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ABSTRACT

The solder plug irradiation experiment, NAA-9, was received from MTR 

and has been redesigned to retain 2000 psi. It is currently being assembled and 

will be returned to MTR upon its completion.

Preliminary results have been obtained from the electrical analog of the 

NAA-8 experiment. The analog data show not only dependence of time delay upon 

input period and input resistance, but the necessity of using a high input resistance.

Three thin slabs for studying the effect of trigger geometry upon trigger 

time response have been fabricated and assembled. Preliminary heat transient 

measurements with two of the slabs show a relatively minor effect of geometry 

for the designs tested.

As a result of the Mark II and III reactor safety device storage chamber 

pressure tests, our conclusions are that the designs are satisfactory.

Enriched boron trifluoride has been generated and used to fill three Mark II 

chambers and one Mark III chamber. In addition, two capsules were filled for 

danger coefficient measurements on the WBNS to determine the boron- 10 content 

of the gas.

Analysis of four capsules from the irradiation experiment has been

completed. These incomplete results indicate rather severe decomposition of 

BF^. However, in an actual device that is loaded at high pressure the relative 

importance of decomposition should be quite small.

This report is based upon studies made for the Atomic Energy Commission 

under Contract AT-11-l-GEN-8.

THE TWO PREVIOUS QUARTERLY PROGRESS REPORTS ARE:

NAA-SR- 1309 November, 1954-January, 1955

NAA-SR-1448 February-April, 1955
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I. TRIGGER MECHANISM

A. MTR IN-PILE EXPERIMENT (NAA-9)

The NAA-9 experiment was designed to determine adverse effects, if any, 

of irradiation equivalent to that of a full Hanford Cycle, on the tin-silver solder 

plugs. A change in MTR specifications necessitated a redesign of the capsule 

containing the plugs. The apparatus was returned from MTR for rework and has 

been redesigned and refabricated. The capsule now consists of an all welded 

stainless steel shell and cap, capable of containing up to 2000 psi.

B. SUPPLEMENTARY TRIGGER STUDIES

1. Electrical Analog of NAA-8 In-pile Test Trigger Element - The con

struction of the electrical analog of the MTR NAA-8 trigger assembly has been 

described previously as an array of capacitors and resistors, the values of which 

were determined from the physical constants of the materials. This network is 

fed an exponentially decreasing voltage through a coupling capacitor and a large 

isolating input resistor. The capacitor is inserted to isolate dc voltage from the 

analog. The input resistor is made large compared to the analog resistance 

values; this makes the input current independent of the small voltages developed 

in the analog, and hence a function of the exponential voltage source only.

The heat generation in the trigger element is distributed throughout the 

copper-uranium oxide compact region. Therefore, the input to the analog is 

spread out in a similar manner. This is accomplished by connecting the appropri

ate sections to the input by a resistance inversely proportional to the area of each 

section that contains the heat generation material. The input resistors, although 

arbitrary, must be large compared to the network resistors to insure that the 

current between sections will be through the network. A typical input region is 

illustrated in Fig. 1.



INPUT BUSES

Fig. 1 Relationship of Input and Typical Analog Resistors

If the condition R. >>R . is met, the inter junction currents are primarily
input analog

in the network and the analog will function properly. As designed, the input

resistors carry less than 1 per cent of the current between analog junctions. The

numerous input resistors to the analog are effectively in parallel; this causes the

effective input resistance to be not large compared to the total analog resistance.

This condition maybe rectified by insertion in the power bus of a large resistor

in series with the input resistors. The approximate values, as determined
5 6

empirically, for the NAA-8 trigger analog are 5.1 x 10 ohms and 1.3 x 10 ohms 

for the effective input resistance and overall analog resistance respectively. These 

values show that additional input resistance should be added in series with the 

input resistors to make the current input independent of the analog voltages.

The question of how large the additional input resistance should be, maybe 

determined experimentally. Accordingly, the time delay for a particular point 

was determined as a function of exponential period and additional input resistance. 

The procedures for obtaining these data are given in the succeeding section.
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The apparatus is set up according to the diagram, Fig. 2.

