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I. SUMMARY 

"\report covers work accomplished during the second quarter of 1963 on the Lithium-
Wed Reactor Experiment (LCRE), and the SNAP-50/SPUR powerplant development pro­

gram. It is submitted to the U . S . Atomic Energy Commission in partial fulfillment of 
Contract AT(30-l)-2789. 

A. LCRE 

A study of fuel pin design resulted in a 7.5 inch increase in void length to accommodate the 
higher internal gas release which exceeded original design assumptions. This redesign in­
creased the operating time limit from 7200 to 20, 000 hours. Results of Cb-1 Zr alloy 
strength testing indicated the pin cladding strength to be below original design levels. Eval­
uation was continued on carburizing, nitriding, and solution heat treatment methods for 
improving pin cladding strength. Carbon coating increased the strength of cladding samples 
by 50 percent while solution treatment of tubing resulted in a 15 percent strength increase. 

The ten-inch lithium-filled pressure vessel completed a 10,000-hour test at 1900F to 2000F. 
Examination of the vessel is in progress. One four-inch pressure vessel has completed 
4746 hours (1600F) and the other has completed 3503 hours (2000F) of scheduled 10, 000-
hour tes ts . The full-scale pressure vessel has completed 408 hours of a scheduled 10, 000-
hour (2000F) test . 

The Non-Nuclear Systems Test completed 206.5 operation hours (5 Mw and 2000F) without 
incident. All phases of startup were accomplished in a much shorter time that in the prev­
ious startup. A calibration program and design point operation are being conducted. 

Examination of 866 of the 906 test-soak fuel pin specimens was completed. Metallographic 
and chemical analyses are underway to evaluate those fuel specimens which leaked lithium. 

Examination of fuel specimens from one inpile capsule test was completed and examination 
of two other test specimens was begun. 

The Reliability Data Center became fully operational. 

A specification was completed and issued to prospective bidders covering design, procure­
ment, fabrication, and installation of the Auxiliary Systems. Following review of proposals, 
the Auxiliary System contract will be awarded in September, 1963. 

Title I support facility design was completed. Title II design is scheduled for completion in 
August. 

i 
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B. SNAP-50/SPUR 

Powerplant pump power requi rements were revised following a review of the first flight 
powerplant. Studies indicate that revis ions in the heat rejection system and radiator a re 
des i rab le . 

A mathematical model of the 300 Kwe SNAP-50/SPUR powerplant system has been checked 
out on the analog computer . 

Fuel- to-cladding compatibility t es t s indicated the cladding effectiveness of tantalum and the 
excellent compatibility of stoichiometric uranium carbide versus tungsten-lined Cb-1 Zr 
alloy in out-of-pile tes t ing . Inpile capsule testing has confirmed tantalum as an effective 
b a r r i e r between uranium carbide and Cb-1 Zr al loy. 

Pr imary pump studies indicated the possibili ty of significant efficiency gains from revisions 
of shaft speed and inlet p r e s s u r e s . 

Two-phase operation of a boiling potassium loop was terminated after 200 hours and test ing 
began on an improved version of the loop 

C . ADVANCED APPLICATION STUDIES 

A pre l iminary study was completed (PWAC-406) for adapting the SNAP-50/SPUR powerplant 
to provide e lec t r ica l power for a manned lunar b a s e . Two types of powerplants were con­
s idered . A study was s tar ted to investigate the use of the LCRE reac tor in a portable e lec­
t r i ca l power-generat ing sys tem. 
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II. LITHIUM-COOLED REACTOR EXPERIMENT 
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A. LCRE ANALYSIS AND DESIGN 

Reactor 

A complete review was conducted of the LCRE s t ructura l design and thermal perform­
ance based on mate r ia l s proper t ies and component performance information available 
from recent t e s t s . In addition, more detailed analyses were performed where required 
to support the LCRE design. These analyses a re to be incorporated in the LCRE De­
sign Report, which is current ly being p repa red . Fig 1 is a i sometr ic drawing of the 
current concept of the physical relat ionship of the Pr imary , Reflector, and Secondary 
sy s t ems . 

A study of the LCRE fuel pin design was conducted to evaluate the effects of increased 
helium production and additional experimental data on gas re lease and reduced fuel pin 
cladding s t rength. 

The resu l t s of the study (Summary of LCRE Fuel Element Design Including Supporting 
Experimental Data) showed that the fuel pins a re subjected to a higher internal gas 
p r e s s u r e from re leased helium and fission gases than was believed in initial design 
assumpt ions . This increase is due, p r imar i ly , to higher c ross - sec t ions for produc­
tion of helium in BeO. In addition, as resu l t s of long time tes t s of Cb-1 Zr alloy tub­
ing became available, the fuel pin cladding strength was found to be below original de­
sign l eve l s . The fuel pin design is being revised to provide the required gas contain­
ment by increasing the over -a l l length of the fuel pin by 3.0 inches, increasing the 
fuel pin void volume by shortening each end reflector 2 .5 inches, and compensating 
for the reactivi ty change by increasing the fueled core length 0 .5 inch. This provides 
a net increase of void length of 7.5 inches . In addition, the hot end void spacer has 
been redesigned to increase the buckling strength of the pin, thereby making it possible 
to seal the fuel pins by high vacuunn electron beam welding, which further reduces the 
contained g a s . The changes a re based on res tora t ion of strength to the Cb-1 Zr alloy 
cladding by carbon addition and solution heat t reatment , according to the resu l t s of 
t e s t s of t rea ted mater ia l which show improved strength during accelera ted strength 
tes t ing . Carbon addition resul ted in a 50 percent increase in 10,000-hour rupture 
strength at 2200F and solution heat t rea tment increased rupture strength by 15 pe r ­
cent for 10, 000 hours at 2200F. The effect of these changes on operating time limit 
is shown in the following tabulation: 

Gas Release Operating 
Assumption Design Case Time Limit, hr* 

20% He and Original LCRE Design 7,200 
2% Fiss ion 

20% He and 7 inches of void length added 12, 100 
2% Fiss ion 

% He and 7 inches of void length added plus 20, 000 
2% Fiss ion vacuum fill 

'These operating t ime l imits a r e based on cladding strength c r i t e r i a not exceeding one-
half of the s t r e s s r a t e - to - rup tu re for operation to the specified t i m e . 

Fur ther review was made of information on c ross -sec t ions for neutron react ions in 
beryll ium, leading to helium production in the fuel p ins . F ig 2 shows the values 
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previously used and suggested new cross-section curves for the predominant n, 2n re­
action. Multigroup average cross-sections were derived from the new curve, and 
helium generation rates in the LCRE were re-calculated. The following data shows 
the results for this reaction and others which produce significant amounts of helium. 
The results are given for the central pin, since the helium generation is maximum at 
that location. 

Helium Production Rate at 10 Mw 

Reaction 

Be^ (n, 2n) 

Be^ (n, a ) 

0 ^ ^ ( n , a ) 

T e r n a r y Fiss ion 

Tota l 

Core (Central Pin) 
He Atoms/cc Fuel, sec 

2.48 X 10^^ 

0.33 x l O ^ ^ 

0 .05X 10^^ 

0 . 1 0 x 1 0 ^ ^ 

2.96 X 10^2 

End Reflector (Central Pin) 
He Atoms/cc BeO, sec 

0.79 X 10^^ 

0 .13x10-^^ 

Negligible 

0.92 X 10^^ 

These calculated results are about 40 percent greater than those obtained using the old 
cross-section curve. However, an uncertainty of plus or minus 50 percent exists until 
the final results of inpile measurements of helium generation in beryllium specimens 
are available. 

A further analysis of the fuel pin hot channel factors to evaluate increasing the edge pin 
flow blockage path has been completed. The method of analysis has been revised to in­
clude two of the factors associated with fuel element internal power and flow conditions 
(orificing power distribution and fuel element flow mixing) as dependent factors asso­
ciated with the nominal thermal gradients and not as hot channel factors. The analysis 
resulted in the hot channel factors shown in Fig 3 . A tabulation of the fuel pin cladding 
hot spot temperatures for the drums turned outward 60 degrees (minimum anticipated 
start-up control drum position) and turned 160 degrees (maximum anticipated end-of-
life control drum position) is presented below for pins located in the hot test core regions. 
Since the hot spot temperatures are considerably affected by control drum position, the 
temperatures can be reduced if actual drum movement required over reactor lifetime is 
less than the 100 degrees considered above. 

Fuel Pin Cladding Hot Spot Temperatures 

Drum Position Drum Position 
Location 60 Degrees, F 160 Degrees, F 

Center Can 
Clad, center pin 2194 2124 

Inner Full Can, R^l.88 inches 
Clad, inner passage 2247 2169 

outer passage 2170 2095 

Outer Full Can, R=6,74 inches 
Clad, inner passage 2125 2208 

outer passage 2058 2235 

Outer Partial Can, R=6.85 inches 
Clad, inner passage 2115 2227 

outer passage 2050 2255 
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HOT CHANNEL CALCULATION TABLE FOR DETERMINING 

FUEL PIN CLAD TEMPERATURES 
PIN LOCATION IN CORE: INNER FULL FUEL ELEMENT 
CORE RADIUS - 1.878 INCH, INNER PASSAGE 
CONTROL DRUM POSITION - 60 DEGREES OUT, MINIMW STARTUP 

ro 

Hot Channel Items 

Power Density 

Flow 

Channel Design Tolerance 

Distribution in Plenums 

Orlficing Design, Tolerance 

Heat Flux 

Fuel Density and Composition 

Matrix to Clad Eccentricity 

Fuel Pin Internal Tolerance 

Other 

Heat Transfer Coefficient 

Clad Conductivity 

Accuracy in Power Measurement 1.075 0.0375 20,0 

Coolant Temperature 
Rise = 535F 

F 

1.15 

1.004 

1.00 

1.01 

<7 

0.075 

0.002 

— 

0.005 

cr=ATa' 

40,0 

1.1 

- . 

2.7 

Film Temperature 
Difference = 9F 

F 

1,15 

1.004 

. . 

1.004 

0.075 

0.002 

- -

0.002 

Cr -Tcr 

0.7 

0.02 

- -

0.02 

Clad Temperatxire 
Difference = lOF 

F cr' <r=ATo-' 

1.15 0.075 0.8 

. . 

- -

__ 

1.012 0,006 

1.004 0.002 

3.2 

1.1 

1.03 0.015 0.2 

1,004 0,002 0.02 

1.30 0.150 1,4 

1.075 0.0375 0.3 

F = Hot channel factor assumed to be 2 standard mean deviations 
<T' = Fraction, single mean deviation 
a = Standard mean deviation 
T 1 , = T ^ i„+AT , . 1 + AT,., + AT , ^ + 2 o-

max clad reactor ui cool, nominal film clad 
= 1600 + 535 + 9 + 10 -f 93 = 2247F 

T I J = 2247F* (97% probability of not being exceeded) 
*Temperature reduced to 2200F after a maximum of 4000 hours of operation 

2 [So-] = 2176 

or= [ 2176]*^ = 46.5F 

2 a = 93F 

41,5 

1.1 

2.7 

1720 

1.03 

1.30 

1.068 

- . 

1.05 

1,075 

0.015 

0.150 

0.034 

. . 

0.025 

0.0375 

0.2 

1,5 

0.4 

. . 

0.3 

0.4 

3.6 

1,5 

1.5 

1,4 

0.3 

20.7 
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•" These temperatures occur at the upper surface of the fueled core. They are based on 
the use of two standard deviations from the mean and, thus, have a 97 percent proba­
bility of not being exceeded during operation. A 25F increase in cladding temperature 
is estimated due to total pin cladding creep at the end of life, assuming hot channel con­
ditions occur over the complete reactor lifetime. The pin cladding hot spot temperature 
in the inner full can is above the 2200F design level for less than 4000 hours in the early 
stages of operation when the cladding stresses are less than 600 psi, but is below this 
level at the end of life when creep and rupture are accelerated due to the higher internal 
pressure . The fuel pins in the outer cans, both partial and full, reach their maximum 
temperature at the end of life, approximately 30F above the design value, but the gas 
generation and, subsequently, the internal pressure in these pins is approximately 67 
percent of that in the inner pin. The higher temperature,lower pressure combination 
associated with the edge pin, based on available structural data, is a less severe con­
dition than that experienced by pins located in the center region of the core. Thus, the 
fuel pin gas containment cladding design temperature of 2200F is properly acceptable. 

Transport theory heating calculations in the boron carbide poison segment of the control 
drums indicate higher heating than previously estimated. Work is in progress to deter­
mine the effect of this higher heating on the temperature distribution in the control drum 
B4C segment when it is positioned at 75 degrees, the reactor startup condition which has 
highest heating. Using the maximum helium gap between the B4C and the poison container 
which can result from build-up of fabrication tolerances, the maximum temperature in 
the B4C is approximately 1200F. Tolerances will be changed and fabrication procedures 
revised to keep this gap to a minimum and, thereby, limit the temperature to lOOOF. 

Two-dimensional physics calculations were made using a fine R, 9 mesh in order to check 
the effectiveness of reducing the uranium loading in the comer pins of each hexagonal fuel 
element. This would prevent overheating where the lithium flow is reduced by the corner. 
For most comer pins, the reduction in power density is directly proportional to the re ­
duction in u235 loading. On the core peripheiy, however, a very strong possibility exists 
that low energy flux returning from the reflector will be absorbed in the first row of pins, 
even with reduced u235 loading. In this peripheral region, calculations indicate that a 
30 percent reduction in U^SS ^m result in a 25 percent reduction in the power density 
when the control drum position is turned outward. For drums turned inward, essentially 
no low energy flux enters the core, and the reduction in power density is proportional to 
the reduction in u235, 

The reactivity effects of thermal bowing of fuel elements have been calculated using experi­
mental values of distributed reactivity coefficients for fuel, structure and coolant from crit­
ical experiments, and previously calculated radial displacements due to bowing at various 
reactor power levels. The results are shown in Figs 4 and 5 for control drums at 60 and 
160 degrees. The changes in slopes of these curves are due to changes in the mode of bow­
ing as various interferences occur between adjacent fuel elements and between the outer 
fuel elements and the filler pieces in the assumed physical model. Since the reactor 
power distribution changes with the position of the drum, the reactivity effect of bowing 
is correspondingly altered as shown. These extended results show that over much of the 
operating range the bowing coefficient is negative. Relationship of the new results to 
reactor stability analyses is being examined. 

A study of a backup design arrangement of the reactor control drives is in progress to 
locate the electrical components in a reduced radiation environment outside the shield. 
The study includes an arrangement which extends the drives vertically through the shield 
and an arrangement with 90 degree angle drives to extend the drives through the side of 
the shield. These changes are being studied to evaluate design and development problems. 
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FIG 4 

REACTIVITY CHANGE DUE TO FUEL ELEMENT BOWING 

VERSUS REACTOR POWER LEVEL 

DRUM POSITION 60° 

> 

I 
UJ 
cr 

10 15 
POWER, MW 
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FIG 5 

REACTIVITY CHANGE DUE TO FUEL ELEMENT BOWING 
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Shield 

Gamma dose rates in the LCRE test cell were computed for a full power operation (activ­
ity in coolant pipes, heat exchangers and sump tanks) at a number of locations where or­
ganic lubricants, insulation or sealing materials will be used. The bremsstrahlung from 
Li8 activity in the primary loop and from the equilibrium gamma activity in the NaK re ­
flector coolant loop was considered. In addition, dose rates from accidental fission pro­
duct activity in the primary loop were calculated postulating a continuous release to the 
coolant stream of 0.1 percent of all volatile fission products ( i . e . , boiling points below 
2600F). The equilibrium activity in the entire primary loop under this condition is 6.8 
X I Q I ^ Mev/sec. 

As part of estimating test cell radiation levels during operation, calculations were made 
to determine the neutron streaming fluxes at lithium pipe penetrations of the shield. 
The results for thermal, intermediate and fast fluxes were approximately 2x109, 7x109 
and 2x10^ neutrons/cm2 sec, respectively. The need for patch shielding is being eval­
uated . 

Two-dimensional radiation heating calculations for the reactor shield were finished. 
Mappings were made of heating rate distributions due to boron (n,a) neutron elastic slow­
ing down and gamma heating in the borated stainless steel, graphite, boral and concrete 
regions of the shield. Heating rates were also obtained in the control drum drive motors 
and shafts. 

\ 
The shield coolant passage orifice sizes are being reviewed to evaluate the pressure drop 
in all the passages and to determine the orifice requirements for adequate cooling of shield 
components with this heating. 

Radiation levels in shield gas cooling channels were estimated in order to determine the 
suitability of asbestos or other fibrous material for sealing shield penetrations. Midplane 
radiation doses are up to lOH rads of gamma and 1020 nyt fast neutrons at the inner graph­
ite annulus, and IQlO rads of gamma and IQlS nvt fast neutrons at the inner concrete an-
nulus. 

Work was performed on the LCRE over-all shield design to provide coolant gas seals at 
the location of penetrations, and to provide means for orificing coolant flow passages for 
flow control. The majority of this work is completed in design layout form, and is to be 
verified on the LCRE mock-up to ensure that methods of fabrication and assembly are 
satisfactory. 

Primary and Reflector Systems 

A design layout of devices for detection of lithium in the primary system jacket has been 
completed. The proposed detectors utilize a liquid metal level probe installed to collect 
leakage and produce a signal proportional to the quantity collected. 

A design layout of electrical heaters for regenerative heat exchanger piping and for re­
vised regenerator heaters was completed. The revised heaters on the regenerative heat 
exchanger extend heater coverage to include the end spheres of the heat exchanger. This 
layout completes definition of the primary heating system. 

The control mode of the LCRE was rechecked on the analog computer, using latest esti­
mates of temperature coefficient of reactivity. The responses were satisfactory. Analog 
computer analysis of the control stability effect of moving the reactor outlet thermocouples 
further downstream was conducted, showing that the control response remained stable. 
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' - The possibility of relocation of these thermocouples in order to reduce the neutron flux 
- environment of the thermocouples is being held, pending the results of tests to determine 

the possible magnitude of a thermocouple calibration shift due to transmutations. ' 

A redesign of the primary sump inlet weld has been completed. The weld redesign r e ­
duces the stresses and warpage at this joint when the weld is made. A review of the 
stresses in the primary pumping unit support structure under one-g side earthquake 
loads revealed excessive stresses at the base of the column supporting the sump. A r e ­
design is in progress to provide the required strength. 

A change was made in the insulation material of the liquid metal pump insulation cans from 
a material with structural strength to a material without strength. This change necessitated 
an increase in the can thickness to prevent buckling. 

Reflector NaK flow rate was reduced from 210 gpm to 175 gpm to reduce NaK pressure 
inside the reflector case from 58 psia to 42 psia (Fig 6 ), This was done to reduce the 
buckling load on the inner reflector case. Studies of reflector heat exchanger stress, r e ­
flector case stress, revised B4C heating values, reflector coolant flow distribution and 
associated coolant stream temperature rise were investigated in support of the flow rate 
revision. 

A minimum reflector inner coolant channel thickness of 0.10 inch was established because 
of coolant temperature rise in that channel. The tolerance build-up may require that some 
inner beryllium pieces be fitted at assembly to maintain acceptable flow passages. 

4 . Secondary System 

Heat transfer analysis of the secondary piping test cell wall pass-through showed that 
concrete temperatures would reach 450F if no cooling were supplied. Since this ex­
ceeds the allowable temperature of 150F, a means of providing cooling is being designed 
(Fig 7). 

A design layout of shielding for th6\secondary piping test cell wall pass-through was com­
pleted and approved (Fig 8 ) . Evaluation was made of the effectiveness of this shielding. 
The predicted dose rate is 20 mrad per hour at the outer surface of the four-foot thick 
shield, at a point directly opposite the ductis which view most of the NaK sump. 

The detail design of the hot trap installation in the secondary coolant system is in pro­
gress . The design is based on pipe locations selected from a flexibility analysis of the 
piping system. The selected locations do not significantly change the pipe system deflec­
tions or end reactions. 

A study is being made to determine the effect of isolation valve closing time on hydro-
dynamic impulse in the system. The valve closing time will be controlled by orificing 
to prevent excessive pressure r i ses . 

5. Auxiliary Systems 

A design review of test facility systems drawings was completed. The modifications r e ­
quired to make these systems conform to the requirements of the experiment were com­
piled and given to the architect-engineer for consideration. 

The construction detail drawings and wiring diagrams of the control consoles are about , 
80 percent completed. Wiring diagrams of the 34 "P" Area (PWAC-631, Fig 2) instru- ' 
ment racks are approximately 80 percent complete. The flux monitoring system elec­
trical schematics were completed and released. 
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The over-a l l status of system design at the end of this quar ter is shown in Fig 9. Approx-
- " ^ a t e l y 75 percent of the design work to be done at CANEL has been completed. d 

A Subcontract for design of the cryogenic t r aps (non-nuclear process) was placed and this 
work will s tar t on July 1. The remainmg design work concerned with the nuclear cryogenic 
t r aps and the installation drawings for all sys tems will be s tar ted by the Auxiliary System 
Contractor (ASC) when this contract is awarded in the third or fourth quar ter of this yea r . 
During the past quar ter , the functional design of all systems (Instrumentation Flow Diagrams 
exceeded 95 percent completion (Fig 10). 

The need for a pump green run tes t station in Idaho was recognized. This tes t station will 
provide e lec t r ic power, cover gas, lubrication, and controls to check the liquid metal 
pumps for possible damage incurred in t rans i t from CANEL and pr ior to final installation in 
the test cell and/or heat sink r o o m s . 

Development t e s t s show that the six vapor t raps in the tes t cell will requi re approximately 
200 scfh of cooling gas flow with a 3 .8 to 5.1 ps i p r e s s u r e drop through the t r a p s . The 
following methods of providing this cooling gas were examined: 

a . A reci rcula t ing nitrogen system, open to the tes t cell, employing compresso r s 
to achieve the necessa ry head r i s e . 

b . A nitrogen system, open to the test cell and vented to the stack, employing a 
liquid nitrogen sou rce . 

c . A rec i rcula t ing nitrogen system, closed to the tes t cell , and employing com­
p r e s s o r s . 

d. An a i r system, closed to the tes t cell , using instrument a i r from the Facil i ty 
Instrument Air Sys tem. 

The la t ter (d) method was found to be superior , based on relat ive cost and reliability con­
s idera t ions . Hazards problems associated with the possible introduction of a i r into the 
tes t cell will be satisfied by monitoring the system continuously for leakage. This a i r sys­
tem will be incorporated into the sys tems design to serve all vapor t r aps (System 11, 14-17, 
22-25, F ig 10). 

After reviewing the cost of the Pr imary , Secondary, and Reflector Pump Lubrication Oil 
Systems, the total number of lubrication oil units which supply cooling and lubricating oil 
to the liquid meta l pumps was reduced from 15 to 11 (including s p a r e s ) . The reliabil i ty 
of these sys tems will be maintained by valving between units to a s s u r e a continuous lubri­
cation oil supply in the event of a failure of a lubrication uni t . These changes will be in­
corporated into the lubrication oil sys tems (Nos. 34 through 36) during the next qua r t e r . 

A plan for shutting off all gas l ines to and from the tes t cell is being developed to prevent 
general spread of radioactive par t i c les in the event of a nuclear incident which might ' e -
sult in the re lease of fission products within the ce l l . The proposed system involves the 
use of approximately 20 gas valves located in the test cell helium, argon, a i r , and n i t ro­
gen supply and exhaust l i nes . The valves a re normally open and will feature a special 
fail-safe actuator under administrat ive control from the control r oom. If actuation of 
these valves is required and an e lec t r ic signal is not available, the valves a re capable of 
being hand-operated from a safe d is tance . 

