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MSRE SYSTEMS AND COMPONENTS PERFORMANCE

ABSTRACT

When the MSRE was shut down in December 1969, it had\accumuiatéd
13,172 full-power hours of operation. Salt had been circulated in the
fuel system for 21,788 hours and in the coolant system for 26,076 hours.

Essentially no difficulty was encountered with the primary system
during operation. After the reactor was shut down there was an indication
of a leak in the drain-tank piping at/or near a freeze valve. Further in-
vestigation will be made later as to the nature and cause of this leak.

There was é small continuous leakage of lubricating oil into the fuel
pump throughout the operation. This, together with salt mist, caused peri-
odic plugging in the off-gas system which was designed for clean helium,
Filters installed in the main lines proved very effective. o

In early operation, difficulty was encountered with the coolant radi-
ator. The doors would not‘seél, there were too many air leaks, and thermal
insulation was inadequate. After these were repaired, the system operated
fine except for a failure of one of the main blowers and some trouble with
the blower bearings.

Only relatively minor-difficulties were encountered with the contain-

ment and other systems.



1. INTRODUCTION .
P. N. ‘Haubenreich

Operation of the MSRE constituted a major step toward the objectives
of the Molten-Salt Reactor Program. The goal of this program is the de-
velopment of large, fluid-fuel reactors having good neutron economy and
producing low-cost electricity.1 The MSRE was built to demohstréte the
practicality of the molteﬁ—salt reactor concept, with emphasis on the
coﬁpatibility of the materials (fluoride salts, graphite, and container
alloy), the performance of key components, and the reliability and main-
tainability of the plant.

In the course of 5 years of testing and operation of the MSRE (196h4 -
1969) the operators accumulated considerable experience with the various
‘components and systems in the reactor plant. This experience, properly
disseminated, should be valuable in the continuing development of molten-
salt reactors. Much has already been published in the Molten Salt Reactor
Prdgram semiannual progress reports (Refs. 2 to 14) but such reporting is
piecemeal and sometimes rather condensed. On the other hand, there is
much very detailed information in test reports and operations and mainte-
nance files, but these are relatively inaccessible and specific informa-
tion is tedious to extract. It was considered worthwhile, therefore, to
extract, organize, evaluate and report the experience with MSRE systems
and components.: . A ’

The pur?ose of this report is to present é convenient, comprehensive
description of the MSRE experience. Thé first chapters briefly describe
the plant and outline the chronology bf its_operation. Next there is a
chapter on the overall plant performance, ihcludihg statistics-relative
to reliability and maintainability.. The chapters which follow are each
devoted to one system or component. Finally, there is a chapter of dis-

cussion and conclusions.




2. DESCRIPTION OF THE PLANT

R. H. Cuymon

The MSRE was a single~r2gion; cirgulating molten-salt fueled, thermal
reactor which produced heat at the rate of about 8 Mw. The fuel was UFy,
in a carrier salt of LiF-BeF,-ZrF,. At the operating temperature of 1200°F,
this salt is a liquid which has very good physical properties: viccosity
about 8 centipoise, density aboﬁt_l35 lb/ft3, and'vapor pressure less than
0.1 m He. | o

The design conditions are shown in the flow diagram (Fig. 2--1). The
general arrangement of the plant is shown in Fig. 2-2. The salt-containing
* piping and equipment was.made of Hastelloy-N, a nickel—mblybdenum—iroﬁ—
chromium alloy with exceptional resistance to corrosion by molten fluorides
and with high strength at high temperature.

In the reactor primary system, the fuel salt was recirculated by the
sump-type -centrifugal pump through the shell-and-tube heat exchanger and
the reactor vessel. The 5-ft diam. by.8—ft high'reactor vessel 1s shown
in Figure 2-3. It was filled with 2-in. by 2-in. gfaphite moderator stringers
which had grooves machined in the sides to form flow channels for the fuel
salt. Since the graphite is compatible with the molten salt, it was possible
to use unclad graphite which is desirable to obtain good neutron economy.
The heat generated in the fuel salt as it passed through the reactor was
transferred in the heat exchanger to a molten LiF-BeF, ccolant salt. The
coolant salt was circulated by means of a second sump-type pump through
the heat exchanger and through the radiator. Air was blown by two axial
flow blowers past the radiator tubes to remove the heat which was sent
up the coolant stack where it was dissipated to the atmosphere.

Drain tanks were provided for storing the fuel and coolant salts at
high temperature when the reactor was not operating. LiF-BeF,; flush salt
used for flushing the fuel system before and after maintenance was stored
in the fuel flush tank. The salts were drained by gravity. They were
transferred back to the circulating systems by pressurizing the tanks with

helium.
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The fission product gases, krypton and xenon, were removed continuously
from the circulating fuel salt by spraying salt at a rate of 50 gpm into
the cover gas above the liquid in the fuel pump tank. There they trans-
ferred from the liquid to the gas phase and were swept out of the tank by
a small purge of helium. After a delay of about 1-1/2 hr in the piping,
this gas passed through water-cooled beds of activated charcoal. The
krypton and xenon were delayed until all but the 85kr decayed and then
were diluted with air and discharged to the atmosphere.

The fuel and coolant systems were provided with equipment for taking
samples of the molten salt while the reactor was operating at power. The
fuel sampler was also used for adding small amounts of fuel to the reactor
while at power to compensate for burnup. _

The negative temperature coefficient of reactivity of the fuel and
graphite moderator made nuclear control of the system very simple. However,
three control rods were provided for adjusting temperature, compensating. '
for buildup of fission products, and for shutdown.

The plant was provided with a simple processing facility for. treating
full TS;ft? batches of fuel salt with hydrogen fluoride or fluorine gases.
The hydrogen fluoride treatment was for removing oxide contamination from
the salt as H»O0. The fluorine treatment utilized the fluoride vélatility
process for removing the uranium as UFg.

Auxiliary systems included: (1) a cover-gas system with treating
stations for removing oxygen and moisture from the helium cover gas;

(2) two closed-loop oil systems for cooling the fuel and: coolant pumps

and providing lubrication to'the bearings; (3) a closed loop component
coolant system for cooling the control rods and other in-cell components;
(4) several cooling water systems including a closed-loop treated water
system for cooling certain in-cell equipment§ (5) a ventilation system for
contamination control; and (6) an instrument air system. '

A1l of the primary salt system was located in the reactor and drain
tank cells. These sealed pressure vessels provided secondary containment.

For a fuller descripfion of the plant, see Reference 15.






3. CHRONOLOGY OF OPERATION AND MAINTENANCE
R. H. Guymon

Design of the MSRE began in the summer of 1960 and by August 196L4,
installation was far enough alohg to permit the planned non-nuclear
testing16 to begin. Milestones that were passed in the years which fol-

lowed are listed in Table 3-1. \

Table 3-1. Milestones in MSRE Operation

Salt first loaded into tanks October 24, 196L
Salt first circulated through core January 12, 1965
First criticality (23%°U) June 1, 1965
First operation in megawatt range January 24, 1966
Full power reached : May 23, 1966
Nuclear operation with 2%%U concluded March 26, 1968
Strip uranium from fuel salt August 23-29, 1968
First critical with 23%U October 2, 1968
Reach full power with 23%U _ January 28, 1969
Nuclear Qperation concluded _ December 12; 1969

The activities during the period of non-nuclear testing, zero-power
experiments, and preparation for power operation are outlined in Fig. 3-1.

During the prenuclear testing, except for the usual startup troubles
due to early failures and instrument malfunctions, all‘systems operated
well and there were no unanticipated problems in handling the molten:
salt. Some plugging of the offgas system valves and filters was encoun-
tered, but this did not seem serious.

Criticality was attained by adding UF,-LiF enriching salt to the
carrier salt. More uranium was added to bring the fuel gradually to the
desired operating concentration while the control rods were calibrated and
reactivity.coeffiCients were measured. At the conclusion of the zero—
power nuclear experiments the reactor was shut down to finish construction

of the vapor-condensing system, to carry out some inspection, and to
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make some repalrs and modifications, including replacement of the heat-
warped radiator doors. The first test of the secondary containment was
made during this shutdown period.

- After tests in the kilowatt range showed that the dynamics of the
system were as expected, the approach to full power was started in
January 1966. Plugging in the fuel offgas system occurred immediately
after increasing the power to one megawatt. Almost three months were
spent investigating and remedying the offgas problem by installation of
a large, efficient filter. As shown in Fig. 3-2, the power ascension was
resumed in April and full power, which was limited by the capability bf
the heét—removal system, was attained in May.

High-power operation was -abruptly halted in July when the hub and
blades of one of the main blowers.in the heat-removal system broke up.
While the reactor was down, the array of graphite and metal specimens was
removed from the core and a new array installed. During the flushing
operations before the specimen rémoval, the fuel—pump bowl was accldentally
over-filled and some flﬁsh salt froze in the attached gas lines. Tempo-
rary heaters were installed remotely to clear the lines and in November
the offgas line at the pump bowl was cleared by funning a tool through it.