CHANNEL"Bchannel"a

TRIGGER

INPUT 
RESISTOR 

—MAMMA—►
PROBEANALOG

OSCILLOSCOPE

EXPONENTIAL
GENERATOR

Fig. 2 Block Diagram of Analog Apparatus

The result of injecting an exponential current into the analog is to develop 

voltages at each junction which have the same asymptotic period but which occur 

at different times and with different amplitudes. The time delay for a given 

junction is the time interval between the exponential input and the exponential 

voltage at the given junction, measured at the same place on each curve. The two 

traces are presented simultaneously on the screen of a dual beam oscilloscope. 

The amplification on each channel is adjusted so that for a given dc input voltage 

to the analog the deflections are alike. The two traces then have the same 

apparent amplitude and the time delay is simply the horizontal distance between 

traces. The oscilloscope screen is photographed with a Polaroid Land Camera 

and the traces replotted for convenient interpretation. A typical picture and its 

derived curves are shown in Fig. 3 and 4.
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Fig. 3 Oscilloscope Picture from 
Analog

Fig. 4 Typical Data from 
Analog

The interpretation of the pair of curves is as follows: the period is 

determined from the slope of either curve, and the delay is the horizontal 

difference between curves. Similar curves are obtained for various periods with 

various input resistances to determine the proper value of input resistance. The 

resulting data are presented in Table I and Fig. 5.

TABLE I

ANALOG TIME DELAY DATA

Input Resistor 
(Megohm)

Period *
(sec)

Time Delay t 
(sec)

1 0. 045 0. 085

1 0. 082 0. 139

1 0. 160 0. 175

1 0.264 0. 233

1 0. 511 0. 250

10 0. 061 0. 138

10 0. 068 0. 187
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TABLE I (Continued)

Input Resistor 
(Megohm)

Period *
(sec)

Time Delay t 
(sec)

10 0. 143 0. 285

10 0.298 0. 393

10 0. 626 0. 483

50 0. 065 0.206

50 0. 098 0. 259

50 0. 182 0. 377

50 0.402 0. 560

50 0. 808 0. 839

^Period varied by adjustment of resistor in period circuit, 
capacitor constant

tin solder region.

The data show the expected dependence of time delay on input period, and 

also show the dependence upon input resistance. The curves maybe replotted 

with the period held constant to illustrate the effect of input resistance on time 

delay (see Fig. 6).

The conclusions that maybe drawn from Fig. 6 are that the curves 

approach a "saturation" value with large input resistance, and that the "sat

uration" input resistance is less for the shorter periods. Extrapolation of the 

curves may yield an approximate value for the "saturation" time delay for a 

particular period. The curves are for qualitative interpretation only. There 

remain questions concerning the input circuitry for both the analog and the 

oscilloscope. It is planned to obtain more extensive data for making better 

approximations for the final answers, and to experiment with the input circuitry.

2. Thin Slab Approximation - The thin slabs are thin cross sections of 

experimental trigger assemblies designed to yield information concerning the 

magnitude of the effect of changing trigger geometry on trigger time response. 

Three thin slabs, each of different geometry, have been fabricated and assembled 

for heat transient measurements. These are for a typical experimental design, 

a more complicated "optimum" design, and for a simplified design (see Fig. 7). 

Trial runs have been made with two of the as semblies to obtain preliminary data.

11
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(O)

TYPICAL
EXPERIMENTAL

"OPTIMUM" SIMPLIFIED

Fig. 7 Thin Slab Geometries

Comparison of the derived data will indicate whether the extra work required 

for production of the "optimum" is justified and whether the flattening operation 

performed on the currently used copper tube has appreciable effect.

The thin slabs are ten times larger than the actual element and are approxi

mately 0.015 in. thick. .This scaling was necessary to increase the amount of 

heat energy absorbed by the copper region to obtain measurable temperature 

changes. The dependence of time response upon the square of the pad length 

indicates a thermal relaxation time scaling of approximately 100. They are made 

from the same materials as the actual elements with the exception of the copper 

region which simulates the copper-uranium oxide compact region of the element. 

One of the slabs is shown in position for measurement in Fig. 8.

