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This report was prepared as an account of Government sponsored work. Neither the 
United States, nor the Commission, nor any person acting en behall o( the Commission: 

A. Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any infermotion, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any l iabil i t ies with respect to the use of, or for damages resulting from 
the use of information, apparatus, method, or process disclosed in this report. 

As used in the above, "person octing on behalf of the Commission" includes any am-
ployee or contractor of the Commission to the extent that such employee or contractor 
prepores, handles or distributes, or provides access to, any informotion pursuant to his 
employment or contract with the Commission. 
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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.14. 
ABSTRACT 

Selected SMAP 10^ components were irradiated to about 10*" 'N¥T 
and 5 x 10 R at an average ttoperatur© of 136®F in a nominal 
vaeuxm of 2 x 10~5T0RR, The components were operated ptriodicalls 
and the electrical characteristics recorded* Pre-irradiatioa 
and postalrradiation tests were conducted* 

Catastrophic degradation occurred ©nly in the low Ityel neutron 
detection system at about 1»5 x IO^JOTT and in the high leir@l 
neutron power supply at about 6 x lOlSKfj^ 

Marginal degradation occurred in the fusistors and in th@ 
silicon® rubber insert material in connectors* 

The relays I low voltage trip devices, expansion compensator 
position demodulator, resistance thermometer sensor and 
bridge, and the gamma detection system operated within their 
respective specifications during and after irradiation* 

The insulation resistance of all components was adequate 
during and after irradiation® 
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2,0 Scope 

The components tested, the test exposure received by each 
component and the estimated one year dose (J.l and 3»2) the 
component will receive in the instrument compartment are shown 
in Table 1. 
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Spec« 
No«. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

"•"512 
:"f:13 
•..,.•1̂  
!:..:;^5 
• 

••••• 1 
•..•*: 1(a) 
^ 2 
••:•: 5 

3Ca) 
* • * 
...... 5 

^ 

SNAP 

' 

Component 

Fusistor 
Fusistor 
Fusistor 
Fusistor 
Relay 6PDT 
Relay 6PDT 
Relay DPDT 
Relay DPDT 
Low Volt. Trip 
Low Volt. Trip 
Low Volt. Trip 
Low Volt. Trip 
Exp. Comp. Pos. Demod 
RTD Bridge 
RTD Sensor 

Lo. Lev. N@ut. D@t« 
Lo. Lev. Sig. Cond. & P.S« 
Hi Lev. Pow. Sup. 
Gamma Detector 
Gamma Amp. & P.S. 
Conv. D@g. Meas« D@v« 
Connector 

CONFIDENmt 
TABLE I 

lOA COMPONENT IRRADIATION DOSE LEVELS 

Neutron Dose NVT 
Teat Est. 

Exposure Refs. 

• X 10^5 
SlOA Average 
3.2 & 3*20 

FIRST TEST CAPSULE 

7.8 
8.7 
7.3 
8.2 
4.3 
4.4 
3.7 
2.7 
4.3 
4.3 
4.0 
4.2 
4.4 
6.9 
5.1 

1.5 
1.5 
1,5 
1.5 
1*5 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 
1»5 
1.5 
1.5 
1,5 

to 8 
to 8 
to 8 
to 8 
to 8 
to 8 
to 8 
to 8 
to 2 
to 2 
to 2 
to 2 
to 2 
to 1,8 
to 10 

SECOND TEST CAPSULE 

11.9 
9.4 
16,1 
12.8 
10,8 
21,1 
7.0 

1.4 
1*3 
1,5 
1,5 
1.5 
1.8 
1 tc 

to 1.6 
to 1.7 
to 2 
to 4 
to 1.7 
to 2 
> 50 

!!ri 
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7 
Gamma Dose R x 10 Test 

Exposure 

4.5 
5.5 
4.5 
5.5 
3.8 
4.2 
5.2 
3.8 
3.9 
3.9 
4.3 
4.3 
4.3 
5.1 
4.5 

6.49 
5.62 
6.34 
6.85 
6.06 
7.10 
4.4 

Est, 
SlOA 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

'M 



ATOMICS immNATION. 
A OMs'mm @l H@nh Anmfkm Avlmilm, Im. ' liSSEE 

D A T E _ 2 s 4 A , - » ^ , • 
PAGE ^ O F J 5 5 _ _ 

3«0 Applicable Documents and IL's 

3,1 Drawing lOFS-22001 •» Component Assembly Instrument Compartment. 

3«2 IL, E, J. Thomson t© W, A, Flynn, "Fast Neutron Fluxes Below 
the SNAP lOA Shield, dated May 27, 1963. 

3.3 IL, A. J# Cheaavage to J, L. Johnson, "Radiation Testing of 
SNAP lOA Components dated May 9» 1963* 

3*4 IL, A. J, Chesavage to J. L» Johnson, "Trip to Battelle Memorial 
Institute April 28, I963 through May 7« 1963"« dated 
May 13, 1963* 

3*5 Ilif ̂ * J* Chesavage to J. L, Johnson, "Interim Results of 
Irradiation Tests on SNAP lOA,Components", dated July 25, 1963, 

3*6 IL, A. J, Chesavage to J, L. Johnson, "Trip Report, Battelle 
Memorial Institute, Columbus, Ohio for Radiation Qualification 
Tests on SNAP lOA Components from July 1, I963 through 
July 18, 1963f" dated July 24, 1963. 

3*7 Fusistor (Control Dwg.), lOFS-24007. 

3*8 Relay, Magnetic Latching, (Control Dwg.) 10FS-24008, 

3.9 Relay, 6 Pole Double Throw Latching (Control Dwg.) 10FS~24009« 

3*10 Trip Device, Low Voltage Specification For, NElOFS-20-010. 

3,11 Specification for Transducer and Demodulator, Expansion 
Compensator position, NEIOFS-24-008. 

3»12 Specification for Detector, Temperature, Resistance Type, 
NEIOFS-24-009* 

3.13 Schematic Diagram, RTD Bridge Unit^ lOFS-24001 

3.14 Specification for Detestftrs Neutron Flux, Low Level, 
NEIOFS-24-004. 

3.15 Specification for Amplifier and Power Supply for Detector^ 
Neutron Flux, NEIOFS-24-001. 

3.16 Power Supply - Radiation Detector DC/DC Specification Forg 
NElOFS-24-002. 

3.17 Detector - Gamma Radiation Specification For, NEIOFS-24-003* 

7S0-V-4S CRiV 5-5®l 
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3.18 Specification for Amplifier, Signal Conditioning^ Transistorised 
NElOFS-24-006. 

3.19 Program Technical Requirements No. 3 (Instrumentation Irradiation 
by S. G, Kimble and D. M. Walker^ dated 11-12-62. 

3.20 IL, ''Gamma Dos® Rates Below SNAP 101 Shield,*' fron R. J. Thomsoii 
to W. A, Flynn, dated 11 S®pt®«b«r 1963. 
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4,0 General Test Procedure 

Two capsules of components were irradiated in the 2MW(T) swimming 
pool Battelle Research Reactor in West Jefferson, Ohio. The irradiation 
dates weres May 2, I963 through May 7$ I963 for the first capsule and 
July 11, 1963 through July I8, 1963 for the second capsule. 

The components in th® capsule were operated every two hours to 
determine when any failure or degradation occurred. The insulation 
resistance and temperature of each component and the vacuum in the 
chamber were monitored also* 

The components were irradiated at two positions near the core. 
In position #3 (low flux) the neutron and gamma fluxes are in the same 
order of magnitude as in the SNAP lOA instrument compartment. Initial 
irradiation in this position permits evaluating if "rate effects" 
influenced th® operational characteristics of the components. Th© 
relatively slow accumulation of dose was also necessary to determiae 
the level of early degradation or failure. Position #2 (high flux) 
was used to accelerate the life test. 

