work, although Types 321 and 347
probably are alde satisfactory.

The fabrication conditions that provided good bond strengths on rods
were used to manufacture z set of six tubular Jolnts, each about 2
inches 1n diameter. Longitudinal strips, about 1/2-inch wide, were

cut from three of these jolnts and subjected to various mechanical
tests. When subjected to tenslle stresses, the strips necked and
fractured in the Zircalcy sgection, at values that are typical of the
ultimate strength of Zircaloy. None failed preferentially at the

joint interface. Bend tests of 360° on a 2-inch-dilameter mandrel did
not produce any separation at the interface. Rolling to produce a

13% elongation had no apparent effect on the joints. Subsequent tenslle
testing of these rolled strips resulted in fracture in the Zircaloy
section, as 1n the other tensile tests. Stud-weld tests of bond
strength (in a direction normal to the tube axis and approximately
normal to the interface) gave values for cne joint that, although
consldered satisfactory, are somewhat below those expected on the

basls of the rcd tests. It is possible that these lower values are
asgoclated with the different method of sample preparation necessitated
by the different geometry of the tubular joints compared with the rods.
Corrosion testing of speclimens from these jolnts has been astarted.

b. Hydrostatlc and Cycling Tests

Twc NMI-fabricated tubular jolnts (Nos. 2 and 5) between Zircaloy-2

and 347 stalnless steel successfully passed a 116-cycle test in which
they were 1nternally pressurized with delonized water at a maxlimum
temperature of 260°C and a pressure of 1000 psig. No visual change

in the appearance ©of the joints was observed after completion of the
eyelic tests. In & typical three-hour cycle at 1000 psig, each Jolnt
was heated for one hour, maintained at the maximum operating temperature
for one hour, and then cooled for one hour. At the completicon of each
cycle the Jolnts were vented to atmospherlc pressure.

Joint No. 2, which was about 1.8-1nch OD and 1.5-inch ID, was
hydrostatlicelly fested at 3100 psig prior to the cycllc test; Joint

No. 5, which was 3.85-ineh 0D and 3.59-inch ID, was hydrostatically

tested at 2400 psig. The calculated hoop stress at the maximum

pressure of 1000 psig during the cyclic test was 6,700 psi for Joint

No. 2 and 14,100 psl for Joint No. 5. Both Joints will be hydrostatically
tested to rupture in February. DMetallurgical examination ¢f the Jolnts
after completion of the cyclic tests revealed no distortion and no
corrosion,
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During a destructive hydrostatic test of a third NMI-fabricated joint,
the Zircaloy end closure of the test asgembly ruptured; the internal
pressure at the time of rupture was 16,500 psig. The rupture was a
brittle clrcumferential fracture of the Zlrcaloy tube wall immediately
adjacent to the weld jJolhing the Zircaloy end plug to the tube. Except
for a permanent hoop strain of 0.16%, no damage was observed 1n the joint
region. This joint was not cycllcally tesfted. The calculated hoop
stress in the Joint was about 70,000 psl when the hydrostatlc pressure
was 16,500 psig. The joint was about 1.9-inch OD and 1.5-1inch ID.

D, TIRRADIATION OF REACTOR MATERIALS

The status of the lrradiatlon tests remained essentlally unchanged since
the last report period except that a modest gain in exposure was made
by the materlals and fuels undergoing irradiation and that an SRP
lrradiation test of a stalnless-steel-c¢clad tube of uranium oxide has
begun. The oxide tube was fabricated at the Savannah River Laboratory
by the cold-gwaglng process that was discussed earlier 1in thisz report.
The details of these tests will be recorded in a forthcomlng classified
document.
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