The thin slab is heated by means of the light beam from a projector lamp 

source. Collimation of the beam was provided by a condensing lens in the lamp 

housing and by the system of baffles. An aperture cut in thin aluminum foil 

was used to restrict the light beam to the copper portion of the element where 

the fission heat is produced in an actual trigger element. The heater tube area 

on the side of the thin slab facing the light source was blackened to increase heat 

absorption. Thermal transients were measured by chromel-alumel thermocouple 

wires 0.003 in. diameter, which were soldered to selected points on the side of 

the slab facing away from the heat. Soldering was done under a microscope and 

a minimum of solder was used to decrease perturbation. Temperature as a

14
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function of time at the thermocouple locations on the slab was recorded on a 

Brown recorder. The thin slab was maintained below room temperature by- 

silver soldering it to a section of copper tubing through which cooling water was 

circulated. Perturbations due to convection currents and drafts were reduced by 

enclosing the slab in a ventilated metal shield.

The tests were performed by opening the shutter, shown in Fig. 9, to allow 

the light beam to be incident upon the thin slab. This provides an abrupt increase 

in heat flow to the slab in a time short compared to the expected thermal relaxation 

time of the element. Under these conditions the temperature of any point on the 

slab will rise to some maximum value with a time response that is a function of 

the whole element. A typical curve obtained by this method is shown in Fig. 10.

The thermal relaxation time for four positions on two thin slabs are tabu

lated below. The thermocouple locations were as follows: No. 1, center of 

outside copper wall; No. 2, center of solder plug; No. 3, copper section mid-way 

between solder plug and stainless steel pad boundaries; No. 4, 1/8 inch below 

stainless steel-copper boundary, in stainless steel.

TABLE II

PRELIMINARY THIN SLAB TEST DATA

Slab A Slab B

Thermocouple Thermal Relaxation 
Time (sec)*

Thermocouple Thermal Relaxation 
Time (sec)*

No. 1 23. 5 No. 1 22. 5

No. 2 23.2 No. 2 20. 8

No. 3 24. 1 No. 3 21.7

No. 4 24. 2 No. 4 21.7

^Scaling factor to actual size elements is approximately 0. 01 .

16



Fig. 9 Shutter and Baffle System for Thin Slab Experiment
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The accuracy of the measurements and the magnitude of the results could 

be seriously affected by convection currents set up as the thin slab was heated. 

For this reason, a test chamber is being constructed which will be evacuated to 

minimize thermal convection currents, and further tests on the thin slabs will be 

conducted.

II. GENERAL DESIGN DEVELOPMENT

A. MARK II HANFORD SAFETY ELEMENT

1. Assembly Status - Two high pressure assemblies for in-pile reactivity 

tests have been charged with enriched boron trifluoride. The assemblies are 

charged under high pressure and sealed with the crimp-solder technique after 

which the excess fill tube is removed. The charged high pressure systems are 

illustrated in Fig. 11.

2, Storage Chamber Pressure Test - The test was made with partial assem

blies consisting of the stainless steel chamber with non-standard fill tube. This 

test was designed to supplement the high pressure system test results reported 

previously. They were pressurized hydraulically with oil and the maximum 

deflection of the pressure gauge indicator observed. The data are presented in 

Table III.

TABLE III

MARK II STORAGE CHAMBER PRESSURE TEST DATA

Assembly No. Maximum Pressure (psig) Remarks

1 18,500 Small hole in weld

2 18,000 3 to 4 small holes in weld

3 8, 000 Several small holes,
weld good to 3000 psig

The chambers failed in all cases in the same place--the plug-chamber weld. The 

failure of test assembly No. 1 is illustrated in Fig. 12. The weld area is shown 

as an insert at a magnification of 35.

19
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The test results are rather inconclusive since they indicate a maximum of 

about 18, 000 psig. The previously tested complete storage systems held approxi

mately the same pressure range but failed in a different place--the copper fill 

tube--which was expected to be weak. The welds on the complete assemblies 

apparently were more satisfactory. This indicates that more care should be 

exercised in the making of the weld. However, in any event the gas discharge will 

be into the receiver which indicates a satisfactory design.

B. MARK III HANFORD SAFETY ELEMENT

1. Assembly Status - Mark III parts material has been purchased and the 

parts are now being fabricated. One prototype assembly to be tested with two 

Mark II assemblies in the in-pile reactivity test has been charged with enriched 

boron trifluoride (Fig. 11).