The operational summary of each capsule is shown in Tables 2 and 3« 

TABLE 2 EXPERIMENT ILF-1 OPERATIONAL SUMMARY 
Dat< Tim© Remarks 

5/2/63 
5/2/63 
5/3/63 
5/4/63 
5/4/63 

1515 
1950 
0005 
1330 
1445 

Out-of-pile position, pumps started 
Within test temperature limits 'ilBO to I3OF) 
Secured system into position 3 
LN2 tank changed - pressure rise noted 
Heater off and secondary exchanger on prior to 
position change 
No. 3 outside dosimeter removed - start into 
position 2 

Secured into position 2 
Fired fusistor A2521 
Fired fusistor A2523? vacuum loss alarm momentarily 
Reactor scram 
Reactor at power 
Start move from position 2 to out-of-pil® position 
No, 2 outside dosimeter removed 
Secured into out-of-pile position 
Heater adjustments 
Heater adjustments 
Final measurements, experiment ended 
All heater power off 
Vacuum pumps turned off 
System removed from pool and disassembled* 

5/4/63 

5/4/63 
5/5/63 
5/6/63 
5/6/63 
5/6/63 
5/6/63 
5/6/63 
5/6/63 
5/6/63 
5/7/63 
5/7/63 
5/7/63 
5/9/63 
5/16/63 

1505 

1520 
2105 
1246 
1358 
1429 
1755 
1800 
1805 

1810 to 1820 
1900 to 1000 

1212 
1225 

7!f.P 
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TABLE 3 EXPERIMENT ILF-2 OPERATIONAL SUMMARY 

Date Time Remarks 

7/10/63 
7/11/63 
7/11/63 
7/12/63 
7/13/65 
7/13/65 
7/13/63 
7/13/63 
7/14/63 
7/15/63 
7/15/63 
7/16/63 
7/16/63 
7/17/63 
7/17/63 
7/17/63 
7/17/63 
7/18/63 
7/18/63 
7/18/63 
7/19/63 

1645 
0930 
1000 
1005 
1246 
1306 
1326 
1815 
1300 
0835 
2011 
0833 
1859 
0840 
1407 
.1445 
1857 
1200 
1221 
1645 
0800 

Out-of-pile position, 
Temperatures within te 
Secured into position 
Operating temperatures 
Reactor power decrease 
In reference position 
Secured into position 
In reference position 
In reference position 
In reference position 
In reference position 
In reference position 
In reference position 
In reference position 
Reactor shutdown 
Reactor at power 
In reference position 
In reference position 
Out-of-pile position 
Heater power off 
Pumps off. 

pumps started 
st limits 
3 
increased 
d 15 per cent 
for 20 minutes 
2 
for 22 minute® 
for 25 minutes 
for 25 minutes 
for 22 minutes 
for 26 minutes 
for 24 minute® 
for 17 minutes 

for 16 minutes 
for 21 minutes 

7lf.P 
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5.0 Test Setup 

5,1 Capsule Configuration Figures 1 through 4 show the first capsule 
compone'nts' and! "tlie enclosure in progressive steps of assembly. Figures 
5 and 6 show the component array, electrical and thermocouple leads and 
the water coil used for heating or cooling the components. Figures 7 
through 10 show the progressive assembly of the second capsule of 
components. Figures 11 and 12 show a typical capsule, and its wiring 
and piping, ready for immersion in the pool. Figure I3 shows the 4" 
diffusion pump. 

Each specimen subassembly consisted of a top-seal plat®, support 
rods, specimen and thermocouple leads, specimen array, and the water 
coil. Three glass-to-metal hermetic-type connectors (Burndy) were 
incorporated into the top plate. Each connector handled approximately 
fifty leads. The water lines were welded to a small circular plat® 
which was clamped against the top plate by a threaded bushing and 
sealed by an 0-ring, The connectors were sealed to the top plate by 
potting with epoxy. 

Specimen and thermocouple leads were attached to the lower (vacuum) 
side of the connector pins by solder. The thermocouple leads were 
28-gauge chromel-alumel commercially furnished with a silicon© 
impregnated asbestos-magnet wire (20 AWG copper) with a silicone and 
polyester resin impregnated double-glass cloth insulation. Woven 
stainless shields were provided around specified leads on the 
Demodulator, and RTD Bridge, 

The electrical leads were attached to th® specimens (or specimen 
connector pins) by solder. The thermocouples were beaded and attached 
to selected operating specimens by potting th® bead to the specimen 
case with epoxy (except the fusistors), Th® potting also served as 
insulation between the specimens and thermocouples* 

The hexagonal enclosure was fabricated in three sections (zones)* 
The sections were constructed of 606I aluminum plates (baffles), 
0,040-inch thick, with anodized surfaces 0.003-insh thick, Th® 
mounting plates were constructed of 606I aluminum plates 0,050-ineh 
thick with anodiaed surfaces* The anodined surfaces provided relatively 
high effective emissivity and good electrical insulation, Th® aountiag 
plates were securely fastened to the hexagonal enclosure plates with 
machine screws at assembly. 

?if.p • • • • 
• •• • 
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Most of the specimens were fastened directly to the mounting 
plates. Clamps were used to hold the temperature sensor and detector 
chambers in place. The lead cable from the temperature sensor was 
extended up one of the support rods, coiled near the top of the sub­
assembly just under the header plate, brought back down along another 
support rod, and finally fastened into a connector on the RTD Bridge® 
The fusistors were wrapped in 0.003-inch thick aluminum foil and 
clamped to the lower mounting plate with aluminum straps, A thermocouple 
bead (insulated with glass cloth) and case-«lead-wire (ground) was 
inserted between the foil and each fusistor before it 'was clamped into 
place. 

Dosimeter wires were enclosed in ceramic tubes and attached to 
each specimen in the array. 

7n-p 
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5»2 Instrumentation and Wiring The measuring lead layout is shown 
in Figure 14. The connections between the capsule header and the pool 
side terminal box were by means of 2 and J-wire shielded cables. 
Connections between the pool-side terminal box and the instrument 
room terminal box are made of 1^ gauge, solid, plastic insulated wire 
in a grounded wire trough. 
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lrradlotl@!i 
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FIGURE 1^« MEASURING LEAD LAYOUT 



''liNCMFIED 
Typical connections in the instrument room are shown in Figure 15« 

The manual scanning panel is connected to the instrument room terminal 
box. The manual scanning panel is made up of multi-pin AN type 
connectors. The connectors are all of the same configuration with 
specimens of different types connected to different pins. Connection 
is made between the manual scanning panel and the interconnection by 
means of a mating AN type connector with all pins connected. Power 
supplies, digital voltmeters, and other equipment are connected to 
the interconnection panel. 

The measuring connection required for the various specimens, 
switches, and other controls are constructed in plug-in boxes. Thes® 
boxes connect to the interconnection box by means of two ribbon typ® 
connectors. Insertion of a measuring circuit box makes the proper 
connections between the power supplies, meters, other equipment, and 
the test specimens* 

Figure l6 shows the equipment in the air conditioned humidity 
controlled instrument room. 
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FIGURE 15 , TYPICAL INSTRUMENT ROOM CONNECTIONS 
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5»3 Data ReeordinK Data are recorded directly in punch cards by 
two meansTCiydirectly from digital voltmeters, and (2) by means of 
a manual entry keyboard® When the digital voltmeters are used, the 
operator performs the necessary measuring circuit adjustments, allows 
the digital voltmeters to balance, and locks the readings in the digital 
voltmeters? The measuring circuits are then turned off and the 
specimens disconnected at the scanning panel (all specimen leads are 
grounded for specimens which may be affected by electrical noise)» 
The operator then depresses the "punch" buttons and the data are 
recorded in punch cards# 