Most of the remainiﬁg operation with 235y was at power., Restrictidns
continued -to develop in the offgas system but caused little delay in the
program. Shutdowns were neéessary to make repairs on the fuel sampler-
enricher, the component ¢oolant pumps, and in-cell air line disconnects
whose leakage caused an indication of high cell leak rate. The core
specimens were replaced periodically, annual containment tests were made,
and various experiments conducted. Operation with 235y fuel was termi-
nated on March 26, 1968 so that the uranium could be stripped from the
fuel salt and replacea with 233U, ‘

During the shutdown.which followed, the core specimens were feplaced,
and the fuel piping and vessels were surveyed using remote gamma ray spec-
troscopy to determine the distribution of fission products. Necessafy and
preventive maintenance was also done in pfeparatioﬁ for operation with
233y fuel. |

After festing and extensive modification of the excess fluorine dis-

posal system, the flush salt and fuel salt were processed to strip the
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Four Yegrs of MSRE Power Operatioh
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uranium and remove the corrosion products produced during the fluorina-

17 Loading of 233y into the carrier salt through special equipment

tion.
attached to a drain tenk began immediately thereafter. The cells were
closed and leak-tested before the reactor was made critical by small ad-
*ditions of'233U‘through the sampler-enricher. On October"8; 1968, Glenn
Seaborg manipulated the controls-to raise the power to 100 kw, making :
the MSRE the world's first reactor to operate .on 233y,

Early in the zero-power physics experiments, the amount of gaS'en—
trained in the circulating fuel had increased from <0.1 to ~ 0.5 wvol %.
Investigation of this, as well as difficulties with the sampler-enricher
and plugging in the offgas system, delayed the approach to full power:
until January 1969.

As the power was increased into the megawatt range, there were ob-
served for the first time sporadic small increases (~ 5 to 10%) in nuclear
power for a few seconds, occurring with a varying frequency somewhere '
around 10/hr. The characteristics.of the transients pointed to changes
in gas volume ih the fuel loop and it appeared that they were most llkely’
caused by occas1onal release of some gas that collected in the core.
This hypothes1s was supported when, late }n_February,'a variable frequency
generator was used to operate the fuel pump at»reduced speed. The gas
entrainment in the-fuel circulatfng loop decreased;sharply (from 0.7 to
<0.1 vol %) and the perturbatlons ceased ent1rely

Operatlons continued at various nuclear pOWers and fuel—pump speeds
until June 1 when the reactor was shut down to replace the coré specimens,
investigate the distribution of fission products in n‘the primary loop by
gamma scannlng, remove the offgas restrictions, and test the secondary
conta1nment For the first time one of the control rods did not scram
" and it was replaced during the shutdown.

The remaining months of operation were spent in various studles of
the behavior of tr1t1um, xenon, and certain ‘other f1ss1on products 1n the
reactor. In November it became evident that sufflclent funds would not
be avallable to continue. operation, and on December 12, 1969 nuclear e

operation was concluded. Another first occurred shortly after the fuel

was drained when a small amount of fission-product activity appeared in
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the cell atmosphere, indicating a leak in the primary system apparently
near a freeze valve,.

After the final shutdowﬁ, the facility was placed in a standby con-
dition to await post-operation examinations planned for early in the next

13 The operating crews were disbanded and over the next six

fiscal year.
_ months most of the engineers were reassigned as they completed analyses
and reporting of the reactor experience. As of this writing, the post-
operation examination has not been accomplished.

In this report and elsewhere MSRE run numbers are often used to
identify the period of operation. Generally a new run nuﬁber was assigned
at the end of a major shutdown or when there were substantial changes in

- the purpose or type of operatien. The starting dates for each of the 20

runs are listed in Table 3-2.

Table 3-2. Dates of MSRE Runs

Run No. '~ Starting Date® Run No.  Starting Date®
1 January 9, 1965 K 11 ‘ January 24, 1967
2 May 11, 1965 12 June 8, 1967
3 May 31, 1965 13 September 3, 1967
L December 5, 1965 1k September 19, 1967
5 February 7, 1966 15 August 14, 1968
6 March 26, 1966 16 December 10, 1968
T June 11, 1966 17 January 10, 1969
8 September 1k, 1966 18 :  April 11, 1969
.9 November 6, 1966 19 July 31, 1969
10 December 6, 1966 20 " November 20, 1969

a
These are the dates on which samples, logs, etc., began to receive
new numbers, and are not generally the dates of reactor startup.
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L, PLANT PERFORMANCE AND STATISTICS
R. H. Guymon P. N. Haubenreich

"They 've kept the darned thing running and when they
shut -down they can get back on the line; you can't
knock that!" An unidentified "AEC spokesman", as: - : ..
quoted in October 12, 1967 Nucleonics Week

"So far the. Molten Salt Reactor Expermment has operated
successfully and has earned a reputation for relia- .- °
bility." USAEC Chairman Glenn T. Seaborg at the
‘ceremony marking the first operation of a.reactor
fueled wath 233y, OCtober 8, 1968.

The MSRE ran long and it ran well. It ran long enough with 235U
fuel to attain the original goals of the experlment then contlnued
through more than a year of added experlments with 233U fuel. These
statements are supported by the statistics on the overall plant perform-
ance presented in this chapter. Later chapters describe the performaﬁce

of individual components and systéms which made up the plant.

b,1  Cumulative Statistics

Several different indicétioné of how long thé>MSRE raﬁ‘gre presented
in Table L-1. The time critical is a commonly used index for reactor ex-
"periments. Another basis of comparison with other réactofs is'thé number
of equivalent full-power hours;' Integrated power (Mw-hrs) is closely re-
léted. (The figures quoted here are based on é full power of 8.0 Mw,
which is the value indicated by heat balances. 20 Analyses of isotopic
changesl” 1nd1cate that full power was T.34 Mw, in which case the tabu-
lated Mw-hrs should be multiplied by O.92.).'Ihe amounts of time that’
salt circulated in the loops are of interest from the standpoint of the
demonstration of materials compatibility. - Each pumb operated a length of .
time equal to the salt circulation plus helium circulation in that loop.

The number of thermal cycles of various kinds on different parts of
the salt system are listed in Table 4-2. The numbers are small in com-

parison with the permissible numbers of cycles except in the case of the
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Table L-1. Accumulated Operating Data

235y Operation 233y Operation Total

Time Critical (hrs) 11,515 6,140 17,655
Integrated Power (Mw-hrs )2 72,441 33,296 105,737
Equivalent Full-Power Hours 9,005 4,167 13,172
Salt Circulating Time (hrs)

Fuel Loop . 15,042 6,746 21,788

Coolant Loop 16,906 © 9,170 26,026
Helium Circulating Time (hrs)

Fuel Loop L, oL6 3,384 7,430

Coolant Loop : 3,172 1,535 L,707
Time Above 900°F (hrs)

Fuel Loop 20,789 10,059 30,848

Coolant Loop 17,444 9,99k 27,438
Fill and Drain Cycles

Fuel Loop 37 ’ 1k 51

\ Coolant Loop 13 6 19

®Based on heat balances which indicated full power was 8.0 Mw,




* i '
These figures are based on the original calculations. If they were based on freeze flange thermal

cycle tests, the usage factors would be 23.04% and 13.37%.

Table L.2 MSRE Cumulative Cycle History
\ | . Thaw | Usage
! _ ! ~ Quench & ! Factor
; Component 'Heat/Cool|Fill/Drain|Power |Quench 1 - Time . On/Off | Thaw: Trans. &
Fuel System 13 55| 101
Coolant System 11 18 97
Fuel Pump 16 51 101 | L 711
Coolant Pump e .19 9 156
Freeze Flanges 100, 101, 102 13 . 51 101 99.09" .
Freeze Flanges 200, 201 12 18 91 3 57.50"
Penetrations 200, 201 12 18 97
Freeze Valve 103 13 | ; 29 62
Freeze Valve 104 21 I 12 34
Freeze Valve 165 21 ; 20 57
Freeze Valve 106 23 | 3 Ly
Freeze Valve 107 15 1L 22
Freeze Valve 108 16 17 28
Freeze Valve 109 15 23 30
Freeze Valve 110 8 L 10
Freeze Valve 111 L
Freeze Valve 112
Freeze Valve 20k 12 15 42
Freeze Valve 206 12 13 41
FD-1 Cooler 1 7 4 hrs
FD-2 Cooler ‘3‘ 13-1/4 hr

LT
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freeze flanges. Here the fuel flanges experienced 99% of the permissible ‘

humber of'cycles based on early calculations or 23% of the number permissi-
ble on the basis of extended tests of a prototype flange.

In ordef to put the MSRE record in proper perspective, it is neces-
sary to measure it against those of other reactors in a similar stage of
developmént. "A comparison on the basis of equivaient full-power hours is
made in Table L-3. It is.not invidious to say that the MSRE compares well
With'othef reactors having the same purpose; that is, to demonstfate the

practicality of a reactor concept.

4.2 Availgbility during Various Periods

The best index of the reliability of a plant should be the fraction
of timé;(over some extended period) that it is available for its inteﬁded
service. Perhaps inevitably, however, in experiméntal plants where the
.6bjectives include more than'simply generating power, the definition of
-availability is not always so clearcut. Thereforé»we have preSentéd in

Table L-U4 an index which, in principle, is less significant'but-whose

definition'is quite clear; namely, the time that ﬁhe réactor was actually
critical in each 3-month period during the U years of power operation.
Pefcentages of elapsed time are shown for selected intervalé, but these
must not be regarded as a measure of reliability since the reactor was
subcritical much of the time because the pianned program required it.
(During shutdowns .for core specimen removal or the substitution df
233y, for example.) _

In the MSRE test program16 it was planned that there be a period of
operation for the primarynpurpose'of demonstrating plant reliability.
This phase of the program covered the last 15 months of operation with
235y, Table L-5 gives a breakdown of the time during this period. The

reactor WéS'critical 80% of the time and the availability of the plant,
as defined in this table, was. 86%. - This amply justified Dr. Seaborg's
statement quotéd at the head of this chapter.