Schematic drawings for all sys tems were completed in sufficient detail to permi t bidding ' 
by those contrac tors in teres ted in performing the installation of Auxiliary and Control Sys­
tems in Idaho. 
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FIG 9A 

STATUS OF LCRE LAYOUT AND DETAIL DESIGN 

pea 'Y'C €^TiT 

A. Status Summary of Design Work in Progress ^ lefnn 

1. Reactor and Shield 

a. Alternate Control Drive Arrangement 20 

b . Control Drive Wiring 75 

c. Control Drive Cooling 30 

d. Control Drive Thrust Bearing Dedesign 95 

e . Pile Oscillator Support 90 

f. Pile Oscillator Cooling 90 

g. Pile Oscillator Electrical System 75 

h. Center Source Cans 30 

i . Control Drum Positive Stop \ 30 

j . Shield Seals ' 40 

k. Shield Orificing 20 

1. Inner Shield Support Change 75 

m. Lower Shield Change 40 

n. Cooling Duct System 50 

o, Power Plant Electrical 75 

p . Reactor Assembly Revisions 20 

2. Primary and Reflector Systems 

a. Pumping Unit Gamma Monitoring System 30 

b . Pump Thermocouple Change 30 

c. Vapor Trap Thermocouple Change 30 

d. I & J Probe Changes 75 

e. Primary Pipe Support Changes 30 

f. Heater Changes 50 

g. Primary Leak Probe Installation 30 

h. Primary Jacket Changes 30 

i . Valve Changes 90 

j . Reflector System Electrical Installation 75 

k. Thermocouple Attachment Change 40 
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FIG 9B 

m' 
STATUS OF LCRE LAYOUT AND DETAIL DESIĜ ^ 

B. Work to be Started 

1. Reactor and Shield 

a. Control Drive Thermocouple Installation 

b . Control Drive Gas Line Installation 

c . Reactor AT Thermocouple Relocation Study 

2. Primary and Reflector Systems 

a. Leak Detector Study 

b . Pump Gas Line Rerouting 

c. Pump Vibration Pick-ups 

d. Pump Drive Coupling Change 

e. Primary Outlet Pipe Cooling 
Jacket Variable Seal 

f. Reflector Sump Shielding 

g. Hoke Valve Installation (gas evaluation, 
liquid-metal fill and drain lines) 

h. Insulation Installation 

3 . Secondary System 

a. Pipe Support Hangers 
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FIG 10A 

STATUS OF LCRE INSTRUMENTATION FLOW DIAGRAMS 

Reactor Instrumentation and 
Control Systems 

1. Reactor Control System 

2. Reactor Safety System 

3 . Reactor Flux Monitoring 
System 

4 . Chamber Drive System 

5. Chamber Check Source Drive 

6. Startup Source Drive 

7. Gamma Monitoring System 

8. Battery Power Supply 

9. Pile Oscillator 

10. Control Room Prime Viewing 
Console and Panel Wiring 
Diagrams 

Liquid Metal Systems Instrumentation 

11. Primairy Circuit 

12. Secondary Circuit 

13. Reflector Circuit 

14. Primary Fill and Drain 

15. Secondary Fill and Drain 

16. Reflector Fill and Drain 

17. Primary Coolant Addition 

18. Secondary Oxide Control 
System 

Electric Heating Systems 

19. Primary Electric Heating 

20. Secondary Electric Heating 

21. Gas Line Heating 

Instrument 
Flow 

Diagram 
(Reference) 

CLR-10410-9 

CLR-104 i l -9 

CLR-10412-9 

CLR-10443-9 

CLR-10441-9 

CLR-10444-9 

CLR-10430-9 

CLR-10450-9 

CLR-10440-9 

Percent 
Design Work 

Completed 
at CANEL 

100 

95 

99 

100 

100 

100 

100 

70 

90 

ALL 80 

CLR-10416-9 

CLR-10417~9 

CLR-10418-9 

CLR-10413-9 

CLR-10414-9 

CLR-10 i l5 -9 

CLR-10419-9 

CLR-10437-9 

CLR-10420-9 

CLR-10446-9 

CLR-10489-9 

97 

"if 

97 

92 

92 

92 

93 

95 

75 

75 

50 

33 



>5̂  

P W A C - 632 

FIG 10B 

STATUS OF LCRE INSTRUMENTATION FLOW DIAGRAMS 
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Fuel Loading Experiment 

Pump Green Run Tes t 
Station 
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System 
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Flow 

Diagram 
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CLR-10431-9 

CLR-10432-9 

CLR-10433-9 

CLR-10421-9 
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Design Spec. 

Equipment 
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Design studies for the 28-hp p r imary and reflector pump motors were received from three 
vendors and a re being evaluated. The major design problems which these vendors were 
asked to resolve were : 

a . Type of magnet wire insulation (design total gamma dose, l o " r a d s ) . 

b . Bearing and bearing lubrication design (15, 000 hour life, using NRRG 
159 g r e a s e ) . 

c . Allowable vibration level, 0.0001 inch amplitude, peak-to-peak based 
on liquid metal pump sea l r equ i r emen t s . 

All designs feature magnet wire insulated with double-layer g lass fiber impregnated with 
silicon varnish and regreasable bearings ( regreasing must be done remotely during oper­
ation of the LCRE). Development t e s t s a re required to finalize the grease supply design 
details in each motor . After technical review during July, a design will be selected for 
the p r imary and reflector pump m o t o r s . 

Designs were completed of leak-tight test cell pass- throughs for gas, lube oil, and e lec t r ic 
power service into the tes t ce l l . It is planned to procure a small quantity for evaluation -
to check p r imar i ly the effect of field welding heat on e lec t r ica l and gas s e a l s . ' - ̂  

6 . Hazards 

Cri t ical exper iments were performed by Oak Ridge National Laboratory to obtain infor­
mation needed to establish nuclear safety c r i t e r i a for the storage and handling of LCRE 
fuel pins and fuel e l ements . Measurements were made of the numbers of fuel pins r e ­
quired for cr i t ical i ty when moderated and fully reflected by water for a range of spacings 
which included the most react ive spacing. The reactivi ty effects of perturbat ions of t emp­
era tu re , ma te r i a l composition and fuel pin configuration were also studied. 

Basic cri t ical i ty measurements were made at 20C with water-flooded fuel pins containing 
55 v /o UO2 in the fueled portion but identical in all other r e spec t s to LCRE fuel pins, ex­
cept that the gas expansion volumes were not included. Uniform hexagonal a r r a y s with 
s ide- to-s ide spacings from 0 to 1.25 inches were investigated, and the resu l t s a re summar ­
ized below. 

Cri t ical Numbers of 55 v /o UO2 LCRE Fuel Pins 
In Water-Flooded Hexagonal Ar rays 

Side-to-Side Spacing, in . Cri t ical Number of Fuel Pins 

0 

0 .25 

0.50 

0.75 

1.0 

1.25 

312 

164 

89 

78 

93 

182 

The cr i t ica l numbers of fuel pins for the zero- inch and 1,25-inch spacings were obtained 
\ by extrapolation of subcri t ical data obtained with at least 150 pins, while cri t icali ty for 

the other spacings was actually achieved with the tabulated numbers of fuel p i n s . By inter-
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polation of this data, it was determined that the minimum number of water-flooded 55 v/o 
UO2 fuel pins required for criticality is 77.5 at a temperature of 20C. It was further con' 
eluded that 91 fuel pins clamped in a single, close-packed, hexagonal array such as an 
LCRE fuel element, may be safely stored in a container which is not necessarily water­
tight. 

The results of other experiments done at the 0.75-inch side-to-side fuel pins spacing 
to measure reactivity effects may be briefly summarized as follows: 

a. Raising the temperature of the water and fuel pin array from 20C to 50C reduced 
the minimum number of pins for criticality to 76. 

b . The replacement of 6.9-inch long BeO end-reflector segments in the fuel pins by 
water was found to have no measurable effect. 

c . Axial displacement of a fraction of the fuel pins, causing introduction of BeO end-
reflectors into the fueled region of the a r ray , resulted in a loss of reactivity. 

d. The replacement of several 55 v/o fuel pins by 50 v/o UO2 fuel pins, (or, in 
effect, a substitution of BeO for UO2) resulted in a reactivity loss of approx­
imately 0.4 cents per volume percent per fuel pin. 

e . The replacement of water moderator by Zyglo dye-penetrant fluid resulted in 
a loss of reactivity. 

A number of calculations were performed to assist in evaluating the criticality hazards of 
posttest handling. Reactivity effects of incidental reflection by NaK and stainless steel 
were evaluated. With no reflector, the reactor with beginning-of-life fuel inventory and 
lithium filled was calculated to be 18 dollars subcritical. 

The proposed outline of PWAC-395, Core Assembly and Installation Hazards Summary 
Report for the LCRE, was completed. Copies have been distributed for review and com­
ment. 

The following schedules have been established for submission of the two LCRE Hazard 
Summary Reports to the AEC: 

Report No. Title Submission Date 

PWAC-395 Core Assembly and Installation Hazards January, 1964 
Summary Report for the LCRE 

PWAC~396 Final Hazards Summary Report for the November, 1964 
LCRE 

i 
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B. LCRE REACTOR SPECIFICATIONS 

General Reactor Data 
Reactor power, Mw 
Design lifetime, hr 
Cri t ical mass , kg-U^^^ 
Core coolant 
Reactor coolant inlet t empera ture , F 
Reactor coolant outlet tempera ture , F 
Type of fuel 
Nominal volume percent UO2 in mat r ix 
Reactor s t ructural mater ia l , fuel element cladding 

and core filler pieces 
Side reflector mater ia l 
End reflector mater ia l 
Reflector s t ructural mater ia l 
Reflector coolant 
Method of reac tor control 
Poison mater ia l 
Weight of reac tor package, lb 

Reactor Configuration 
Equivalent active core diameter , in . 
Active fueled core length, in . | 
End reflector thickness, in . f 
Side reflector thickness (nominal), in . 
Core filler OD (nominal). In. 
Pressure vessel ID (nominal), in . 
Pressure vesse l OD (nominal), in . 
Reactor jacket ID (nominal), in . 
Reactor jacket OD (nominal), in . 
Reflector outer shell diameter , in. 
Core filler mater ia l 
Number of core filler pieces 

Core Operating Conditions 
Average power density, kw/cc 
Average heat flux, Btu/hr-ft^ 
Average AT film, F 
Average AT clad, F 
Center pin maximum fuel mat r ix tempera ture , d rums 60 , I 
Center pin total tempera ture r i s e , bulk coolant to 

fuel centerl ine, at maximum tempera ture plane, F 
Maximum fuel mat r ix t empera tu re -corne r pin, edge can, F 
Coolant inlet p r e s su re , psia 
Coolant outlet p r e s su re , psia 
Coolant flow direction 
Power from core, Mw 
Coolant flow ra te in fueled core, l b / sec 
Mixed mean core outlet temperat t i re , F 
Core b j^ass coolant flow ra te , l b / s ec 
Mixed mean tempera ture of bypass coolant outlet, F 
Average coolant velocity in core , fps 
Average Reynolds number in core 
Average film coefficient in core , Btu/hr ft^ F 
Maximum to average power ra t io for thermal design 

Axial 

Radial 

Center 
-TAT 

Pin 

1.42 at 60" 2,8 at 160^ 

10 
10,000 
86.1 
Lithium (99.99% Li^) 
1600 
2000 
U02-BeO ceramic 
47 

Cb-1 Z r alloy 
Beryllium 
Beryllium oxide 
Type 316 stainless steel 
NaK (78 w% K) 
Rotating poison drums 
B4C (natural B) 
3300 

13.5 
13.5 
6.9 
6.9 
14.476 
14,716 
15.136 
15.381 
15,557 
30,12 
Cb-1 Zr alloy 
6 

0.469 
2,30 x 105 
8 
10 
2745 

610 
2250 (0.75 power) 
55 
45 
Upward 
10 
22.8 
2006 
1.14 
1920 
8.25 
3710 
32,000 

Edge Peaking 
1 .78 (R=0 to 6.65 in.) 
0 . 9 5 ( R = 6 . 6 5 t o 6.75 in.) 
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Fuel Blteient Specifications 
T ^ ^ of fuel 
Type of fuel element 

Fuel pin OD, in . 
Fuel pin cladding thickness, in . 
Helium thermal bond thickness, in . 
Fuel matr ix diameter , in. 
Active fuel matr ix length, in . 
Length of top and bottom end ref lectors , in. 
Fuel pin fission gas void length, in . 
Number of fuel pins in hexagonal can, full 
Number of fuel pins in hexagonal can, par t ia l 
Equivalent number of hexagonal cans in core 
Distance ac ross flats, nominal fuel pin bundle, full can. 
Fuel can wall thickness, in. 
Distance ac ros s flats of hexagonal can (maximum), in . 
Diameter of can per imeter flow blockage rods , in. 
Fuel pin cladding mater ia l 
Fuel can mater ia l 

m . 

Material Volume Fract ions 

UO2 
BeO 
Li 
Cb 
He 
B4C 
Be 
NaK (78 w% K) 
Type 316 stainless steel 

Side Reflector Configuration 
Control drum 

Number of control drums 
Control drum arrangement 
Control drum diameter , in. 
Diameter of control drum ci rc le , in . 
Poison mater ia l 
Poison arrangement 

Poison segment angle, degrees 
Poison length above core midplane, in . 
Poison length below core midplane, in . 
Poison segment gas containment volume, i n . 3 
Beryllium length, in . 
Bearing mate r ia l s 

Journal (inner) and 
bearing (outer) 

Reflector mater ia l 

Stationary Reflector and Vessel 
Number of stationary reflector pieces 

Inner 
Outer 

Length of stationary reflector pieces , in . 
Inner reflector vesse l ID, in. 
Inner reflector vesse l OD, in . 
Inner stationary reflector piece ID, in . 
Outer stationary reflector piece OD, in . 
Reflector jacket ID, in . 
Reflector jacket OD, in . 

Core 

0.3167 
0.3571 
0.1011 
0.2153 
0.0098 

Side Reflector 

0.0012 
0.1293 
0.7435 
0.0753 
0.0507 

U02-BeO ceramic 
Cylindrical pins in A 
hexagonal a r r ay f 
0.305 
0.015 
0.001 
0.273 
13.5 
6.9 
8,0 
91 
78 
18.14 
2.946 
0.030 
3.021 
0.070 
Cb-1 Z r alloy 
Cb-1 Z r alloy 

End Reflector 

0.6738 
0.1011 
0.2153 
0.0098 

10 
Close packed 
6.478 
22.632 
B4C (natural B) 
Canned assembly of 
solid segments 
120 
12.2 
13.7 
83.7 
27.5 

90 w/o W C - 8 M o - 2 C t 

Beryllium 

10 
10 
27.5 
15.381 
15.557 
15.755 
29.750 
29.870 
30.120 
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Control drum well ID, in . 
Control drum well OD, in. 

i Clearance between control drum well and fixed 
reflector pieces , minimum, in . 

Reflector mater ia l 
Reflector structirral mater ia l 
Reflector coolant 

Side Reflector Operating Conditions 
Coolant flow direction 
Coolant inlet tempera ture , F 
Coolant temperature r i s e , mixed mean, F 
Coolant flow ra te , total l b / sec 
Coolant inlet p r e s su re , psia 
Coolant p r e s s u r e drop, inlet feeder to exit collector 

Stationary Region 
Heating per reflector piece 

Inner, kw 
Outer, kw 

Heat leakage from reactor , kw 
Coolant tempera ture , r i s e 

Inner passage , F 
Outer passage, F 

Maximum tempera ture r i s e in beryllium, F 
Maximum tempera ture in beryllium, F 
Coolant flow ra te external to drum well, l b / sec 
Average coolant velocity, f t /sec 
Pressure drop through stationary piece length, psi 

Control Drum 
Heating per drum 

Beryllium region, kw 
Poison region, kw 

Coolant tempera ture r i s e drum annulus, F 
Maximum tempera ture r i s e in beryllium, F 
Maximum beryll ium tempera ture , F 
Maximum tempera ture r i s e in B4C, F 
Maximmn B4C tempera ture , F 
Coolant flow ra te in drum annulus, l b / sec 
Average coolant velocity, f t /sec 
P res su re drop through drum length, ps i 
Helium p r e s s u r e in poison cans 

Initial fill, psia 
After 10, 000 Mw Hr (10% re lease) , psia 

Nuclear Specifications 
Fission burnup, percent m a s s (100, 000 MwH) 
Total burnup, percent 
BlO bturnup, percent 
Total control drum worth, Ak 
Operational reactivity losses , Ak 

Fuel burnup 
Fuel growth (estimated) 
Xel35 equilibrium 
Xel35 buildup, after shutdown 
Sml49 
Permanent poison buildup 
Li6 buildup 
Total 

Tempera ture - reactivi ty losses , Ak 
70F to lOOOF, wet reflector 
lOOOF to 1800F, (1) wet core and reflector 

(1) Reflector attains maximum temperature of 750F approximately 
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NaK worth in reflector, 70F, Ak 
Lithium worth in core , lOOOF, Ak 
Unusable portion of shim control worth, Ak 
Maximum excess reactivi ty required, lOOOF, Ak 
Minimum shutdown margin, lOOOF, Ak 

4^„/Helium generation, a toms (100, 000 MwH) 

XT 
B4C in all control drums 
BeO in all fuel pins 
Be in side reflector 

Spectrum of neutrons causing fission 
Percent thermal 

Drums in 
Drums out 

Median energy, kev 
Drums in 
Drums out 

Flux leakage into shield, percent of total neutrons 
Side leakage 
End leakage 
Total 

Maximum total flux, core center, n / c m ^ - s e c 

Power distribution ra t ios 
Axial (averaged radially) 

Center to average 
Minimum to average 
Maximum to average 

Radial (average axially) 

Center to average 
Minimum to average 
Edge to average 

0.0030 
0.0075 
0.0100 
0.06 
0.03 

5 x 1024 
8 X 1024 
7 X 1024 

0.1 
2.0 

170 
100 

10 
__2 
12 

10 15 

Prompt neutron generation t ime. 
Drums in 
Drums out 

seconds 

Drums In 
Diffusion 
Theory 

1.45 
0.55 
0.55 

Calculated 
1.18 
0.71 
1.18 

Diffusion 
Theory 

1.20 
0.85 
1.65 

Experimental 
1.08 
0.90 
1.68 

Drums Out 
Transpor t 

Theory 

1.23 
0.84 
1.95 

1.5 X 10"'' 
1.8 X10"6 

Experimental 

1.12 
0.875 
3.0 

Effective delayed neutron fraction, e/3 
6 Tempera ture coefficients, Ak per degree F x 10 

Coolant expansion 
Core lithium 
Reflector NaK 

Axial expansion 
Fuel 
Reflector 

Core radial expansion 
Top 
Center 
Bottom 

Reflector radial expansion 
Top 
Bottom 
JJUXK! O Q C 

Doppler (U " ^ 1 , 2000F 
Bowing coefficient; 10 Mw power, drums 160 degrees, cents/Mw 

0.007 

- 0 . 
- 0 . 

-2 
-1 

-0 
-0 
-0.3 

- 1 . 1 
-1 .1 
- 3 . 3 
+0.85 
+0.2 
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C. LCRE RESEARCH AND DEVELOPMENT 

4 
1. Fuel 

Following disassembly, an examination by phenolphthalein test , and In some cases meta l ­
lography of 866 of the 906 lithium soak tes t pin specimens with various combinations of 
weld var iables was completed. The following data was obtained after a cumulative, 15-
cycle, 100-hour lithium soaking at 1600F, 100 hours at 2000F, and 100 hours at 900F to 
2000F on approximately 300 welds of each type: 

Additional Possible Weld Leaks 
No. Weld Leaks by X-Ray By Destructive Examination 

Cb-5 Z r Cb-1 Z r Cb-5 Z r 

1 

3 

0 

The four following specimens which leaked lithium a r e being given complete metallographic 
and chemical analyses to investigate the cause and extent of leakage. 

End Cap Mater ia l C 

As-welded 

As-welded, 2200F anneal 

As-welded, 2350F anneal 

: b - l Zr 

10 

0 

0 

2 

0 

0 

4 

1 

0 

Specimen 
No. 

1 & 2 

3 

4 

Specimen History 

Cb-1 Z r end cap, no post-weld anneal 

Cb-5 Z r end cap, no post-weld anneal 

Cb-5 Z r end cap, 2200F post-weld 
anneal 

Radiographic 
Examination 

Positive leak 

Positive leak 

No leak 

Destructive 
Examination 

Leak 

Leak 

Leak 

Metallography showed positive reduction of UO2 to metal l ic uranium in the first three 
specimens, but the UO2 in the fourth appeared normal in all r e s p e c t s . Quantitative 
chemical analysis by water leaching of the pel le ts , followed by alkalinity and flame 
photometer analysis , identified lithium in all four specimens but the quantity of lithium in 
Nos . 1, 2 and 3 was approximately 100 t imes more than that of No. 4 . For ty Cb-1 Z r 
alloy pins from this tes t (including as-welded, 2200F and 2350F annealed) a r e being r e -
soaked in lithium at 2000F. 

In the evaluation of anti-gall ing t rea tments to aid fuel element assembly, three hex cans 
have been nitrided and three have been carburized, using the aquadag brush application 
technique. Considerable difficulty was encountered in removing the excess carbon from 
the carburized inner surface and some removal of carbide case resul ted in a subsequent 
pickling operat ion. 

Depleted fuel pins of 0.3055 inch diameter were loaded in a carburized can and extreme 
galling was encountered which caused can buckling. Metallography of this can showed 
an i r r egu la r case , and a gas carburizat ion technique was developed to effect improve­
ment of the c a s e . A fuel element was loaded with depleted fuel pins for water flow tes t s 
to determ.ine fuel element p r e s s u r e d rop . Attempts to assemble this fuel element using 
a gas -ca rbur ized hex can were unsuccessful; the element was assembled using a gas -
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nitrided can. Additional effort on can carburization is being directed towards improve­
ment of carbide case proper t ies by varying t ime- tempera tu re cycles during gas ca rbur - ' 
ization. 

Tube burs t testing of carburized and solution heat - t rea ted Cb-1 Z r alloy fuel tubing is 
continuing. Studies to date indicate a 2900F heat t reatment will not coarsen grain s t ruc­
ture and will yield 1500 psi , 10,000-hour, 2200F rupture s t rength. Accelerated 2400F 
tes t s have been run for up to 700 hou r s . The use of nitrogen as a strengthening agent 
has been stopped. This work is repor ted in grea te r detail in Section I I -C-10. 

An examination was conducted on 50 v/o U02-BeO fuel specimens removed from inpile 
capsule PW26-42, after 1494 hours at 2100F. Microexamination of the pellets showed 
that there was some minor migration of UO2 into microcracks within the pe l l e t s . No 
other anomalies were p resen t . The resu l t s of U235 fission burnup studies based upon 
Cs l37 follow. 

Power Density, 
Specimen No. Percent Burnup F i s s ions / cc kw/cc 

459C (Middle) 1.34 1.48x10^*^ 0,79 

460C (Bottom) 1.44 1 . 5 9 x 1 0 ^ ° 0.85 

An examination was begun on the three 50 v /o U02-BeO fuel specimens tested in inpile 
capsule PW26-15 for 6173 hours at 2000F. Diameter measurements of the specimens 
showed no i nc r ea se . 

An examination was s tar ted on the three 50 v /o U02-BeO fuel specimens tested in inpile 
capsule PW26-18 for 6573 hours at 2000F. Measurements showed no diameter i n c r e a s e s . 
Specimen cover gas p r e s s u r e s were essential ly the same as gas p r e s s u r e at f i l l . Micro-
examination of the cladding showed a recrys ta l l ized s t ructure and no evidence of incom­
patibil i ty. The pellets appeared to have a dense, nearly homogeneous s t ructure with no 
grain boundaries evident to a depth of 40 to 50 mi l s from the outside of the pe l le t s . Be­
yond this 50-mil zone to the center of the pel le ts , the typical BeO-U02 network was v i s ­
ib le . The average helium re l ease was 25 pe rcen t . 11^35 fission burnup studies and fission 
gas re lease studies a re in p r o g r e s s . 

Measurements were s tar ted of retained and re leased helium in beryll ium and BeO speci­
mens , i r radia ted in the BMI reac tor to determine the (n, 2n) fast flux c ross section in 
beryll ium . Prel iminary resu l t s indicated a c ro s s section of 463 + 60 mi l l iba rns . 

The following status of the inpile tes t p rogram on 50 v / o U02-BeO fuel is summarized 
in Fig 1 1 . 

cQ^&Bmimm. 
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STATUS AND SUMMARY OF LCRE CAPSULE 

IRRADIATION PROGRAM 

Capsule 
Number 

Duration of 
Irradiation, hr 

Average 
Operating 
Temp of 
Specimen 

Surface, F 

Test 
Facility 
Thermal 
Flux, nv 

*** Fission 
Cesium^^^ Density 

U235 Burnup, % Fissions/cc 

PW26-10 

PW 26-11 

PW26-12 

PW 26-13 

PW 26-14 

PW26-15 

PW26-16 

PW26-17 

PW26-18 

Pm-type specimens (Cb-1 Zr alloy cladding), 0.312 OD x 0.035 wall cladding, 50 

-7 „ i n I 3 10, 000» 

1,120 

3,599 

3,513 

324 

6,173 

10,000* 

735 

6,573 

1990** 

1990 

1989** 

1998»* 

911 (1) 

1987.. 