V/here equipment used to perform measurements doee not have an 
electrical digital readout, measurements are recorded with the manual 
entry keyboards The bridge is balanced, or the meter is read. The 
operator then punches the reading into the keyboard. The reading 
appears in an in-line readout for verification* When verified, the 
operator depresses the "punch" buttons and the data are recorded in 
punch cards* 

Identification information is entered in the punch cards by 
means of a manual crossbar type information entry* The time of 
measurement is entered in each card directly from a digital clock* 

The measurements were recorded in punch cards using the following 
format and codes» 

Card 
Column 

1-5 Battelle identification codes G 5277 
26-31 Dates O61263 = June 12, I963 
32 SNAP lOA Instrumentation Codes 2 
33-34 Capsule numbers 01 and 02 
42~43 Measurements codess 

09 "" insulation resistance 
10 - resistance 
20 ~ resistance, relay reset coil 
11 - contact resistance 
12 - pull-in voltage 
13 " drop-out voltage 
14 - output voltage 
23 - capsule temperature 
24 - capsule vacuum 

kk~'k7 Time 
48-51 Specimen number 
52-55 Date One 
56-57 Data One Decimal 
62-65 Data Two 
66-67 Data Two Decimal 
,71''78 Operator code 
74-76 Temperature code, capsule 1 only 

78-80 Temperature code, capsule 1 only 

?!f.p "t-r*'-1*r 
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The measurements are contained in two data fields referred to as 
Data One (card columns 52-55) and Data Two (card columns 62-65). ^ H 
9'8 in a data field indicate a failure, and all 8's in a data field 
indicate a missing reading* 

The decimal code is powers of 10 plus 50. For examples 

9̂ 
50 
51 
52 
53 
54 

s 

= 
— 
s 

a 

s: 

O.Oxxxx 
O.xxx 
>x.xxx. 
XX. XX 
XXX. X 
KXXX» 

5*^ Dosimetry Since fast neutrons generally cause iSest radiation 
damage in electronic components and the dose at which damage oceurs 
depends on the fast neutron spectrum, the fast neutron flux spectrum 
in the capsule was shaped to approximate the SNAP lOA instrument '••• 
compartment spectrum. The best obtainable concurrent gamma dose was 
a faster of 3 to 10 times the annual SNAP lOA compartment dose* 

The capsule gamma dose was calculated. The neutron dos® was 
measured by counting activation of two dosimetry wires, on® cobalt 
and nickel cobalt, attached to each test component. Two dosimeter 
wires were also attached to the outside of the capsule to determine 
the average capsule dose at each of the two flux positions* 

Figure 17 is a plan view of the core showing the location of th# 
two flux positions. The bottom of the specimen array was at the same 
elevation as the horizontal centerline of the core. The neutron dos® 
at each component depends upon its position in the array and varies 
by a factor of 3«2 between extremes* 

71f.P 
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5»^ Continued. 

For the first capsule, the neutron exposure for each component i® 
broken down into 5 energy groups in Table 4 for low flux position 3 and 
in Table 5 ^or high flux position 2, Group I is the thermal neutron 
exposure (0-0.4 ev). Group II is the resonance nettron exposure 
(0.4-100 ev). Group III is the resonance neutron fxposnr* (100-1000 ev)« 
Group IV is the fast neutron exposure from 0,1 to 0.5 Mev. Group ¥ is 
the fast neutron exposure above 0,5 Mev. 

, < 



Spec 

1 

2 

3 

4 

5 

6 

7 

8 

9 

r.;.j 10 
• • » ••• 

::.•::• ^^ 
« « 

•• ' 13 
• • •• • 
...... 14 

H
 

» 
• • • 

« 

.# Component 

Fusistor 

Fusistor 

Fusistor 

Fusistor 

Relay 6PDT 

Relay 6PDT 

Relay DPDT 

Relay DPDT 

Low Volt. Trip 

Low Volt. Trip 

Low Volt. Trip 

Low Volt. Trip 

Pos. Demod. 

STD Sensor 

RTD Bridge 

Group X 
NVTXIO^^ 

0.98 

1.09 

0.79 

1.19 

0.49 

0.49 

0,40 

0.41 

0,48 

0.50 

0,49 

0.50 

0,50 

0.81 

0,83 

TABLE 4 -- POSITION 3 (LOW 

Group II 
NVTXIO-̂ -̂  

2.57 

2.86 

2.37 

2.70 

1.40 

1.46 

1.22 

0.88 

1.42 

1.39 

1.32 

1,38 

1,46 

1.68 

2.25 

Group III 
N¥TX102>i 

1.13 

1.25 

1.04 

1.18 

0.61 

0.64 

0.5^ 

0.38 

0.62 

0.61 

0.58 

0.60 

0.64 

0,7^ 

0.99 

FLUX)* 

Group IV 
NVTXlOJ-l 

1,21 

1.36 

1,13 

1.28 

0.67 

0,69 

0,58 

0,41 

0.67 

0,66 

0.63 

0,65 

0.63 

0.80 

1,07 

MM-SS-TOE- f7l>6 
D&t«s 2-k-4A ' 
Pag® 34 ®f 155 

Group V 
NVTXI0I2 

1.09 

1.22 

1,01 

1.15 

0,59 

0,62 

0.52 

0,37 

0.60 

0.59 

0.56 

0,59 

0.62 

0.72 

0.96 

Gamm& . 
X 10®! 

4,25 

4.25 

5.50 

5.50 

4.52 

3.71 

3.71 

3.71 

4.64 

4.64 

4.64 

3.7^ 

3.7^ 

5.50 

4.91 

^ ^ 

mmmw 



TABLE 3 - POSITION Z (HIGH FLUX) 

MA-SS-fDE- 974?^ 

Spec.# Component 
Group I Group II 
NVTX103-2 NVTXI0I5 

Group III 
NVTXIO^' 

1.19 

1.35 

1.10 

1.25 

0.65 

0.68 

0.57 

0.41 

0.66 

0.65 

0.61 

0.64 

0.68 

0,78 

1.05 

Group 
NVTX: 

1.44 

1,61 

1.32 

1.52 

0.78 

0.82 

0.69 

0.49 

0,80 

0.78 

0.7^ 

0,77 

0.82 

0.9^ 

1.26 

Group ¥ 
NVSllQJ-5 

Gamma 
llO^l 

1 

2 

3 

4 

6 

7 

8 

9 
• ••• 

:*••••; 10 
• • 

.:..:. 11 

.":.'.'• 12 
• • • 

.-.' 13 
• • • • « « 

:::::: 1^ 
« • 

:::::: 15 

Fusistor 5.71 

Fusistor 6.33 

Fusistor 4.58 

Fusistor 6.59 

Relay 6PDT 2.83 

Relay 6DPT 2.86 

Relay DPDT 2.31 

Relay DPDT 2.88 

Low Volt, Trip 2.76 

Low Volt. Trip 2.9^ 

Low Volt. Trip 2,84 

Low Volt. Trip 2.90 

Pos. Demod. 2.92 

RTD Sensor 4.71 

RTD Bridge 4.31 

2.72 

5.03 

2.51 

2.86 

1.48 

1.5^ 

1.29 

0,93 

1.50 

1.47 

1.40 

1.46 

1.5^ 

1.78 

2.39 

6,35 

9.08 

5.86 

6.67 

3.̂ 6 

3.60 

3.02 

2.16 

3.50 

3.H 

3.26 

3.^1 

3.60 

4,16 

5.57 

4.44 

5.49 

4.44 

5.49 

3.78 

4.13 

4.13 

3.78 

5.83 

3.88 

4.28 

4.23 

4.28 

4.44 

5.09 

« • 

• • « 

• • • 



ATOMICS immuATi 

On the second capsule, one dosimetry wire was attached to the 
exposed core side of each component. The other wire was attached 
to the self-shielded back of each component. The intent was to determine 
the dose gradient across each component. Table 6 summarizes the fast 
neutron dose gradient across each component. The exposed/self-shielded 
side dose ratios ranged from 1.6 to 2.5. Tables 7 through 12 skow th® 
average, maximum and minimum dose at each component. 