Another indication of reliability is how long a plant can be kept
continuously on line. In the final run with 235U, the fuel salt was in

the loop continuously for just over 6 months, before it was draimed for
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Teble 4.3 Equivalent Full-Power Hours> '
Produced by Early U. S. Reactors of Several Types

e ' S First Operation  Interval. -
Type " Redctor Critical Terminated (years)  EFPH =
Aqueous o
Homogeneous HRE-2 12/57 5/61 3.4 3,100
Organic-Cooled OMRE 9/57 L/63 5.6 5,93k
Piqua 6/63 1/66 2.6 5,642
SOdium-Graphite SRE L/57 2/64 6.8 8,140
Hallam 8/62 9/64 2.1 2,661
HTGR Peach Bottom - 3/66 o 3.8 10,836°
LMFBR EBR-1 8/51 12/62 11.3 5,50k
. EBR-2 11/63 b 6.1 11,713/
Fermi 8/63 b 6.3 102
PWR Shippingport : ”
(Core #1)  12/57 = 2/6L 6.2 27,781°
BWR : EBWR 12/56 6/67 10.5 11,164
VBWR 8/57 12/63 6.3 11,814
MSR MSRE 6/65 12/69 4.5 13,172

®Calculated from thermal Mw-hrs and installedlcapacities reported
in USAEC-DRDT booklet "Operating History of U. S. Nuclear Power Reactors —
1969" except Shippingport Core-1 data from April 1964 Nucleonics.
bOperation is not yet terminated. EFPH quoted is through 1969.

®Total for Shippingport (with two cores) through 1969 is 43,400 EFPH.
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Table L4-4 Time Critical Each Quarter during the
Four Years of Power Operation (1966 - 1969)

v Hours Critical Time
Year Quarter Critical Elapsed Time

62 )
1070

413
1221

1966

= w

1852

1186 73.9%
1292 (1967)

<« 97.2% ‘
214l (Qtr.) ]

1967

= w

2045

1968

= w R
o

735 Y
1800

1375
105k
1176

1969 L 6153 56%

(1969) - | (233y)

= w nn
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Table L4-5 Breakdown of Time ‘during Sustained Operation Phase . -
Of MSRE Program (December 14, 1966 - March 26, 1968)

Activity or Condition Time Percentage
Critical 8934 hr 79.6

Available Changing specimens 26 d 5.6 086.3
Annual tests 54 1.1
- Air-line disconnects (1/67) 13 a 2.8
Sampler latch (8/67) 35 4 7.5

Maintenance Component cooling pump (9/67) a 0.6 [ 3
Sampler wiring (12/67) d 0.6

[ View in reactor cell (6/67) 6 d 1.3 :
Other o j‘ Miscellaneous 0.9 272

Total elapsed _ ' - 468 4 100.0
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the plannéd processing. During these 188 days the reactor was counted as
unavailable only 63 h (1.4% of the time) while repairs were being made to
the fuel-sampler drive. It was actually critical for 97.8% of the time.

The final phase of the MSRE operation, with 233y fuel, was not aimed
primarily at demonstrating reliability,21 but it turned out that the availa-
bility of the plant was still remarkably high. This is shown in Table 4-6.
Here available time includes (in addition to the critical time) suberiti-
cal intervals during the zero—poWer experiments, time spent in changing
the pump power supply during variable—speed~tests, changing the core speci-
mens , gamma-scanning the drained salt systems, and experiments on behavior

of gas in flush salt.

4.3 Interruptions of Operations

Figure L4-1 provides a broad view of the MSRE operation and majdr inter-
ruptions. This figure was prepared for inclusion (together with similar
graphs from many other reactors) in the USAEC's annual presentation to the

JCAE and, according to the rules, assigns a brief, descriptive reason for

~each shutdown of 5 days or more. A great deal more detail as to the nature
and cause of these and shorter interruptions in operation is given in the
4 figures and 11 tables which follow.

Figurevh-2 covers 1966, the first year of po&er opefation. It shows
when ;alt was in the fuel loop, when the reactor was at power, andvasSigns
a number to each interruption in either. A numbef in a circle means the
interruption was due to some experiment. A number in a square means that
the interruption was necessary because of trouble with some system or com-
ponent. Figures L4-3, U-4, and L-5 display the same kind of information
for 1967, 1968, and 1969 respectively.

In Tables 4-7 through 4-10, the interruptions in operation during
each year are categorized as to the type of interruption, the cause, and
other work that was accomplished during the interruption. Each interrup-
tion listed in these four tables is described more fully in Tables 4-11
through 4-14,
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Table 4-6 Time Critical and Time Available During 233U Phase

Of MSRE Program (September 10, 1968 - December 12, 1969)

Hours Percentage

Period Elapsed Crit. Avail. Crit. Avail.

Zero-power expts. (9/10/68 - 11/28/68) 1895 649 1852 3L.? 97.7
Interim (11/28/68 - 1/12/69) 1092 86 110 7.9 10.1
First Power Runs (1/12/69 - 6/1/69) 3355 3175 3268 9L4.6 97.4
Shutdown (6/1/69) - 8/9/69) 1642 0 408 0 24.8
Later Power Runs (8/10/69 - 12/12/69) 29Tk 2230 . 2971 75.0  99.9
Overall (9/10/68 - 12/12/69) 10959 6140 - 8609 56.0 78.6
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110 1. Low power testing. Initiat Criticality 6/1/65
2. Remove plugged capillary, check valve and filter - 233 1
in offgas system. Critical on §] 10/2/68 » 1J
3. Identify plugging material and install larger- installed Capacity /"
100 valves and newly designed filter in offgas system. Reactor Thermal Mw 8
4. Repair electrical wiring short in fuel sample enricher. Power Generation /
5. Leak—test reactor cell. 1969 Thermal Mwh 33,283 15 /
6. Remove and replace core—sample array; replace one /-- -
90 blower. TOTAL TMwh 105,737
= 7. Clear gas line plug caused by salt overfill; replace
T second blower.
S:X, 8. Clear salt plug from gas line; repair air valve in /
.g 80 reactor cell.
£ 9. Replace leaking air—line disconnects in reactor cell.
b4 10. Remove and replace core—sample array; annual tests 12 1314
> of containment and controls. / e I
8 70 11. Replace fuel sampler drive; retrieve sample latch.
tl 12. Remove and replace core—sample array. Annual
: tests. Shake down pﬁggessing plant. Process salt
5 to remove U. Load u. )
8 60 13. Mix salt. Repair component cooling blower.
= 14, Repair fuel sampler drive. Service control—rod
<-(' drive.
= 15. Remove and replace core—sampte array. Replace
E, 50 control rod and drive. Clear offgas line. Annual /
x tests.
= - - 1A
l;i 16. Measure fission product deposition. -
fu 17. Conclude nuclear operations 12/12/69.
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Fig. 4.1 1Integrated Power and Major Shutdowns of the MSRE
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Table L-7,  INTERRUPTIONS OF OPERATION DURING 1966

What Happened Cause and Related Activities
> Rl =] g a
5 2. §a 5 R e b @ H 1
gl sk 2l el s 28] . 5).8|z8 a8z 2| 8|2 gé
5| & 5 9 Bg 4 E|8ulnsg 21 % RN ] 28| 58| § = g a | 8 8
IR AR AR R A IR LR ET A R IR E IR IR R R R P
95 9 | g E |3 o] el am) B3 g ad| 3| %8s 13!-4 2 a8 P a .:g @8
oo me [ B2V R | BB B A \Eg| B B35 50 58] 5| BB sE et sl 2] 5] £ 5 Es|8s
B 4 o A~ = o o [ - < [
1 1/571/20f M P
2 oy I . P
3| 122 M| M P ;
4 1/23 I i P
5 1/23 M P-W
6 1/23 a* . P
7 1/2h A P
8 1/25 M [ M P |
9 {l/es-1/26l M M M S-W| P-W| W W W W
10 2/16 M M W | P-W W » W
un | e | M P-¥
2 |. 4212 M M P
13 u/1k M P .
1k 4/16 Iy s P
15 4 /20 M M P
16 kfe0 I\ s P
17 Lf21 M P-W
18 Ljo2 I A M P-W
19 L/25 A* . P-W
20 Lf25 FA I s P
21 L/28 A A P
22 /28 & 4
23 k/29 M M P-W
-2k Lf2g M W W . P-W
25 5/11 M P-W
26 5/12 oA s P .
27 5/16 M P
28 5/19 | A P
29 | 5/23 a* s P
30 5/25 M P
31 5/26 M P
32 5/26 M P P
33 5/26 M P
3% | s5/26 Yl Y Py
35 5/28 A W P-W | S-W W
36 6/1h M P-W
37 6/1h M i P-W
38 6/19 M . P
39 6/26 ’ ) oA s P
40 6/27 A% a A A P-W
41 T/14 oA P
42 7/15 A A P
k3 7/17 A M M P-W w W w W
w | 10/20 M P
45 10/10 M P
46 10/12 A* P
Ly 10/16 A* A P-w
48 10/31 M P-W
L9 10/31 M M P-W
50 | 11/11 M P-W
51 11/12 M P
52 | 11/15 M P
53 11/17 M P-W
5h 11/20 M W W P-W P-w
ss | 12/23 ol B P P -
56 | 12/2k A P P
57 | 12725 A P P

€ w0 X >

*Reporte.ble Unscheduled Rod Scram

Automatic

Manual

Primary

Secondary

Worked on During Period Following the Interruption; Includes Preventive Maintenance
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INTERRUPTIONS OF OPERATION DURING 1967

Table k-8.

Cause and Related Activities
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INTERRUPTIONS OF OPERATION DURING 1968

Table 4-9.