2004** 

1985*' 

1994«* 

1.5 5 

1.3> 

9.7* 

0.8 

2.4 

2.5 

0.2 

6.0* 

9.7* 

0.7 

6.0* 

Power 
Density 
Kw/cc 

/o BeO, 0 

0.68 

0.66 

0,70 

0.56 

%Xe 
Release 

238 inch D 

0.44 

0.08 

0.85 (2) 

0.04 

%He 
Release 

X 0.5 inch 

20.0 (2) 

15.0 (2) 

18.0 (2) 

6.3 (2) 

Claddmg 
OD Change, 

mils 
Cladding 
Reaction 

long pellet height, 1 kw/c 

None 

None 

None 

None 

None 

None 

None 

None 

17.0 (2) 

Irradiation Dates 

5/62-1/64* 

1/62-4/62 

4/62-10/62 

2/62-8/62 

2/62-3/62 

5/62-5/63 

4/62-1/64* 

3/62-4/62 

4/62-5/63 

Pm-type specimens (Cb-1 Zr alloy cladding), 0.305 OD x 0.015 wall cladding, 50 v/o UO2-50 

, „ , „ 1 3 PW26-40 1,000* 

PW26-41 1,803 

PW26-42 1, 494 

PW26-45 10,000* 

2201 

2161 

2101 

2193 

1.0* 

1.3 

1.3 

9.4* 

C. Pm-type specimens (Cb-1 Zr alloy claddmg), 0.305 OD x 0.015 wall cladding, 60 v/o UO,-40 

PW26-50 

PW26-52 

1,228 

1,228 

1904 
1979.: 

0.7 

0.6 

0.65 

0.56 

D. Pm-type specimens (Cb-1 Zr alloy cladding), 0.305 OD x 0.015 wall cladding, 50 v/o UO,-50 

fi .. i n l 3 PW26-60 6,000' 

PW26-61 10,000' 

PW26-62 10,000' 

2174 

2183 

2199 

5.8* 

9.4* 

9.4* 

E. Pm-type specimens (Cb-1 Zr alloy cladding - E.B. welded), 0.305 OD x 0.015 wall cladding, 

13 
PW26-80 

PW 26-81 

1, 000* 

3, 000* 

2200* 

2200* 

2.7 X 10 
„13 

1.0* 

3.0* 2.8 x 10 

F , Pin-type specimens - ETR Core Experiments (Cb-i Zr alloy claddmg), 0.350 OD x 0.15 wall 

PW28-10 1,000* 2200* 6.7x10^'^* 

PW28-11 3, 000* 2200* 6.7 x 10 13, 

v/o BeO, 0.272 inch D x 0.72 mch long pellet height, 1 Kw/cc m Li at 2200F design 

4/63-8/63 

2.1 16.0(2) 2.4 Gram Growth 10/62-12/62 

17.0 - - -- 12/62-3/63 

1/63-6/64* 

v/o BeO, 0.262 inch D x 0.75 mch long pellet height, 1 Kw/cc in Ll of 2000F design 

0.92 18.0*** None None 6/62-8/62 

0.82 J7.0*** None None 6/62-8/62 

v/o BeO, 0.272 inch D x 0.72 inch long pellet height, 1 Kw/cc in Li at 2200F design 

2/63-2/64* 

1/63-7/64* 

1/63-7/64* 

50 v/o U0„-50 v/o BeO, 0.272 inch D x 0.72 inch long pellet height, 1 Kw/cc m Li at 2200F design 

6/63-8/63* 

6/63-12/63* 

cladding, 1 specimen contammg BeO and 2 specimens per capsule 50 v/o depleted UO„-50 v/o BeO, m Li at 2200F design 

7/63*-10/63* 

9/63*-4/64* 

* Design or estimated values 
** Approximate temperature - thermocouples are questionable 

*** Center test specimen 
(1) Heater failed at start up because of an operator er ror 
(2) Top test specimen 
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2000 

2000 

2210 

2180 

2180 

2200 

2200 

2200 

2200 

7009 

7409 

2660 

2035 

2421 

2421 

500 

100 

100 

Center Specimen Approximate Hours 
% Capsule Cladding Temp, F thru June 30 

PW26-10 

PW26-16 

PW26-45 

PW26-60 

PW26-61 

PW26-62 

PW26-40 

PW26-80 

PW26-81 

2 . Cri t ical Experiments and Physics 

Measurements to investigate the variation of LCRE mate r i a l reactivi ty coefficients 
with cr i t ica l assembly core composition were ca r r i ed out on the CCA-6 assembly with 
a 13.5-inch diameter and a 12-inch long c o r e . With control drums at the zero degree 
orientation (poison sections facing the core) 13 kg of beryll ium oxide (or approximately 
one-half of the normal core content) were removed from the core and replaced by 30 kg 
of columbium to shift the neutron spectrum to higher ene rg i e s . The cr i t ica l m a s s of 
U235 increased by 11.8 kg which was about one kg less than predicted by the normal 
spectrum core mate r ia l reactivi ty coefficients. Mater ia l reactivity coefficients in the 
core and reflector regions were changed by only small amounts against the est imate of 
experimental e r r o r s . The same changes in the BeO and columbium content of the core 
were then made to the normal core loading with the control drums at 180 d e g r e e s . In 
this case , the cr i t ical mass of U235 increased by 9.7 kg, or approximately 3 kg less 
than that predicted from the normal spectrum core mater ia l reactivity coefficients. 
Mater ia l reactivity coefficient measurements indicated no apparent changes for a lumi­
num and aluminum oxide. The core-averaged coefficients for U235 changed from 81 to 
86 cents per ki logram; for beryll ium oxide they changed from 62 to 58 cents per ki lo­
gram and for columbium from - 5 . 1 to - 2 . 2 cents pe r k i logram. 

3 . Reactor Control and Safety Systems 

The Control System portion of the LCRE Control and Safety Systems mock-up was oper­
ated for 1068 hours during the qua r t e r . This was an endurance run of all control system 
circui ts under conditions simulating ei ther manual or automatic modes of control . Each 
control drum was exercised 32 t imes on a periodic bas is over its full range of motion in 
both d i rec t ions . This cycle of operation i s considerably g rea t e r than that which will be 
experienced in a startup and shutdown cycle of the LCRE. During the endurance run 
the only failures experienced involved five light bulbs located in the drum selector push­
button switch a s s e m b l i e s . This has been co r rec ted . 
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The mock-up was shut down following the above period of testing to permit the incor­
poration of a series of LCRE Safety System design changes and the installation of addi­
tional electrical interconnections required to make the mock-up a full scale operator 
trainer. When complete, the trainer will consist of a full eight-bay LCRE control con­
sole and 25 instrument racks, housing LCRE instruments, circuit chassis and simu­
lated reactor components and mechanisms. 

A number of breadboard and prototype safety system circuit assemblies were endurance-
tested with satisfactory resul ts . The following is a tabulation of the status of this test­
ing as of the end of the reporting period: 

Unit 
T e s t 

Hours 

2700 

500 

1870 

2210 

1150 

5000 

3300 

900 

Cycles of 
Operation 

lioo 
50 

200 

750 

150 

- -

- -

__ 

Scram Static Contactor Breadboard No. 1 

Scram Static Contactor Breadboard No. 2 

Scram Static Contactor Prototype Assembly 

Contactor Controller Breadboard 

Contactor Controller Prototype Assembly 

Low Voltage d-c Power Supply Breadboard 

Alarm Light Breadboard 

OR Logic Circuit Breadboard 

In addition to the above, testing of a developmental nature was accomplished on an alarm 
light prototype assembly and a TWO-AND logic circuit breadboard. The prototype of the 
alarm light unit exhibited some self-tripping of individual channels because of an over­
heating in the SCR circuits. Preliminary testing of design modifications now indicates 
satisfactory performance. 

The breadboard model of the TWO-AND unit has completed approximately 3500 hours of 
development testing. This has included many hours of endurance running with different 
circuit components of different values, in an effort to optimize performance. Consid­
erable difficulty was experienced in eliminating spurious tripping of this and other logic 
circuits by electrical noise on the power circuits in the laboratory. The objective was 
to stabilize the basic trip-circuit to within one percent of the value of the gate signal 
which would trip the silicon-controlled rectifier in the circuit. It was found that the 
circuit, as presently designed, is stable for all input gate signals up to within two per­
cent of the tripping values. However, when the input signal was adjusted to 99 percent 
of the tripping value, the unit tripped spuriously. The cause for this was found to be 
powerline clock synchronizing pulses and starting transients caused by major electrical 
equipment on the power line. The use of filtering capacitors and isolation transformers 
has diminished the effects of these disturbances to the point where circuit performance 
is acceptable, The behavior of these logic circuits emphasizes the importance of pro­
viding electric power sources for LCRE instrumentation which are essentially noise-free. 

4. Reactor Components 

The ten-inch, Cb-1 Zr alloy pressure vessel filled with lithium completed a scheduled 
10, 000 hour test . After 4370 hours of operation at 2000F with an effective hoop stress 
of 2000 psi in the vessel cylinder, the upper heating zone of the test rig burned out and 
the test temperature dropped to approximately 1900F. The effective hoop stress in the 
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) vesse l cylinder was increased to 2300 psi to compensate for the loss in t empera tu re . 
'' This s t r e s s and tempera ture were held for the remainder of the t e s t . Examination of 

the test p r e s s u r e vesse l is in p r o c e s s , J 

The two, four-inch, columbium foil-wrapped, Cb-1 Z r alloy p r e s s u r e vesse l s a r e sti l l in 
t e s t . One of these vesse l s , p ressu r i zed to produce a hoop s t r e s s of 6000 psi at 1600F, has 
completed 4746 hours of a scheduled 10,000 hour t e s t . The second vesse l , p re s su r i zed 
to produce a hoop s t r e s s of 1200 ps i at 2000F, has completed 3503 hours of a scheduled 
10,000 hour t e s t . 

The Cb-1 Z r alloy full scale test vessel , filled with lithium and pressur ized to produce a 
hoop s t r e s s of 1600 psi at 2000F, has completed 408 hours of a scheduled 10,000 hour t e s t . 
No apparent damage to the p r e s s u r e vesse l was observed following the failure of the con­
tainment vesse l tube during its initial heating to tes t t empera ture (PWAC-631). The fail­
ure was caused by differential thermal expansion in pa r t s of the containment ve s se l . A 
section of Inconel tube was removed just above the break and a piece of the outer layer 
of tantalum foil was removed and examined. The foil contained 15, 000 ppm O2. The layer 
of foil directly beneath this a rea was ductile and was not discolored. The break was r e ­
paired so that the pa r t s could expand freely. 

5 . Control Drives 

Three , 600F, dry, non-lubricated, double-row ball harmonic bearing tes t s were completed 
this period, as l is ted below: 

Part Number 

1022912 

1029732 

1029732 

Rings 

440-C Mod 

440-C Mod 

440-C Mod 

Mater ia l 
Balls 

M-2 

M-2 

M-2 

Cage 

17-4 PH 

Inconel X 

Inconel X 

Cycles 

5 X 106 

5 x 106 

failed at 
2 X 106 

Speed 
(REM) 

10 

10 

10 

The failure to achieve tes t objectives in the third tes t above was due to high drag, resul t ing 
from silver pile-up in the race g rooves , Posttest inspection of bal ls and r ings from the 
f irs t two tes t s showed no significant deteriorat ion to the bearing p a r t s . 

To experimentally determine the fatigue limit in AMS 5616 flex tubes, five tubes were r e ­
used in bearing and flex gear tes t s tands . These tubes have been subjected to 7 to 14 millior 
r eve r se s t r e s s cycles to date, and continue to remain m a s s spectrometer leak-t ight . 

High temperature synchro t r ansmi t t e r s continue to indicate that the innate fragility of their 
construction is leading to fa i lu res . To overcome this, the magnet wire size has been in­
creased from AWG 33 to AWG 28. Fur ther , a l ternate shaft angle t r ansducers a r e being 
investigated and a sample lot of high tempera ture potentiometers is on o r d e r . 

Two, 2000-hour, d ry-spur gear t es t s in 600F helium continue with 1770 and 1630 oper­
ational hours , respect ive ly . The gear ma te r i a l s a r e M-2 tool s teel and PWA-724. 

A printed circuit sc ram actuating motor having identical internal geometry to the LCRE type 
was scram-cycled 10, 000 t imes in 500F hel ium. Brush and commutator wear were well 
within acceptable l imi t s , 

I 
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Three high- temperature shim actuating motors operating in 500F argon have completed 
940, 670, and 340 hours to date and the t es t s continue. Mater ia ls of construction a re 
Ceramic-Eze magnet wire , Sauereisen and Duramic potting compounds. 

Two tungsten carbide and one columbium carbide type control drum radia l bearing pa i r s 
were cycled in 900F NaK for 2000 hou r s . Torque values were within acceptable l imits 
throughout the t es t s and no significant surface deterioration was observed. 

An M-50 tool steel drum thrust bearing with a Rollube 3 cage was subjected to 2000 hours of 
r eve r se cycling at 600F in NaK. The axial load was 100 pounds. The load-carrying region 
showed insignificant wear and the torque required to drive the system was l ess than six 
pound-inches. 

Two flex-gear t es t s under 600F in NaK were completed this per iod . The gear meshes were 
subjected to a revers ing torque load of 250 pound-inches. The gear pair test , using an 
M-2 tool s teel harmonic bearing, completed 1.3 million torque cycles with no appreciable 
tooth form w e a r . The second gear test , using a modified 440-C harmonic bearing, failed 
from loss of eccentr ici ty in the wave shape. 

The in-pile test of a shim actuating motor stack (Fig 12), containing Ceramic -Eze windings 
in Sauereisen potting cement was completed. The total dose for the 793-hour test was 2.0 
X lO-*-" n / cm2 , fast flux. E lec t r ica l r e s i s t ances a c r o s s the encapsulated coil and the coil-
to -case res i s t ance did not change significantly, 

6 . Pr imary and Reflector System Components 

Three Cb-1 Z r alloy, p r i m a r y system, pipe static tes t s have completed 8098, 7960, and 
6520 hours of the scheduled 10,000 hour test p r o g r a m . These pipe tes t specimens con­
tain lithium and a r e operating at 2000F, p ressu r i zed to 56.5 p s i . 

Two of the three p r i m a r y system pipe mechanical s t ra in cycling r igs were put on test dur­
ing this pe r iod . These r ig s a r e designed to subject samples of p r i m a r y pipe to mechanical 
cycling loads while p r e s su r i zed to 71 ps i at 2000F. The first of these tes t r ig s has com­
pleted 1664 hours with 400 cycles at 0.002 inch-per- inch s train, 400 cycles at 0.004 inch-
per- inch s t ra in , and 28 cycles at 0.006 inch-per- inch s t r a in . The second r ig has com­
pleted 400 cycles at 0.002 inch-per- inch s t ra in and 320 cycles at 0.004 inch-per- inch . The 
third tes t r i g i s in the final s tages of fabrication. 

Exper iments were conducted on the LCRE jacket heat t ransfer tes t r i g to obtain data for 
an evacuated assembly, a vert ical ly-mounted assembly and heater spacing with 18 inches 
of unheated jacket length. A cursory evaluation of the experimental data indicates that the 
r e su l t s a r e in agreement with the analytical data . 

The p r i m a r y fill and drain system development valve tes t was shut down after 3000 hours 
in lOOOF l i th ium. Excessive seat leakage resul t ing from a mismatch of lapped plug and 
seat pa i r s prompted this ea r ly te rminat ion . At the shutdown, the valve had been cycled 
(open-close-open) 1000 t i m e s . Fig 13 , 14, and 15 show posttest photographs of the plug, 
seat, and p r i m a r y bellows seal , respect ively . Visual examination of these pa r t s showed no 
apparent defects . The Stellite surfaces of the plug and seat were measured for reflectance 
and then cut for metal lographic examination. Prel iminary examination has revealed no 
corros ive attack or surface de ter iora t ion . A helium m a s s spect rometer leak check and 
Zyglo examination of the bellows also showed no apparent defects . Metallographic exam­
ination of the bellows is current ly in p r o g r e s s . This valve is being rebuilt with a new plug 
and seat incorporating a 60-degree contact angle and a new pr imary bellows sea l . 
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In^teflation of the second development punch valve in the tes t stand was completed and tes t ­
ing s ta r ted . The diaphragm of this valve was cut after having contained lOOOF lithium for | 
the scheduled 1000 hou r s . The design p r e s s u r e of 80 psi in the actuator was used to ac- * 
complish the cutting. Cycling and isolation test ing a re now being per formed. Seat leakage 
was measured at less than 20 cc of lithium per day during isolation tes t ing. To date, 1258 
hours of test ing at lOOOF have been accumulated. 

Corrosion test ing of 0.025-inch thick, type 316 stainless steel sheet punch valve diaphragms 
continued. Satisfactory res is tance to corrosion in lOOOF lithium for periods to 7000 hours 
has been demonstra ted. 

The valve designs for the p r imary and reflector coolant system a r e shown in Fig 16. 

Test ing was completed on the se r i e s of development vapor t rap cores discussed in two p r e ­
vious quar ter ly repor t s , PWAC-630 and PWAC-631. On the bas is of these t e s t s , Core 
Number IX, which has a constant one-quar ter - inch fin pitch, was selected as the best for 
the LCRE application. The performance of this t rap is compared to the performance of a 
unit having a one-half-inch fin pitch in Fig 17. Although Trap IX meets the c r i t e r i a or ig­
inally established for the LCRE, the small amount of lithium in the t rap effluent may be 
great enough to ultimately plug the control valve in the p r imary pump sweep gas system 
downstream of the vapor t r a p . To eliminate this possibility, a second stage of trapping is 
being investigated which, at present , consists of a tank containing a ra the r large c r o s s -
section. The velocity of the gas, a s it passes through this tank, is reduced so that the r e s ­
idence time is sufficiently increased to allow set t l ing. Portable effluent analyzers and trans­
parent sections a re being used to evaluate the performance of the test un i t s . In addition, 
vapor t r aps s imi lar to the LCRE units a r e being tested in conjunction with the p r imary pump 
t e s t s . Additional test stands a r e being fabricated to tes t the t raps at the fill and drain tank 
conditions. 

A scheduled shutdown of the second seal endurance r i g (Fig 18) was effected after 10, 364 
hours of satisfactory operation. This unit was operated at a constant shaft speed of 5600 
rpm and incorporated the prototype bearings and seals for the lithium pumps . This tes t ­
ing exposed the bearings and seals to a simulated LCRE pump operating environment, with 
the exception that they were not exposed to l i thium. The average leakage r a t e s observed 
for the oil shaft face seals were 1.5 cc/hour for the upper, and 1.1 cc /hour for the lower 
seal , respect ively . The helium leakage past the dry gas shaft face seal varied during the 
t e s t . While the leakage with a one psi differential was less than 0.01 scfh for about the 
first 6500 hours of test , the leakage increased to about 1.0 scfh for a 0 .5 ps i differential 
during the la t ter par t of the t e s t . The Kennametal K162B cermet face piece for this seal 
was brazed into the re ta iner with Coast Metals 52 al loy. Fur ther efforts to evaluate 
brazed seals a re in p r o g r e s s . 

The disassembly and evaluation of the second seal endurance unit have been essential ly 
completed. A photograph of the inter ior of the heated pot surrounding the shaft below the 
face seals is shown in Fig 19. The conditions inside the pot were s imi lar to those for the 
first seal endurance tes t (15, 045 hours) with only light film deposits of carbonaceous mate­
r ia l in evidence. A view of the shaft region in the a rea of the dry gas shaft face seal is 
shown in Fig 20. No oily deposits were found, but light deposits of carbonaceous mate r ia l 
were visible on the seal flange and on the shaft. Upon disassembly, the wear of all shaft 
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face sea ls was measu red . The combined rotor and stator wear for both oil seals was 
found to be l ess than 0.0002 inch, which was comparable to that found on the first seal en­
durance t e s t . For the dry gas shaft seal , the combined rotor and stator wear was found 
to be l ess than 0.010 inch. A film of oil was observed on the cermet faces of this seal , 
however, which was not present on the dry gas seal for the first endurance test unit . It is 
probable that this oil film on the seal faces formed only during the la t ter par t of the test 
when the increased leakage ac ros s the seal occur red . The mechanical condition of all 
bearings and seals was found to be excellent . The excessive wear noted for the lower half 
of the duplex thrust bearing on the first seal endurance unit was not found for any of the 
bearings on this t e s t . 

The face seal component development has been stepped up for both dry gas seals and oil 
seals to ensure satisfactory operation of these seals in the long-term endurance tes t s of 
liquid metal pumps . Studies of the contour profiles of the cermet rubbing faces of these 
sea ls , as determined by optical flats, have shown that definite waviness pat terns exist on 
sea ls after they have been run, although all were originally prepared to a flatness of about 
one helium light band. This observation has prompted an investigation of lapping techniques 
to produce selected waviness contours on cermet face seals p r io r to t e s t . Prel iminary 
t es t s of dry gas shaft seals lapped to a contoured surface a r e showing extremely low wear, 
low tempera ture r i s e , and low gas leakage. 

One of the seals which prompted the investigation is shown in Fig 2 1 . As shown, this seal 
had completed 1994 hours of operation at 6000 rpm with a leakage ra te of only 7 sec/minute 
of argon for a p r e s s u r e differential a c ro s s the seal faces of 0 .5 p s i . This seal ran in one 
of the monobloc seal tes t units with a tempera ture of only lOOF as measured by a the rmo­
couple attached to the ce rmet face. Although the seal faces had been lapped to a 1.0 AA 
finish before test , the post test examination revealed four apparent points of contact on the 
stator face with wavy depress ions of about five light bands of helium between the points of 
contact . This same seal was previously tested for 3736 hours under s imilar conditions 
with an observed leakage ra te of 28 sec /minute of a rgon. The total face load for both of 
these tes t s was 2.2 pounds. The seal wear for these t es t s was not measurable and the sur­
faces retained a m i r r o r finish throughout the t e s t s . 

Testing of the second hot center section test unit was terminated in the PT-5B test stand 
after 6696 hours of operation. This caused a leakage of lithium through the s tainless 
steel jacket surrounding the Cb-1 Z r alloy pot . A view of this leakage around the pot after 
the jacket was removed is shown in Fig 22 . The tes t unit was completely disassembled 
and detailed visual, mechanical, and metal lurgical examinations were conducted on the 
various components. Although it is strongly suspected that the liquid metal leakage occur­
red through the seal weld joining the pot to the center section housing, detailed meta l lur­
gical examination has so far been unable to determine a definite a rea of leakage. This test 
unit ran very well without any plugging problem.s inside the unit . A part ial ly disassembled 
view of the lower shaft region and the dry gas shaft face seal is shown in Fig 23. A thin 
layer of oxides of lithium, is noted on the shaft above the region of the gas sweep inlet and 
a film of lithium is also noticeable around the dry gas seal flange. This indicates that a small 
amount of lithium vapor did diffuse back up the shaft tunnel against the gas sweep flow, but 
no measurable plugging occur red , A photograph of the a rea around the lower oil seal is 
shown in Fig 24. This region, as well as the bearing cavity, was completely free of all 
t r a c e s of l i thium. Mechanical inspection of the bearings and seals revealed that they were 
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all in excellent condition. Heavy wear was noted on the faces of the dry gas shaft face seal 
and one convolution of the seal bellows was found to be f ractured. This seal had malfunc- g 
tioned at the beginning of the endurance tes t and ran with a balanced p r e s s u r e ac ros s the % 
seal for the remainder of the t e s t . The wear on both the lower face seal rotor and stator 
was negligible and the average oil leakage past this seal during the test was 0.09 cc /hour . 
The wear on the ro tor of the upper oil seal was also negligible, whereas the measured wear 
on the stator was 0.0009 inch. The average oil leakage past this seal was 5.3 cc/hour , a l ­
though the leakage was not measurable for the first 3300 hours of the t e s t . A design lay­
out of modifications to be incorporated into the next assembly of this center section has 
been completed and detail fabrication drawings a re in p r o g r e s s . 