TABLE 6 

COMPONENT DOSE GRADIENTS 

COMPONENT 

No. Description 

(1)A4359 Low Level Neut. Det. 

(1)A4360 LOW Level Neut. Amp. 
& PS 

(2)A4362 High Level PS 

C3)A4357 Gamma Det. 

(3)A4358 Gamma Amp. 8= PS 

C4)A4253 Conv. Deg. Meas. Dev.l.60 

(5)A4 Connector 

719.P 

FAST NEUTRON DOSE X 10 
14 

m* 
.88 

.60 

.14 

.95 

.83 

.60 

.70 

Max. 

1.19 

.94 

1.61 

1.28 

1.09 

2 ,11 

.70 

Min. 

,64 

.37 

.66 

.76 

.66 

1.26 

.70 

Max./Min 

1.8 

2 . 5 

2 .5 

1.7 

1.6 

1.7 

» » « 

.4«-



AVERAGE EXPOSURES 

TABLE 7» POSITION III 

HM-SR»fDR-f746, 
D&t®: a<.4~M 
Pag© 37 ©f 115 

Component 

Group I, 
X 10^1 
n/cm2 

Group II, 
X 10^1 
n/cm^ 

Group III, 
X 10^^ 
n/cm2 

Group IV, 
x-iio-*--*-
n/cm^ 

Group V, 
x.aoi2 
n/cm2 

Dose^ 
X 10®E 

Connector O.78 

Gamma Amp & P.S. 1.19 

Low Level Neutron Amp. 

& P.S. 0.88 

High Level Neutron P.S. 2,01 

Converter Degradation 

Unit 3,63 

Low Level Neutron Det, 1,13 

Gamma Detector 1,49 

3,06 

3.60 

2.61 

4.92 

6,98 

3.80 

4.12 

1.34 

1.58 

1.14 

2.15 

3,06 

1,66 

1.80 

1.5^ 

1.82 

1.32 

2.48 

3.52 

1.92 

2,08 

1.30 

1.53 

1.11 

2.09 

2.97 

1.62 

1.75 

4.14 

8.06 

5.62 

6.34 

7.10 

6.49 

6.85 

C^ 

rn 



AVERAGE EXFOSUREg 

TABLE 8. POSITION II 

HM-SE-TDH- 974€ 
Date: 2-^44 
Pag® 38 ®f 1S5 

"X 

Component 

Group 
X 10^ 
n/cm^ 

.§• Group II, 
X 10|-̂  
n/em 

Group III, 
X lop 
n/cm 

Croup IV, 
^̂  lop 
n/cm 

Group y, 
X lOj^ 
n/cm 

GJ 
Dose, 
X 10°R 

Connector 

Gamma, Amp. & P.S. 

Low Level Neutron Amp. & P.S, 

High Level Neutron & P.S. 

Converter Degradation Unit 

Low Level Neutron Detector 

Gamma Detector 

0.37 

0 ,56 

0,42 

0,96 

1.73 

0,54 

0 ,71 

2 .41 

2.84 

2 .05 

3.85 

5.50 

2.99 

3.24 

1.06 

1.24 

0.90 

1.69 

2.41 

1.31 

1.42 

1.30 

1.53 

1.11 

2.09 

2.97 

1.58 

1.75 

0.56 

0.66 

0.48 

0.90 

1.28 

0,70 

0.76 

0 .78 

0 .93 

0 .88 

0 .93 

1.18 

0 .99 

l.OS^*: 
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MAXIMTO EXPOSURE 

TABLE 9. POSITION III 

Component 

Group I, 
X lOI"*-
n/cm 

Group II, 
X io|-L 
ri/cm 

Group III, 
X 10^ 
n/cm 

11 
Group IV. 

X 10^1 
n/cm 

Group V 
X 10 i2 
n/cm* 

Connector 

Gamma Amp. & P,S, 

Low Level Neutron Amp, & P.S, 

High Level Neutron P.S, 

Converter Degradation Unit 

Low Level Neutron Detector 

•Gamma Detector 

0.78 

1,50 

1,22 

3,02 

4,57 

1.84 

2.19 

3.06 

4.76 

4.10 

6.98 

9.14 

5.19 

5.53 

1.3^ 

2.09 

1,79 

3,06 

4.00 

2.27 

2.42 

1.54 

2.40 

2.06 

3.52 

4.61 

2,62 

2.79 

1.30 

2.02 

1.76 

2.97 

3.89 

2.20 

2.35 
Sii' 
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MAXIMUM EXPOSURE 

TABLE 1 0 , POSITION I I 

Component 

Group I, 
XlOlJ 
n/cm 

Group II, 
xiop 
n/cm 

Group III, 
XI0I5 

Group IV, 

n/cm 
X 10;! 
n/cm* 

I' Group V. 
X lOl^ 
n/cm^ 

Connector 

Gamma Amp. & P.S. 

Low Level Neutron Amp & P.S, 

High Level Neutron P.S. 

Converter Degradation Unit 

Low Level Neutron Detector 

"CSamma Detector 

0.37 

0,71 

0.58 

1.44 

2.17 

0.88 

1,04 

2,41 

3.75 

3.23 

5.50 

7.21 

4.09 

4.36 

1.06 

1.64 

1.42 

2.41 

3,16 

1.79 

1.91 

1.30 

2.03 

1.74 

2.97 

3.88 

2.20 

2.35 

0.56 

0.88 

0.75 

1.28 

1,68 

0.95 

1,02 



MINIMUM EXPOSURE 

TABLE 11. POSITION III 

D&t«: 2-4'-U 
Pag® 41 ©f 155 

»m 

S 

Component 

Group I, 
X loi^ 
n/cm 

0.78 

0.87 

0.6o 

1.34 

2,66 

0,64 

l.iO 

Group II, 
X lO-'"'-
n/cffi2 

3,06 

2,90 

1.60 

2.90 

5.40 

2.82 

3.29 

Group 
X 10 
n/ca 

1.3'* 

1.27 

0.70 

1.27 

2.40 

1.24 

1.44 

III, 
11 
2 

Group 
X 10 
n/ca 

1.54 

1,46 

0,31 

1.46 

2.77 

1,42 

1.66 

2 

'ircix̂  V, 

n/cs2 

1.3̂ ' 

1.23 

c,68 

1.23 

2.33 

1.20 

1.41 

Connector 

aamma Amp, & P.S, 

Low Level Neutron Amp, & P.S, 

Sigh Level Neutron P.S, 

Converter Degradation Unit 

'..Liw Level Neutron Detector 
• I*. 
• •Saama Detector 

U|4« 
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MINIMUM EXPOSURE 

TABLE 12, POSITION II 

lM-SE-roE-974i 
D&t® I a-4-M 
Fag® 42 ®f 155 

Component 

Connector 

Gamma Amp, & P.S, 

Low Level Neutron Amp. & P.S, 

High Level Neutron P.S. 