31

What Happened

Cause and Related Activities
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9/17
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lo/21
11/27
11/28
12/17

No .}

1
2
3

5
6

7
8

9
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1
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13
1k
15

Reportable Unscheduled Rod Scram

Automatic
Manuel

*,

A

Primary

P

Secondary

Worked on During Period Following the Interruption; Includes Preventive Maintenance

W



32

Teble 4-10. INTERRUPTIONS OF OPERATION DURING 1969

What Happened . - - Cause and Related Activities
5 i, - | g a| $fe Lo I L8
gl 5| E SEle | s |98 . s|.8l2s a8lea| 2| 812 8&| |
§1 8] 8 % 5| 3| E| 83| .5 2lef 63 [B8|E8| 5| 51 & | ozl 2
BlEVE| A 2] 3|8, S Y- -3 4 fp|satdgles|bel 39| o | B 1E5]
g2 % g | g | 2] B a8 5| 5 |2=l 34 B8] 5 29|55 %k 5% 5| 5| 5| & |%E] .3
vl me B3| 3| B F| 3|3 |Es| &) 3 FA|Es |85 5 |85|58 82| dnlke) 2| 5| E| 4 k5|5
1 1/13 M P-W
2 1/23 M P
3 1/26 M P
vyl o128 | m P
5 2/1 M P
6 2/11 M P
7 2/16 M P
8 2/22 M P-w
9 2/27 M P -
10 3/ Full Y P : 5
11 3/8 M P L
12 3/20 M P
13 3/25 M P
1| 3725 A" oa P . s
15 L/3 M P ’ ’
16 /10 A oA A A s P-W
17 L/12 M A - : . P
18 L/15 A A | oa ) s . P-w s
19 s/4 M P-w
20 /5 M W
21 5/13 M P
22 5/19 M P -
23 5/25 M P
24 5/26 M P
25 5/26 oA P
26 5/21 M A P . s
27 6/1 M M M M P 5w W W W W | P-w
28 | 8/20 | M P ' ’ s
29 8/20 M P 8
30 8/20 ™M P s
31 8/20 M P s
32 8/20 M P 5
33 | 8/21 | M P 3
34 8/21 M P .8
35 8/28 I P s
36 8/29 a* P s
37 8/29 |'M P
38 9/7 M P,
39 9/9 M P
o 9/16 M P
1 9/18 M P-W
jh2 9/23 M P-W
B3 9/30 A Pw
e | 9/30 A Tew
ks | 9/30 A P-w
3 9/30 A p-W r
k7 9/30 A P-W
k8 | lo/2 M P
/3 |'m P .
10/15 M P
10/17 M P
10/23 A ’ -] : ’ P
lo/ak A s I3
11/2 M M M M 3
12/3 M P
12/12 M M M M Pl W ) . W

£ 0 v X >

“Reportﬂblg Unscheduled Rcd_Scram

= Automatic

= Manual -

= Primary

= Becondary

= Worked on Durina Perlod Following the Interruption; Includes Preventive Maintenance
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Table 4.11 Description of Interruptions of Opefétion A
A During 1966 V :
No. Date Description and Related Activities

1 1/5-1/20

*

2 1/21
3 1/22
h* 1/23
5 1/23
*

6 1/23
7 1/24
8* 1/25

9 1/25-1/26

10. 2/16

Low-power tests to calibrate nuclear instruments,
check radiation levels, collect data for dynamics
and noise analysis, obtain reactivity balances,
and check out the control circuits. ' :

Rod scram due to accidental shorting of the 32—v'dc
power supply while investigating a No. 3 safety
channel trip.

Rod and load scram to test circuitry.

Rod scram due to a voltage sag.

Power reduction to attempt to blow out plugs in off-
gas line, equalizer lines, and main charcoal’beds.

Rod scram due to instrument malfunction when switching
-linear channel ranges. ‘ :

Load scram due to false low coolant flow indication.

Rod scram due to inadvertent actuation of the manual
scram--switch. ‘ ' '

"Fuel and coolant drain due to plugging in the offgas-

system and to insulate the coolant flow transmitter
lines. While shut down, the restrictor in the equa-_
lizer line (521) and the check valve in the vent
line (533) to the auxiliary charcoal bed were re-
moved. The filter in the main offgas line was re-
placed and:the pressure control velve (PCV-522) was
replaced with a hand valve with larger ports. Work
was done on No. 3 control rod drive, component
coolant pump No. 1, radiator door seals, and motor
generator No. 4. The thermal shield air lock
problem was investigated. . '

Fuel drain due to a failure of the drain tank cell
space cooler motor. -While shut down, the inlet
valves to the charcoal beds were replaced and the
offgas line at the fuel pump was reamed out. Re-
pairs were made on a damaged electrical penetration
on the sampler-enricher and a leak on reactor cell

*
Reportable unscheduled rod scram.
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Table 4.11 (continued)

No. Date. Description and Related Activities

10 (con't) space cooler No. 2 was fixed. A static inverter was
installed to replace motor generator No. 4. The
treated water corrosion inhibitor was changed from
potassium to lithium nitrite-tetraborate.

11 L/6 Fuel drain due to a plug at the auxiliary charcoal bed
: which turned out to be a poppet from a drain tank
vent check valve.

12 L/12 Rod scram and load scram to test performance of the rods
and radiator doors.

13 L/1k -Power reduction to collect data for noise analysis.
*
14 4/16 Rod scram due to the fuel pump stopping which was
caused by a false low salt level indication.
15 h/o0 Manual rod scram and load scram to end the-2.5—Mw
operation.
% .
16 4/20 Rod scram due to a false signal on safety channel No. 1
while safety channel No. 2 was being tested.
17 L/21 . Power reduction due to charcoal beds plugging.
* .
18 L/22 Rod scram, load scram, fuel drain and coolant drain

initiated by a faulty pump pressure relay which
tripped instrument power breakers. Some salt froze
in radiator because the coolant pump could not be
started due to a lubricating oil flow switch
failure (FS-T75L4).

19 I/25 Rod scram due to inverter failure.
% .
20 L/25 Rod scram and load scram due to false low fuel-pump
level indication while doing periodic instrument
check lists. .
* o
21 L/28 Rod scram and load scram due to TVA power outage
caused by a storm.
*
22 4/28 Rod scram and load scram due to spurious safety chan-
nel trips possibly caused by an electrical storm.
23 /29 Manual rod scram and load scram to check effect of

cold doors on radiator temperatures. Shutdown was
necessary to repair the latch on the sampler-
enricher. ‘

*®
Reportable unscheduled rod scram.
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Table 4.11 (continued)

No. Date Description and Related Activities

2l 4/29 Fuel drain necessitated by a failure of the sampler—

‘ '~ ‘enricher cable drive motor. While shut down, the
belts were tightened on component cooling pump No. 1
and attempts were made to blow out the plugs in the
offgas lines.

25 5/11 Power reduction due to offgas line filter plugging.

*® ' _ :

26 5/12 Rod scram and load scram due to operator failing to in-
sert a control circuit jumper while doing periodical
instrument check lists. '

27 5/16 Power reduction to increase pitch on main blower blades
to increase possible maximum power.

oK . ‘

28 5/19 Rod scram and load scram due to a TVA power outage.
While shut down, measured offgas pressure drop and
attempted to blow out plugs.

*

29 5/23 Rod scram caused by instrument malfunction and operator
error. Operator had switched to servo with a 40°F
difference between actual temperature and temperature
demand setpoint. ' )

30 5/25 Power reduction to check the power coefficient of re-
activity. ) ’

31 5/26 Power reduction to obtain reactivity balance ‘data.

32 5/26 Power reduction due to main blower No. 1 stopping and
failing to start.

33 5/26 Power reduction to collect data for anoise analysis.

*®

3k 5/26 Manual rod scram and load scram to investigate a
false fire alarm.

5/28 Fuel drain due to a failufe of component coolant pump

35

No. 1 while component coolant pump No. 2 was valved
off. A planned drain had been scheduled due to the
high indicated cell leak rate. This was found to be
due to a leak from the thermocouple headers into the
cell. While shut down, a 20-psig leak test was made

*® -
Reportable unscheduled rod scram.
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Table 4.11 (continued)

No. Date | Description and Related Activities

35 (con't) on the cells, repairs were made on both component
coolant pumps, the electrical load was redistributed
and attempts were made to locate the water leak
into the cells.

36 6/14L ' Power reduction due to a failure in the electrical
supply to the nuclear instruments.

37 6/1h Power reduction due to failure of a flexible coupling
on main blower No. 1.
38 6/19 Power reduction to empty the overflow tank.
*
39 6/20 Rod scram and load scram due to the operator inadver-

tently inserting a test source at the wrong process
radiation detector (RE-528 instead of RE-565) while
doing periodic instrument check lists.

*

Lo 6/27 Rod scram, load scram, fuel drain, and coolant drain
due to the electrical supply to component coolant
pump No. 1 shorting out at the penetration.

%
41 7/1h Rod scram and load scram due to a TVA power outage.

42 7/15 . Rod scram and load scram due to a TVA power outage
caused by a storm.

L3 CT/17 Power reduction and coolant drain due to a catastrophic
failure of main blower No. 1 hub. The fuel salt was
drained on 7/24/66. While filling the fuel system
with flush salt, the fuel-pump bowl was accidentally
overfilled and some salt froze in the sampler and
offgas lines. Heat had to be applied remotely to
remove the plugs. While shut down, the core speci-
mens were replaced, and a new particle trap was in-
stalled in the offgas line. Leaks in reactor cell
space cooler No. 1 and in the treated water heat ex-
‘changer were repaired and the thermal shield degas-
sing tank was installed. Both component coolant
pumps were repaired and piping was installed to
drain the condensed water from them. Repairs were
made on the radiator door seals, radiator heaters,
and the main blower motors. All the electrical
switch gear breakers were calibrated. Prior to
startup, the fuel and coolant pumps lube oil was
changed, the periodic check lists were completed and
the cells were leak-tested at 10 psig.

*®
Reportable unscheduled rod scram,
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Table 4.11 (continued)

No.

Date

Description and Related Activities

L
L5

*

L6

*

b7

L8

L9

50

51

52

53

54

*
55

10/10

10/10

10/12

10/16

10/31 -

10/31 |

11/11
11/12
11/15

11/17

11/20

12/23.

. Power reduction due to.a false signal from 'a process

radiation detector (RE-528).

Power reduction due to an experiment when the fuel-pump
pressure was rapidly vented from 15 to 3 psig.

