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INTERIM REPORT ON HTLTR MOCKUP
RUN NUMBER 2

INTRODUCTION

Herein are presented results from Run Number 2 of the large mockup designed
and Euilt by Equipment Development for research and develdpmentAin support of
.the High Temperature Lattice Test Reactor. Results from Run Number 1 have been
presented in BNCC-8T7. |

Based on high water concentrations and exténsiVeAgraphite corrosion observed'
in Run Number 1, it was decided the primary objectives of Run Number 2 would be
to, (1) investigate the effect of cleanup towers in the recirculating gas system
on gas compositions within the system;-(2) determine the extent of graphite damage
at a reduced core tempefature of T700°C, which is. slightly beléW“the threshold of
the water-graphite reaction; and (3) check operaﬁility of the control rod and
safety blade under heated conditions. |

Additional items included for study were (1) comparison of contaminant gas
femoval during the initial evacuation--nitrogen fill cycles with Run Number 1;
(2)'perf6rmance of the graphite heating element components; &and (3) integrity of
Ineonelehgathed ch;omel—alumel thermoocouples.

SUMMARY AND CONCLUSIONS

A‘graphite cdre teuperature of approximately 700°C was maintained for a period
of 115 Hours at which time the mockup was cooled for inspection of“thelcontrol
rod, safety blade, and heater elements. Visual examination of the above-mentioned
items revealed little or no graphite corrosion as can be seefi™in’Figures 1; 2, 3,
éﬁd L, These conclusions weréAsubstantiated by veighing small gréphite samples
which remained in the mockup during the entire operating period. The interior of

1

the mockup is shown in Figure 17.
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Maximum gas conteminant concentrations observed at the blower discharge
during the.rug were 3200 vol. ppn H20, 250 vol. ppm 002, and 100 vol. ppm CO.
These concentrations decreased to 1200 vol. ppm H20, 220 vol. ppm CO,, and 60
vol. ppm CO by the end of the run. Approximately 800 ml. of watér were col-
lected at the vacuum pump dischargé during fivg system evécuations as compared
E;.EZOO ml. collected aftér'the first five evacuations of Rgn Nﬁmber 1. During
fourteen days of operation the molecular-sieve cleanup towérs, designed ahd_
installed prior to this run, removed a total of 2.8 gallons of water from the
mockup gas system. |

Control rod and safety blade scrams totalled 39 and 33, respéctively. Of
these,i2 control rod and 13 safety blade scrams were performed above 500°C
including five each at 700°C. One of.the safety blade scrams was;successfully
performed at room temperafufe and a mégkgp pressure of LO torr., ¥ |

Some difficulty was exberienced after 33 scrams when fhé'magnetic clutch,
Whidh withdraws the safety bléde, stéfted slipping thereby preventing removal
of the blade. It appears tﬁat the slippage may have been due to an oil film
on the clutch facings, based on visual examination.

While #t 700°C, the control rod drive mechanism met with increased
frictional resistance during the last 0.1 of an inch of rod travel. When the
rod was dismentled for inspection, small chips from the urahiu@’oﬁide bearing,
graphite outer cylinders were observed. These chips could havé‘éausedlthe
increaséd resisluncve by lodging at the interface of the inner and outer
Gylinders°

Inconel sheathed, chromel-alumel'thermocouples were used tb'mopitor all
graphité core and heatiﬁg elemeﬁt temperatures during Run Number 2. Performance

of the thermocouples appeared satisfactory; however, anomalcdus ‘bé€havior of two

of the heating element thermocouples was observed when gas was circulated

through the mockup. The reason for the gas flow affecting only two of the four
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heating elément thermocouples remains unexplained at present.
DISCUSSION
Gas System
The run was initiated by alternately evacuating the system and then
filiing with fresh nitrogen five times. Evacuation periods ranged from
2 hours to 16 hours and pressures of 19 torr to 42 torr were attained.
Pressure data obtained during the first evacuation are presented in
Figure 5. A total of 810 ml. of water were condensed and collected in the
vacuun pump discharge line during thg evacuations. Two of the evacuations
were performed at the graphite core temperatures of 200°C_and 230° with
500 ml. of water being collected during the first (230°C) evacuation.
Results of an inleakage check performed at the conclusion of the thifd’

evacuation are presented in Table I.