Converter Degradation Unit 

:•IS5Ŝf Level Neutron Detector 

* Gasma Detector 
• ••* 

* 
•J 

•a « 

• • • 
• • • 

« « 
ft 

Group I® 

xiop 
n/cm 

Group I I , 
X lOp 
n/cm 

Group I I I , 
X 10-^^ 
n/cai2 

Group IV, 
X 10l5 
n/ctsr 

Group y, 
X lOl^ 
n/cm^ 

0.37 

0 . 4 1 

0 .28 

0 .64 

1.26 

0.30 

0 .52 

2 .41 

2.28 

1.26 

2.28 

4,32 

2,22 

2,59 

1.06 

1.00 

0.55 

1,00 

1.89 

0,97 

1.15 

1.30 

1.23 

0.68 

1.23 

2 ,33 

1,10 

1,40 

0.56 

0.53 

0.29 

0 .53 

1,01 

0.52 

0.60 
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ATOMICS IHTEmATi 
A»Mit9m«i ^summmE DATE, .^^ -™_. 
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The irradiation history for the two capsules is shown on figures iS 
and 19. 
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5*5 Vaouwa The general layout of the in-pile vacuum system was shown 
in Figure 11, This system consists of (1) a test section of standard 
S-inch pipe, (2) a tee-section, (3) a vacuum line (4-inch pipe) 
leading to the pump, (4) a specimen-lead housing -tube (4-inch pipe) 
leading to the surface of the pool, and (5) an ionization-gage-lead-
hotising tube (2-inch pipe) leading to the surface. All the piping is 
the system is 606I-T6 aluminum. The arrangement of the system permits 
a specimen subassembly to be inserted at the top of the tee section. 
The top-seal plate both supports the specimen subassembly and serves 
as a point of exit for the specimen leads. 'The specimen-lead-housing 
is sealed to the top-seal plate. The two ionization gages are 
located in the vacuum line adjacent to the point where it enters the 
tee section. Another lead-housing tube surrounds the gages and 
th® ionization^gage-indicator leads* 

The vacuum line is connected to the 4-inch pumping unit (NRC 
system furnished by AI)located at the south side of the reactor pool* 
The instrument leads from the system terminate in a junction box at 
this point. 

Typical vacuum levels during the irradiation are shown in __, 
Figure 20. Vacuum, measured at the test section were between 10 
and 10"^ torr throughout the experiments except for a momentary rise 
at the time that the fusistor A2523 was tested. At this time, the 
loss-of-vacu\jm alarm, which was set at 1 x 10"^ torr, was actuated. 
However, the vacuiaa dropped back to its previous level almost 
immediately. The vacuum measured at the pump was generally about 
20 times lower than that measured at the test section. The vacuums 
measured finrihg ILF-1 operation (10"^ torr range) can be compared to 
the vacuums measured^in the system previously,without any specimen 
subassembly (6 x 10"° torr). This difference is indicative of a 
larger pumping load presumably from lead and specimen outgassing. 

Graph 1 shows the vacuum levels measuring during the second 
capsule irradiation. 
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Kf 

5«6 Temperature Using maximum heat transfer as the criterion, 
th® hexagonal baffle array surrounded by the water coil was 
selected after considering several other configurations. Appendix I 
contains th® calculations for; desired water coil temperatures, 
temperature gradients, and transient effects due to fusistor 
firing tests. 

All the specimen temperatures were monitored throughout th® 
experiment and typical variations and limits are shown in Figure 21 ?'d 
and Table 13* The average temperature in the second capsule is 
sho«m in graph 2. The drop in temperature noted in Figure 21 at 
"Start Position 2" was the result of increasing the coolant to a^oid 
overheating as the system was moved into the higher gaamia heat 
position. Also in Figure 21, the effects of the higher gamma heat •> 
generation in position 2 is evident from the greater temperature 
spread and the abrupt temperature drop during the reactor scraua. 
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TABLE 13. SPECIMENS AND OPERATING TEMPEEATURES ILF~1 EXPEHIMEHT 

Specimen 
Serial 
No» 

Position 3 
Median 
Temp«I 
*̂ F(a) -t-̂F " 

Position 2 
Median 
Temp,« 

-®F 

Low Voltage Switch A3271 
Low Voltage Switch A3272 
Low Voltage Switch A3273 
Low Voltage Switch A327^ 
Relay A30^1 
Belay A3042 
Relay A298I 
Relay A2952 
Fusistor A252I 
Fusistor A2522 
Fusistor A2523 
Fusistor A2524 
RTD Bridge A313I 
RTD Bridge Four A313I 
RTD Bridge Thermor 

couples A3131 
RTD Bridge A513I 
RTD Sensor Two 
RTD Sensor Thermo­

couples 
PT Demodulator A2407 

137 
137 
139 
137 
139 
138 
139 
139 
136 
136 
136 
136 
137 
137 

136 
138 
136 

136 
137 

(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 

4 
4 
k 
3 
5 
5 
5 
5 
3 
3 
3 
3 
3 
3 

3 
3 
3 

3 
3 

k 
k 
4 
3 
5 
5 
5 
5 
3 
3 
3 
3 
3 
3 

3 
3 

i3aĵ > 
1 3 7 ^ 

^ f̂(b) 

135 
135 
135 
136 
137 

Cb) 
(c) 

132 
136 

2 
2 
2 
3 
3 

3 138 3 
3 138 3 
3 133 3 

3 
3 

3 
3 
4 
3 
3 
2 

3 
2 
2 
2 
2 
3 
3 

3 
3 
3 

3 
3 

(a) Temperature during steady-state operation* 
(b) Temperature fluctuations of these items were noted during short 

periods when they were being tested* 
(c) Temperature excursions were noted for these items* Fusistor 

A2524 temperature record indicates a rise to -230 F at 0425 on 
5/4/63I and fusistor A2521 temperature record show® a rise to 
23OF at 0630 on 5/4/63. 
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Most of the specimens operated between 135F and 1%0F during 
this experiment# The RTD sensor^ since it was clamped to on® ©f th® 
baffle platest tended to equilibrate at the bafflp teiBp«ratur«t whlcli 
was soaiewhat lower in temperature than the other speciaeaa during 
position 2 operation. After steady-state was attained in any positio® 
the variation of most of the thermocouple readings was about ̂  3?* 

Temperature fluctuations of the relays and low voltage trip 
devices were noted during periods when they were being t«8t*d» Th® 
relays appeared to be the most affected® Apparently a fiolatioa ©f 
the first tw© assumptions in the temperature gradient analysis 
(discussed in Appendix I) was present during tht test periods for both 
the relays and low-voltage switches* 

The tw© fusistors which were fired during the experiment Bh©w®d 
the expected temperature rise as a function of the firing ti«## 
Fusistor A2521 was fired at about 2108 on 5/3/63 and BhdwM a 
temperature rise of about 5? for ^ firing time of about 0»3 ®@e©iid®» 
Fusistor A2523 was fired at about 1245 on 5/6/63 and showed a \ 
temperature rise ©f 60-100 F for a firing time of about 6 a«c©nds« 
In neither ease did the specimen array exhibit anj aoticeabl* 
temperature rise as a result of the fusistor firings® 

7t9.P 
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6#0 Results of Tests for Each Type ©f Component 

6*1 Q®n®ral Figures 22 and 23 show the component arrays after 
irradiation* No superficial damage was ••id®nt# 

6»1»1 D©aim@try The d©s® shown on each graph is the aTsragt 
dose received by the component# 

6#1®2 Insulation Reaistanca The sharp change in insulation 
reaiatance noted on the graphs occurrad when th© capaul® was 
m©¥ed from the low flux to the high flux position. Most of thes® 
sudden decreases in iasulatioa resistanc© readings ar« probably 
due t© increased ionization in the insulation and do not rsprsseat 
sharp degradation in iasulatioa resistanc•# Dpe to ionisatioBs 
iaaulation resistance readings changed when the megger leads w@r® 
reversed* The readings showa ©n all graphs ar® the lower of th® 
two readings* 

Pr@«»irradiati©n and poat-irradiatioa insulation rssistaae® 
readings were generally in the saae order ©f magnitud* iadieatiag 
n© degradation* Graphs 3 through 10 show the insulation resistaae® 
of th© twisted pair "worst ease" dummy leads* Th® lowest duums 
lead iasulatiea reaiBtaaets w®re 109 ohms for eapsul® 1 and 10^ 
for capsule 2® 

ohms 
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ATOMICS INTEmATIONAL 
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DATE, Z-MshL 
PA0E-_iI-„ 0 F . J ^ 

^ • 2 F u s i s t o r s 

6,2«1 Test Setup Figures 2^ and 25 show the techniques used to 
monitor the fusistors and to fire two fusistors» 