2. Storage Chamber Pressure Test - The test was made with partial 

assemblies consisting of the stainless steel chamber with fill tube only. The 

other components which will be subjected to high pressure are identical with 

those of the Mark II device which has been tested previously. The test assemblies 

are shown in Fig. 13, before being equipped with standard AN flanged fittings.

The samples were pressurized hydraulically with oil and the maximum deflection 

of the pressure gauge indicator observed. The data are presented in Table IV.

TABLE IV

MARK III STORAGE CHAMBER PRESSURE TEST DATA

Sample No. Max. Pressure (psig) Remarks

1 25, 500 Approximate maximum available 
pressure with no rupture

2 25, 500
26,000

Same as above, held 30 sec
Same as above, held 30 sec

3 26,000 Same as above, held 20 sec

The test data show that the chamber will not fail when subjected to 25, 000 psi.

No permanent deformation of the chamber was observable as determined from the 

micrometer measurements. The weakest component, as determined from the



U
N

C
LA

SSIFIED

N)
LO

Fig. 13 Mark III Storage Chamber Pressure Test Assemblies

@ 9601-4545

U
N

C
LA

SSIFIED



Mark II test, is the copper tubing. Hence, the poison release on high pressure 

system failure will be into the receiver for the Mark III system also. This 

indicates that the Mark III storage chamber design is satisfactory.

III. PRODUCTION PILE TEST

The dummy elements and hollow fuel slugs for NAA-109 have been received 

from Hanford. Assembly work has now been resumed.

IV. BORON TRIFLUORIDE GENERATION AND LOADING SYSTEM

A. GENERATION OF ENRICHED BORON TRIFLUORIDE

Generation of B^F^ from the CaF^'B^F^ complex was begun. However, 

excessive entrainment of the partially spent powder forced a shut-down and modi

fication of this vacuum system after generation from 270 grams of the complex. 

The modifications that have been incorporated are as follows: the four inch 

"traveling" furnace was replaced by a heating mantle which allowed more uniform 

heating of the powdered complex; a porous monel disc was placed between the 

generator and purification train to filter out particles which might be entrained 

with the gas; and the purification train was enlarged from two to four condensation 

traps with copper baffles incorporated in each of the traps. This should improve 

the efficiency of the purification system and provide an additional trap where vola

tile fractions such as HF and H^O, having low vapor pressure at -78° C, could 

be retained by a dry ice-acetone bath while the more volatile BF^ could be with

drawn to the storage chamber.

Boron trifluoride was generated from 63 grams of the CaF^'BF^ complex 

using this modified system. Good efficiency was obtained and no entrainment of 

powder was observed.

B. ENRICHED BORON TRIFLUORIDE LOADING

The pressure loading system has been completed and leak checked with 

helium to 4200 psi. The storage cylinder was cycled 27 times through the 

temperature range 25° to -190° C while pressurized with helium without signifi

cant loss of pressure. III iAt a -
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Six successive additions of B were condensed in the storage cylinder

with a resultant pressure of 4200 psi at 82° F. This was sufficient to fill the 

in-pile test fuse elements which required enriched boron trifluoride. The 

individual loading is given in Table V.

TABLE V

LOADING OF IN-PILE TEST FUSE ELEMENTS

Model Charging Pressure Temp Gas Density Estimated B ^

(psi absolute) ( °F) (gm/cc) Content (mg)

Mark II-B-2 2370 82.4 Leaked a: “ter sealing

Mark III- 1 2270 80. 1 0. 823 210

Mark II B - 3 2190 77. 0 0. 818 362

Mark II B - 1 2110 77. 0 0. 798 352

V. BORON TRIFLUORIDE IRRADIATION EXPERIMENT

Dry boron trifluoride is not normally corrosive on any of the materials it 

will contact in the safety element. However, it was considered necessary to 

demonstrate that irradiation during a normal cycle would not increase the corrosior 

rate. It was for this purpose that this experiment was designed. In addition, 

post irradiation examination enabled an estimate of the decomposition of the boron 

trifluoride. The aluminum test capsules contained specimens of copper, cadmium, 

tin-silver eutectic, Type 347 stainless steel, zirconium, and Handy & Harmon 

grade S. S. silver solder (40 per cent silver, 30 per cent copper, 28 per cent zinc, 

and 2 per cent nickel).