TABLE I
Pressure, Barometric Absolute
Time after in. H,O Pressure, Pressure,
start, min. gage . in. H20 in, H20
0 -390 Lol 11
35 -376 ‘ 25
25 -367 3k
T -358 : L3
100 -348 53
123 -338 63
149 -328 73
195 -307 ok

For the period of time examined; ‘the inleakage rate was calculated to be
0.9 ft3/min°

Figure 6 depicts the gas cleanup system flowsheet. The system is com-
prised of two pairs of parallel, steel towers with each tower containing
100 pounds of 1/8" Linde type SA molecular sieve pellets. In addition to
the towers, two electrical heaters are included in the system to heat the
cleanup tower regeneratiné gas. The parallel pair of towers permits re-

gencration of one set of towers while the other set remains in service.
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Periodic sampling and analysis of the gas blower dischafge stfeam
(Moekﬁp inlet gas) was pgrformed throughout the run. Concentrations of
water, carbon monoxide and carbon dioxide obtained from these samples are
plotted in Figures 7, 8, and 9. Also included on Figure 7 is the water
concentration in the molecular sieve exit'gas stream., |

On the 22nd of March, 1,500 c¢fh of 11,800 cfh leaving-the gaé blower
was directed throughlthe molecular sieve‘cleanup columns. The effect of
these flows on the water concentration in the blower discharge gas can be
seen in Figure 7. Water concentrations in the blower discharge and clean-

up system exit gases for a short period of time after directing the re-

cireculating as through the cleanup columns are shown in Table 2.

TABLE 2
Date Time H,O0 Concentration, ppm vol.
Blower Discharge Cleanup Exit

3/22/65 1435 2400 ._

1440 ‘ 1100

1445 : 560

1453 1300 ‘

1500 ' - 2ko

1510 1100

1540 1100

1607 200
3/23/65 0830 780

1130 ' 38

Electrical System

Two heating.elementé of a revised "Gibson Girl"vgeometry, shown in
Figure 10, were installed for testing during this run. The design provides
& higher moment of inertia cross section than that of the remaining two
1" x 1/2" rectangular elements used in the run. Consequently, the new rods
are stronger in bending and column loading. To insure compatasbility with

the HTLTR electrical supply, the resistance of the new design was matched
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with that of the rectangular shape by making the cross sectional areas
equivalent. Resistance of each of the four heating elements was measured

using a Wheatstone bridge before they were installed in the mockup with

the results shown as follows:

TABLE 3
Geometry Resistance, Ohms
Rectangular 0.049
Rectangular 0.049
Gibson Girl 0.050
Gibson Girl 0.050

After installation, the heating circuit was energized for a short
‘period to measure current passing through the individual, parallel heating
elements. Voltage drop values betweep the bus bars were obtained con-
currently with the current measurements. These values permitted calcula-

tion of installed resistances reported in Table L.

TABLE k4
Location. Current, amps Volts Resistance, ohas
TR 162 9.35 0.0577
BR 170 9.4 0.0554
BL 155 9.4 0.0606
TL 170 9.45 0.0556
TR (Recheck) 166 9.4 0.0566
BL (Recheck) 156 9.4 0.0603

The.above values are not true heating elemgnt resistances due to the
fact the voltage drop Qas measured across the bus bars rather than the
elements themselves. They do, however, given an indication as to how
closely the installed resistances, including contact resistancgs, compare.

A éhange in the return bus circuitry resulted in induction heating
§f certain portions of the steel shell. This required installation of

cooling coils adjacent to the return bus shell penetration. Originally,
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the return bus was attached to the steel mockup shell which functioned

as part of the.return bus as did a portion of the graphite core. It

was decided during Run Number 1 that g:ounding the return power bus to

the mockup shell was not advisable. Othgrwisé; it would be necessary

to insulate those components (e.g., control rods, safety bladés, thermo-

couples) which extended into the core from the shell to prevent extraneous

ground circuits. A simpler sdlptidn was to isolate the return bus from

the shell such that the shell would no longer be in the return bus circuit.