Rod scram due to inverter trouble.

Rod scram and’ load scram . due to false signal from a
process radiation detector (RE-528),

Power reduction to install a new rotor on main
"blower No. 1.

Fuel drain-due to upper offgas line (524) being
plugged. While shut down, the flow restrictor in
this line was replaced and heat was applied to main

. offgas line at the fuel pump to unplug it.

Power reduction to chéck'main blower vibration.

Power“reduction'to empty the overflow tank.

Power reduction to empty the overflow tank.

Power reduction to attempt to blow the plug out of the
main offgas line at the fuel pump. )

-Fuel drain due to a high indicated cell leak rate which

proved to be due to leaking air line disconhects on
.in-cell valve operators. Rotameters were installed
on these air lines. While shut down, the plug in
the offgas line at the fuel pump was reamed out and

repairs were made on the component coolant pumps and
the component coolant system pressure control valve
(PACV-960). Heaters were installed on the inlets of
main charcoal beds 1A and B. The cells were leak-.
tested at 10 psig.

Rod scram and load scram by accidentally opening a cir-
cuit while installing jumpers for an experiment.

®_ :
Reportable unscheduled rod scram.
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Table 4.11 (continued)

No. Date Description and Related Activities

56 13/24 Power reduction caused by a pressure release experi-
ment. The reactivity decreased, the regulating
rod withdrew to its upper limit and the operator
failed to change the limit.

57 12/26 Power reduction when venting the fuel pump after an

attempt to blow out the plug in the main offgas
line. The regulating rod reached its upper limit
and the operator failed to change the limit.

*

Reportable

unscheduled rod scram.




Table 4,12 Description of Interruptions of Operation -
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During 1967

No.

Date

Description and Related Activities

10

11

“1/12

1/14

1/16

1/28

1/30-2/2

2/5

2/26

2/26—2/27”

3/1

3/6

3/7

Rod scram and load scram dﬁe to a freege Vaqu (FV—108)
relay tripping the reactor out of RUN during an in-
vestigation of the plastic keepers on the relays.

Power reduction to obsérve xenon decay rate and ob-
tain zero-power reactivity balance data. -

Fuel drain due to leakage from the in-cell air line
disconnects. The measured leakage was so high that

. reasonable cell leak rate calculations were not pos-
sible. The disconnects were replaced. While shut
down, the main offgas filter and control valve
(PCV-522) were removed and a new filter was installed.
The treated water heat exchanger was replaced and
maintenance was done on the component coolant pumps.
The cells were leak-tested at 10 psig.

Power reduction to teét automatic load control.

Power reduction to take ﬁictures of the radiator and
investigate heat transfer of the radiator and heat _
exchanger. Also made dynamic tests and checked the
temperature servo system. e

Power reduction duvue to the:failure of a freeze valve
module (FV-107) which tripped the reactor out of .
RUN mode. ‘

Power reduction due to main blower No. 1 vibration.

Power reduction to obtain heat-transfer data.

Power reduction dué to coolanﬁ system offgas filter
© plugging. '

‘Power reduction due ﬁo:eléctrical power supply trouble

to nuclear safety and rod servo.

Power reduction due t6 a;Badubééring on main blower
No. 3. Remained at low power to observe effect of
“xenon decay on reactivity balance.

*

Reportable unscheduled rod scram.



Table 4.12 (con't)

No. Date Description and Related Activities

* .
12 3/13 Rod scram and load scram due to false signal on safety

channel 3 while doing periodic instrument check lists.

13 3/19 Rod reverse and load scram due to false low fuel-pump
: speed indication while doing periodic instrument
check lists.

1k 3/23 Power reduction due to vibration on main blower No. 3.

15 L/11 Power reduction to obtain a special fuel-pump gas
sample. Also obtained heat-transfer data.

16 L/28-4/30 Power reduction to cdllect data for noise analysis.

17 5/5 ) Power reduction to test reactor response to load
changes without rod changes.

18 5/8. Rod scram, load scram, fuel drain and coolant drain to
remove reactor core specimens. While shut down,

. gamma-scan data were taken, a new source was in-
stalled, and heaters were installed on the inlets to
main charcoal beds 2A and 2B. Reactor cell space
cooler No. 2 was replaced and repairs were made on
control rod No. 2, radiator door brakes, component
coolant pumps and the main blowers. A boot was re-
placed on the sampler-enricher. Prior to startup,
the periodic check lists were completed, the cells
were leak-tested at 20 psig.

19 6/21 Power reduction to obtain heat-transfer data.

20 6/23 Power reduction to repair an oil pressure switch on
component coolant pump No. 1.

21 6/25 - " Rod scram and load scram due to a TVA power outage
caused by a storm. While shut down, repairs were
made on component coolant pump No. 1 oil pressure
switch, a treated water rupture disc (8LkL) was re-
‘placed, and a heavier base was_installed on main
blower No. 3.

22 6/30 Rod scram and load scram due to an operator resetting
the wrong channel while doing periodic instrument
check lists,

*®
Reportable unscheduled rod scram.
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No. Date Description and Related Activities
* . . P

23 7/12_ Rod scram and load scram due to a TVA power outage
caused by a storm.

24 8/7 Power reduction to obtain heat—transfer data.

25 1 8/8-9/11 Power reduction, fuel drain and coolant drain due to
the sampler-enricher drive cable being severed. .
During shutdown, the latch was retrieved but the
capsule remained in theé fuel pump. Prior to startup,
maintenance was done on cqmpqnent coolant pump No. 1.

26 9/11 Coolant drain due to the rédiator door binding in the
guides. ' :

27 9/18 Power reduction due to an oil leak in component coolant
pump No. 2,

28 9/18 Fuel drain due to a leak through the discharge valve of

: component coolant pump No. 2 which prevented repair
of the oil leasak.

29 10/1 Power reduction to collect data for noise analysis.

. :

30 10/20 Rod scram and load scram due to a power failure due to
an arc between a switch actuator rod and the main
power line to the building.

31 ,10/23' Power reduction to observe the effect of xenon decay
on the reactivity balance.

32 11/1k Power reduction to collect data for noise analysis.

33 - 11/16 Power reduction to repair sampler-enricher wiring.

. ,

3k 11/22 Rod 'scram while maintenance was being performed on the*
rod servo instrumentation.

35 12/13 Power reduction to observe the effect of xenon poison-
ing on the reactivity balance and to collect data
for noise analysis.

*®

Reportéble unscheduléd'rod scram.
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Table 4.13 Description of Interruptions of'Operation

During 1968

No. Date

Description and Related Activities

1 1/22

2 2/21

'3 2/29
L 3/7

5 3/22
6 3/25

7 3/25
8  3/26

9 9/1k

Power reduction to observe the effect of xenon poison-
ing on the reactivity balance and to collect data
for nQise analysis.

Power reduction to test the rod servo instrumentation
" under simulated 233U conditions.

Power reduction to observe the effect of xenon poison- '
ing on the reactivity balance and to collect data
for noise analysis.

Power reduction to observe the effect of Xenon poison-
ing on the reactivity balance, to make dynamics tests
and take heat-transfer data.

Power reduction to make dynamics tests.

Manual rod scram and load scram to observe xenon
- poisoning effect on reactivity balance.

Manual rod scram to end 235y operation.

Fuel drain to end 23°U operation. Shutdown was emmi-
nent due to a tangled drive cable in the sampler-
enricher. After the drain, the capsule was acci-
dentally dropped into the fuel pump when trying to
untangle the cable. ‘Unsuccessful attempts were
made to recover this. While shut down, gamma-scan
data was taken, the core specimens were removed, and
the main offgas line at the fuel pump was unplugged.

- The flush and fuel salts were transferred to the
fuel processing plant where the 233y was removed.
2337 was added to the fuel salt. Repairs were made
on two heat exchanger heaters, control rod No. 2,
both component coolant pumps, the inverter, and the
radiator doors. Main blowers No. 1 and No. 3 bear-
ings were replaced and the coolant offgas filter
was replaced. Prior to startup, the periodic check
lists were completed and the cells were leak-tested’
at 20 psig.

_ Fuel drain for adding more 23%%U as part of the criti-

cality experiment.
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Table 4.13 (con't)

No. Date Description and Related Activities

.10 9/17 Fuel drain for adding more 233y .as part of the criti-
cality  experiment. Do
11 9/21 Fuel drain for adding more 233 as part of the criti-

cality experiment.

12 10/21 Fuel drain due to inverter failure. Operator:failed to
reset reactor cell radiation monitor in time to pre-
vent drain.

13 11/27 ' Rod scram and load scram due.to operator failing to in-
sert a jumper around fuel pump level contacts. The
fuel-pump pressure was being vented after attempt-
ing to blow out a plug in the main offgas line.

1k 11/28 Fuel drain and coolant drain to mix the fuel salt in
the loop and the drain tank. The offgas line at the
fuel pump was reamed out, the coolant offgas piping
was cleaned, and repairs were made on the component
coolant pumps.

15 12/17 Fuel drain due to difficulty with the latch and cable
drive of the sampler-enricher. While shut down,
control rod drive No. 3 was inspected and a weight
added to decrease its drop time.

*
Reportable unscheduled rod scram.
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Table L4.14 Description of Interruptions of Operations

During 1969

No. Date Description and Related Activities
1 1/15 Power reduction to repair lower limit switches on
radiator doors.
2 1/23 Power reduction to investigate effect of power on
"blips".
3 1/26 Power reduction to in?estigate effect of stopping the
fuel pump on "blips".
4 1/28 Power reduction to investigate "blips".
5 2/7 Power reduction to collect data for noise analysis.
6 2/11 Power reduction to run tests on natural convection.
T 2/16 Power reduction to run dynamics tests.
8 2/23 Power reduction due to failure of belts on stack
fan No. 1. )
9 2/27 Power reduction to connect the fuel pump to a variable
speed motor generator set.
*

10 3/4 Manual rod scram and load scram due to failure of the
variable speed motor generator set.