6,2.2 Test Results The insulation resistance of the fusistors 
was adequate as shown in graphs 11 through l4. The resistance of 
the fusistors exceeded the specification limits during irradiation 
as shown in graphs 15 and l8« Th© post-irradiation resistance at 
ambient was within specifications as shown in table l4« The 
specification resistance limits ar® 4,465 to 4,955 ohms at ambient 
temperature* 

TABLE 14 

Fusistor # Pre~Irrad. Res. Max. during Irrad» PoBt«-irrad. Re®« 

A2521 
A2522 
A2523 
A2524 

4.768 
4.777 
4.861 
4.688 

Fired 
5.28 
Fired 
5.18 

Fired 
4.856 
Fired 
4,702 

Two fusistors were fired during the test. The first 
fusistor was fired at 3.3 x lO^^NVT using a constant current of 
6 amperes. The firing time was 340 milliseconds. At the time 
of the second fusistor firing the fusistor resistances were 
approximately 5.1 ohms. Firing the fusistor using a 6 amp constant 
current would not be realistic since the required 30*6 volts is 
higher than the NPU voltage. The second fusistor was fired at 
4 X 10^%VT using a constant voltage supply of 28 volt»« The 
firing time of 5.925 seconds exceeded th© specification limit 
of 5 seconds* 

730-V-45 CREV S-SS) 
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6»3 Relays 

6.3»1 Test Setup The typical test setup for testing two 6PDT 
latching relays and two 2PDT latching relays is shown in figure 26, 

6#5*2 Results No degradation was noted in the insulation 
resistance, contact bounce and contact resistance* 

Coil resistances were as much as 20% above the spec 
limit during irradiation* Concurrently the required latch and 
reset voltages were higher. The increase in voltage requirement 
for relay actuation will not be detrimental since the Yoltag® 
available in the NPU is much higher than the Ik volts maximum 
required to actuate the relays during irradiation® 

Table 15 summarizes the post-irradiation electrical 
characteristics^ Pre-irradiation and post-irradiation resistance 
were similar but the post-irradiation latch and reset voltages 
differed from pre-irradiation values. Apparently some change 
in the magnetic characteristics of the relays occurred* This 
change cannot be rationalized easily since the actuation voltages 
increased for the 6PDT relays and decreased for the 2PDT relays» 

Graphs 19 through 22 show the contact resistance of 
the two relay types* From the data it appears that a favorable 
decrease in contact resistance results from irradiation* Most 
of the scatter in the data is due to the non-repeatibility of 
contact resistance measurements® 

Graphs 23 through 26 show that both latch and reset 
coil resistances of the 6PDT relays exceeded their specification 
limit by a maximum of 20% during irradiation* Graphs 27 through 
30 show that % reset increase of the latch and reset coil 
resistances of the 2PDT relays was as much as for the 6PDT relays* 
Since the 2PDT nominal coil resistance was 700 ohmsi their 20% 
change was well within their specification limit of 10,000 ohms 
per coil maximum. 

Graphs 31 through 5^ show that the insulation resistance 
decreased progressively during irradiation but was always well 
above the 100 megohm requirement of the specificationso 

Graphs 35 through 58 show that both type relays always 
pulled in and reset well below the specification maximum of 22 
volts« 

719.P -f-l*«-f-t« 
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6,k Low Voltage Trip Dev 

6,4.1 Test Setup The tect setup for the low voltage trip 
devices is shown in figure 27» 

6»k,2 Test Results Insulation resistance and contact 
resistance did not change significantly due to irradiation. 
The components tested were manufactured to the following 
specifications? trip voltage, 22.0 to 22.5 volts and reset 
voltage, 23.5 to Zk volts* Examination of the pre-irradiatioa 
and post-irradiation characteristics in Table I6 show only one 
marginal deviation from the specification. Table I6 does show 
a narrowing of the dead band due to irradiation. 

No. 

A527I 

A5272 

A3273 

A3274 

Reset 
Pre-Ir. 

25.7 

25.7 

23.9 

23.8 

LOW 

Volte 
Post-

23.6 

23.6 

23.7 

23.7 

TABLE 16 

VOLTAGE TRIP DEVICE 

Trip Volts 
•Ir. Pre-Ir. Post-Ir. 

22.1 

22.1 

22.3 

22.2 

22.4 

22.4 

22.6 

22.5 

Dead 
Pre-I 

1.6 

1.6 

1.6 

1.6 

Band 
r. 

Volts 
Post-Ir. 

1.2 

1.2 

1.1 

1.2 

Graphs 39 through 42 show that the insulation resistance 
was adequate during irradiation. 

Graphs 43 through 46 show a favorable slight decrease 
in contact resistance during irradiation. 

Drop-out and reset measurements during irradiation were 
extremely erratic. Since both pre-irradiation and post-irradiation 
data were repeatable and steady, very little confidence can be 
placed in the data presented in graphs 4? through 50 which show 
the drop-out voltage and graphs 51 through 54 which show the reset 
voltage. 
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6.5 Expansion Compensator I-ocition Demodulator 

6.5»1 Test Setup Figure 28 shows the test setup. Only the 
demodulator was ijTadiated. The position transducer was installed 
in the instrument room in a test fixture. The electrical output 
was monitored during irradic-tion s-t three mechanically repeatable 
core positions (null, 1", and 2"). The electrical outputs at 
each position after temperature stabilization of l40°F in a 
negligible flux ]>Osition were 0.8 mv., 27.9 mv., and 56.9 mv, 
respectively. 

Graphs 56 through 58 show the outputs for each of the 
three transducer positions. Most of the scatter in the data 
is due to poor voltage and frequency regulation of the test* 

6.5.2 Test Results Table 17 compares the pre-irradiation and 
post-irradiation electric&l outputs at ambient temjerature, Ro 
significant change or trer.d is evident. 
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Graph 55 shows that the insulation resictance wasr; 
always much greater than the specification requirement of 10 ohmst 
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6,6 Resistance Thermometer Sensor and Bridge 

6.6.1 Test Setup The test setup is shown in figure 29 using 
an ET 6, 0 to JOO^F range, and an ETD bridge. 

6.6.2 Test Results The temperature indicated by the RTD 
during irradiation was consistently 3 to 5® higher than th® 
temperature indicated by two TC's fastened to the sensor* 

Both the sensor and bridge were within specification 
ia post-irradiation calibration. Comparison of post-irradiation 
and pre-irradiation calibration shows a slight shift toward 
a higher mir hence temperature indication after irradiation* 

Graph 59 shows that the insulation resistance was 
always well above the specification requirement of 10° ohms* 

Graph 60 shows the millivolt output and the corresponding 
nominal temperature during irradiation. A good correlation 
between the ETD temperature and the two TC's on the sensor was 
not obtained. 



ML. AC_ 

mK..MzJA.z.£Z^ 

A PI¥WON Of HOIfH AMIIICAN AVtATIOH. INC. 

SI^..A£:MJ^A...AM£..A^JL^^1L.,ZAAIL 

NAA<^R-TDR^^9756 
»!. 

Dat@5 2-4--64 

^ TO IBM CARD PiJA/CH 

D\/M / 
^Z8.3V i?C 

pom^ DESM^S 
/f£&0^/f£r£P 
GP S4i-0 

BHJI Z8&/S' 

~ f 

//ysr-
/roofi 

CAPSiJl£ 

\"ffro'ss4>ifsoA ^ 

pro 
BP/D&£ 

UA//r 

.«SA_£££. 