A scheduled shutdown of the first hot center section test unit in the PT-5A test stand was 
accomplished after 10, 292 hours of t e s t . Upon disassembly from the test stand, the tanta­
lum foil wrapping around the Cb-1 Zr alloy pot was found to be intact and in excellent con­
dition, as shown in Fig 25. This test unit experienced an inadvertent flooding of lithium up 
the shaft when a drive motor failure occurred after 4340 hours of t e s t . The evidence of this 
flooding is shown in Fig 26 where deposits of lithium oxides a re shown on the shaft and on 
the housing enclosing the slinger below the dry gas shaft sea l . This oxide buildup in the 
gas sweep tunnel around the shaft resul ted in periodic plugging problems during the t e s t . 
A view of the shaft and dry gas shaft seal region is shown in Fig 27. Only small amounts 
of lithium are shown deposited on the dry gas seal flange, a deposition s imilar to that found 
for the second center section tes t unit . 

No evidence of lithium was found in the region of the oil face seal or in the bearing cavity. 
Mechanical inspection of the bearings and seals revealed that the oil- lubricated bearings 
and face seals were in excellent condition. The dry gas shaft face seal was in very good 
operating condition, but the cermet rubbing faces were roughened and the combined rotor 
and stator wear was about 0.010 inch. This seal had operated satisfactorily with a p r e s ­
sure differential of 0 .5 psi throughout the t e s t . The wear on the upper oil seal stator was 
negligible and the stator was found to have a l.O AA finish after t e s t . The measured wear 
of the rotor for this seal was 0.0001 inch and the finish was 2.0 AA after t e s t . Average oil 
leakage for the upper seal was 0.46 cc/hour during the endurance t e s t . A wear of 0.0006 
inch was measured on the lower oil stator and the finish was 0 .3 AA. Negligible wear oc­
cur red on the lower oil ro tor and the finish after test was found to be 0 .5 AA. There was 
no measurable leakage of oil past this seal throughout the t e s t . 

The design layout of necessary modifications to the hot center section test unit has been com 
pleted and detail fabrication drawings a re being p repa red . The modifications include a r e ­
designed seal weld and a method of taking liquid metal samples during test operation. The 
lat ter feature is being incorporated in the next tes t of the first center section unit but not in 
the second section unit . Design of a third center section test unit is in p r o g r e s s . This will 
accelera te development of the p r imary pump. 

Both of the lithium pump and sump hot flow test units have continued to function very sa t i s ­
factori ly. The first and second units have now accumulated totals of 8398 hours and 3247 
hours , respect ively . The second unit installed in the FT-5D test stand incorporated the 
auxiliary components scheduled for the LCRE instal lat ion. 

A view of the assembled reflector coolant pump test unit is shown in Fig 28. A successful 
dry run of the unit to check out the operation of the shaft face seals has been completed. 
The pump unit is being prepared for assembly into the completed sump and loop assembly 
shown in Fig 29. The reflector pump and sump hot flow test unit is constructed predom­
inantly of type 316 stainless steel and will be tested with NaK-78. Construction of the i 
associated tes t stand is nearing completion and test ing will be initiated during the next ' 
qua r t e r . The design of two hot center section tes t units is in p rog res s to accelera te the 
development t es t s of the reflector coolant pumps . 
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FIRST L ITHIUM CENTER SECTION 

AFTER 10,292 HOUR TEST 
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FIG 26 
C4N-4346 

FIRST LITHIUM CENTER SECTION 

LOWER SHAFT REGION DURING DISASSEMBLY 
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FIG 28 
E-11374 

REFLECTOR PUMP TEST UNIT 
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FIG 29 
E-11372 

REFLECTOR PUMP TEST SUMP AND LOOP 
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7,:' Secondary System Components 

Water tes t s were conducted of the secondary coolant pump impel lers (Fig 30) with a 
s tainless steel par t ia l shroud brazed to the vane t i p s . Data comparison (Figs 31 and 
32) of the same impeller without a shroud indicated improved performance with a 
par t ia l shroud. Results of other t es t s indicate that fully-shrouded impel lers give 
markedly poorer performance than unshrouded impe l l e r s . An optimum performance 
level for the par t ia l ly-shrouded impeller is being sought. 

Test ing of the modified hot center section unit (Fig 33) was begun and a total of 388 hours 
in NaK-78 at 700F have been accumulated. The modifications consisted of adding a radia l 
vaned impeller at the end of the shaft to simulate the head r i s e generated by the secondary 
pump impeller , and adding a simplified sump around the center section to simulate the 
operating environment for the sump type pump. An improved vapor t rap has also been in­
corporated into the tes t stand. 

The hot flow test of the secondary pump and sump has continued to operate successfully 
for a total of 5516 hours in NaK-78 at about 695F. The current operating point is at a 
flow ra te of 395 pgm and a head r i s e of 143 feet. This corresponds to a shaft speed of 
4580 r p m . Minor plugging indications have pers i s ted in the gas sweep circuit , but have 
not caused any operational difficulties. 

Modifications to the secondary pump water test unit a re being made in the a rea of the dy­
namic seals to satisfy the new head r i s e and flow ra te requirements for the LCRE appli­
cation. The FT-4 tes t stand of the Pump-Turbine Laboratory is also being modified to 
conduct the water calibration studies of the secondary pump and sump test unit . 

The f irst of four development isolation valves completed the scheduled 10,000 hour t e s t . 
This valve, which was operated in the 1200F to 1500F range, is being disassembled for 
examination and evaluation. Prel iminary examination indicates the valve to be in excel­
lent condition. 

A rebuilt isolation valve, with the new 60 degree plug and seat contact angle, has accum­
ulated 2450 hours in 1200F NaK and has been cycled approximately 775 t i m e s . Fig 34 
shows this new plug design. 

The valve designs selected for the secondary system as a resu l t of the development valve 
testing a re shown in Fig 35. 

Vapor t rap core . Type IX, the type selected for the lithium application, out-performs all 
other types tested in NaK-78. The development program on this unit closely para l le ls the 
lithium development discussed in the section of this repor t on the Pr imary and Reflector 
System Components. 

The two, 3-1/4-inch diameter Cb-1 Zr alloy-to-type 316 stainless steel co-extruded 
joint t e s t s , containing NaK at 1200F with an internal effective p r e s s u r e of 64.5 psi , were 
completed during this per iod. Each of the tes t s successfully completed the scheduled 
10, 000 hours of endurance tes t ing . 
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FIG 30 
C-10931 
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FIG 33 
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PROTOTYPE LCRE VALVE PLUGS 

OLD DESIGN (30** ANGLE) 

NEW DESIGN (60** ANGLE) 
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8. Non-Nuclear Systems Test 

Rebuilding of the system, necessitated by an electrical short at the center terminal of the i 
I R heater, was completed. All systems were started, a calibration program completed, ' 
and design point operation initiated on June 22. By the end of June, 206.5 hours of contin-

'-U uous operation at the design point ( 5 Mw and 2000F) had been completed without incident. 

> A drawing representing a sectional view through the center terminal seal, as it was re -
4 milt, is shown in Fig 36. The materials were selected for this arrangement on the basis 
^ jf electrical insulating properties, structural characteristics, off-gassing and thermal 

stability characteristics, and availability. Viton-A seal rings, and NEMA G-7 and Super 
Mica 500 insulators make up the critical parts of the assembly. Prior to installation, 
bench tests were performed on this assembly in the non-nuclear systems test to determine 
sealing and permeability characteristics. 

The start-up of the non-nuclear systems test was similar to the start-up reported in the 
last quarterly report, except that all phases of the start-up were accomplished in a much 
shorter t ime. 

The results of the calibration program are shown in tabular form in Fig 37. This program 
was formulated to determine the heat transfer characteristics of the system as a function 
of liquid metal flow rate, temperature level and power transfer across the system. As 
shown on the chart, data was obtained at 11 different operating conditions, the eleventh 
point being the design point endurance condition. Performance predictions for the LCRE 
heat removal systems are confirmed by this data. 

Plans call for operating the system at the design point for an extended period of time. The 
shroud gas system is being operated as a stagnant system, with make-up gas being added 
as necessary to replenish the gas removed for analysis. During the endurance run, a per­
formance point will be calculated daily from the observed data to provide a basis for com­
parison of system performance as a function of operating time. 

9. Instrumentation Development 

Forty-seven, 10, 000-hour endurance tests of 1/8-inch diameter Cb-1 Zr alloy-clad ther­
mocouples are proceeding satisfactorily. Sixteen, W-5 Re/W-26 Re thermocouples have 
operated within tolerance limits of one percent for 3400 hours at 1950F in pure argon. The 
operating histories of these latter couples are shown in Fig 38. Maximum and minimum 
er rors , as well as mean error in degrees F, are plotted for each of two groups of eight 
thermocouples. Two groups of ten chromel/alumel thermocouples, with junctions insul­
ated from the cladding, show an average error of five degrees after 3200 hours under the 
same conditions (Fig 39). Seven Mo/W-26 Re thermocouples show no drift after 2600 
hours under these conditions, but remain offset 60 degrees from the standard curve for 
this material (Fig 40). All of these thermocouples were fabricated and operg.ted in a 
manner which excludes moisture and oxygen from the alumina insulation. 

An order has been placed for calibrated tungsten/rhenium thermocouples, fabricated to the 
post-irradiation composition calculated for two representative neutron doses (refer to 
PWAC-631). These calibrations will confirm the maximum error expected in LCRE thermo­
couples due to transmutation. 

Thermocouples have been fabricated of W-5 Re/W-26 Re, using a bimetallic sheath com­
prising AMS 5573 and Cb-1 Zr alloy tubes welded to a co-extruded joint before swaging. 
These thermocouples parted at about lOOOF in the first heating portion of thermal cycling | 
tes ts . Similar failure in AMS 5573 clad W-5 Re/W-26 Re couples indicates that the break- ^ 
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FIG 37 

NON-NUCLEAR SYSTEM TEST OPERATING DATA 
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age is directly caused by differential thermal expansion. Since stainless steel-clad thermo­
couples previously fabricateci from a different batch of W-5 Re/W-26 Re wire were suc­
cessfully cycled many times over a 1000-hour period, the present difficulty seems to be * 
due to either differences in wire or in the manufacturing process. Bimetallic-clad thermo­
couple samples, now being fabricated by vendors will be fabricated with less elongation in 
the wires in swaging, and will be thermal-cycled at CANEL. W-3 Re/W-25 Re wire is 

"^ being evaluated as a substitute, since it apparently has greater ductility. The stability 
and transmutation characteristics of these new alloys should be comparable to those of the 
present alloys, but confirmation will be obtained by tes ts . 

One of the ten Cb-1 Zr alloy continuous liquid metal probes on test in lithium at lOOOF 
failed at 1300 hours. Posttest examination showed the failure to be a seal failure at the 
cold end, with resultant diffusion of air into the insulation. This was confirmed by 
leak-testing the seal. Since the probes are tested in pairs, the examination of this probe 
terminated the testing of a second probe, which was operating normally. The remaining 
eight probes are operating normally after 2800 hours, under the above conditions. Ten 
probes each of titanium and Cb-20 Ti alloy alternate materials are being fabricated for 
similar tes ts . 

Inpile testing of four LCRE ion chambers and four fission counters in the Battelle Research 
Test Reactor was continued through this period. At 1500 hours, a test cable failed in one 
of the fission counter capsules, due to condensation of moisture evolved from a concrete 
shield plug. The capsule was removed and dried, the cable was replaced and the test r e ­
sumed. One ion chamber was removed after 2156 hours of successful operation at 400F 
for posttest examination. The total dosage experienced by this chamber was 3.6 x l O ^ 
ergs/gram (C) gamma, 8 .6 x lO-*-" nvt thermal, and 7.5 x 10^5 nvt fast neutrons. The ex­
posed chamber is shown in Fig 41 . The fiberglass electrical insulating tape cover was 
discolored to varying shades of brown, without detriment to its insulating function. Pre­
liminary tests of the internal leakage resistances do not indicate significant decrease. One 
fission chamber was removed after 2180 hours of successful operation at 400F for post-
test examination, which will be performed upon its receipt at CANEL. The remaining ion 
chambers and fission counters are operating satisfactorily after exposure times up to 
2800 hours. Radiation sensor and preamplifier assemblies for additional proof testing are 
being fabricated. 

10. Materials Development 

a. Columbium-1 Zirconium Alloy 

Evaluation of methods for developing improved strength in Cb-1 Zr alloy fuel pin 
cladding was continued. Methods included approaches for treating finished (CS-
1831) tubing by carburizing, nitriding, and solution heat treatment. In addition, 
work was continued on modifications to melting and fabrication practices. 

During the past quarter, 29 rupture tests in lithium were completed on specimens 
of fuel tubing. Three specimens remain on test . Results of these tests, summar­
ized in Fig 42, confirmed that solution-treating finished tubing for one-half hour at 
3100F resulted in a 10 to 15 percent increase in strength (PWAC-631). Raising the 
carbon content of finished tubing to the 500 ppm level was accomplished by coating 
the tubing with a graphite slurry and heating at 2000F to 2200F , Further treat­
ment of this material at 2600F to 3100F enhanced the carbon distribution through 
the wall and produced significant increases in stress-rupture strength. Speci­
mens of finished tubing with carbon restored in this manner were evaluated for , 
stress-rupture strength after treatments of 6, 24, and 30 hours at 2600F, one 
hour at 2700F, one hour at 2900F, and one-half hour at 3100F. Compared to un-
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FIG 42 

FUEL PIN CLADDING TUBE BURST TEST IN LITHIUM 
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Carbon + 3100F/1/2 h r . anneal 
Nitrided + 2200F/4 h r . anneal 
Carbon + 2600F/6 h r . anneal 

Carbon + 2700F/1 h r . anneal 
Carbon + 2700F/1 h r . anneal 
Carbon+ 2900F/1 h r . anneal 
As r e c ' d + 3100F/1/2 h r . anneal 
Nitrided + 3100F/1/2 h r . anneal 
Nitrided + 2200F/4 h r . annea l 
Carbon + 2600F/6 h r . anneal 

2700F/1 h r . anneal 
2700F/1 h r . anneal 

As r ec ' d 
As rec 'd 
29 OOF/I h r . anneal 
2900F/1 h r . annealV' 

As r ec ' d 
As rec 'd 

As r ec ' d 
29OOF/I h r . anneal 

( 

Note: All specimens were annealed at 2200F for two hours p r io r to t e s t . 

* Still on tes t 

** Specimen had internal c racks which affected tes t resu l t s 
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t rea ted, finished tubing, a s trength increase of 40 to 50 percent was real ized by the 
2600F and 2700F heat t rea tments , and an increase in s trength of 50 to 100 percent 
was real ized by heat - t rea t ing for one hour at 2900F. Over 100 percent increase in 
strength was achieved by the 3100F, one-half hour anneal . However, this t reatment 
produced an undesirably large grain s i ze , 

Similar exper iments on gas-ni t r ided Cb-1 Zr alloy tube specimens, hea t - t rea ted at 
2200F (four hours) or 3100F (one-half hour) showed 50 and 100 percent increase in 
strength, respect ive ly . However, nitrogen res tora t ion does not appear as promis ing 
as carbon res to ra t ion . Higher strengths a re real ized by carbon addition, and n i t ro­
gen tends to be depleted in a flowing lithium sys tem. Evidence was obtained to indi­
cate that whereas , carbon is comparatively stable in Cb-1 Zr alloy when exposed to 
lithium, nitrogen is removed by leaching. Carbon-res tored tubing exposed for 500 
hours in a 2000F maximum tempera ture in the LCCD~1 test system, 400F thermal 
gradient loop, showed no appreciable change in carbon content. Ni t rogen-re stored 
tubing s imi lar ly exposed showed a loss of 600 ppm from a p re te s t analysis of 1400 
ppm. Two small mel ts of Cb-1 Z r alloy with 500 and 1200 ppm carbon were fabr i ­
cated into tubing and evaluated for c reep- rup ture strength in the as-fabr icated con­
dition, and after 2700F and 2900F heat t r e a t m e n t s . The as-fabr icated tubing showed 
a 20 to 50 percent increase in strength compared to Cb-1 Z r alloy (CS-1831) tubing 
in the same condition. Heat t reat ing at 2700F for one hour ra i sed the strength level 
in one tes t by almost 100 pe rcen t . The 2900F, one-hour t rea tment appears very 
promis ing for this m a t e r i a l . Specimens sti l l on tes t a r e exhibiting about 150 percent 
increase in s t rength . Although two ruptures on specimens of this mater ia l revealed 
low strength, defects were discovered in subsequent examination. 

Production of l a rge r quantities of modified Cb-1 Z r alloy tubing ( 500 to 800 ppm C) 
is proceeding on ma te r i a l whose strength will be initially evaluated in the 2900F, one-
hour, hea t - t rea ted condition. 

Creep- rup ture test ing of Cb-1 Z r alloy specimens, machined from heavy plate, con­
t inued. Five creep tes t s in lithium completed 10,000 hours and were discontinued. 
Four other t es t s ruptured . Seven specimens were continued in t e s t . Current status 
of uniaxial t e s t s is a s follows: 

Uniaxial Creep-Rupture T e s t s in Lithium 

T e s t 
Temp, F 

1600 

1800 

2000 

Max, Tes t 
S t res s , KIPS 

6.0 
12.0 

3 ,5 
7.0 
1.75 
2.0 
2 .0 

(Heat Code PJDL 

T e s t 
T ime, h r . 

10,000 
10,004 
10, 000 

8,942 
9,591 

10,000 
6,150 

Unless Noted) 

Total 
Extension, % 

0.565^ 
1.29 ^ 
0 .96 ^ 

27.7 2 
0.73 „ 
1.3 2 
8.3 

Remarks 

Discontinued 
Discontinued 
Discontinued 
Ruptured 
In tes t 
Discontinued 
Code PHUM Extruded 
Pipe in Tes t 
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Test 
Temp, F 

2200 

2400 

Max. Tes t 
Stre s s , KIPS 

2.5 
3.0 
3.0 
1.2 
1.75 
2.0 
4 .0 
0 .75 
1.5 

PWAC 

Tes t 
Time, h r . 

10,028 
6,461 
5,026 
8,677 
2,688 
1,579 

177 
9,197 

415 

- 632 

Total 
Extension, % 

3.8 
19.2 

8.7 
3.6„ 

49 .2^ 
11.8„ 
29.0 
34.4 
44.6 

Remarks 

Discontinued 
In Tes t 
In Tes t , Weld 
In Test 
Rupture 
In Tes t , Weld 
Rupture 
In T e s t 
Rupture 

All specimens annealed at 2200F pr ior to t e s t . 
2 
Measured elongation after completion of tes t ; all other extension measurements 
a re from external dial gauge read ings . 

Two rupture t es t s were conducted in vacuum to provide short rupture data and p r i ­
m a r y creep da ta . 

Creep T e s t s in Vacuum 

Temp, F 

2400 

2400 

(Specimens annealed at 2200F pr io r 

Heat 
Code 

PJHJ 

PJHJ 

MjiA. T e s t 
St ress , KIPS 

3.0 

3.0 

Tes t 
T ime, hr 

33.5 

57,4 

to test) 

Tota l 
Extension, % 

75.3 

60.4 

Remarks 

Rupture 

Rupture 

Biaxial tube burs t t es t s in lithium were continued for the purpose of evaluating long 
t ime c reep- rup ture behavior of typical reac tor system weldments . The specimens 
were originally prepared from heavy wall, extruded pipe . Eight specimens were 
continued on tes t , one was discontinued because of r ig malfunction, and one ruptured. 
Data is as follows: 

Biaxial Tube Burst Tes t s in Lithium 

T e s t 
Temp, F 

1600 
1600 
1600 
1800 
1800 
1800 
2000 
2000 
2000 
2000 

Heat 
Code 

PGSG(2) 
PJYT(2) 
PHNF(2) 
PJYT(2) 
PHNF(2) 
PHNF(2) 
PGSI(2) 
PGSG(2) 
PGSI(2) 
PGSI(l) 

Max. Tes t 
S t ress , KIPS 

6.0 
9.0 

21.0 
3.5 
5.0 
7.0 
2.0 
3.0 
4 .0 
5.0 

Tes t 
T ime, hr 

4,696 
210 
210 

3,857 
810 
210 

5,730 
5,552 
2,682 

15,271 

Remarks^ ' 

In Tes t 
In Test 
In Test 
In Test 
In Test 
In Tes t 
In Test 
Disc ' t ; furnace failure 
Rup't; 48% growth 
In Tes t 



Biaxial Tube Burst T e s t s in Lithium 
(continued) 

Note: (1) Tube-to-plate weld 
(2) Girth weld 
(3) All specimens annealed at 2200F pr io r to tes t 

b . Reactor Mater ia ls Compatibility 

Liquid metal compatibility test ing of B4C samples from vendor-supplied, LCRE r e ­
flector mater ia l , was completed at t empera tu res of 650F, 800F, and lOOOF. No 
change occurred in specimens exposed to sodium at t empera tu res up to lOOOF. Com­
plete disintegration of the tested compacts occurred in potassium at 650F and above 
and in NaK at 800F and above. Disintegration occurred within five minutes of contact 
(Fig 43). The disintegrated mater ia l , even after 5000 hours exposure to lOOOF eutec­
tic NaK, was retained by a l60-micron , s tainless s teel f i l ter . T e s t s at lOOOF for 
10,000 hours of B4C and eutectic NaK in type 316 stainless s teel capsules have shown 
that disintegration of the B4C causes no detr imental carbon or boron t ransfer into the 
type 316 s ta inless s t ee l . 

T e s t s have been initiated with ^40 specimens, recently available from a second ven­
do r . In contrast to the behavior of B4C discussed above, these specimens have not 
been affected by exposure to NaK or potassium under identical tes t conditions, ^ e c -
imens completed 1500 hours in lOOOF eutectic NaK without evidence of a t t ack^ tAnal -
yses and test ing a re being continued to determine the reasons for this differenbe in 
behavior . 

It has been determined that the dark region previously repor ted (PWAC-624, page 68) 
in beryll ium coupled with type 316 s ta inless steel , was caused by galvanic corrosion 
which occurred when beryll ium and s ta inless steel were polished together, using an 
alumina s l u r r y . Addition of sodium ni t ra te to the polishing media eliminated the 
effect. As previously repor ted (PWAC-631, page 71) spectrographic analyses of mate­
rial-from zones immediately adjacent to the bery l l ium-s ta in less steel interface con­
firmed the absence of foreign m a t e r i a l . T e s t s of the beryl l ium-eutect ic NaK, t37pe 316 
s ta inless steel , erosion and corrosion loops NSBA-1 and NSBA-2 were shut down after 
completing scheduled tes t s of 5000 and 2000 hours , respec t ive ly . Posttest examina­
tion of these beryll ium specimens will be per formed. Evaluation of beryll ium spec­
imens exposed to 800F eutectic NaK alloy for 5000 hours in a pumped loop will be 
completed during the next qua r t e r . 