11 3/8 Power reduction to-allow xenon to decay in preparation
to making void fraction tests. While shut down, the
coolant offgas filter was replaced. ’

12 3/20 Power reduction to connect the fuel pump to the normal
electrical supply.

13 3/25 Power reduction to connect the fuel pump to the variable
frequency motor generator set.

* ' A

14 3/25 Manual rod scram and load scram due to failure of the
variable speed motor generator set.

15 L/3 Power reduction. to connect the fuel pump to the normal

electrical supply.

*®
-Reportable unscheduled rod scram.
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Table 4-14 (continued)

No. Date ' Description and Related Activities_

% : - .
16 4/10 : Rod scram, load scram, fuel drain, and coolant drain

due to a burned-out fuse on one phase of the main
transformer. Drains could have been averted by
operating alternate equipment.

17 - k/12 Load scram due to a disturbance in the 48-v dc power
supply. '
* .
18 4/15 Rod scram, load scram, and fuel drain due to the

drain freeze valve thawing. The setpoint on a tem-
perature switch had drifted off the setpoint and an
inadequate plug had been established.

19 . 5/4 Power reduction due to a failure of the coolant stack
beryllium monitor.

20 5/5 Power reduction due to an error in calculating the
reactivity balance.

21 5/13 Power reduction to connect the fuel pump to the
variable speed motor generator set.

22 5/19 Power reduction to connect the fuel pump to the normal
’ electrical supply. -

23 5/25 -Power reduction due to plug in overflow tank vent :
line which caused dlfflculty in emptylng the overflow
tank.

2k 5/26 Power reduction to_connect the fuel pump to the variable
speed motor generator set.

" .

25 5/26 Manual rod scram and load scram due to failure of the
variable speed motor generator set.

26 5/27 Manual rod scram and load scram due to failure of the
variable speed motor generator set.

27 6/1 Manual rod scram, load scram, fuel drain, and coolant

drain to remove core specimens and due to plugging
in the offgas system. Control Rod No. 3 did not
scram. It was replaced during the shutdown. Ex-
tensive gamma-scan data was taken. A heater was in-
stalled on the main offgas line near the fuel pump
which aided in removing the plug. The overflow tank

% ,
Reportable unscheduled rod scram.
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Table 4.14 (con't)

No. - Date Description and Related Activities

27 (con't) offgas line was replaced and the coolant offgas sys-
» tem was unplugged. Repairs were made on the sampler-
enricher, and on a leaky in-cell air line disconnect.
Before startup, the periodic check lists (modified)
were completed and the cells were leak-tested at
20 psig. Full power was delayed while tests were
made at various fuel-pump speeds to 1nvest1gate
bubbles in the loop.

28 8/20 Power reduction due to failure of the variable speed
' motor generator set.

29 8/20 Power reduction due to failure of the variable speed
motor generator set.

30 - 8/20 Power reduction due to failure of the variable speed
motor generator set. '

31 8/20 Power reduction due to failure of the variable speed
motor generator set.

32 8/20 Power reduction due to failure of the variable speed
motor generator set.

33 8/21 Power reduction due to failure of the variable speed
motor generator set.

3k 8/21 Power reduction due to failure of the variable speed
motor generator set.
* :
35 8/28 i Manual rod scram and load scram due to failure of the
variable speed motor generator set.
* .
36 8/29 Manual rod scram and load scram due to failure of the
variable speed motor generator set.
37 8/29 Power reduction for xenon decay in preparation for
argon cover-gas experiments.
38 /7 Power reduction due to an error in calculating the
reactivity balance.
39 9/9 Power reduction to colléct data for noise analysis, to
make gamma scans and run rod drop tests.
Lo 9/16 Power reduction to connect the fuel pump to the normal
electrical supply. .

*
Reportable unscheduled rod scram.
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. No.

Date Description and Related Activities
L1 9/18 Power reduction to replace a bearing on Main Blower
e No. 1. ' i ) ‘ '
ho 9/23 Power reduction to replace a bearing on Main Blower
No. 1. While shut down, connected the fuel pump to
the variable speed motor generator set.
L3 9/30 Load scram due to dirty contacts on relays.
LY 9/30 Load scram due to dirty contacts on relays.
45 9/30 Load scram due to dirty contacts on relays.
L6 9/30 Load scram due to dirty'oontacts on relays.
L7 9/30 Load scram due to dlrty contacts on relays.
L8 10/1 Power reductlon to connect the fuel pump to the normal
electrical supply o
L9 10/3 Power reduction due to door being inadvertently left
open in an exclusion area which caused inadequate
containment ventilation. : :

50 10/15° Power reduction to take a special fuelipump'gas sample.
pak 10/17 Power reduction to take special fuel-pump offgas sam~
: » ples and to run tests with the fuel pump off.

52 10/23 Load scram due to a false trlp of a coolant salt flow

' " relay while doing periodic 1nstrument check llsts

53 10/2h Load scram while testing relays after they were re—
paired. - Operator failed to reset the relays.

5L 11/2 Manual rod scram, load scram, fuel drain and coolant
drain to take gamma-scan data. ’

55 12/3 Power reduction to take gamma-scan data.

56 12/12 Manual rod scram, load scram, fuel drain, and coolant

drain to end operation of the . reactor.
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The next three tables summarize the foregoing mass of information on
interruptions. Table L-15 is a summary by type; Table L-16, by cause and
work done during the interruption. Because unscheduled scrams of the con-
trol rods are of special interest, a separate bfeakdown of these is given
in Table 4-17. It should be noted that never were the rods scrammed because
of the reactor power, the reactor period, or the fuel temperature going out

of limits.

L.}  Time Required for Operational Tasks

One aspect of the operability of a plant (and one which affects plant
availability) is how long it takes to do various tasks required in the opera-
tion. The purpose of this section is to summarize the MSRE experience in
this regard.

Manpower and the approkimate number of working hours required for
various tasks are listed in Table 4-18. One must recognize that some of
these figures are subjéct to considerable variation. The time required to
do a particular task depended on chance difficulties that were encountered,
the experience of the crew, other jobs being done concurrently and the
urgency of speedily comﬁleting the task, i.e., whether or not it was given
a high priority. Furthermore, sometimes extra requirements such as special
data—taking cauéed the job to take longer than usual. The figures in Table
4-18 apply to fairly normal situations; not the best nor the worst. Very

brief descriptions of the tasks are given below, with references to the

section of the MSRE Operating Procedures?? followed in each case, if applicable.

h.h.1  Auxiliary Systems Startup Check Lists

During a shutdown, much of the equipment remained in operation. However,
after long shutdowns, the auxiliary systems startup check lists (Section U4)
were completed to assure that nothing had been overlooked. All valves and
switches were checked, equipment was put into operation and standby equipment
was tested. These were done as late in the shutdown as practical.

YA — Electrical Startup Check List assured that all main breakers were
closed so that equipment and heaters could be started from the control

boards.
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Table 4-15  Summary of Interruptions by Type

Number of Interruptions

‘Type of Interruption 1966 . 1967 1968 _ 1969 - Toval.
Power Reduction: Automatic 3 0] 0] 0 ) 3
Manual 23 23 5 39 - 90
Rod Scram: - Automatic 20 T 1 T 35
r Manual . 6 1 2 3 12
Load Scram: ' Automatic 13 8 -1 1h . 36
Manual 6 1. 1 3 11
Fuel Drain Automatic 3 0 1 2 6
Manual T i 6 3 20
Coolant Drain Automatic 1 0 0 1 2
‘ Manual 3 3 1 3 10

Total 85 L7 18 75 225




Table L-16.
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*
Summary of Interruptions

by Cause and

Work Done During Interruption

Number of Interruptions

1966 1967 1968 1969 - Total
Category P S W P S W P S W IP S W [P S W
Planned 8 0 0|1k 0 02 00 02k 0 058 0O ©

Unplanned
But Due to an

Experiment 3 0 13 16 0
Check Lists o 1 8
Human Error 2 1 .23 11 6

Fuel and
Coolant Salt

Systems _é 0O O 0O 0 O 0O 0 O 0O 0 1 3 0 1
Radiator or

Blowers 6 1 5 L 5 1] 2 3 ({12 1 13
Offgas Bsytem 10 o012 12 118
Water System 1 0 kL 0 0 1 7
Component Coolant 4

System 2 0 6 2 0210 0 2!0 0 0| W 010
Containment and °

Ventilation 1 1l 2 2 3
TVA Power Outage 3 1 0 .0 0 O 5
Electrical and ; !

Heaters b o 4; 1T 01}0 0 1;213 1| 713 7
Instrument Air ! ; -

System 1 o 1 1 0. 1 0 O © § 0 0 1 2 0 3
Instrumentation 11 0 3 7T 0O 7+1.0 04§11l 0 9 (30 0 19
Control Rods o2 002|002 0 1 0 7
Freeze Valves 0O 0y 0 0O 0OfO 0 O 1 0 1 0
Samplers 0 3. 2.0 3|1 12 o 1 1

|
Periodic Con- i

tainment Tests 0o 2 1 0 1 0O 0 7

Core Specimens 1 0O O b

NOTE; P

1

S
W =

preventive maintenance).

*
No interruption of operations during this entire period was caused

Primary cause of interruption.
Secondary cause of interruption. '
Worked on during period following the interruption (1ncludes

by the cover-gas system, lube-o0il system, or leak-detector system.