U™, \\) NAA-SR-TDR- 97if6 
Date: 2--4--64 
Page 125 of 155 Graph 59 

f«f«-»p 

core 

900CI 

«ccc 

rocc 

sccc 

sccc 

4CCC 

sccc 

SHOO 

:Ase NUMACR • 1 1 
i T T 

1 1 
. . i 

1 

1 1 

I 1 1 1 1 1 t 

' 1 ' ' 
1 » 1 ] 

I I M M 
1 * • 1 ; ! 

i l l 
1 

1 . . 1 ' ' ' 

, 1 . 1 . , 

1 

t • 1 I 1 ! 1 ! 

! I 

1 
t r t t i I 1 t 

' 1 1 11 

1 1 1 

RTD 

n 

BRIDGEi CAPSULE ILF i 

1 

s 

1 

; 
LIZIJIZ 
1 i l l * . ! 

* i i ]*\ 
^ T ^ . 1 . 

i 
1 
t i l l J 
, , , , . , 

1 1 ' 
i 

1 u i r 1 1 1 

' 1 

1 1 , 1 , 1 1 

1 ,• 

1 , , • 1 1 

, , . , 1 . 

1 ^ I 1 i 
t i 

1 ' ! i t 

1 1 M ! ! r 1 
• 

1 

, 

' i i i 

1 
. 1 _ ._ . . . . . 1 

' ' 

, 1 
1 

c .!(«» miN' so. 

i 

J-
1 

* ^* 

-^r*** 

1 

1 

1 

( 

1 4 

™_I™J__ 

, 
i l ^ 

I 
i 

i 1 i 1 

-T-n • 1 ! 

! i 
1 1 . 

1 1 1 . 1 1 1 
1 1 1 

. 1 1 J • ' ' f i t 

1 1 

1 

f 

( 

„^ .,„.,„., . . „ . 

-

"*• H 

1 1 1 1 

i l l I 

1 

i 

•^-•'•"-hr 
- ^ 

* 
. 1 1 ! 

L4-4-
—̂  

1 

1 

i 

"t 

j 
1 

TT 

-^•1 " 1 

. 1 

. 1 

i 
1 

1 

" T~ 

1 

,,, ̂  

tmg e 

i 

r—f f-

1, 

i, „ 

! 
1 

I I , , ' I 1 

! 1 

1 - ! 1 ^ . * 
« 

/ * * 
*=< 

%m. 
•«%• 

1 

1 

' 

^ 
% 

. . » <' 
^,f * 

"~P~ 

t 

\ 

X 

10 10 
NEUTfl@N 

H I 

10 
• I t • !S 

10 
N S / O H , SOUAIIEOS 

10 
«s« 

• « • • • 



mimm •• • • « • «•• • 

NAA-SR-TDR- 9746 
Date; 2-4-64 
Pag© 126 of 155 Graph €Q 

t4f4-f8 

84.( 

SS. 

S3. 

XS. 

n. 

, / y«* V 
CASE M 

r /^/ 

> / J ^ ' 

r / J ^ 

; 13^** 

MBCR 

* ^ 

' ^ 

«/ r 

r 

• 

s 

RTD BRIDSEf CAPSULE ILF! 
s:, s»cii mi IT w 14 

gl@® ( 

li 
•10 

10 
« i i 

10 
• I t 

10 
(•%9 m «s« 



mx-'si^Tm^97^6 

AromiCS INTEmATION. 
A mvMm 9i Hm^ Mmmkm Avl^hm, Inc. 

DATE ,MsM ---» 

ay 
6,7 Low Level Neutron Detection System 

6.7«1 Test Setup Figure JO shows the test setup used* 

6.7»2 Results This system did not operate properly in the 
capsule prior to irradiation. The output in a negligible neutron 
flux field was 67 rav and could not be corrected to achieve zero 
output* This high output apparently was due to electrical 
noise capacity coupled through the detector into th@ system (3»6) 

During early phases of irradiation the output remained-
at 70 mv for neutron flux rates of 0, I.3 x 10'''NV, and 2.6 x lÔ rav. 
The pre-irradiation calibration check of the system indicated 
an output of 50 mv for a flux rate of about 4»4 x lO^NV* During 
irradiation at approximately I.5 x lO^^NVT, rapid degradation 
of the output started as shown on graph 6l« 

Post-irradiation testing indicated that the output 
of the power supply was within specifications and the failure 
was in the signal conditioner. 

Graph 62 shows that the insulation resistance of the 
low level neutron signal conditioner and the power supply 
remained adequate during irradiation# 
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6,8 High Level Neutron Power Supply 

6.8.1 Test Setup The test setup was identical to the one 
shown on figure 30 except that the detector was simulated by 
a 2.7 X 10" ohm resistor mounted outside the capsule* 

6.8.2 Results An intermittant low insulation resistance 
(10,000 ohmsl between the *ZZ volt lead and the power supply 
case was noted in pre-irradiation electrical checkout of the 
capsule. The insulation resistance of the power supply was 
measured and was in the order of lO^O ohms. The intermittant 
low resistance appeared to be in the capsule wiring but could not 
be found in the cursory search the schedule permitted. (3.6) 
The insulation resistance shown in graph 63 is not realistic. 
An ohmeter was used to measure insulation resistance to prevent 
any possibility of component burnout due to the application of 
high voltage. In post-irradiation tests the insulation resistance 
of the power supply was 2 x 10^0 ohms* 

As shown in graph 64, the output voltage dropped from 
490 volts to 25 volts at about 6 x lO^^VT* 

7lf.P 
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6.9 Gamma Detection System 

6.9.1 Test Setup The test setup is shown in figure 30« 

The gamma fluxes at both irradiation positions were 
beyond the range of the gamma detection system. To determine 
if any degradation bccurred, the capsule was periodically moved 
to a reference position within the range of the gamma system and 
the electrical output of the gamma system recorded* 

6.9.2 Results As shown on graph 64, the insulation resistance 
was adequate during irradiation* 

The gamma rates at the two flux positions used ar® 
about IQfR/hr and 10°R/hr which are factors of about 10^ and 
10^ higher than the 8,000 R/hr range of the system. Hence the 
output reading of 103 mv shown on graph 66 is meaningless* 
The 25 mv outputs are readings in the reference position which 
was within the range of the gamma system. No degradation is 
evident» 
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6,10 Converter Impedance Measuring Device Several diode® in 
th® Ci device were inadvertently burned out when a wiring short 
developed in the capsule during pre-irradiation testing. With 
th® CZ device inoperative the only measurement that could be mad® 
was insulation resistance which was'below the minimum specification 
requirement initially but increased during irradiation as shown in 
graph 67. Th® post-irradiation and pre-irradiation insulation 
resistance was about 10^® ohms# 
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6.11 Connector 

6.11.1 Test Setup A Epical instrument compartment connector 
with silicone rubber insert material was irradiated using the 
test setup shown in figure 31. 

6.11«2 Test Results As shown on graphs 68 through 72 the 
insulation resistance during irradiation was adequate. Graphs 
73 and 7^ show that no significant change in contact resistance 
occurred during irradiation. 

No degradation of electrical characteristics occurred 
for this test connector and other connectors used in irradiation 
tests. Considerable embrittlement of the silicone rubber insert 
material of all connectors was noted. After irradiation pieces 
of th® normally pliable silicone rubber could be extracted using 
a fingernail* Figure 32 compares an irradiated connector with 
one not irradiated and clearly shows the degree of embrittlement* 
The cracks and breaks occurred when the solid wire leads were 
worked during capsule disassembly* 
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7»0 Conclusions and Recommend.''.tions 

The high levelineutron power supply and 
system which failed at Battelle have been re 
will be published when data is reduced. The 
these two components should be deternined by 
checks and dissecting if necessary. 