Irradiation of four of six capsules has been completed. Two capsules, one

plated with 0. 010 in. of cadmium, were subjected to calculated irradiations of
19 28. 55 x 10 n/cm . This exposure was calculated to yield the same number of 

B (n, a ) Li reactions in the unshielded capsule as would be expected in a six 

months Hanford irradiation of a Mark II safety element. Two other capsule 

irradiations were made at 1/2 and 1/10 this exposure. The remaining two capsules 

were used as a spare and a control, which was filled with BF^ but not irradiated.

25



After irradiation and a suitable cooling period, the capsules were opened in 

a sealed, evacuated chamber of known volume and the resultant pressure was 

measured. This measured pressure represents the sum of the partial pressures 

of boron trifluoride, helium and fluorine. Liquid nitrogen was used to condense 

and retain the boron trifluoride and fluorine while the helium was pumped off.

The subsequent pressure reading, taken after vaporization, then represents the 

sum of boron trifluoride and fluorine partial pressures. Attempts to condense 

free fluorine with an acetone-dry ice trap were unsuccessful, indicating a negligible 

quantity in each case. Thus, the final pressure measurement gave the quantity 

of boron trifluoride which had not reacted. The number of (n, a ) reactions was 

determined by the difference in pressure measurements (i.e. the helium pro

duction). The difference between initial and final boron trifluoride content 

determined the sum of (n, a ) reactions and unrecombined decomposition (from 

fast neutron, gamma and alpha interactions). For simplicity the latter will be 

referred to as radiation decomposition. These data are presented in Fig. 14.

The curve showing the amount of radiation decomposition was obtained as the 

difference between the total decomposition and that directly due to (n, a ) 
reactions by thermal neutrons. It is noteworthy that the radiation and (n, a ) de

composition are approximately equal, even in the cadmium shielded capsule.

From this, one infers that the predominant agent in radiation decomposition is the 

energy loss of the a particle. It should also be noted that the fractional decom

position shown in Fig. 14 is not indicative of the fractional decomposition in the 

Mark II safety element. Since total (n, a ) reactions were matched, and since 

the Mark II element has more than 10 times the initial boron trifluoride as was 

used in this experiment, the total decomposition in six months would be less than 

5 per cent in a Mark II element.

After completion of the pressure measurements, the capsules were washed 

several times with hot water. Analysis of the washings gave the results shown 

in Table VI (the results of the cadmium shielded capsule are not included).
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TABLE VI

IRRADIATION EXPERIMENT ANALYSIS*

Capsule No. 1 2 3 6

2
Irradiation (n/cm ) 8. 55 x 1019 4. 0 x 1019 8.55 x 1018 0

Tin-Silver Sn 0 0 0 0
Ag 0 0 0 0

Copper Cu 0. 12 0. 06 0. 11 0. 01

Cadmium Cd 0.45 0. 12 0. 62 0. 10

Zirconium Zr « 1 <0.5 <0.5 <0.5

SS Solder Cu 0. 35 0. 04 0. 07 0.01
Zn 1. 75 0.2 1.2 0. 10
Ni 0 trace trace 0
Ag 0 0 0 0

347 Stainless Steel. Fe 1. 6 2.0 0. 5 0
Cr v. slight 0 0 0
Ni 0 trace trace 0

Capsule A1 slight present present present

Reaction Products Li not yet 
reported

4. 75 1. 5 0

B not yet 
reported

5 2. 5 1.2

Misc. Elements Si 7. 5 trace 0 0
P 0 0 0 0
Pb 0 trace trace slight

^Elements present in washings expressed in milligrams of total corrosion product.

There are some discrepancies in the data. The presence of silicon in capsule 

No. 1 is explained by the fact that these washings were stored in glass for a con

siderable time before analysis, whereas, the other capsule washings were analyzed 

immediately. The fact that iron corrosion is higher in capsule No. 2 than in 

capsule No. 1 has not been explained, nor has the higher corrosion of cadmium 

and zinc in capsule No. 3. The data indicate that the lithium from (n, a ) 
decompositions is combined completely with free fluorine from decomposition.

The remaining free fluorine combines principally with zinc and iron with equal 

surface exposure. Estimates of corrosion rates in Mark II and Mark III capsules 

are in progress.
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