Table 4.17 MBRE Cumulative Cycle History

i ‘ Thaw Usage
: Quench | & Factor
Component Heat/Cool |Fill/Drain |Power |Quench Time - { On/Off| Thaw| Trans.: &

Fuel System 13 55 101

Coolant System _ . 11 : 18 97

|Fuel Pump 1 16 51 101 711 3
Coolant Pump - 12 19 97 156
Freeze Flanges 100, 101, 102| 13 51 101 1 99.09"
Freeze Flanges 200, 201 12 18 97 _ 57.50"
Penetrations 200, 201 12 P :
Freeze Valve 103 13 ' 29 | 62 !
Freeze Valve 104 21 10 0 3k
Freeze Valve 105 21 20 ; 5T E

: freeze Valve 106 23 ! 34 é Ly
Freeze Valve 107 15 , -
Freeze Valve 108 ; 16 l ' i 17 28
Freeze Valve 109 15 | | 23 30
Freeze Valve 110 ’ 8 : ; Y 10
Freeze Valve 111 6- ! i 6
Freeze Valve 112 2 | 1 2

Freeze Valve 204 ! 12 ‘ E I 15 f Lo
Freeze Valve 206 1 | | |13l

FD-1 Cooler 1 % ? 1 4 hrs | ;

FD-2 Cooler 3 ’ L 5 l13-a/ume

* .
These figures are based on the original calculations. If they were based on freeze flange thermal
cycle tests, the usage factors would be 23.04% and 13.37%.

16



Table 4-18: APPROXIMATE TIMES REQUIRED TO PERFORM VARTIOUS OPERATIONS

required the attention of most of the shift operating crew,

MANPOWER
Operating = Engineer
Procedures Time to T= Technician
Section ) : Complete P= Pipefitter
Number Operation _ (hrs) I= Instrument Mechanic
) *
La Electrical startup check list . ‘ 10 - 15 1-T
*
LB Instrument air system startup checklist 4 -8 1-T
*
Le Water system startup check list - 1-T
. *
LD Component cooling system startup check list - 1-T
Ly Shield and Containment startup check lists
. ) ¥
(1) Leak test of containment valves . 130 - 160 1-E, 1-T, 1-P
(2) Pressurize the cells (to 20 psig) 15 - 1 ' *HH
(3) . Cell leak rate at pressure : >60 *¥
(%) Evacuate cells and purge with nitrogen 18 - 24 *
(5) First cell leak rate at -2 psig >170 F*
LF Ventilation system startup check list 4L -8 1-T
*
4 Leak detector system startup check list 2 -4 1-T
i) Instrumentation startup check-'list 160 - 200 1-E, 1-T, 1-I
548 Purging oxygen and moisture from the fuel circulation system 30 - ko e
. , v . *
.5B- Startup of cover-gas and offgas systems - L 1-T
. *
5E Startup of lube oil systems 2 - 1-7
5F Heatup of fuel and coolant systems ’ 4o - 50 *HRH
SH. Routine pressure test ) : .20 - 30 HHHH
*
"Done on shift,
¥ ‘ . : .
Most of this was done on day shift with some assistance from the shifts,
*
This did not require much attention.
HHR
-This

cs



Table 4-18, APPROXIMATE TIMES REQUIRED TO PERFORM VARIOUS OPERATIONS

(continued)

v MANPOWER
Operating = Engineer
Procedures . Time to = Technician

Section Complete P= Pipefitter
Number Operation (hrs) I= Instrument Mechanic
51 Filiing the fuel and coolant systems
(1) Filling the coolant system 9 - 12 FHHH
(2) Filling the fuel system with flush salt 9 - 12 *HHK
(3) Drain of flush salt and secure 3-5 FRHK
(4) Prepare for fuel fill 8-9 FHHK
(5) Filling the fuel system with fuel salt 10 - 12 FHHH
5J Criticality and power operation
(1) Preparation for criticality and power operation 1-2 X%
(2) Subcritical to full power 1 1-T
6A3 or ,
6AL Fuel salt sampling or enriching 3-14 2-T
6B Coolant salt sampling 1 1-T
8 Periodic instrument checks
84 Neutron level instruments 5-7 2-I,
8B Process -radiation monitors 1 3-T*
8D Safety circuit checks 2 -4 2 to 3-T
*
9T Emptying the overflow tank 1/2 -1 2-T
12A Logs
' *
12A-24 First control room log on each shift 3/b - 1-1/4 1-T
*
Done on shift.
*%
Most of this was done on day shift with some assistance from the shifts.
B e
This did not require much attention.
FHHH
This required the attention of most of the shift operating crew,

€S



Table 4-18, = APFROXIMATE TIMES REQUIRED TO PERFORM VARIOUS OPERATIONS

(continued)

MANPOWER
Operating = Engineer
Procedures Time to T= Technician
Section Complete P= Pipefitter
Number Operation (hrs) I= Instrument Mechanic
12A Logs (continued)
12A-2A Second control room log on each shift 1/6 l-T:
12A-2B First building log each day 1-1/2 -2 l-T*
12A-2B First building log on other shifts 1/2 - 1 1-T,
12A-2B Second building log on each shift 1/3 - 1/2 1-T
10 ' Shutdown of the Reactor
‘ *
(1) Full power to subcritical 0-1 1-T,
(2) Fuel salt drain and secure 3-5 1-T,
(3) Coolant salt drain and secure 2-4 1-T
(&) Cool down to LOO°F L8 - 60 *HR
9A-1 Restarting equipment after an electrical power outage 1/6 FHHH
*
5J-1 Return to power after a load and rod scram 1 1-T
114, 51,
& 5J Return to power after a drain
(1) Drain to both drain tanks (transfer through transfer lines) 50 - 60 FHHH
(2) Drain to both drain tanks (transfer through fill lines) 20 - 30 FhFk
(3) Drain to one drain tank 10 - 15 HHHK
*
Done on shift,
**
Most of this was done on day shift with some assistance from the shifts.
*H¥
This did not require much attention,
*
This required the attention of the shift operating crew.

U
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LB — Instrument Air System Startup Check List assured that the com~-
pressors and driers were operating properly, that the standby compressor
would automatically start if needed, and that emergency nitrogen cylinders
were installed. ) - 4 .

LC — Water System Startup Check List assured-that all pumps and tower
fans were operable and that proper water flow was‘established.on all |
equipment. o

4D —-Component Cooling Systems Startup_Check List assuréd that all
valving was set properly and that all blowers were operable.

: LE — Shield and Containment Startup Check List is divided into

5 parts. Part (1) checked that the primary and secondary block and check
valves, containment enclosures, and lines were leak-tight to assure ade-
quate containment. Removable .shielding was also checked to assure that it
had been reinstalled. This check list was assigned to an operating engi-
neer on day shift with technician and pipefitter help as needed.

Part (2).—-this is the time required to préssurize the cells-tq 20 psig
by adding instrument air. Part (3) involved taking pressure and tempera-
ture data periodically to establish the cell leak rate. Some containment
valves and lines were checked while at pressure. The time required for
checking these is included in Part (1). Part (L4) is the time required to
vent thé cells, .evacuate to -2 psig, and purge with nitrogen. Part (5)
also . involved taking periodic data. Since there was -a small water leak in
the cell, it took about T days for the atmosphere to reach ¢quilibrium.

Ly — Ventilation System Startup Check List assured that a stack fan
was in,opération, that the other one would automatically start, .and that
ventilation was adequate in all. areas.

4G —1Legk Detector Systems Startup Check List assured that all valves
were open to leak-detected flanges and that the overall leak-rate was
satisfactory. _

LH — Instrumentation Startup Check List assuféd\that each instrument
and circuit functioned properly. Abnormal conditions were simulated and
where possible the control action was allowed to occur. One operating
engineer on day shift was assigned responsibility for completing this
check list with technician and instrumént mechanic assistance- as required.

Some of the tests were done on shift.
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4.4.2 Reactor Startup

The manipulations involved in actual startup of the reactor
(Section 5) are described below.
_ 5A — Purging Oxygen and Moisture from the Fuel Circulating System in-
volved setting the helium purge at maximum rate and operating the fuel
pump to circulate it. The time of purge was a calculafed number.

5B — Startup of Cover Gas and Offgas System involved setting the
valves and checking the helium treating station.
, ;5E — Start of Lube_Oil Sysfems involved checking the supply tank,
draining the cil catch tank, setting valves and checking that the standby
pumps would start automatically. ,

'~ 5F — Heatup of Fuel and Coolant Systems involved raising the heater
settingé and maintaining a reésonéble temperature distribution. The fuel
and coolant systems could be heated simﬁlfaneously. The time given is
for heating the coolant system from room temperature and the reactor sys-
tem from 4OO°F (normal shutdown condition) to 1200°F and reaching
equilibrium,

5H — Routine Pressure Test involved raising the fuel system pressure
to 60 psig (usually with flush salt circulating), then lowering the fuel
system pressure and increésing{the coolant system pressure to 60 psig.
Al]l pressure switches and their control or alarm actions were checked.

SIv — Filling the Fuel and Coblant Systems is divided into 4 parts.
Part (1) involved thawing the freeze valves, filling the coolant loop,
bchecking thaw times of the freeze valves, refilling and starting the
coolant pump. Part (2) involved thawing the freeze valVe, filling the
fuel loop with fluéh salt and starting the fuel pump. - Part (3) involved
-draining the flush salt, emptying the overflow tank and freezing the
freeze valve. Part' (L) involved thawing the freeze valve, adjusting tem-
peratures, running rod drop times and various other safety checks and
teking base line countrate data. Part (5) involved filling the fuel
locp with fuel.salt, stopping at six levels tdhtake count rafe data,
freezing the drain freeze valve and starting the fuel pump.

5J — Criticality and Power Operation is divided into 2 parts.

Part (1) involved running rod drop and other tests. The time does not




- 57

include check lists 8A, 8B, or 8D which somet¢imes had to be done before
criticality (see 4.4.3). Part (2) involved manipulating the rods and

heat-removal system components to reach full power.