An investigation was s tar ted of the ra te of lithium attack as a function of oxidation con­
tamination on Cb-1 Z r al loy. Specimens of 0.032-inch wire having large"^quiaxed 
gra ins were p repared with oxygen in solid solution produced by a quench from 3700F 
and with the more stabilized s t ruc ture produced by a one or two hour, 2200F heat 
t r ea tmen t . Previous studies (PWAC-621 and PWAC-622) have shown that lithium attack 
can occur if the concentration of oxygen in solid solution exceeds 250 ppm or if the 
oxygen concentration of the stabilized alloy exceeds a nominal 3000 ppm. In this in­
vestigation, short t ime corros ion behavior was studied by insert ing wire specimens 
for predetermined intervals into a beaker of 1500F lithium contained in purified inert 
g a s . The evaluation of liquid meta l attack was performed metallographically on a 
0 .5 inch section from the center of the region contacting the l i thium. The resu l t s of 
test ing a r e presented as follows: 
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C-11082 
FIG 43 

INTERACTION OF BORON CARBIDE COMPACT SAMPLES 

WITH MOLTEN ALKALI METALS 

V 

• ^ '."o 

/>-^ 

^ 

i 

650F NaK 

PRETEST 

650F POTASSIUM 

800F NaK lOOOF SODIUM 

MAGNIFIED: IX < 

SHOWING THE DELETERIOUS EFFECT PRODUCED BY 5 MINUTES CONTACT 

WITH POTASSIUM AND POTASSIUM ALLOY (NaK; 78% K) 
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Cb-1 Z r Alloy Specimens Containing 
Oxygen in Solid Solution as Quenched from 3700F 

Oxygen, ppm 

195 
195 
180 
180 
300 
300 
500 
500 
560 
560 

Exposure to 1500F 
Li, Minute 

1 
5 
10 
20 
1 
10 
1 
5 
10 
20 

Results 

No attack 
No attack 
No attack 
No attack 
No attack 
No attack 
No attack 
10 percent of grain boundaries penetrated 
20 percent of grain boundaries penetrated 
50 percent of grain boundaries penetrated 

C b - i Z r Alloy Specimens Containing Oxygen 
Stabilized by One Hour-2200F Heat Trea tment 

Oxygen, ppm 

2000 
2000 
2600 
2600 
3000 
3000 
3700 
3700 
3500 
3500 

Exposure to 1500F 
Li, Minute 

1 
5 
10 
20 
1 
10 
1 
5 
10 
20 

Results 

Single grain boundary 0.003 inch penetration 
No attack 
No attack 
No attack 
No attack 
50 percent of grain boundaries penetrated 
50 percent of grain boundaries penetrated 
60 percent of grain boundaries penetrated 
100 percent of grain boundaries penetrated 
100 percent of grain boundaries penetrated 

Examination of this data shows that with an oxygen concentration of 300 ppm in solid 
solution, no lithium attack was observed even after 10 minutes exposure . Previous 
experience has shown that s imi lar Cb-1 Zr alloy specimens would be attacked by 
lithium in 50 h o u r s . The columbium alloy specimens containing 3000 ppm oxygen, 
stabilized by a 2200F heat t rea tment , showed lithium attack after ten minutes ex­
posure to lithium, but not after one minute . Specimens containing 3700 ppm oxygen 
were attacked within one minute . It was concluded that the ra te of attack by lithium 
is ext remely rapid and relat ively insensitive to oxygen concentration within the range 
t es ted . 

It is interest ing to note that only intergranular penetration was observed in these short-
t ime exposures , whereas , t ransgranula r attack also has been observed in s imi lar 
specimens after 50-hour exposures . These resu l t s suggest that the t ransgranular 
penetration is a much slower p r o c e s s . The specimen containing 2000 ppm oxygen, 
which exhibited a 0.003 inch penetration in one grain boundary, apparently contained 
a localized contamination and must be considered an anomaly. Additional tes t ing will 
be directed toward determining the onset of t ransgranular penetration, the effect of a 
fine grain s t ruc ture and the effect of higher and lower t e m p e r a t u r e s . 
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c. Materials Fabrication and Processing Development 

A study is in progress to evaluate protective coating as a means for minimizing con­
tamination of Cb-1 Zr alloy, lithium containment vessels during protracted exposure 
to inert gases at elevated temperatures. A four-inch diameter SnAl-1 coated, Cb-1 
Zr alloy pressure vessel, operating in a purified helium atmosphere at 2000F, gave 
indications of failure after 7564 hours of test, but, because of a plugged lithium sup­
ply line, the leak was considered negligible. The test was continued to 7923 hours 
before termination, due to rupturing of the Inconel shroud by lithium attack. Pene­
tration of air through the ruptured shroud resulted in pressure vessel oxidation which 
obscured the failure site. A similar test, in which contamin.ation prevention is pro­
vided by tantalum foil wrapping, completed 8102 test hours at 2000F in a helium at­
mosphere containing 100 ppm air and flowing at the rate of 50 cc per minute. 

Testing of the third in the series of tantalum foil-wrapped loops (LCCBK-9) was inter­
rupted after 1359 hours, due to a helium blower motor failure. Repairs were com­
pleted and testing was continued to 1504 hours of a 5000-hour scheduled test . The 
SnAl-1 coated, Cb-1 Zr alloy corrosion loop LCCBK-6 completed 3303 hours of a 
scheduled 5000-hour test at a maximum lithium temperature of 2000F and a thermal 
gradient of lOOOF. Contamination levels of the helium cover gas have been maintained 
below one ppm. 

Work was continued on the development of seizure-resistant, columbium surface layers 
on Cb-1 Zr alloy par ts . The carburizing process involves thermal treatment of a cold-
sprayed graphite slurry coating in vacuum or inert atmosphere. Carbide layer thick­
ness data was determined for various conditions of firing time and temperature and 
mathematical relationships were established. The carbide layer thickness data tabu­
lated below is plotted in Fig 44. The effects of processing time and temperature for 
the range of conditions studied, fit the equation: 

Log s^ = K T "-̂  
t 

where: s = carbide layer thickness, mils 

t = time, hours 
2 

K = proportionality constant, (mils) /h r /deg . , K 

T = absolute temperature, degrees K 

The calculated activation energy for the growth of the carbide layer by this process is 
-72.5 kcal/mole, which is in good agreement with -78.8 kcal/mole reported in Battelle 
Report No. BMI-1445. The calculated effective diffusivity of the elements in columbium 
carbide layer is 1.1 x lO'-'-O cm2/sec. at 2600F. Comparison between the results of 
this study and accepted literature values for the temperature dependence of the diffus­
ivity of carbon in columbium metal, -27 to -33 kcal/mole, reveals that transport 
through the carbide layer represents the rate controlling step in this surface carbur­
izing process. 
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FIG 44 

TEMPERATURE DEPENDENCE OF COLUMBIUM CARBIDE 
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Processing Data for Slurry Carburization 
of Cb-1 Z r Alloy* 

Specimen 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Fi r ing Temp, F 

2200 
2400 
2600 
2600 
2600 
2800 
3100 
3300 

Time, 

4.0 
1.0 
0 .5 
4.0 
1.0 
1.0 
0 .5 
0 .5 

hr 
Carbide Layer 

Thickness , mils 

0.09 
0 .1 
0.17 
0.45 
0 ,63 
0.51 
0.70 
1.25 

*lnitial s lu r ry coating weight on each specimen was 2.8 to 
3.0 m g / c m ^ 

Fric t ion and wear tes t evaluation of s lurry-deposi ted columbium carbide layers has 
not begun, but metallographic analysis is complete . Photomicrographs showing the 
effect of firing t ime and tempera ture upon carbide case thickness a re presented in 
Figs 45 and 46 . 

An investigation of the use of methane-argon mixtures for high tempera ture carbur i ­
zation of Cb-1 Zr alloy p a r t s is part ia l ly finished. This work was undertaken as an 
al ternate carburizing method in case the problem of excess carbon removal from 
s lur ry-coated pa r t s should become an obstacle to the process ing of par t icular Cb-1 Zr 
alloy shapes . Carbide layers , 0 .1 to 0 .2 mi l s thick, have been obtained during a six-
hour, 2200F t rea tment in an argon-five volume percent methane atmosphere flowing 
at the ra te of 20 re to r t volume changes per hour . This work will be reported in de­
tai l upon completion of a p rogram of chemical ana lyses . 

The investigation of the interdiffusion of Cb-1 Zr alloy with type 316 s ta inless steel 
has been completed. Extrapolation from data repor ted in PWAC-623 indicated that a 
diffusion layer approximately 0 .1 mil thick could be expected on specimens heated for 
10,000 hours at 1350F. Electron microscopy examination of specimens heated at 
1350F for 115, 400, and 900 hours showed diffusion had occurred to depths of 0.015, 
0.02 and 0 .03 mil , respect ively . A log-log plot (Fig 47) of these diffusion zone widths 
against t ime indicated a diffusion zone of approximately 0.07 mi l would be formed in 
10,000 h o u r s . The validity of these extrapolations has been demonstrated in Figs 48 
and 49 by resu l t s of optical and electron metallographic examination. These revealed 
a 0,06 mil diffusion zone on a diffusion couple heated at 1350F for 9300 hour s . 

It should also be noted that a large volume of a second phase, identified as sigma by 
X-ray diffraction, has developed in the s tainless s tee l . Part ic les of this phase appear 
to have bonded to a continuous layer formed at the bond interface. This layer was 
identified by electron diffraction as CbC. 

Electron microprobe analysis of the diffusion couple showed an increase in the chrom­
ium concentration at the interface and an increase in sigma phase concentrat ion. The 
iron was found to be lower in concentration in the sigma phase than in the matr ix , with 
the nickel concentration following the iron concentration changes . F rom this data, it 
was assumed that the CR23C5 was the source of chromium for the sigma and, also, the 
source of carbon for the formation of CbC. It was postulated on this bas is that the CbC I 
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COLUMBIUM CARBIDE SURFACE LAYERS ON Cb-1 Zr ALLOY 

EFFECT OF TIME AND TEMPERATURE ON CARBIDE LAYER THICKNESS 
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COLUMBIUM CARBIDE SURFACE LAYERS ON Cb-l Zr ALLOY 
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FIG 47 

COMPARISON OF Cb-1 Zr ALLOY-TYPE 316 STAINLESS STEEL 
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FIG 4 8 
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OPTICAL AND ELECTRON PHOTOMICROGRAPH SHOWING INTERDIFFUSION 

OF C b - 1 Zr ALLOY WITH TYPE 3 1 6 STAINLESS STEEL 

DIFFUSION ANNEALED AT 1350F FOR 9300 HOURS 
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ELECTRON PHOTOMICROGRAPH SHOWING INTERDIFFUSION OF 

C D - 1 Zr ALLOY WITH TYPE 3 1 6 STAINLESS STEEL 

DIFFUSION ANNEALED AT 1350F FOR 9300 HOURS 

Cb- 1 Zr 

ALLOY 

CATHODIC ETCH 
CARBON REPLICA - Pt SHADOWED 

U- 1u -J 

MAGNIFIED: 1000X 

<c^ 

A DIFFUSION ZONE 

— 103 

TYPE 316 
STAINLESS 
STEEL 

• ^ > i i w 



-^^^ i fC*#- '* PWAC- 632 

zone acted as a b a r r i e r to the diffusion of the meta ls at t empera tu res of 1000 and 
135GF. At t empera tu res in the order of 1600F, this b a r r i e r was apparently disrupted 
to allow metal diffusion and the subsequent formation of the intermetal l ic compounds 
based on the iron-columbium sys tem. 

F r o m this study of a Cb-1 Z r alloy-type 316 s ta inless s teel couple, it was concluded 
that in termetal l ic diffusion in a bimetal l ic joint of these ma te r i a l s would occur to only 
a limited extent when subjected to t empera tu res of 1400F for per iods of approximately 
10,000 h o u r s . 

A semi-quanti tat ive method was developed for the spectrographic determination of 
metal l ic impuri t ies in the 10 to 1000 ppm levels in alkali m e t a l s . Ten mi l l igrams 
of the alkali metal carbonate were mixed with five mi l l ig rams of graphite containing 
cobalt as an internal standard and excited in a 20 ampere dc a r c . Intensity ra t ios , 
obtained by ratioing the intensity of the element line to the intensity of the 3048.8 
Angstrom cobalt line, were compared to intensity ra t ios of s tandard curves to de te rm­
ine the concentration of the elements in a sample . Standard curves have been es tab­
lished for the determination of titanium, cadmium, sodium, boron, silicon, zirconium, 
calcium, columbium, molybdenum, iron, chromium, nickel, magnesium, sodium, 
potassium or l i thium. Using this method of analysis , an accuracy of about 30 percent 
of the repor ted value is obtained. 

Work has been concluded on the chlorine extraction method and determination of the 
r a r e ea r ths , gadolinium and samar ium, from Cb-1 Zr alloy repor ted in PWAC-631. 
Exper iments have shown recover ies in the order of 70 percent of the amount added at 
the 2 .5 and 10 microgram levels with coefficients of variation of + 6 percent of the 
amount r epor ted . 

1 1 . Reliability 

The Reliability Data Center became fully operational during this qua r t e r . Data from 
Trouble and Fai lure Reports a re being stored on the Bendix G-15 computer and p r o ­
grams prepared for rapid searching of this data . Another p rogram pe rmi t s searching 
and printout of a monthly tally to es tabl ish frequency r a t e s of failure modes . 

The cr i t ica l pa r t s list for LCRE is under final review and the mechanics for a system 
which provides quick access to complete fabrication history of these pa r t s have been 
workeci out with the Operations Department . 
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D. LCRE FABRICATION 

Reactor 

All work has stopped on the fabrication of the core pressure vessel, core support, and 
core spacers, pending redesign of the fuel element assemblies. Changes in tooling and 
procedures are being made to accommodate the longer fuel pins called for in design 
modifications. 

Fabrication of the Reflector and Control Assembly is continuing. The upper reflector 
support with manifold has been welded, stress-relieved, and is awaiting the inner reflec­
tor case before further fabrication can continue. Flow-turning of four stainless steel inner 
reflector cases did not produce an acceptable LCRE part . Salvage of a fifth flow-turned 
case is being attempted. No further flow-turning of inner reflector cases can be perform­
ed until additional forgings are received. Because of the difficulties experienced in flow-
turning, a parallel effort was started to produce both inner and outer reflector cases by 
welding and machining. Fabrication of two inner and two outer-welded reflector cases 
is now in progress. Machining of the outer reflector case forgings has been completed. 
Flow-turning of the cases has begun. 

Delivery of beryllium reflector shapes will be delayed, caused by a strike at the fabri­
cator's plant. 

The control drum drive gear box, reactor start-up source drive, harmonic bearings, drum 
thrust and radial bearings were placed on order this period. Major items awaiting vendor 
quotations are the pile oscillator transmission, and two chamber check source drives. Fab­
rication continued on the six nuclear instrument drives, harmonic region gas containment 
cans, and all hardware associated with the power range neutron sensors. All scram motors 
and limit switches placed on order the previous quarter have been received and are now 
being inspected. 

Primary and Reflector Coolant Systems 

Work on the fabrication of Cb-1 Zr alloy primary system piping by the vendor was tem-
porarely delayed because of retort cracking on one length of pipe. Ten 14-foot lengths 
of the 2-1/4 inch outside diameter and five l6~foot lengths of the 3-1/4 inch outside 
diameter pipe have been received, inspected, and are being fabricated into detail parts 
for use in the primary system. 

A review of the as-bent pipe details for the LCRE mockup has been completed. This review 
has shown that parts can be bent to acceptable tolerances for the LCRE piping system. Con­
tamination of the pipe during bending operations can be eliminated by careful control of the 
handling procedures and cleanliness of the equipment. 

Primary sump inlet duct forgings were received with numerous surface cracks and laps 
and were returned to the vendor for cleanup. 

Thermocouples for the LCRE are on order to be fabricated in accordance with the require­
ment for exclusion of moisture and oxygen from the alumina insulation. 



PWAC - 6 3 2 
CC^Pn^sMQtL 

Ten-inch by ten-inch billets of CS-1100 raw material were received and inspected. These 
billets were made from double-vacuum arc melted ingot, chemically equivalent to type 316 
stainless steel. The billets were then drawn to various sizes and upset-forged to obtain 
completely worked material. During the draw-down and upset-forging operations, hairline 
cracks appeared on the surfaces and some of the forgings were cracking at the center on 
the ends. Work continued on the forging operations by locally grinding surface cracks as 
they appeared. In the meantime, metallurgical and chemical analyses of this material 
are being performed. It will be used for machining liquid metal containing parts whose 

' 'I shape will not permit the use of grain-oriented material. 

Fabrication of two of the four Cb-1 Zr alloy heat exchangers required for the LCRE was 
completed (Figs 50 and 51). The other units are scheduled for completion during the next 
quarter. 

Following welding of the primary sump inlet adapters to the body of the original sump, an 
inspection revealed cracks in the heat-affected zone of the inlet adapter. Attempts to 
locally grind, polish, and acid-etch these defects were unsatisfactory and the sump was 
placed in storage for back-up purposes. A weld evaluation program was started in order 
to evaluate and improve the high stress welding procedures required for this particular 
configuration. Prior to welding the inlet adapters on the second sump, several trial 
samples of the adapter-to-sump body welds were fabricated and evaluated. These welds 
indicated that acid-etching after welding and before annealing may be detrimental. Sample 
welds which were acid-etched at that stage produced crack-like defects in the weld and 
parent metal after annealing, A weld sample annealed immediately after welding (with no 
acid etching) showed no defects. Based on weld sample investigations, the acid etch treat­
ment immediately after welding was eliminated. However, in order to assist in making 
any weld repairs, the acid-etch treatment was permitted after the part had been annealed. 
The welding of the inlet adapters to the second sump body is scheduled for completion 
early next quarter. 

The reflector system double pump sump fabrication continued satisfactorily during this per­
iod. The sump assembly was prepared for machining prior to welding the sump cover in 
place. Some weld distortion apparent prior to machining was corrected and fabrication 
continued. Fig 52 is a photograph of the reflector system double sump, partly assembled. 

3 . Secondary and Air Systems 

The contract to fabricate and assemble three NaK-to-air radiators was awarded and design 
work was initiated by the vendor. The contract for the fabrication of the air system butter­
fly valves was awarded. Design drawings, received from the vendor for approval, were r e ­
turned with comments and corrective suggestions. The air system blower and drive pack­
age contract was awarded. Design work was initiated by the vendor and is approximately 
30 percent completed. 

Release of the fabrication drawings for the secondary pump is scheduled for July. Evalua­
tion of potential vendors is in progress for sump fabrication. 

Seamless stainless steel tubing materials (AMS-5573C) for the secondary system piping 
were received from the vendors and were inspected at CANEL. The two-inch outside 
diameter by 0.095-inch wall tubing was reviewed and accepted with minor repair work 
necessary. The 3.500-inch outside diameter by 0.120-inch wall tubing was returned to 
the vendor as unacceptable for use in a liquid metal system. Inspection review has not 
been completed for the 1.000-inch outside diameter by 0.095-Inch wall tubing. 

o^^mm^^^^ 



t 

on 
U

J 

=n 
C

J 
X

 
U

J 

« 

LLl 

P
W

A
C

- 
6

3
2 

F
IG

 
5

0 

\^^W
r^^^^^^nP

^T
[_ 

A
- 11384 

A
-1

1
3

8
5 

ĉ
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4. Auxiliary Systems 

Proposals to complete the installation and checkout of the LCRE Auxiliary Systems at 
NRTS were reviewed and rejected. The bids were not comparable and, after careful 
review of the work to be completed on these systems prior to start of installation in 
Idaho, it was concluded that the work should be bid on a CPFF basis and the selection of 
a single contractor could be delayed until the first quarter of FY 64 without compromis­
ing the LCRE schedule. The new specification (FFS-E-418, Revision 1) was completed 
on June 30, and covers installation design and procurement, fabrication, and installation 
of 39 Auxiliary Systems. This work to be performed by the Auxiliary System Contractor 
(ASC) requires company specialization in the engineering and/or installation of control 

*• and process systems in the nuclear power field. Except for one system. Cryogenic Trap-
Nuclear Instrumentation (a radiation monitoring system), requiring special design knowl-

i_ edge, the design of these systems \i\?ill be completed by CANEL. This does not include 
,, ^ such work as is directly concerned with installation (wiring diagrams between areas, 

|.ji;,l installation design of mechanical and electrical equipment, e t c . j . The work was divided 
into the following five major categories to help define and control the work; 

I. Reactor Instrumentation and Control Systems 

II. Liquid Metal Systems Instrumentation 

III. Primary, Secondary, and Gas Line Heating Systems 

IV. Gas Systems 

V. Mechanical and Electrical Systems and Equipment 

Six bidders have been requested to return proposals by August 9, 1963, and after evaluation 
of the proposals, it is planned to award the Auxiliary Systems contract during September, 
1963. 

A source has been selected for cleaning instrumentation and control components for use in 
the clean gas systems. This vendor demonstrated ability to clean components of complex 
geometry (pressure transmitters) to the requirements of CANEL Cleanliness Specification 
309B (CS-309B). Examination of the parts was performed in the CANEL clean room. At 
least two more component cleaning vendors will be located and qualified during the next 
quarter. All instrumentation and control components for use in the clean gas systems, 
which cannot be purchased clean, will be upgraded by using these cleaning services. 

Work on 21 construction tasks has been activated with the construction contractor for the 
LCRE control and safety circuit chassis. These tasks cover 109 of approximately 120 
chassis required for the LCRE installation. 

The control console structural bays, wedges, doors, side panels, and hardware have been 
received and are in assembly. 

The procurement of "P" Area (PWAC-631, Fig 2) racks and associated hardware was 
initiated during the month. 

Two vendor proposals were received covering the scram battery power supply systems. 
Neither proposal was found adequate and, following engineering conferences with their 
representatives, both vendors were requested to resubmit proposals. 

Proposals are being evaluated for 60 cps to 400 cps frequency converters for use with the 
drum position readout instrumentation. 

1 10 
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The present overall status of direct procurement by CANEL of Auxiliary and Control 
Systems instrumentation, components, and equipment is shown in Fig 53. Specifica­
tions have been completed for 53 percent and vendors have been selected for 38 per­
cent of the procurement packages. The remainder of these systems will be procured 
by the Auxiliary System Contractor when this contract is awarded. 

^ 1 
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FIG 53 

STATUS OF PROCUREMENT BY CANEL OF AUXILIARY 
AND CONTROL SYSTEMS 

Category ,(1) 
Description of 

Procurement 

I, Reactor and Instrumentation and Control Systems 

Battery Power Supply 
Pile Oscillator 
Control Panels 

^C^J 
• ' ^ , 

TV Monitormg Systems 

1. pompiete battery power supplies 
s' 2. Variable frequency power supply 
*3., Control console and instrumentation 

• 4; "P" area rack 
^' Rack structures 
•'• Rack assembly (1-31, 38-41, 46, 51, 52) 

' including Instrumentation 
5. "S" area rack assemblies (47-52) including 

instrumentation 
6. "D" area control panels 
7. Instruments for 

Pump drive system 
Heat sink blowers and valves 

8. Cameras, monitors, camera mounts and 
positioning mechanisms 

II. Liquid Metal Systems Instrumentation 

Coolant Circuit 
Instrumentation 

9. Primary, reflector, and secondary circuit 
instrument and components 

LM Fill and Drain Systems 10. Primary, reflector, and secondary fill 
and drain instruments and components 

11. Coolant addition instruments and components 

III. Gas Systems 

Helium Supply and 
Purification 

Pump Seal and Sweep Gas, 
Primary Coolant Jacket 
Gas, Gear Box Gas 

Cryogenic Trap System 
and Exhaust Headers 

12. Inconel pipe 

13. Inconel pipe caps 
14. Inconeltubing 
15. Instruments and components 
16. Primary, secondary, and reflector seal and 

sweep gas instruments and components 

17. Jacket gas instruments and components 

18. Gear box gas instruments and components 

19. Test cell isolation valve actuators 

20. Cryogenic non-nuclear process system 

IV. Mechanical and Electrical Systems Eqiipment 

LM Coolant Pump Drives 

Coolant Pump Lube Oil 
Systems 

Heat Sink Systems 

LM Handling Systems 

Test Ceil Pass-Thrus 

Fuel Loading Experiment 

Pretest Gas Analysis 

Core Installation 

(l)j<cf, FPS-[>418, Revision 1 
(i)G.H. - General blectric 

M.H. - Minneapolis Honeywell 

0|i*^^^W* 

21. Pump drives and transfer switchgear 
22. Pump drive instruments and components 

23. Lube oil units 
24. Instruments and components 

25. Blowers and drives 
26. Butterfly valves and operators 
27. Instruments and components 

28. NaK shipping container 
29. Li shipping and gettering tanks 
30. Ti sponge 
31. LM transfer lines 
32. NaK 
33. Ll^ 
34. Li^ 
35. Instruments and components 

36. Triaxial fitting pass-thrus (13) 

37. Power pass-thrus (162) 

38. Control and T/C pass-thrus (47) 

39. Gas line pass-thrus (37) 

40. Temporary support structure and working 
platform 

41. Fuel handling equipment 
42. Instruments 
43. Gas analysis dollies 
44. Evacuation dollies 
45. Core installation dolly 

Specs, and/or 
Dirawings Sent 
Out for Bids 

Ye^ 
Yes 
Yes 

In process 

Yes 

Yes 

Yes 
Yes 

In process 

Bids Evaluated 
and Vendor 

Selected 

In process 
Louis AlUs 

Yes 

In process 

Burns & Roe, 
A. D. Little 
In process 

G.E./M,H.^^^ 
Assembly Prod 

Yes 

Specs for Source 
Evaluation 

Specs for Source 
Evaluation 

Yes 

Yes 
In process 
In process 

Yes 

Specs for Source 
Evaluation 
Specs for Source 
Evaluation 
Specs for Source 
Evaluation in 
process 

Yes 

M , H . / G . E . / 
Electro 
Mech/et al 
Electro Mech, 
Research 
Control 
Foxboro 
Electro Mech, 
Research 
Control 
Foxboro 

Huntington 
Alloy, Int. 
Nickel 
In process 

'-
--Manning, Max. & 

Moore, Foxboro 
Research 
Foxboro Research 
Electro Mech. 
Foxboro 

_-

A. D. Little 

Yes 
Yes 

In proccbS 
Yes 

Yes 
Yes 

In process 

In process 
In process 
In process 
In process 
In process 
In process 
In process 
Specs for Source 
Evaluation 
Specs for Source 
Evaluation 
Specs for Source 
Evaluation 
Specs for Source 
Evaluation 
Specs for Source 
Evaluation 
In process 

In process 
In process 
In process 
In process 
In process 

In process 
M.H. ,G .E . ,E lec t ro 
Mech., Anadex 

Electro Mech., 
Anadex 
Bayley Blowers 
Golden Anderson 
Assembly Prod. 
Foxboro, M.H. 