The degree of connector insert embrittl 
warrants additional testing to an exposure o 
the order of magnitude found at thev outer pe 
compartment where many of the connectors are 

w) mmd 
the low level neutron 
tested and test results 
cause of the failure of 
analysis, electrical 

ement after 7 x 10 \vT 
f 5 X lO^^KVT which is 
riphery of the instrument 
located* 

In any subsequent testing the exposure should be increased by 
at least a factor of two to compeiisate for the large dose gradients 
across a component and within the capsule* 

More emphasis should be placed on orientation of the components 
to approximate the orientation in the instrument compartment* 

710-V-4S CREV 5-SS) 
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Heat Transfer Considerations by W. G. Rieder, Battelle Memorial 
Institute 

The hexagonal baffle array, surrounded by the water coil, was 
the configuration selected for this experiment after consideration 
of previous array configurations and possible alternatives. For 
this experiment, the water coil temperatures necessary for obtaining 
the desired sample temperatures in each position, the sample 
temperature gradients, and the transient effects due to the fusistor-
firing-time tests were analyzed. 

Calculations of the Desired Water Coil Temperature 

An estimate of the water coil temperature needed to maintain 
the baffle at I30 F was made with the following assumptions; 

(1) All heat is transferred from the baffle assembly by 
radiation to the water coil (effective emissivity = 0.5)» 

(2) The gamma heat generation rates at the for the two 
desired experiment positions are? 

(a) ?"_-.= 0.00185 watts/gm 
(b) yjjj 2 0.000267 watts/gm 

The pertinent equation for the vrater coil temperature is; 

B 
3^ x m 

1730 Ag e ^ ^ 
X 10 12 

(This is a rearranged form of the radiation equation with the 
Stefan-Boltman constant in BTU/hr ft^ R^.) 

where d" = gamma heat generation rate (3TU/hr per unit mass) 
m = total mass of samples, tiers, baffle, and leads internal 

to the baffle 

2 A = area of baffle (ft ) 

BC 
= effective emissivity 

•• «•• « • • • • f • •• 

•l-f-f*™^ J s.^ H-f-|Ji—*-!*—S-4-
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'l̂ <̂ .'l 
for Position III 

^TII ~ 0«000267 watts/gm 

m s 2000 gm 

Ag r 195 in^ 

£3,= 0.5 

Tg = 590»R 

T ^ _ con'* 0.000267 X 2000 X 3^^1 X l44 ^^12 
yyU - -xn-zn -̂  TOR ^ n c X XU Cjjj -̂ "̂ 1730 X 195 X 0.5 

Tp = /p. 120 - 0.0015^x 10 
^III 

T_ = 126 F 
0« 

12 

III 

for Position II 

y ~ 0.00185 watts/gm 

^r ^ = ZP»120 - 0.010^ X 10-̂ ^ 
41 

T„ ^ 114 F 
41 

Estimate of Sample Temperature Gradient 

The following calculations give only surface temperature 
gradients of the specimens since information concerning the internal 
structure of these specimens was not available. However, the 
estimates should be realistic for specimens having adequate 
internal heat transfer paths. Only the analysis of the low-'Voltage-
switch is presented. Assuming the followingJ 

(1) negligible heat transfer between case and internal structure^ 
(2) uniform volumetric gamma heat generation onlyj 
(3) unidirectional heat flow, 
(4) heat sink at one end only (the mounting base), 
(5) negligible radiation from surface^ 
(6) constant cross-sectional area of the case^ 

a total temperature difference from one end of the sample case to 
the other may be computed from the equations 

730-V-45 CSEV S-5t) ._..... _ . s- . •""̂ ••̂ "5™̂ "''"*"'̂ """""*̂  • • ••« 
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where L = length of sample (in direction of heat flow) 

^ 1 1 = gamma heat gener-̂ tion rate (BRR Position II) 

' s = density of sample case (assumed to be stainless steel) 

k = thermal conductivity of sample case. 

For the low-voltage-switch 

L = 1.75 in. 

Yji = 0.00185 watts.gm 

r s = 8 gm/cc 

k = 11 BTU/hr ft °F 

T - 1'75^ X 0.00185 X 8 X 16.39 X 3.^13 X 12 
2 X 11 

^ T ^ 0.1°F 

On the basis of this estimite, and considering the fact that all 
samples except the fusistor., which will be considered separately, 
are securely bolted to the tiers, it may be assumed that the samples, 
tiers, and baffle will be apĵ roximately isothermal* 

Transient Effects Due to Fusistor-Firing-Time Test 

During the test it is n 
electrical power in a fus 
extend to 10 sec. Since 
about k watts, the therma 
To simplify the transient 
cases will be examined: 
thermally insulated, (2) 
assumed to be isothermal. 
possible temperature the 
case gives the highest te 
attain* 

ecessary to dissipate 186 watts of 
istor under test for periods which may 
the total gamma heat generation is only 
1 equilibirium should be upset significantly 
heat transfer analysis, two extreme 
(1) the fusistor i& assumed to be completely 
the whole array (including fusistor) is 
The first case yields the highest 

fusistor could attain, while the second 
mper"ture the rest of the array could 

730-V-4S(RiV 5-5S) 
•,;.>TNinii°i!^f)l i»y 
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Case (1) UNCLASSIFIEff 
Heat balance! 

^^in = *̂  ̂ F . ^ ^out 

where 

dt dt 

d ^ 

dt (1) 

in = power input to fusistor, 
dt 

d ^. 

"dt 

d ^ 

F = time rate of thermal energy build up 
in fusistor 

out= pov/er transported from the fusistor. 
dt 

During the fusistor test these quantities are assumed to have 
the following values: 

d Q, 

dt 

dt 

in = q = (constant = l86 watts) 

^ ^F ^ ̂ F = C^ ^ ̂ F 
d T^ dt dt 

where total heat capacity of the fusistor 
(0.00̂ +4 BTU/°F) 
fusistor temperature (fusistor assumed to 
be isothermal) 

d .̂.•. but = 0 (fusistor assumed to be perfectly 
dt insulated) 

Substituting these values into Equation (1), one has: 

^ dt 

v̂̂  ^̂  = ^ i: dt 

jr- t -f "-F 
^F 



•iflitA-SR~TDR~97^6 

ATOMICS INTERNATIONAL DATE Z J M ^ 
P A 6 E _ ^ _ . 0 F j a 

•wetAssei^ 
l e t q^ = 186 x 3.^13/3600 = 0.177 BTU/sec 

C 0.00^4 BTU/°F 

T^° = 130°F 

Ty = iiOt f 130 (2) 

Equation (2) gives the fusistor temperature (°F) as a function of time 
(sec), assuming th;-'t the fusistor is perfectly insulated. For a test 
duration of 10 sec the fusistor may increase in temperature to 530 F, 

Case (2) 

An expression similar to Equation (1) may be written for the 
entire sample array. 

d Q, in 
d q. 

but 
dt dt dt 

where d Q 
^in = q„ + q = (constant = I90 watts) 

~dF 
= d 

dT A 

dT 

dt 
A = 

^ dt 

where C. = total heat capacity of array (0,58 BTU/°F) 

T. = array temperature 

out 
dt 

(Note that in this case the heat transferred from the baffle is known 
within reason and could be included in the calculation, however, as the 
folloiving will show, the small resultant value of T. obtained by 
setting d C4̂ ^̂  ^ 

Tl " = 0, indicates that the added complication of a 

nonlinear differential equation, which is required for a non-zero 
value of d Q 

dt 
but is not warranted here.) 

» 

730-V-4S CRiV 5-5S) 
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from (3) 

% * ^r = ^A ^ 
d t 

+ 0 
UNCWSSIFIECf' 

[ T / d T^ = i % J ^ ^ t ^^ 

A J o 

T = % * '^r 
t + T' 

q + q = 190 X 5.^13/3600 
^e r 

G, ^ 0.58 BTU/°F 
A 

= 0.180 BTU/sec 

= 130°F 

0.31 t + 130 ik) 

Equation (4) gives the temferature (®F) of the sample array as a 
function of time (sec) assuming that the array is isothermal and 
perfectly insulated. If the test is run for 10 sec, T^ may go 
as high as 133°F. 

wmssipEo 
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