The a.c. conducting "return bus" was insulated from the steél shell; but,

by necessity, passed nearlthe shell thereby providing magnetic coupling

which resulted in inductive loéses° Tﬁese losses were anticipated but

the magnitude was not predictable due.to the geometric complexity of the

installation. Power, I2R, generated at 700°C by the four, parallel

heating elements, was estimated to be 23.6 Kw. This estimate was

calculated by using a value for the curreﬁt obtained during operation

and applying a temperature correction factor to the measured resistances

listed in Table 3. At this same time, the total power consumption; EI;

was calculated tolbe 23.0 Kw based on £he operating current and voltage.

These two values sgree within 3% which would indicate that induction

losses were small in comparison with thé total power consumption.
Pigure 11 shows the total heater circuit resistance and total circuit

current throughout the run.

Temperature Measurement

Figures 12, 13, 14, and 15 depict the temperature history during the
run at various locations within thé graphite core and thermal insulation.
The graphite core temperatures plotted were obtained using 1/8" OD Inconel- -

sheathed, chromel-alumel thermocouples with grounded junctions. Wire
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diameter was 0.020 of an inch and was insulated from the sheath by
crushed MgO beads. Thermal insulatiqn temperatures were obtained from
the same thermocouples used during Run Number 1.

Graphite core temperature data shown in Figures 12, 13, and 14 are
consistent except for two heater element temperatures (TC-11 and TC-15)
which appear to be affected by recirculating gas flow. This is evident
if the heater element temperatures plotted in Figure 12 are examined for
March 17. The gas blower was not operating at this time and it can be
seen that the temperature indicated by TC-15 3» TC-11» TC-7 > TC-3.

This is expected due to the location of the thermocouples axially along
the heater element beipg monitored. If the temperatures obtained on
March 17 are‘compared wifh those obtained either before or after this
date while the gas blower is operating, anamalous temperature recordings
will be noted. The reason for this behavior has not been definitely
established as yet but will be investigated.
Samplesl |

| Small samples of graphite were placed within the mockup and remained
there throughout the run to permit evaluation of the amount of corrosion
occurring during the run. These samples were 1/2" x 1/2" x 3" and were
siotted, forming fins approximately 1/32“ thick, to provide a large,
reactive surface area. Weight changes associated with these samples are

reported in Table L.
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TABLE L
S (1) ; oy o Weight Loss(2)
ample Initial Final Weight ! 8 -1 -2
Number weight, gms weight, gms Change,gm rate x 107, gm hr “cm
5-W 12.4026 12.4008 -0.0018 8.3
6-W 12.2763 12.2752 -0.0011 5.1
8-w 12.2833 12.2816 - -0.0017 7.8
12-W 12.1047 12.1027 -0.0020 9.2
13-W 12.2075 12.2052 -0.0023 10:6
1L -w(3) 12.4186°  12.4159 - -0.0027 12.4
15-w(3) 12.2594 12,2584 -0.0010 4.6
16-E 12.5129 12.5083 -0.0046 21.2
17-E 12.8719 12.8672 -0.0047 21.6
18-E 12.4343 12.4302 -0.0041 18.9
19-g(3)  12.6010 - 12.5964 -0.0046 21.2
20-g(3) 12.4172 12.4136 -0.0036 16.6
21-E 12.3425 12.3383 -0.0042 19.3

(1) W refers to west end of mockup
E refers to east end of mockup

(2) Based on 115 hours of exposure at 700 C and an exposed surface area
of 189 cm2.

(3) These samples were placed on the access opening floor brick.

A 21/2" x 1 1/16" x 3/8" B)C sample placed between two 2 1/2" x 1 1/16"
x 1/4" TD nickel plates, which remained in the-moékup for the duration of the
run, exhibited a weight gain of 0.0881 gm. Initial and final weights of the
B),C sample were 28,2720 gmn and 28.3601 gnm, respéctively.< Basédﬁon 115 hours
of operation and the exposed surface area, a weight gain rate of 4.5 x 10 -5

gm-hr lcm -2

was obtained.
In addition to those samples which remained in the mockup throughout
the run, there were samples which were periodically inserted into and .

removed from the heated graphite core. The data obtained from these

samples are shown below:



Sample No.

Exposure time, hr

Core Temp, °F

Initial wt., gm

Final wt., gm

Weight change, gm

Weight change raté(l)
x 10°, gu-hr-lcm-2

Sample No.