In process 

In process 

In process 

In process 

In process 

In process 

112 

Vendor 
Drawings 
Approved 

In process 
Assembly by 
CANEL begun 
To be 
assembled 
by CANEL 
In process 

In process 

In process 

In process 

In process 

In process 
In process 
In process 

Inspection and/or 
Acceptance Test Material 

Complete Delivered 

In process In process 

In process 

In process 

In process 

In process 
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E . LCRE TEST FACILITY 

f 
1. Tes t Facil i ty 

Title II drawings and specifications were essentially completed during the qua r t e r . The 
Title II design work remaining consists of minor detailing of piping locations and supports 
and the preparat ion of component and sys tem test specifications. Plans and specifications 
were issued to the construction contractor for use in procurement and for the preparat ion 
of final schedules and cost e s t ima te s . 

The following construction work was completed during the quar ter : demolition, pile driv­
ing and the installation of dril led p ie r s in the Tes t and Diesel Generator Buildings, exca­
vation, installation of reinforcing steel and concrete placement for the Cryogenic Trap 
Pits, Shield Cooling System Room, Tes t Cell Foundation Mat, and Diesel Generator Build­
ing grade b e a m s . 

Fig 54 shows construction work in p rog res s in the Tes t Cell and Shield Cooling System 
Room area during June, 1963. 

2. Support Facili ty 

Title I design was completed in Apri l . Tit le II design is in p rog res s and is scheduled for 
completion in August. Specifications for long lead time equipment and mater ia l were com­
pleted and have been issued to the construction cont rac tor . 

1 13 
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F . LCRE OPERATIONS 

) 

All abs t rac t s and other information necessa ry for writing the operating procedures for the 
fuel loading and final core assembly phase of LCRE assembly were received and about 70 
percent of the procedures have been drafted. 

An outline of the Operations Manual covering the operations from liquid metal fill through 
af ter-heat removal was prepared and the pert inent information and data requested. The tech­
nical abs t rac t s for this portion of the procedures a re essential ly complete . 

Planning and prepara t ions were begun for testing and training personnel at CANEL in using the 
tools and equipment being designed for the fuel loading phase of LCRE assembly . 

All approved Auxiliary Systems flow d iagrams were reviewed for operational consistency. A 
review of facility system drawings and flow diagrams was s t a r t ed . 

A review of over -a l l manpower and schedule requirements resulted in postponing the s ta r t of 
the operator training course until the middle of July. A revised outline of the training program 
was issued defining the extent of the course and the responsibil i t ies for each area of ins t ruc­
tion. Preparat ion of individual lesson outlines and lesson plans was s t a r t ed . 

Preparation of the Operator Training Manual was s t a r t ed . This manual will include the organ­
ization of the training program, a syllabus of the course , the requirements for qualification of 
each type of operator , and the methods for maintaining records of operating personnel . 

Studies of possible problems encountered in the reac tor disassembly a re continuing, and a l t e r ­
nate procedures a r e being developed to overcome these problems should tliey occur . Liason 
is continuing with the Physics Group in regard to cri t ical i ty aspects of disassembly and the r e ­
sults of the calculations a r e being utilized in the design of the poison shroud, NaK tank for 
core disassembly, and various tools to be used in conjunction with the l a t t e r . 

Disassembly tooling requi rements have been compiled. Design specifications a re approxi­
mately 50 percent complete . 

An es t imate has been made of the amounts and levels of radioactive waste which will have to 
be disposed of during the disassembly and examination of LCRE. At present , a waste handling 
procedure is being writ ten which will eventually be incorporated into the Disassembly Manual . 

1 15 
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III. SNAP-50/SPUR 

K . tj 
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A: POWERPLANT 

1 . System Analysis and Design 

The SNAP~50/SPUR Powerplant Development Plan describing the engineering program r e ­
quired to develop the powerplant through flight tes t was prepared and issued. 

Powerplant engineering studies of the first flight powerplant were continued, result ing in 
changes to the powerplant design requi rements discussed in PWAC-631. The major r e ­
vision concerns reduction in the powerplant pump power requi rements and, consequently, 
in the a l ternator g ross e lec t r ica l output. The pump power requirements a re influenced 
by losses in dynamic sea ls , hydrostat ic bearings and ceramic- l ined e lec t r ic m o t o r s . 
The previous es t imates of these losses were found to be too high and new es t imates have 
been made . The dynamic seal losses which a re proportional to the fifth power of the seal 
radius have been reduced by the use of a two-stage sea l . The est imate of motor efficiency 
was increased from 70 percent to 80 percent as a resul t of discussions with motor manu­
fac tu re r s . As a consequence of these changes, the e lec t r ic power load of the motor pumps 
has been reduced approximately 50 percent . 

An additional change in a l ternator power requi rements is the elimination of 15 kilowatts as 
a paras i t ic load for a l ternator frequency regulat ion. Analog simulation studies of the power-
plant have shown that the pump discharge throttle valve is adequate for control during steady 
state operation and the e lec t r ic paras i t i c load may be needed only during t r ans i en t s . The 
SNAP-SO/SPUR F i r s t Flight Prel iminary Design Specifications, with these revis ions incor­
porated, ' was p repared and i s sued . 

The selection of the t empera tu res and p r e s s u r e s of the powerplant a r e being reviewed with 
respect to reducing powerplant weight and radiator s i ze . As a par t of this review, a digital 
computer program was prepared for calculating performance and weights for use in an op­
timization study. The pre l iminary resu l t s of these studies indicate that a number of chan­
ges in design conditions may be des i rab le . The most significant change would be an increase 
in the turbine exhaust t empera ture , resul t ing in reduced radiator a r e a . In addition, small 
changes in tempera ture drops and p r e s s u r e drops for heat exchanger components may be an­
t icipated. 

A change in the power conversion circuit is being studied. This would utilize interstage 
bleed vapor from the turbine to preheat the potassium pr ior to enter ing the boi ler . The 
vapor would condense in the prehea ter and drain to the suction side of the centrifugal pump. 
This modification would decrease the magnitude of tempera ture differences at the boiler 
inlet which is 870F without turbine bleed and 370F with turbine bleed. The la rger temp­
era tu re difference is considered a potentially difficult mechanical design prob lem. 

A digital computer p rogram is being p repared to es t imate off-design performance charac te r ­
i s t i c s . This p rogram is necessa ry for evaluating par t - load charac te r i s t i cs and component 
requi rements , and for analyzing control modes . Sufficient component charac te r i s t i cs a re 
not present ly available for a detailed off-design performance program but by using s impli­
fied representa t ions of components, the general charac te r i s t ics for par t - load and stability 
can be est imated and the component requi rements descr ibed, 

A powerplant arrangement layout based on the pre l iminary design specification was com­
pleted. Review and evaluation of this layout with respect to s t ructura l support, minimiza­
tion of piping, preheating, meteoroid protection and system compactness is in p rog re s s to 
define modifications and revis ions for a second arrangement layout. 

Prel iminary evaluation of the powerplant piping s izes , and weights and system coolant inven­
tor ies was accomplished to provide improved weight data for system evaluations and initial 
system accumulator volume r equ i r emen t s . 

i f i ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 19 
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The study was based on the pre l iminary system design requi rements and the initial power-
plant ar rangement layout. The study indicated that a revision of the main heat rejection 

ST system piping and radiator arrangement should be accomplished to reduce the system piping I 
I weight. The auxiliary heat rejection system specific weight a s a function of tempera ture 

for the 300 Kwe powerplant was determined for use in e lec t r ica l equipment pa ramet r i c 
' s tudies . 
•; 
'% 
i Prel iminary analytical studies have been completed to determine the feasibility of using the r -
" "i mal insulating shrouds for the p r imary and main heat rejection sys tems , in order to mini-
1- mize the loss of s tored heat in the powerplant p r io r to startup in orb i t . These studies were 

based on the assumption that the time interval between launch and powerplant s tar tup in or -
"i bit will not exceed ten hou r s . A two-dimensional IBM-7090 heat t ransfer program was used 

to determine the tempera ture - t ime history of the p r imary system, assuming an initial p r e ­
heat tempera ture of lOOOF and continuous circulation of l i thium. The tempera ture - t ime 
history curve is shown in Fig 55A. The analytical model for the p r i m a r y system assumed a 
BeO meteoroid b a r r i e r and a concentric s tainless steel thermal shield around the compo­
nents and piping. As shown in Fig 55A, the lithium tempera ture would decrease to 450F in a 
period of ten hou r s . Although this tempera ture is above the lithium freezing point of 375F, 
an increased safety margin could be obtained by either utilizing additional insulation or by 
supplying supplemental heat in orb i t . The resu l t s of an analysis to determine the p r imary 
system lithium equilibrium tempera ture in orbit a s a function of heat input a re shown in 
Fig 55B. This heat could be supplied through the dissipation of pump work, since it is p ro­
posed to c i rculate the lithium at reduced flow during orbit to minimize local cold spo t s . 

The feasibility of preheating and maintaining the main heat rejection radia tor at a t emper ­
ature sufficient to preclude freezing in orbit pr ior to startup was investigated. It was a s ­
sumed that the radia tor , encased in an insulating shroud, would be ground-preheated to a 
tempera ture of 600F. The t empera tu re - t ime history shown in Fig 56A was determined by 
means of a one-dimensional heat t ransfer code, t reat ing the s ta inless s teel-copper radia tor 
as a slab having a weighted density and specific heat . Linde Super-insulation, which is com­
posed of al ternate layers of glass fiber mat and aluminum foil having a conductivity of about 
0.0001 Btu/hr- f t -F , was selected as the shroud m a t e r i a l . As an al ternate to preheating, the 
powerplant radia tor was assumed encased in an aluminum shroud having a high solar absor-
tivity but low emissivi ty and orientated perpendicular to the sun in orb i t . Prel iminary r e ­
sults , shown in Fig 56B, indicate that this method is also capable of maintaining the NaK (78 
percent potassium) above freezing for the required t ime per iod . In both schemes, the r ad i ­
ator shrouds a re jettisoned in orbit during powerplant s t a r tup . 

Analytical studies continued to investigate the f irs t flight radiator configuration and to p ro ­
vide pa rame t r i c performance data . A pa ramet r i c analysis of planar rad ia tors , fabricated 
of type 316 stainless steel tubes, copper fins, and utilizing eutectic NaK as the coolant, was 
completed. The p a r a m e t e r s included in this study were radiator weight and^area as a functio 
of fluid inlet t empera ture , p r e s s u r e drop, t empera ture difference and heat rejection r a t e . 
Analytical studies to investigate rad ia to rs of cylindrical configuration continued, following 
modification of the IBM radiator code. 

A study to evaluate e lect ro-magnet ic pumps for some, or all , of the SNAP-SO/SPUR pump­
ing requi rements was initiated. 

A mathematical model of the 300 Kwe SNAP- 50 powerplant system has been developed and 
checked out on the CANEL electronic analog computer . The model is non-linear and r e ­
quires about 225 operational amplif iers , over 100 function multiplications and seven a rb i ­
t r a r y function g e n e r a t o r s . Tempera tu re control of the reac tor has been shown to be feas­
ible and s tab le . Two system control modes were also shown to operate satisfactorily with 
the system data which is now avai lable . In one, a paras i t ic load is used to control gener­
ator speed with off-center positioning of the paras i t ic load control driving the potassium 
flow valve and reac to r tempera ture in the proper d i rec t ions . In the other, the generator 
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FIG 5 5 
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FIG 56 

SNAP-50/SPUR RADIATOR TEMPERATURE-TIME HISTORY 
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r °T"T TiMÊ  IHOURS" :° 

; . ! 

thsirATTbrff"" 

• «:=©=i-sitfeH°r 

J™L_LJ., 
IQ i : i 12 

a: 

B r"\:'"A-Oi«TrilM"SHR0UDrwrTH"SbLiKiENEROT'iABS0lip^^ 
:• -I'fiADlAfOI^/^RtENmj-PBRPkWlfiUbARiTCi f " 

600 r-j' * ° " ° ' 

•kt _ _ _ _ _ _ _ _ 

200 

TIME, HOURS 
^ ^ ^ ^ r ^ S' 

®@4tfl£»#rf^ 
122 



P W A C - 6 3 2 

speed e r r o r drove the valve directly with reac tor tempera ture programmed from valve 
posit ion. The second mode was somewhat slower in correct ing speed e r r o r s and was 
slightly less stable than the f i r s t . System off-design tempera ture and p r e s su re t rends 
were investigated. The study showed that boiler outlet vapor quality must be kept high 
to avoid potassium flow ins tabi l i t ies . The reac to r was able to recover from step r e a c ­
tivity disturbances as large as 20 cents as shown in Fig 57. With ei ther speed control 
it was possible to drop and pick up about 20 kilowatts of generator load without undue d i s ­
turbance . Fig 58 shows this feature without the dissipative load. 

2 . Systems Tes t 

An engineering study of the Nuclear Powerplant Test Facili ty was conducted by the a rch i ­
tect /engineer to define more concisely the layout of the powerplant test cell, the shielding 
requi rements , vacuum tanks and associated pumping equipment. Analysis and review of 
system requi rements were continued in prepar ing the pre l iminary facility design c r i t e r i a . 

A conceptual ar rangement of the Non-Nuclear Powerplant Tes t Facility in the CANEL Radi­
ator Laboratory was p repared , 

3 . Hazards 

a . Discussions were held with personnel at Aerojet-General Nucleonics, Atomics Inter­
national, and Sandia Corporation to review the scope and organization of the SNAP-50/ 
SPUR aerospace nuclear safety p r o g r a m . These p rograms have been surveyed to in­
vestigate the possibil i ty of including a SNAP-50/SPUR experimental effort and to 
a s s i s t in establishing a basic aerospace nuclear safety p r o g r a m . 

b . Some pre l iminary calculations were completed to determine the cri t icali ty hazards 
which might be encountered in handling a typical uranium carbide core under various 
conditions of moderation and reflection. Calculations indicated supercri t ical i ty with 
infinite ref lectors of water , iron, or NaK. 

c . Prel iminary planning for the pre l iminary hazards summary repor t has scheduled 
completion of the final draft by mid-February , 1964 with final approval by August, 
1964. 
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FIG 57 
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RESPONSE TO A 6 .5 PERCENT STEP CHANGE OF LOAD 

THROTTLE VALVE SPEED CONTROL 
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B. SNAP-50/SPUR RESEARCH AND DEVELOPMENT 

I 
1. F uel 

Work continued on installation of the SNAP-50/SPUR fuel fabrication equipment. The auto­
matic powder compacting p r e s s was installed and leak-checked. Operation of the under­
fill feature was co r rec ted . The devices for lubrication of die cavity walls and punch faces 
a re not adequate and correct ions a re in p r o g r e s s . Installation of the cold wall, vacuum 
sintering furnace is near ly complete . Vacuum boxes for the furnace, powder conditioning 
equipment and for loading and unloading the powder synthesis r igs were received. Install­
ation of their associated vacuum sys tems is in p r o g r e s s . Fabricat ion of components for 
the powder synthesis r igs was init iated. 

In the hope of improving the ra te- l imi t ing step in the synthesis of uranium carbide powder, 
( i . e . , hydrogen removal from the methane-hydrogen gas mixture over the react ing hot 
uranium metal) , a hydrogen diffusion cell consisting of a number of paral le l , thin-walled, 
Pd-5 Ag alloy tubes was installed on the pilot uranium carbide synthesis r i g . Prel iminary 
resul ts indicate that hydrogen was removed selectively from the mixed gases and that this 
method may be an improvement over the present use of uranium at room tempera ture as 
a hydrogen ge t t e r . 

Difficulties in achieving consistently high density uranium carbide and uranium nitride 
pellets were t raced to the s t ruc ture of the uranium used as s tar t ing mater ia l in powder 
synthes is . Lower density pellets resulted from use of powder sjmthesized from cast 
uranium whereas high density pel lets resul ted when heavily worked uranium metal was 
used for powder synthes is . A specification was writ ten for the use of worked ma te r i a l . 

A potential problem assoc ia ted with scale-up from the laboratory to production-scale p r o ­
cessing is press ing-d ie lubricat ion. If a suitable lubricant or binder could be mixed with 
the fuel powder, the problem would be minimized. Prel iminary experiments with internal 
lubricants indicated that a solution of two percent mechanical vacuum pump oil in toluene 
resulted in pellets with the leas t detr imental effects upon sintered density or chemical com­
position. Other lubricants investigated with poorer resu l t s included paraffin, zinc s teara te 
Carbowax 400, camphor and cetyl alcohol in normal hexane. 

A se r i e s of 3000-hour, 2200F uranium carbide fuel-to-cladding compatibility tes ts were 
completed and examined. These a re summarized in Fig 59. Specimens consisted of hyper-
stoichiometric uranium carbide pel lets in both unlined and tantalum-lined, Cb-1 Z r alloy 
cladding. The cladding of half of the specimens was intentionally defected and all speci­
mens were immersed in l i thium. Sound, tantalum-lined specimens provided further con­
firmation of the effectiveness of tantalum as a b a r r i e r between this fuel and its cladding. 
Defected specimens with and without tantalum b a r r i e r l iners exhibited general bulging of 
the cladding in the region corresponding to the fuel pel le ts , -and local reactions and bulging 
at the ends of the fuel pellets stack, F ig 60, These local reaction spots contained uran ium, 
as indicated by radiographic inspection of spec imens . Contrary to the previous report , 
these effects were observed only in these 3000-hour tes t s and not in 1000-hour t e s t s . 

Metallographic examination of sound, unlined specimens showed agglomeration of U2C3 
phase and migration of carbon to the pellet per iphery. Fig 6 1 . An electron beam mic ro -
probe analysis of the per iphera l region showed approximately five percent columbium. 
It is believed that the presence of this third component may a l te r the activity of carbon 
in the fuel, thereby contributing to migrat ion. In the case of the sound, tantalum-lined 

127 



RESULTS OF COMPATiBJLiTY TESTS C-202 AND C-203 

(UC, - - VERSUS Cb-1 Zr ALLOY IN 2200F LITHIUM FOR 1019 AND 3015 HOURS) 
I . Uo 

Cladding 

Barr ie r 

Defective 

T ime , hours 

Fuel Composition, w /o C 

Pretest 
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Cladding Reaction, mi ls 

Carburization 

I j-Cb Alloying 

Barr ier Reaction, mils 

Carburization 

U-Ta Alloying 
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5.08 

4.61 

Fw* 

Fw 

- -

__ 

Cb-1 Z r 
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3015 

5.08 
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Fw 

Fw 

— 

_-
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_ . 

__ 
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5.21 

4 .6 

Fw 
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Fw 
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Nil 

Nil 
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Nil 

*Fw - Full cladding or barrier wall thickness 
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FIG 60 
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FIG 6 1 

HYPERSTOICHIOMETRIC URANIUM CARBIDE FROM 
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SOUND COMPATIBILITY SPECIMENS 

(AFTER 3015 TEST VERSUS Cb-1 Zr CLADDING IN 2200F LITHIUM) 
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A UNLINED SPECIMEN SHOWING AGGLOMERATION OF U2C3 (LIGHT PHASE) 
AND MIGRATION OF CARBCN TO PERIPHERY 

ETCHANT: 1 UNO , 1 CH COOH, H^O MAGNIFI ED: SOX 

B TANTALUM-LI NED SPECIMEN SHOWING AGGLOMERATION OF U C AND DEPLETION 
OF CARBON FROM PERIPHERY 
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specimens, agglomeration of U2C3 and depletion of carbon from the per ipheral region 
occurred, (Fig 61), and no tantalum was detected by electron beam microprobe ana lys i s . 
Carburization of the tantalum occurred but no carbide phase was observed in the Cb-1 
Z r alloy cladding. In contras t to the lOOO-hour test , tantalum did not prevent uranium 
diffusion into the cladding in defected spec imens . This resul t indicated that tantalum is 
effective in delaying the reaction in defected specimens for t imes up to 1000 hour s . 

Excellent compatibility of stoichiometric uranium carbide against tungsten-lined Cb-1 Z r 
alloy continued to be demonstrated by diffusion couple tes ts under vacuum at 2200F for 
tes ts of 4000 and 5000 hou r s . Tes t s at t empera tures of 2400F, 2600F, 2800F and 3000F 
showed no reaction after 100 hou r s . Similar resu l t s were observed for tes ts of massive 
tungsten or W-26 Re alloy against s toichiometric uranium carbide after 5000 hours at 
2200F and 100 hours at 3000F. Additional tes ts for 100 hours at 3300F have shown ex­
tensive reaction of the diffusion couple. A se r i e s of lOOO-hour, 1900F tes ts of stoichii-
ometr ic uranium carbide versus tungsten-lined Cb-1 Z r alloy cladding were completed. 
Examination of both sound and defected specimens, tested in lithium, showed embr i t t l e -
ment of the tungsten, but no carbide par t ic les or uranium in the Cb-1 Z r alloy. The em-
bri t t lement of the tungsten foil is attributed to ei ther impuri t ies in the foil or a slight 
excess of carbon over the stoichiometric composition in the pe l l e t s . 

Evaluation of tungsten, vapor-deposited on the inside diameter of Cb-1 Z r alloy tubing, 
was s t a r t ed . This composite cladding mater ia l is being investigated on the bas is of the 
promising out-of-pile compatibility resul ts of tungsten foil l iners reported above. The 
unsuccessful performance of tungsten foil l iners in i r radiat ion t e s t s , reported below, 
appears to be related in par t to mechanical and chemical deficiencies of the foil and may 
not represen t the bes t performance of tungsten. Evaluation of the composite mater ia l 
showed excellent bonding of tungsten to Cb-1 Z r alloy. Fig 62. Hydrogen contamination 
of the Cb-1 Z r alloy was reduced from 80 ppm to 5 ppm by a vacuum heat treatment^'. ^ 
following vapor deposition. Pickling of the tubing outside diameter and/or purification of 
the helium used during the coating process may be necessa ry to reduce oxygen pickup. 
Coating thickness in pre l iminary specimens was non-uniform and tended to taper from 
gas entrance end to gas exit end. Most specimens showed a two-mil coating thickness 
variation over the 1.5-inch length. Heat t rea tments for six hours at high tempera tures 
resulted in the following diffusion zone between the coating and the substra te : 

Temp, F Diffusion zone thickness, mils 

2500 0.18 

2800 0.28 

3100 0.47 

3400 0.50 

3600 0.60 

Good welds resulted between tubes and Cb-1 Z r alloy end caps when coating was removed 
from the end face of the Cb-1 Z r alloy and Vî here the weld did not overpenetrate into the 
coating. Tubes cold-swaged 5 mils showed only minor cracking. Efforts will be made to 
warm-work the composite to avoid cracking the tungsten, and compatibility specimens will 
be prepared and evaluated. 

Tantalum was ineffective as a b a r r i e r between uranium nitr ide and Cb-1 Z r alloy, as p r e ­
dicted. A diffusion couple compatibility test utilizing 5-mil thick tantalum foil was tested 
for 100 hours at 2200F. Examination showed uranium diffusion through the tantalum and 
into the Cb-1 Z r alloy. Fig 63 . 
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FIG 62 
2604-200 
2604-195 

TUNGSTEN VAPOR DEPOSIT ON ID OF Cb-1 Zr ALLOY TUBING 

(SHOWING BOND AFTER 2 HOUR VACUUM ANNEAL AT 2200F) 
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PIG 63 

T A N T A L U M - L I N E D C b - 1 Zr ALLOY 

(AFTER 100 HOUR TEST VERSUS URANIUM NITRIDE IN VACUUM) 

ETCHANT: ANODIZED MAGNIFIED: 200X 

2598-193 

SHOWING PENETRATION OF URANIUM THROUGH TANTALUM AND INTO Cb-1 Zr ALLOY 
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Compatibility tests of uranium nitride versus tungsten-lined Cb-1 Zr alloy were extended 
to 5000 hours at 2200F, No evidence of reaction was noted except in one spot where 
diffusion zones of columbium-tungsten-uranium, columbium-uranium and columbium-
nitrogen formed. However, no uranium was detected in the tungsten by electron beam 
microprobe analysis and it is therefore postulated that a chip of uranium nitride had 
gotten behind the tungsten foil and reacted with the unprotected Cb-1 Zr alloy. A 6000-
hour test currently nearing completion should help to evaluate this postulation. 

Status of irradiation tests of the high temperature (2200F maximum cladding surface), low 
enrichment (10 percent U^^^) series is tabulated in Fig 64. 

Fig 65 summarizes data from all capsules of this series examined to date. 

Examination of inpile capsule PW26-191, containing stoichiometric uranium carbide in 
tungsten-lined Cb-1 Zr alloy cladding, was completed. Results were generally similar 
to those for the shorter time test, PW26-190. Reaction occurred between fuel and clad­
ding where the tungsten barr ier was cracked and also in areas where tungsten appeared 
unbroken. Adjacent to the top of the pellet stack, the tungsten barr ier was reacted and 
contained dispersed phase particles and continuous layers on both sides, (Fig 66). A re ­
action zone believed to be columbium-uranium alloy was observed to approximately five 
mils into the Cb-1 Zr alloy, adjacent to the center of the pellet stack. Beyond this zone, 
a 0.5-mil thick band of carbide and some tntergranular and dispersed particles were also 
present in the cladding. The extensive reaction observed may be due to cracking of the 
tungsten barrier , excess carbon or impurities in the fuel, contamination of tungsten, or 
reaction of fuel with Cb-1 Zr alloy spacers at the top of pellet stacks. As in capsule 
PW26-190, fission gas release was high and external specimen diameter increased less 
than one percent. However, no significant longitudinal bulging of fuel pellets was obser­
ved as in PW26-190. 

Examination of inpile capsules PW26-150 and PW26-153, containing hyperstoichiometric 
uranium carbide in tantalum-lined Cb-1 Zr alloy cladding, was begun. Results continue 
to demonstrate that tantalum is an effective barr ier against cladding-fuel reactions. 
Specimens from both capsules showed generally uniform carbide layers in the tantalum 
foil barr ier with some intergranular carbide phase extending through the two-mil thick 
foil. No carbide was observed in the Cb-1 Zr alloy cladding. Results were generally 
similar to those for specimens from capsule PW26-150C and PW26-151, 

Inpile capsule PW26-170, containing hyperstoichiometric uranium carbide versus bare 
Cb-1 Zr alloy cladding, showed extensive reaction of fuel with cladding and with the 
specimen container. Preliminary metallographic examination showed complete reaction 
of fuel with and rupture of cladding and large voided areas in the center of the specimens. 
Reaction was observed out to the thermocouple flutes in the specimen container. This 
test demonstrated the need at these temperatures for a barr ier between uranium carbide 
and Cb-1 Zr alloy and the failure of the hyperstoichiometric composition alone to circum­
vent the compatibility problem. 

Examination of inpile capsule PW26-220, containing nitride versus bare Cb-1 Zr alloy 
cladding, was started. Significant reaction occurred between fuel and cladding with a 2 
to 13-mil-thick reaction zone observed in the Cb-1 Zr alloy cladding (Fig 67). Slight 
amounts of metallic phase particles were observed in the fuel. Inpile specimens lost 
significant amounts of weight and exhibited diameter increases of less than one percent. 
Density of irradiated fuel pellets decreased 1.9 to 6.0 percent. The specimens showed 
a zone of second phase, 2-mil thick, at the outside diameter of specimen cladding. This 
test has further demonstrated the need for a barr ier between uranium nitride and Cb-1 Zr 
alloy. 
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FIG 64 

SUMMARY OF CAPSULE IRRADIATION PROGRAM 

Average 
Operating Test 
Temp of Facility *** Fission Power Cladding 

Capsule Duration of Specimen Thermal Cesium^'^' Density Density % Xe OD Change, Cladding 
Number Irradiation, hr Surface, F Flux, ny LI235 Burnup, % Fissions/cc Kw/cc Release mils Reaction Irradiation Dates 

A. Pm-type specimens, Cb-1 Zr alloy cladding (with Ta barrier) and end caps, 0.296 OD x 0.025 wall cladding, UC matrix 10% enriched, 
0.244 inch D x 0.65 inch long pellet height, 1.5 Kw/cc in Li at 2200F 

,13 
PW26-150 

PW26-151 

PW26-152 

PW26-153 

PW 26-154 

2,562 

1,027 

10,000* 

679 

10, 000* 

2122+ 

2175 

2198 

2208 

2200* 

6.2 X lO'"^ 

7.0 X 10^^ 

7.0 x io ' -^ 

6.0 x i o ' ^ 

6 . 2 x l o " « 

13.0 

6 . 6 

40.0 

40.0 

40.0 

2 X 10 
20 

1.6 7.5 +5.0 Nil 

B. Pm-type specimens, Cb-1 Zr alloy cladding (with Ta barrier) and end caps, 0.296 OD x 0.025 wall claddmg, UC matrix of alloy 
metal 10% enriched, 0.244 mch D x 0.65 inch long pellet height, 1.5 Kw/cc in Li at 2200F design 

PW26-160 3, 000* 2204 5.4 X 10 
13 

C. Pm-type specimens. Cb-1 Zr alloy claddmg and end caps, 0.296 OD x 0.023 wall cladding, UC matrix 10% enriched, 0.244 inch D x 
0.65 inch long pellet height, 1.5 Kw/cc m Li at 220QF design 

„13 PW26-170 

PW26-171 

PW26-173 

PW26-174 

2,210 

892 

10, 000* 

10,000* 

2172 

2135 

2222 

2221 

6 . 5 x 1 0 " 

7.0 x i o " 

6.3 x i o ' ^ 
6.2 x i o ' ^ 

14.7* 

5 . 5 

40.0 ' 

40.0* 

1.7 x 10 

--

20 
1.7 0.2 +2.5 Nil 

D. Pm-type specimens, Cb-1 Zr alloy cladding (with W barrier) and end caps, 0.296 OD x 0.025 wall claddmg, UC matrix of alloy 
metal 10% enriched, 0.242 inch D x 0.65 inch long pellet height, 1.5 Kw/cc m Li at 2200F design 

PW26-181 3,000» 2212 6.5 x i o " 14.7* 

E. Pin-type specimens, Cb-1 Zr alloy claddmg (with W barrier) and end caps, 0.296 OD x 0.025 wall cladding, UC matrix 10% enriched, 
0.242 inch D xO.65 inch long pellet height, 1.5 Kw/cc in Ll at 2200F design 

11/62-5 /63 

12/62-2 /63 

3 /63 -8 /64* 

4 /63-5 /63 

7/63*-12./64* 

4 /63-10 /63* 

1/63-5/63 

1/63-3/63 

3/63-9/64* 

4/63-10/64* 

5/63-11/63* 

PW26-190 1,069 

PW26-191 1,830 

PW26-192 10,000* 

PW26-195 10,000* 

PW26-196 10,000* 

2055 

2103 

2188 

2200* 

2200* 

8.5* 

40.0* 

40.0* 

40.0* 

1.7 

1.2 

--
--

76.0 

44.3 

+1.0 

1.9 

-
--

Intermittent 

-

--
-

11/62-3/63 

3/63-9/64* 

7/63*-12/64 

7/63*-12/64 

F . Pm-type specimens, Cb-1 Zr alloy claddmg and end caps, 0.309 OD x 0.035 wall claddmg, UN matrix 31.5% enriched, 0.237 m c h D j 
0.65 inch long pellet height, 1.5 Kw/cc m Li at 2200F design 

PW26-210 1,092 2119 3.0 X 10-
13 

1.3 1.4 X 10 
20 

1.1 3.3 Nil Spotty 

G. Pm-type specimens, Cb-1 Zr alloy cladding and end caps, 0.309 OD x 0.035 wall cladding, UN matrix 10% enriched, 0.237 inch D x 
0.6^ inch long pellet height, 1.5 Kw/cc m Li at 2200F design 

o30 , .. 
PVi 26-220 1,690 2149 6 .J X 10 

13 
9 . 7 3.1 X 10 11.7 2.i 2-13 mils 

H. Pm-type specimens, Cb-1 Zr alloy cladding (with W bairier) and end caps, 0.312 OD x 0.035 wall cladding, UN matrix 10% enriched, 
0.237 inch D x 0.65 inch long pellet height, 1.5 Kw/cc m Li at 2200F design 

PW26-

PW26-

230 

231 

853 

3,000* 

2215 

2220 

6.2 x 10 

7.1 x l o ' ' ' 

6 . 3 

14.0 

i. Pm-tvpc spcLimens, Cb-1 Zi alloy cladding (with W ba ine r ) and end caps, 0.296 OD x 0.025 wall cladding, UN matrix 10% enriched, 
0.241 inch D X 0.6-> inch long pellet height, 1.5 Kw/cc m Li at 2200F design 

„13 
PW26 

PW26 

PW26-

PW26-

PW26-

240 

241 

242 

243 

244 

3, 000* 

1,000* 

3,000* 

10, 000* 

10,000* 

2201 

22lT 

2200* 

22()0* 

2200* 

6.5 X 10 

6 . 7 x l 0 ' 3 

5.7 X l o " -

5.7 x i o " . 

5.7 X lo '^* 

11.5* 

3.8* 

U .5* 

38.2* 

38.2* 

10/62-12/62 

1/63-4/63 

1/63-3/63 

2 /63-8 /64* 

4 /63 * -10 /64 * 

4 /63 * -6 /63 

* [Design value 
*" \veiagc to date 

* ** Mass spec. B.L. 
+ \vci age bctoic heatci iailioc 

135 

file:///veiagc


RESULTS OF SNAP-50/SPUR FUEL IRRADIATION 

PW26-190 PW26-191 PW26-150 PW26-151 PW26-153 PW26-170 PW26-171 PW26-210 PW26-220 PW26-230 

CO 
CD 

Data 

Fuel Composition 

Barr ie r 

Claddmg 

Tes t Duration, hour 

Cladding Tempera ture , F** 

Specimen Weight Loss , g rams 

Cover Gas Pressure , psia 

Fuel Density, % Theoret ical 

Pretest 

Posttest 

Specimen Diameter A, mils 

Fiss ion Burnup, % U 
20 Fission Density, 10 x f/cc 

Power Density, Kw/cc 

Fiss ion Gas Release, % Xe 

Reaction into Clad, mils 

Data a r e for center specimen unless otherwise indicated 

* F i r s t 1952 hours only. Heater failed. Full t ime average temperature = 1963F 
** T ime weighted average cladding tempera ture 

*** F i r s t 1630 hours only. Heater failed. Full t ime average temperature = 2103F 
ND Not determined 

"Ci.o 
w 
Cb-1 Z r 

1069 

2055 

Nil 

38 .2 

ND 

92.4 

ND 

-1-1 

6.8 

2 .1 

1.7 

76.0 

-1-2 

" ^ 1 . 0 

w 
Cb-1 Zr 

1830 

2154*** 

ND 

48 .3 

ND 

92 .3 

ND 

-1-2 

8.5 

2 .6 

1.2 

44 .3 

~ 5 

" ^ 1 . 0 8 
TA 

Cb-1 Z r 

2562 

2094* 

0.34 

9 .6 

- 5 . 2 

94.2 

89.0 

-1-4 

13.0 

4 .0 

1.3 

ND 

Nil 

US.08 
Ta 

Cb-1 Z r 

1027 

2175 

Nil 

11.5 

ND 

95.2 

ND 

-t-5 

6.6 

2.0 

1.6 

7.5 

NU 

"S.os 
T a 

Cb-1 Z r 

679 

2208 

0.21 

7.9 

- 4 . 1 

94.7 

90.6 

+2 

ND 

ND 

ND 

ND 

Nil 

U C i . 0 8 
None 

Cb-1 Z r 

2210 

2172 

ND 

ND 

ND 

96.8 

ND 

ND 

ND 

ND 

ND 

ND 

>25 

"S.08 
None 

Cb-1 Z r 

892 

2135 

0.014 

9 .5 

- 2 . 2 

97.2 

95.0 

-f-2.5 

5.5 

1.7 

1.7 

0 .2 

2-13 

UN 

None 

Cb-1 Z r 

1092 

2119 

0.016 

9.2 

- 1 . 0 

95.9 

94.9 

Nil 

1.3 

1.4 

1.1 

3.3 

"^8 

UN 

None 

Cb-1 Z r 

1690 

2149 

0.13 

21.0 

-6 .0 

94.3 

88.3 

+2 

9.7 

3.1 

1.5 

ND 

2-13 

UN 

W 

Cb-1 Z r 

853 

2215 

0.075 

9.8 

-2 .6 

96.0 

93.4 

Nil 

6.3 

2.0 

1.9 

0 .8 

Nil 

-n 
o 
o> 
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FIG 66 
HM26191064 
HM26191063 

MIDDLE SPECIMEN. CAPSULE PW26-191 

UNETCHED MAGNIFIED: 100X 

A LONGITUDINAL SECTION THROUGH MIDDLE PELLET SHOWING REACTION IN 
Cb-1 Zr ALLOt' BEHIND TUNGSTEN FOIL Co 

•^~r: ̂ ''^^.:'^-4«<'^^«'*^' 
•** # '̂ 

•̂  ~ A 

y W r -'̂  i-REACtW ZONE; 

CJ)-IZr ALLOY 
-5k. 

ETCHANT: 10 HO, 5 HNO 2 HF (CLADDING) MAGNIFIED: 100X 

B TRANSVERSE SECTION THROUGH TOP PELLET SHOWING REACTION OF TUNGSTEN 
AND Cb-1 Zr ALLOY 
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FIG 67 
HM26220120 

^ ^ b - 1 Zr ALLOY CLADDING FROM MIDDLE SPECIMEN 

Co 

<-s 

CAPSULE PW26-220 

^ • ^ • « V •'^""»<!^^*-.»--

^^•ijm 

„T. 

•.'>i 

ETCHANT: 10 H^O, 5 HNO^, 2 HF MAGNIFIED: 100X 

LONGITUDINAL SECTION SHOWING REACTION ZONE IN CLADDING AFTER 
CONTACT WITH URANILM NITRIDE 
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Examination of inpile capsule PW26-230, containing nitride in tungstep-lined Cb-1 Zr 
alloy cladding, was completed. No significant change in diameter of specimens was ob­
served, but specimens lost weight and fuel pellet densities decreased. Specimens were 
easily disassembled. Some cracking of the tungsten was observed, along with some 
associated evidence of incompatibility between fuel and cladding (Fig 6^. Micro-exam­
ination of the fuel pellets showed slight amounts of a metallic phase. Fission gas reten­
tion was excellent. 

The results from the fuel capsule irradiations examined to date (Fig 65) may be summar­
ized as follows: 

a. Effective barr iers are required between either uranium carbide or uranium nitride 
and the Cb-1 Zr alloy cladding. The presence of second-phase carbides in hyper­
stoichiometric uranium carbide matrix did not prevent uranium-columbium alloy 
formation in the cladding. 

b . Tantalum continued to demonstrate effectiveness as a barr ier between hyperstoi­
chiometric uranium carbide and Cb-1 Zr alloy. Carburization of the tantalum 
occurred as predicted, but no carbide phase or uranium was observed in the Cb-1 
Zr alloy. 

c. The usefulness of tungsten as a barr ier between stoichiometric uranium carbide 
and Cb-1 Zr alloy demonstrated by out-of-pile tests has not been realized in inpile 
tests . The tungsten foil cracked during irradiation and allowed reaction with the 
Cb-1 Zr alloy. Reactions also occurred in areas where no cracks were apparent, 
although the possibility of cracks in adjacent planes is not discounted. Other var­
iables such as purity of tungsten, contamination of pellets and contact with Cb-1 Zr 
alloy spacers at ends of fuel pellet stack may influence the extent of reaction. 

d. Good fission gas retention appears to be associated with high pre-irradiation density 
for both carbide and nitride fuels. Gas retention may also be influenced by extent 
of reaction with cladding and with fuel composition. 

e. Swelling of the fuel may be associated with higher fission gas retention. 
''i 

A series of compatibility tests showed that uranium dioxide was extensively attacked in 
short times when exposed to 2200F lithium in defected Cb-1 Zr alloy clad specimens and 
that alloying between resultant uranium and the cladding was extensive. Compatibility 
specimens consisting of uranium dioxide pellets in sound and defected Cb-1 Zr alloy 
claddings were immersed in 2200F lithium for 50, 100, 200, 500 and 1000 hours. The 
lOOO-hour test included 20 thermal cycles down to 1600F, performed during the last 300 
hours of the test . The other tests were operated at isothermal conditions. The uranium 
dioxide pellets from defected specimens showed extensive reaction with the-Jithium, where­
as those from sound specimens were unchanged (Figs 69 and 70). Metallic uranium was 
found at grain boundaries and on outer surfaces of the pellets e5q)osed to lithium. Signif­
icant increases in grain size were also observed in the pellets of defected specimens. 
Alloying of uranium with the 13-mil thick Cb-1 Zr alloy cladding occurred to depths up 
to 12 mils . Magnitude of effects was dependent upon test duration but attack was observed 
in even the 50-hour specimens, 

Qoly slight incompatibility in the form of finely-dispersed precipitates was observed in 
Cb-1 Zr alloy sections of uranium dioxide versus Cb-1 Zr alloy diffusion couple tests 
after 2327 hours at 2200F. A lOOO-hour test at the same temperature exhibited no in­
compatibility. 

1 39 



P W A C - 632 

FIG 68 
HM26230014 
HM26230010 

TOP SPECIMEN. CAPSULE PW26-230 

w 

. -^; *• . » •-#*'' • , •/ 
it ' •'• ,• ' .' 't * • * . . 

• /- t^ «. > . . • ' • . 
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. 1 I •« h 

ETCHANT: 30 CH^CHOHCOOH, 10 HNO^, 3 HP, 30 H^O MAGNIFIED: 500X 

A TRANSVERSE SECTION THROUGH MIDDLE PELLET AND CLADDING SHOWING 
PROTECTION OF CLADDING BY TUNGSTEN FOIL 

ETCHANT: 30 CH^CHOHCOOH, 10 HNO^. 3 HF, 30 H^O MAGNIFIED: 500X 

B TRANSVERSE SECTION THROUGH MIDDLE PELLET AND CLADDING SHOWING 
REACTION AT BREAK IN TUNGSTEN 

-^'^^ ""Mil li iitiiiWi 
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FIG 6 9 

•flfflWWWP** 
2726-54 
2726-52 

URANIUM DIOXIDE VERSUS C b - 1 Zr ALLOY COMPATIBILITY SPECIMENS 

(AFTER 500-HOUR TEST IN 2200F LITHIUM) 

UNETCHED MAGNIFIED: 4X 

A. LONGITUDINAL SECTION THROUGH DEFECTED SPECIMEN SHOWING 
CORROSIVE ATTACK OF U0„ 

'cP 

\ 
'<\ 

UNETCHED MAGNIFIED: 

B. LONGITUDINAL SECTION THROUGH SOUND SPECIMEN SHOWING 
NO ATTACK OF UO^ 

4X 
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FIG 70 

i" n I iirniinfirf iifiwii i 

URANIUM DIOXIDE FROM COMPATIBILITY SPECIMENS 

(AFTER 500-HOUR TEST IN 2200F LITHIUM) 

UNETCHED MAGNIFIED: 150X 

A DEFECTED SPECIMEN SHOWING LARGE GRAIN SIZE AND EXTENSIVE ATTACK 
OF U0„ GRAINS CAUSED BY LITHIUM 

y^--:^>r./\^.:±. 
-vdjip'< 

UNETCHED MAGNIFIED: 100X 

B SOUND SPECIMEN SHOWING INTERFACE BETWEEN PELLETS 
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2. Reactor and Shielding 

Initial experiment studies were performed on the CCA-7 cr i t ica l assembly with a 12-inch 
diameter , 14-inch long c o r e . The dimensions and mater ia l compositions of the base con­
figuration a re presented below: 

Dimensions and Material Compositions by Region 
of CCA-7 (12x14) Base Configuration 

Dimensions (inches) Composition (gm/ in .3 ) 

Region 

Core 

Shell 

Side 
Reflector 

End 
Reflectors 

Inner 
Radius 

-

6.10 

7.07 

-

Outer 
Radius 

6.10 

7.07 

9.04 

6.10 

Length 

14.18 

20.00 

20.00 

3.00 

Al 

3.14 

4.70 

2.61 

2.86 

BeO 

-

33.2 

43 .3 

34.9 

C 

3.08 

-

-

-

Cb 

67.0 

-

-

9,64 

SS 

1.24 

3.11 

-

1.24 

235 The homogeneous cr i t ica l m a s s of the base configuration was 103/kg of U . This was 
obtained after applying correc t ions for both the 1.45 dollar reactivi ty increase from in­
cidental reflection by the cr i t ica l assembly supporting s t ruc ture , and for the 1.21 dollar 
m c r e a s e from fuel lumping effects of the 1/8-inch-thick, 93 percent enriched, uranium 
blocks . The radial and axial fission ra te distributions were investigated, and co re -ave r ­
aged reactivity coefficients were measured for selected mater ia l s as listed below: 

Core-Averaged Material Reactivity Coefficients 
for CCA-7 (12x14) Base Configuration 

Mater ia l 

T j 2 3 5 

Al 

AI2O3 

BeO 

C 

Cb 

Ta 

W 

Reactivity Coefficient (cents/kg) 

76.2 

25.8 

32.0 

67.2 

58,4 

5.72 

-15 .3 

- 1.90 

A se r i e s of investigations of the variat ions in the cr i t ica l m a s s of the CCA-7 (12x14) with 
changes in reflector configuration were s t a r t ed . F i r s t , the beryl l ium oxide in the shell 
region of the base configuration was removed, leaving an annular region of low density 
aluminum and s ta inless s teel between the core and side ref lec tor . The cr i t ica l m a s s for 
this configuration was found to be 119 kg of U^35_ p g r the second alteration, columbium 

( S W ^ ^ ^ ^ ^ ^ . 
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was added to the shell region at a density of 102.2 gm/in^, essential ly filling the void left 
after removal of the beryll ium oxide. The cr i t ica l m a s s for this configuration was found 
to be 111 kg . Third, the approximate two-inch thickness of beryll ium oxide outside the gap 
of the first side reflector alteration was increased to approximately three inches . The c r i ­
t ical m a s s was found to be 109 kg. The dimensions and mate r ia l compositions of the regions 
a l tered in this study a r e summarized below: 

Dimensions and Mater ia l Compositions of Altered Regions 
of CCA-7 (12x14) in Side Reflector Studies 

Dimensions (inches) Composition (gm/in3) 
Alteration 

1 

2 

3 

Region 

SheU 

Shell 

Shell 

Side Reflector 

Radius 

6.10 

6.10 

6.10 

7.07 

Radius 

7.07 

7.07 

7.07 

10.09 

Length 

20.00 

20.00 

20.00 

20.00 

Al 

4 .70 

4 .70 

4 .70 

2.61 

BeO 

-

-

-

43 .3 

Cb 

-

120.0 

-

-

SS 

3.11 

3.11 

3.11 

-

Two physics pa r ame te r studies were completed on SNAP-SO/SPUR type r eac to r s , using 
U02-BeO fuel and UC fuel. The cr i t ica l volume fraction of fuel was calculated as a func­
tion of the following five variable p a r a m e t e r s over the indicated range of variation: 

Range of Variation 

Variable Parameter UC Study UO^BeO Study 

Core Diameter , inches 9 - 1 2 1 2 - 1 7 

Ratio of Core Height to Diameter 0 . 8 - 1 . 2 0 . 8 - 1 . 2 

End Reflector Thickness , inches 0 - 5 0 - 5 

Coolant Volume Fract ion 0 . 1 - 0 . 3 0 . 1 0 - 0 . 2 5 

Base Reactivity (Side Reflector Removed) 0 . 8 5 - 0 . 9 7 0 . 8 5 - 0 . 9 7 

Fo r any given set of five variable pa r ame te r s , the fuel volume fraction was calculated 
with the side reflector removed using the TDC code. A second calculation was obtained 
using an est imated side ref lector thickness and the effective multiplication with the side 
reflector on. 