Exposure time, hr

Core Temperature, °F

Initial wt., gm

Final wt.; gm

Weight change, gm

Weight change rate(l)
X 108, gm-hr~ “lem

(1) Based on an exposed surface area of 189 cm

(2) One fin broke off this sample during removal
in the final weight.

1

91.8
520-1020
12.1733
12.1687
-0.0046
-0.265

B),C Samples

2 2
24,2 o177
1020-1070  1260-1310
11.9005 11.9852
11.8952 11.8986
-0.0053 £0.0034

-1.16 £1.02

Graphite Samples

14

24 .8

1070-1260
13.6483
13.6446
-0.0037
-79

2

BNWL-CC-362

2 . 2
2.2 4.7
1310 1300
11.8986 11.8977
11.8977 11.9006
-0.0009 - #0.0029.
-2.16 1.0k
1L
6L
1290
13.6438
13.6429(2)
-0.0009
7.4

2

6

1300
11.9006
11.9008 .
£0.0002
£0.176

The -fin was retfieved and includes

One item noted in the above samples 1s, that when a new sample was placed in the

mockup, an initial "burnoff" occurred in which a high weight loss was experienced.

In subseqﬁent runs, samples which have not been used previously will be placed in the

mockup for a short period of ti@e‘prior to the first weighing.
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Safety Blade

" The safety blade was suécessfully scrammed & total of 33 timés° Five
scrams were performed at YOOOC, eight from 500°C to 700°C and the remainder
below 500°C.

After 33 scrams, the magnetic c;utch which withdraws the safety biade
started slipping and the blade could not be removed from the mockup core.
Exemination of the séfety blade drive mechanism\at the end of the run
. revealed significant amounts of oil around the motor, transmission and
" bottom of the upper housing. The oil apparently leaked_from the trans-
mission case but leak tests failed to reveal the point of origin. Some
oiliness could be felt on the outside of the clutch housing although very
little was detected on the clutch faces. New clutch facings were ordered
for installation prior to the next run.

The possibility of small leaks being present apd/or developing in the
safety blade housing existed. Leaks wpgld draw hot gases, which could
- damsge housing gaskets;, etc., from the mockup core into the safety blade
housing. To circumvent this problem, a low flow (600 cfh) of cooled re-
circulating gas was directed into the safety blade upper hogsing° This |
stream provided a source of cool gas for any outleakage and prevented hot
core éés from escaping through the safety blade housing.

Figure 2 shows the safety blade after removal from the mockup at the
end of the run. |
Control Ro@

' ?he control rod was scrammed a total of 39 times. Eive scrams were
peffofmed.at 700°C, seven from 500°C to 700°C, and the remainder at less
than Soooco

During operation at 70000; the drive mechanism operated under much
higher load during the last 0.10" of rod travel. When under this high

load; the scram latch would not release. However, backing the rod out
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approximately 0.01" permitted the scram latch to release. Small chips
from the uranium oxide bearing graphite cylinders were noted when the
foﬁ was dismantled for inspection. These chips coﬁid have lodgéd at
the interface of the inner and outer eylinders'causing the incréased
load noted. One of the chipped cylinders is shown in Figure 16.

Operating History

To permit comparisons between certain of the data; the following

operating highlights are presented:

Date Comment

3/12/65 Power to heating elements turned on.

3/17 Started evacuation #Uu.

3/19 Completed evacustions #5 and #6.

Heater power on.

3/21 Gas blower tripped out.

3/22 Gas blower turned on. Cleanup system
valved in. '

3/23 - 3/25 Increasing core temperature.

3/26 - l Fuse failed in 440 v. supply. Replsced
fuse and started increasing core tempera-
ture.

3/28 - 3/3.1,. Increasing core temperature.

L/1 Leveling out core temperature.

L/2 : Control panel power tripped out. Power

off for approximately 45 minutes.
4L/3 - 4/h Maintaining operating temperature.

L/5 Start of cooldown



FIGURE 1

Control Rod Elements
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FIGURE 2

Safety Blade
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FIGURE 3

Graphite Heating Element
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FIGURE 4

Heuling Element Grounding Wedges and Sliding Collet
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FIGURE 16

Chipped Control Rod Element
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FIGURE 17

Mockup Interior After Run Number 2
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