Engineering calculations have continued on severa l aspects of the pre l iminary reference 
design UC r e a c t o r . An elas t ic analysis of the t ransi t ion region between the hexagonal 
core sk i r t and the conical flow divider was per formed. The maximum effective s t r e s s , 
located at the upper end of the conical section, was est imated to be 1500 p s i . An elast ic 
analysis is in p rog res s on the revised version of the lower dome of the p r e s s u r e v e s s e l . 
Excessive inlet and outlet coolant velocities led to redesign of this sect ion. A Bendix 
G-15 computer p rogram has been wri t ten for determining the location and magnitude of 
the maximum effective s t r e s s in a long cylindrical shell which contains a uniform in ter ­
nal p r e s s u r e , edge moments and shear ing fo rces . This p rog ram will be used to analyze 
an annular flow divider for an al ternate core configuration. 
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It was determined that the afterheat generated after a 10, OOO-hour operation of an 8-Mwt 
SNAP-50/SPUR reactor can be removed by helium flow through the preheat jacket, start­
ing 30 days after shutdown at a core temperature level of lOOOF, The required helium 
flow was estimated to be 360 Ib/hr with a pressure loss of approximately 0,5 psi, for an 
assumed 0.2-inch preheat gas gap. The maximum temperature level reached was 1380F, 

A method for the calculation of SNAP-50/SFUR core hot channel factors was completed 
and incorporated into an IBM-7090 code for computation of the reactor temperature dis­
tribution . 

Maximum temperature levels in the SNAP-50/SPUR reflector and cladding have been com­
puted as a function of reflector thickness and emissivity for both 2 Mwt and 8 Mwt reactor 
operation. 

Machine computer methods for performing parametric calculations of weight optimized re ­
actors were completed, A series of parametric studies was started to incorporate recent 
data on Cb-1 Zr alloy creep strength, data on reduced fuel center line temperatures to re­
duce fuel fission gas release and/or swelling, and data on the improved physics analysis 
results. Corresponding revision of representative preliminary reactor specifications 
was initiated. 

The feasibility of using depleted uranium and lithium hydride for the shield for 2 Mwt 
reactor operation was evaluated in a preliminary survey, ka estimate was made of the 
secondary gamma dose rate from a shield of depleted uranium exposed directly to the 
reactor leakage flux. The result indicates that a depleted-uranium shield of about two-
inch thickness or less can precede a lithium hydride neutron shield, and the secondary 
contribution will be less than about ten percent of the attenuated primary gamma dose 
ra te . 

A study was made of lithium hydride properties and their effects on the temperature in a 
radiatively cooled shield of this material. Inclusive knowledge of these properties pre­
vents accurate shield temperature predictions. However, the acceptance of the most 
detrimental value in each property spectrum reported in the literature would not pro­
hibit the use of lithium hydride for the neutron shield. 

Nuclear heating rates in a uranium-lithium hydride shield were computed by approximate 
methods and a thermal analysis was performed to obtain an estimate of the shield temper­
atures. Maximum temperatures of lOOOF to HOOF were obtained in the uranium and in 
the canned lithium hydride shield for 2 Mwt reactor operation. Heat loss was by direct 
radiation to space from shield surfaces which were assumed to have an emissivity of 0 .8 . 

The feasibility of insulating a 2000F reactor coolant pipe through a lithium hydride shield 
was studied. Practical numbers of radiation baffles would not prevent lithium hydride 
melting. Computations suggest that insulation resistances of about 3.5 hr-ft -F/Btu are 
necessary for acceptable lithium hydride temperatures. One company has reported hav­
ing developed an insulation for use in high vacuum and capable of providing such a res is ­
tance with a thickness of about one inch. 

3 . Primary Pump 

Analyses of the SNAP~50/SPUR primary pump components are in progress. These studies 
include parametric data on over-all performance characteristics, as well as detailed de-
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sign analyses of hydraulic, bearing, and motor components. The motor parametric studies 
and preliminary design work are being performed under separate contracts. Hydraulic de­
signs include the main pump impeller and scroll, the bearing lubricant pump impeller, dy­
namic seals, and the liquid film thrust and journal bearings. A shaft speed of about 15, 000 
rpm has been tentatively selected, based upon a motor current frequency of 1000 cps. The 
pump parametric studies have indicated that significant gains in over-all pump efficiency 
are possible with increased values of shaft speed and reduced pump inlet pressures corres­
ponding to higher values of suction specific speed. 

Fabrication of parts for the high temperature rotating disk test unit is approximately 95 per­
cent complete. The shaft assembly was scrapped as a result of damage incurred in attempt­
ing to shrink-fit the Cb-1 Zr alloy and stainless steel sections of the shaft. The procuremei 
of a second shaft was initiated. Fabrication of the liquid metal rotating disk test apparatus 
has been essentially completed. The feasibility of conducting tests of anti-friction bearings 
in 600F to 800F lithium with this apparatus is being studied. 

The mechanical properties of several of the refractory metal alloys to be used in the cavi­
tation damage program have been evaluated at room temperature, at 1700F, 1800F, 1900F, 
2000F, and 2100F. These tests have included the tensile strength of Cb-1 Zr alloy for stan­
dard heat treatment and large grain structure, the hot hardness of Cb-1 Zr alloy for standar 
heat treatment and large and small grain structure, tensile strength and hot hardness tests 
for molybdenum-50 percent titanium as described above for Cb-1 Zr alloy, the tensile and 
hot hardness for Ta-10 W in the as-received condition, and the hot hardness for Ta-8 W-2 
Hf in the as-received condition. 

Additional tests with the rotating disk apparatus in water were also conducted with Cb-i Zr 
alloy specimens. A photograph of a standard annealed Cb-1 Zr alloy specimen after four 
hours of test at 6000 rpm is shown in Fig 71 . Cavitation damage data obtained under com­
parable test conditions on the rotating disk apparatus in water for aluminum, Cb-1 Zr alloy 
and type 316 stainless steel is shown in Fig 72. It is noted that the curve for the Cb-1 Zr 
alloy falls between the other two materials tested. 

Screening tests of standard annealed Cb-1 Zr alloy specimens, together with annealed spec­
imens of Ta-10 W and Ta-8 W-2 Hf, were conducted in a cavitating venturi apparatus in root 
temperature water and mercury. The tests of both tantalum base alloys conducted in mer­
cury indicated superior cavitation damage resistance over the Cb-1 Zr alloy and other mate­
rials previously tested, including stainless steel. Both tantalum base alloys also exhibited 
higher resistance than Cb-1 Zr alloy in water, but were not quite as resistant as stainless 
steel. 

A view of the full-scale stainless steel primary pump impeller during fabrication on the tape 
controlled milling machine is shown in Fig 73. This impeller and its associated housings 
have been completed aiid are being made ready for water test in the FT-2 test stand of the 
Pump Turbine Laboratory. The initial test of a jet pump in conjunction with an unshrouded 
impeller is in progress in this test stand. An over-all view of the jet pump test apparatus is 
shown in Fig 74. 

Fabrication of the detail parts of the first water rotor-dynamics test unit has been nearly 
completed and assembly will begin shortly. This unit was designed with the simulated motoj 
rotor mass overhung from the journal bearings. 

The second water rotor-dynamics test unit with the simulated motor rotor mass straddled 
by the journal bearings is shown in Fig 75. Test stand designs for both water rotor dynam­
ics rigs have been initiated. 
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A photograph of the installed water, hydrostatic journal bearing test rig is shown in Fig 76. 
This rig was designed from modified turbopump parts and is driven by a partial-admission, 
single-stage turbine operating on compressed a i r . A view of a four-pool, orifice-compen­
sated journal bearing for test in this rig is shown in Fig 77. Static flow calibration data 
of the first bearing is presented in Fig 78. It is noted that the data does not correspond 
closely with the data of Ramondi and Boyd. The principal discrepancy appears to be in the 
values of the orifice coefficients. This test rig is being prepared to conduct the first series 
of rotating tests with the same hydrostatic test bearing. 

The lithium radial bearing test unit was shut down as planned after 2103 hours of test at 
5000 rpm. The titanium carbide journal was 3.875 inches in diameter. The bearing was 
tungsten carbide. The test ran quite smoothly with applied radial loads ranging from 30 to 
200 pounds in lithium at temperatures from 600F to 800F. From the records of the input 
power to the drive motor, it was observed that the bearing rig ran with very few power fluc­
tuations at the higher radial loads. The test bearing and Its journal are shown in Figs 79 
and 80. The journal appeared in excellent operating condition with only very light rub marks 

Portions of its surface were coated with a very thin black deposit of unknown composition. 
Areas of light rubbing were noted in one section of the bearing. It was also observed that 
a crack had developed in the bearing (Fig 79), but the cause of the cracking is not known. 

The lithium-to-vacuum seal test unit is being assembled for test in the dry box and an en­
durance test in 800F lithium is scheduled for the next quarter, 

4 . Boiler 

Fabrication and installation of the Haynes-25 alloy, 1800F boiling potassium, heat trans­
fer loop were completed (Fig 81). Cover gas purification, liquid metal filling, and liquid 
metal purification were completed late in the quarter. Several days of two-phase operation 
have been completed, in addition to system flow and heat loss calibration runs. Extensive 
two-phase testing is now being accomplished with this r ig . 

Operation of the first stainless steel, boiling potassium loop which incorporated a twisted 
ribbon insert was terminated after about 200 hours of two-phase operation. Over-all heat 
transfer and pressure drop data from 0 to 100 percent quality was obtained on this loop, 
with up to 15 pounds per hour potassium flow ra te . The test was terminated due to the 
limited range of stable operation attainable with the high vapor phase pressure drops in the 
boiler tube and in the tube between the boiler and condenser. The orifice used at the tube in 
let was too large to improve stability. 

The second stainless steel loop (NKSS-B), an improved version of the first loop, with a hel­
ical slotted insert in the boiler tube, was installed in the test stand and filled with liquid 
metal. A photograph of this installation is shown in Fig 82. Several days of two-phase oper 
ation were completed by the end of the quarter, including a) 48 two-phase heat transfer 
data points, b) generation of vapor to 100 percent quality and with superheat, c) heat 
fluxes to 50, 000 Btu/ft^ hr, d) potassium flow rates to 32 pounds per hour and e) boiling 
temperatures to 1580F, A typical performance condition attained in these tests was vapor­
ization of 21 Ib/hrs of potassium to 100 percent quality in the five-foot long boiler tube with 
an average temperature difference of 75F between the sodium and potassium. The wider 
range of stable operation attainable on this loop is attributed to the more favorable ratio of 
liquid and vapor pressure drops realized by lowering the pressure drop of the boiler and 
increasing the pressure drop of the boiler inlet orifice. 

The two-phase water screening tests were continued to include two sizes of tubing with integ 
ral helical fins and two sizes of dual-diameter tubes. Fig 83 shows the geometries being 
tested and Figs 84 and 85 show the heat transfer and pressure drop characteristics, respec­
tively , 
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FIG 78 

STATIC FLOW TEST OF ORIFICE COMPENSATED HYDROSTATIC 
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FIG 79 4F-4446 

HYDRODYNAMIC BEARING AFTER 2103 HOUR TEST IN LITHIUM 
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FIG 80 
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FIG 83 
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The efforts to produce columbium alloy samples with internal helical fins have not been too 
successful . Attempts a r e sti l l being made by two vendors to produce tubing with integral , 
internal fins in a manner that would be acceptable for pilot lot production. 

Planning and design efforts were continued during the quar ter on Cb-1 Z r alloy on 19 tubes, 
tes t boi lers and the Cb-1 Z r alloy tes t sys t em. Layouts of two boiler designs have been 
completed, one using helical slotted inser t s in the boiler tubes (PWAC-631, Fig 59) and the 
other using dual-diameter tubes (Fig 86). Figs 87 and 88 show these boiler layouts . Tubing 
mate r ia l is on order from which ei ther tube geometry can be fabricated. It is planned to 
operate these t es t s in an existing inert a tmosphere chamber . Component arrangement 
studies have been conducted leading to the layout shown in Fig 89. A schematic of the p ro ­
posed tes t system is shown in Fig 90 . 

Initial studies were conducted to a r r ive at flow sys tems satisfactory for test ing full-scale 
b o i l e r s . A review of corros ion and m a s s t ransfer data available for NaK in Cb-1 Z r a l loy-
Haynes-25 bimetall ic sys tems indicated that mass t ransfer might be a ser ious problem in 
a bimetall ic boiling potassium sys t em. On this bas is , it was decided that both the lithium 
and potassium circui ts should be fabricated from Cb-1 Z r alloy, thereby requir ing that 
these sys tems be ent i rely enclosed in a controlled atmosphere container . Approximately 
30 flow schematics were analyzed in these s tud ies . 

The capabilit ies considered desirable for the SNAP-50/SPUR boiler and condenser tes t 
facility included: 1) boiler tes t only, 2) simultaneous test of a SNAP-50/SPUR boiler and 
one or more SNAP-50/SPUR condensers , 3) boiler tes t using a modified SNAP-50/SPUR 
condenser and 4) condenser tes t only. Studies concentrating on the first facility capability 
included condensing the potassium vapor by removing heat with NaK, lithium, helium, 
water (with a helium b a r r i e r ) , and radiation to the containment wa l l s . Of these possibi l ­
i t ies, condensing with NaK appeared to have the greates t p r o m i s e . Simultaneous test ing 
Of SNAP-50/SPUR boi lers and SNAP-50/SPUR condensers r equ i res inclusion of a turbine 
simulator section in the vapor l ine . F ig 91 shows one possible a r rangement . Studies on 
the third facility capability revealed that a condenser which is prototype for the first flight 
powerplant (except for heavier shell and thicker tube sheets) would serve as a satisfactory 
workhorse condenser in a prototype boiler t e s t . This possibili ty is diagrammed in Fig 92. 
In addition, the prototype boiler could be used to generate vapor at conditions suitable for 
a prototype condenser tes t as shown in Fig 93 , This facility can also be designed to pe r ­
mit the addition of a SNAP-50/SPUR turbogenerator and other components when test ing of 
the power conversion system (Fig 94) becomes des i rab le . Prel iminary ar rangement studies 
have shown the Heat Exchanger Laboratory at CANEL (refer to Section II, C, "Non-Nuclear 
Systems Tes t " of this repor t ) , with i ts existing high amperage dc power supplies and high 
tempera ture NaK coolers , to be quite adequate for two such boiling potassium test faci l i t ies . 

Mater ia l s 

Design of the p r i m a r y coolant pump motor for SNAF-50/SPUR requi res that a joint be made 
between Cb-1 Z r alloy and BeO. These ma te r i a l s will be used in canning the stator to p r o ­
tect e lec t r ica l wiring from liquid metal a t tack. 

The following braze alloys have shown promis ing resu l t s on producing a BeO to Cb-1 Z r 
jo in t : 

Melting Temp 

2370F 

2540F 

2370F 

Alloy 

Z r - 8 M o - 8 Ni 

Z r - 8 Mo-6 Fe 

Z r - 8 W - 8 N i 

Heat No. 

CA-785 

CA-787 

CA-782 
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FIG 94 
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Alloy Heat No. Melting T e m p . 

Z r - 8 W - 6 F e CA-784 2565F/ 

Z r -28 V-16 Ti CA-779 2280F 

T i - 7 Fe CA-761 2650F 

Two methods of brazing to BeO have been investigated, 1) brazing directly on bare 
BeO, and 2) metall izing the BeO with titanium before braz ing . 

Alloys CA-782, 784, 785, and 787 have been brazed to bare BeO. The tes t specimen con­
s is t s of a Cb-1 Zr alloy tube into which is inserted a BeO pel le t . The braze joint is then 
made between the pellet outside diameter and the tube inside d iamete r . The specimens 
were induction brazed in an argon a tmosphere with a two to three mil gap. 

After brazing, the joints were leak-checked using a helium mass spec t romete r . All four 
alloys produced leak-tight jo in t s . The joints were then thermal ly-cycled from 600F to 
1200F for five cycles, at a heating and cooling ra te of 5 0 F / h r . After thermal cycling, the 
joints were again leak-checked. All alloys produced leak-tight joints , except the Z r - 8 W-6 
F e . The specimens were then sectioned for metallographic examination. An excellent 
bond was produced between the braze alloy and the BeO with the Z r - 8 Mo-8 Ni (Fig95) and 
Z r - 8 W-8 Ni a l loys . The Z r - 8 Mo-6 Fe and Z r - 8 W-6 Fe showed some void a reas and lack 
of bonding between the BeO and braze al loy. All alloys produced excellent joints between 
the Cb-1 Z r alloy and braze al loy. Liquid metal soak tes t s at 1200F in lithium for 500 and 
1000 hours a re scheduled. 

All six alloys have successfully produced leak-tight joints between Cb-1 Z r alloy and ti tan­
ium-metal l ized BeO. The joints were produced in the same manner as the above specimens, 
with the exception that a coating of titanium was deposited on the BeO. Thermal cycle tes ts 
a r e scheduled to be performed on these spec imens . Those alloys producing leak-tight joints 
after thermal cycling will be subjected to liquid metal soak t e s t s . 

Evaluation of prospective bearing ma te r i a l s for compatibility in HOOF lithium and wear in 
700F lithium has continued. Data from te s t s concluded during the past quar ter is summar­
ized in Fig 96. The CANEL-developed cermet , WC-Mo-CbC, showed negligible weight loss 
after a 500 hour compatibility test and excellent wear quality after a low-load 96-hour tes t 
in 700F l i thium. This ma te r i a l appears to be the most satisfactory mater ia l tested to da te . 
Specimens of Kennametal K-96 have been evaluated after completing 500 and 2000-hour t e s t s . 
Metallographic examination showed no attack on li thium-exposed spec imens . A network of 
fine c racks on one surface of the 20G0-hour test specimen was at tr ibuted to physical dam­
age in preparat ion or handling. Wear specimens of Kennametal K-96 operated under low 
load for 20 hours in 700F lithium and exhibited excellent wear quality. On the other hand, 
Kennametal K-162B specimens proved to be incompatible with HOOF lithium in 500 and 
2000 hour t es t s because of lithium attack of the nickel r ich b inder . Wear specimens of 
Kennametal TiC-lO Mo, Carboloy-78, and p lasma-sprayed CANEL cermet 113565 had fair 
wear quality under low load. Poor wear quality was exhibited by Clevite 300 at low load 
and cermet 113565 at high load. 

Prospective mate r ia l s for seal-welding of motor r o t o r s have been under t e s t . One specimen 
each of unannealed welds of Cb-1 Z r alloy to unalloyed titanium and T i - 6 Al-4 V alloy have 
completed 500 hours in HOOF li thium. Posttest examination showed no weight loss and no 
metal lurgical difference from pre tes t m a t e r i a l . 
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COMPATABILITY AND WEAR BEHAVIOR OF CERMETS IN LITHIUM 

Material* 

K-96 

K-162B 

WC-Mo-CbC 

Source 

Kennametal 

Kennametal 

CANEL 

Compatibility 
in HOOF Lithium 

Weight Loss 
Surface Duration, mg/cm2 

Trea tment h r . 100 h r s . 

500 
2,000 

500 
2,000 

500 

0.06 
0.07 

1.2 
1.6 

Neglible 

G b - l Z r Alloy CANEL Plasma Spray 

113565 

CJl 
TiC-10 Mo 

Carboloy 

Clevite 300 

Kennametal 

G. E . 

Cleveland 
Graphite Bronze 

* Cermet compositions a re as follows: 

WC Co^ 

6 

Wear and Fr ic t ion ** 
in 700F Lithium 

Duration, 
Remarks h r . 

Appears 
Compatible 

Incompatible 

20 

96 

22.25 

22.33 

1.16 

(Ta, Cb)C TiC Mo Ni 

Remarks 

Low load; excellent 
wear quality 

Low load; excellent 
wear quality 

Low load; fair wear 
quality 
High load; very poor 
wear quality 

Low load; fair wear 
quality 

Low load; fair wear 
quality 

Low load; very poor 
wear quality 

-n 
o 
CD 

> 
O 
I 

K-96 92 6 2 

K-162B 6 64 5 25 

Carboloy 76 8 4 12 

Clevite 300 

** Wear and friction tes ts a re performed in a modified Holman A-6 tes t r ig described in PWAC-624. Low load - 22 
pounds applied, high load - 85 pounds applied. 
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IV. ADVANCED APPLICATION STUDIES 

A pre l iminary analytical study for adapting the SNAP-50/SPUR space powerplant to provide 
e lec t r ica l power for a manned lunar base was completed and published as PWAC-406. Two 
types of powerplants were considered in this study: a system with a net e lec t r ica l power 
output of 100 to 300 Kwe, re fe r red to as a first generation powerplant, and a system with a 
nominal net power output of 1 Mwe, re fe r red to as a later generation powerplant. 

The first generation powerplant proposes using the basic 300Kwe SNAP-50/SPUR powerplant 
designed for space operation with a single pov\'er conversion unit, but including those modifi­
cations required for operation on the lunar surface . This system, shown in Fig 4, PWAC-406, 
has a fixed radiator configuration as determined by the Saturn C-IB envelope and is assumed 
to utilize a natural ly-occurr ing lunar c ra t e r for shielding. This system is expected to r e ­
quire a minimum of site preparat ion with installation and s tar t -up accomplished by a few men. 

The later generation powerplant incorporates components identical to the first except for the 
configuration of the r a d i a t o r s . The reac tor , together with four power conversion units, a re 
buried beneath the lunar surface with lunar soil functioning as shielding mater ia l , as shown 
in Fig 7, PWAC-406. The radia tor panels a re arranged vert ical ly above the lunar surface . 
It is assumed that sufficient manpower and equipment would be available on the moon to p ro ­
vide for considerable site preparat ion and excavation, in addition to connecting and erect ing 
radiator panels above the lunar surface . 

The study considered those problems which a r e unique to operation of the SNAP-50/SPUR type 
powerplant on the lunar surface, such as radia tor orientation, shielding, reac tor side ref lec­
tor cooling, decay heat removal and powerplant s t a r t - up . Based upon this study, the SNAP-50/ 
SPUR type powerplant is a feasible e lec t r ica l power-generat ing system for a lunar b a s e . 
Fu r the rmore , a powerplant specific weight of 10 to 15 Ib/Kwe is well within the delivery cap­
ability to the lunar surface of the Saturn C-5 launch vehicle which is being developed for use 
in the Apollo P rog ram. 

A brief study was completed which examined SNAP-50/SPUR type powerplants scaled-up in 
net power output to 40 Mwe. The powerplant specific weight was found to increase from a 
value of about 10 Ib/Kwe at 1 Mwe to about 17 Ib/Kwe at 40 Mwe. This increase was due pr i -
mar i ly to the added meteoroid shielding of the rad ia tors , required for the l a rge r s y s t em s . 
The reac tor was the only component which would requi re complete re-des ign and could not be 
based upon scaled-up designs of current SNAP-50/SPUR components. Radiation cooling of the 
side reflector would no longer be feasible . Fuel loading would have to be increased signif­
icantly to accommodate fuel burnup and reactivi ty control associated with both high reac tor 
power and long reac tor l i fe . 

A study of the LCRE reac to r for use in a portable e lec t r ica l power-generat ing system was 
init iated. The system is designed to provide a net e lec t r ica l power output of 1 Mwe and is ca­
pable of being t ranspor ted by ei ther ship or a ircraf t to any remote s i t e . The basic power 
cycle consists of the l i thium-cooled reac to r which provides heat to a i r through an intermediate 
NaK c i rcui t . The air en te r s Pratt & Whitney Aircraf t ' s 500-hp, PT-6 aircraf t engines where 
it is compressed, heated in liquid meta l - to -a i r rad ia tors located external to the engines, and 
expanded through the turbines, each of which is directly coupled to e lec t r ica l gene ra to r s . 
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