4L.4.3 Operation

Various jobs were done while the reactor was operating. These are
described below. v , '

6A3 or 644 — Fuel System Sampling or Addition of Enriching Capsules
involved a series of manipulations to insert and withdraw a capsule while
maintaining containment. Two samples could be delivered to the laboratory
per shift if no difficulties were encountered. This rate could not be
sustained due to decontamination of carriers, etc.

6B — Coolant Salt Sampling involved a less compiicated series of
manipulations to insert and withdraw a sample from the coolant pump.

8 — Periodic Instrument Checks involved testing as much of the
critical egquipment as possible without interrupting operation of the
reactor. |

9I —-Emptying the Overflow Tank involved pressurizing it with helium
and venting when it was nearly empty. This took about twice as long when
the FP offgas line was plugged.

12A — Control Room and Building Logs were taken twice per shift.
Some adjustments were usualiy required, water treatment was added and.

other odd jobs were done as part of the logs.

L.4.4 Shutdown of the Reactor

This (Section 10) is described below. It is divided into 4 parts.
Part (1) involved reducing the power. This could be done by scramming
the rods and the load or by inserting the rods and lowering the radiator
doors. Eart.(2) involved draining the fuel system and freezing the freeze
valves. Part (3) involved draining the coolant system and freezing the

freeze valves. Part (4) involved cooling the systems to LOO0°F.

4.4.5 Recovery from Unplanned Shutdowns

A number of times during operation, power outages and other unex-
pected events caused shutdowns. Often there was a desire to return to

operation ag soon as possible. Some of these are described below.
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Repairs, modifications, preventative maintenance
and core specimen replacement.

Instrumentation startup check list.
Containment startup check list.
Other systems startup check lists.

Last closure of primary system. |

Purge of primary system.

Weld membrane and install blocks on cefls.

Pressurize cells to 20 psig.

Leak—test cells at 20 psig.

Evacuate cells and pruge with nitrogen.

Heat up fuel and coolant loops.

Moisture reachi;'vg equilibrium in cells.
First cetl leak rate at vacuum.
- Fill coolant system. : .
Filt fuel system with flush salt.
]

Samplé coolant salt.
Sampte flush salt. )
Drain flush salt.
Prepare for fuel salt fill.

Fill fuel system with fuel salt.
Sample fuel salt,

Preparation for criticality and power operation. E

Criticality and taking the reactor to full power. g

Fig. 4.6 Return to Full-Power Operation (Typical Schedule)

8¢
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9A-1 — Restart Equipment After a Power Outage involved startlng the
dlesels, restarting equipment and resetting tripped instruments: '

5J-1 — Return to Power After a Load and Rod Scram involved manipu-
lating the rods and heat-removal system compornents to return'to power. If
no instrument or equipment tests were necessary, this could be done in
less than an hour.

11A, 51, énd 5J — Return to Power After a Drain is divided into
3 parts. Part (1) assumes a drain to both drain tanks followed by a
transfer through the transfer lines, refill and return to power (this‘is
the design method of transfer); Part (2) assumes a drain to both drain
tanks followed by a transfer through the fill lines, refill, and return to
power. (This method of transfer was used to save time. Jumpering of
interlocks was necessary.) Part (3) assumes a drain to only one drain

. tank followed by a fill and return to power.

4.4.6 Reactor Startup After a Major Shutdown

. Each startup was different, requiring scheduling between the com-
pletion of maintenance and start of operation. The cell membrane was
usuallyllnstalled shortly after the final closure of the primary system.
Assuming this, and that mainteqance on out-of-cell components was comrv
pleted by the time they were needed, a somewhat. typical startup would be

as shown in Fig. L4-6.

4.5 Changes Made in the Plant

The number and kinds of changes made in a plant after it begins
operation are influenced by two different things: original design and
changing activities. In some single-purpose systems the number of changes
may simply reflect how well the original design met its goals. In an ex-
perimental plant such as the MSRE, most of the changes may be required for
experimental purposes or changes in the mode of operation. In any event,
time spent in meking changes affects the availability of the plant.

During the course of the MSRE operation many changes were made, but

only a few caused significant delay in the program.
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After.the end of construction and the non-nuclear checkout of the
MSRE, it was required that a change request be formally initiated, re-
viewed and approved before ény modification was made. (Section 13B of
Reference 22, which prescribes the procedure, defines a modification as
"a change in the physical plant which produces a significantly different
characteristic or function in any component or system.") In the 55 months
from June 1965 through December 1969, a total of 633 requests for changes
in the reactor system were initiated, of which 512 were approved. For the
chemical processing plant, li3 change requests were initiated of which 87
were approved.

' Table 4-19 summarizes for each 6-month period the number of requests
initiated and approved for the reactor. The table also categorizes the
approved changes as to the reason for making the change and the type of
change that it was. As indicated, most of the changes were aimed at filling
the needs of normal operation and over half were changes in either instru-
mentation or setpoints.

" Table 4-20 summarizes the change requests for the chemical processing
plant. ,

Although we know how many changes were made, we cannot accurately sum
up the times required for making the changes. We can say, however, that in
thé case of the reactor change requests, the vast majority either took
very little time to execute or were made while other work was going on.
Exceptions include the work on the fuel offgas system in the spring of
1966. .In the -processing plant, the summer of 1968 was spent in teéting

and modifications, particularly of the fluorine disposal syétem.




Summary of Reactor System Requests

Table L4-19
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Type Change

I3Y30

10

29

squtodyag

12

1L

12

10

75

UOT38BUSUMILSUT

10

61

60

3k

25

13

11

234

T8O TI}09TH

17

L6

Butdig

17

29
1k

18

100

T8O TUBYDSK

11

11

11

51

anofe]

Reason for Change Requests

I9Y30

19

soTdureg TBTO2dg

14

pCmEﬂnumxm

26

20US TUSAUO)

29

uotysaadg
TBUION

13
. 86

0L

59

b7

25

11

12

12

373

Touuosaad puy
qusud by JO
uoT393304d

12

37

Ry838G

1k

Number of

Requests

paasoxddy

27

115

137

76

55

30

23

17

21

11

512

pajsanbay

34

126

173

103

69

3k

32

18

2L

20

633

Period

ITeH

1st?

2nd

1st

2nd

1st

2nd

1st

2nd

1st

2nd

After institution of change request procedure on June 21, 1965.

J83%

1965

1966

1967

1968

1969

Total

a



Summary of Chem Plant Change Reqﬁesfs

Table L4-20
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Type Change
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1T
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Requests
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9l
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56
30

113

Period

JT8H

1st

2nd

1st

2nd

1st

2nd

1st

2nd

1st

2nd

IBaj

1965

1966

1967

1968

1969

Total
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4.6 Tabulation of Recorded Variables at Full power

It seemed desirable to record a set of readings of all of the various

reactor variables at normal conditions. However, even though the MSRE ran
at full power much of the time, conditions were constantly changing due
.mainly to the various experiments which were performed. Also some of

the variables were not recorded regularly thus making it difficult to
select the best time. After consideration of these factors, the 12 to 8
shift on 10/12/69 was selected as a period at full power when conditions
were fairly normal and considerable information was available. Values
were taken from the various recorder charts, routine control room and
building iogs and the weekly, monthly, and other check lists. These are
tabulated in Tables 4.21 and 4.22. A snapshot listing all of the computer
inputs was also retrieved from the computer tapes for 0400 on 10/12/69.
These values are listed in Table 4,23, The location of the sensing element
is described briefly in the description column. The number and letters in
the identification column correspond to those used in the design drawings
and other design documents. They can . be used to further identify the

variable,
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Table 4.21. Tabulation of recorded variables
On 10/12/69

Identification : Description ?87?;729
TE-100-A5 Line 100 (Reactor dutlet) temperature 1205°F
TE-100-A6 Line 100 temperature 1169°F
TE-101-2A Line 101 temperature 1200°F
TE-101-3A Line 101 temperature 1215°F
TE-102-3A " Line 102 temperature 1160°F
TE-102-B4A 1 Line 102 temperature 1152°F
TE-102—5A Line 102 (Reactor inlet) temperature 1173°F
TE-103-A1B Line 103 temperature 908°F
TE-103-Bl ~ Line 103 temperature : 798°F
TE-103-6 Line 103 temperature 1150°F
TE-103-8 Line 103 temperature 1223°F
TE-103-B11 Line 103 temperature 983°F
TE-103-14B Line 103 temperature 1200°F
TE-104-5B Line 104 temperature 918°F-
TE-106~5B Line 106 temperature 1080°F
TE-108-7 Line 108 temperature 222°F
TE-109-7 Line 109 temperature 227°F
TE-200-B7B Line 200 temperature 1018°F
TE-200-D7B Line 200 temperature 1025°F
TE-200-A8B Line 200 temperature 1035°F
TE-200-B8B Line 200 temperature 1010°F
TE-200-C8B Line 200 temperature 1015°F
TE-200-A9B Line 200 temperature 1010°F
TE-200-B9B Line 200 temperature , 1025°F
TE-200-14A Line 200 temperature 1018°F
TE-200-16B Line 200 temperature 1015°F
TE-200-19A Line 200 temperature 1023°F
TE-200-AS-A1B Line 200 penetration temperature 965°F

TE-200~-AS-B1A Line 200 penetration temperature 642°F
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Table 4.21. (continued)

Identification .. .Description ?87?;759
TE-200-AS-ClA Line 200 penetration temperature 332°F
TE-200-AS-2A Line 200 penetration temperature 363°F
TE-201-2B Line 201 temperature 1072°F
TE-201-5A Line 201 temperature - 1062°F
TE-201-7B Line 201 temperature | 1068°F
TE-201-A9B Line 201 temperature 1078°F
TE-201-B9B Line 201 temperature 1045°F
TE-201-A10B Line 201 temperature 1073°F
TE-201-B10B Line 201 temperature 1059°F
TE-201~C10B Line 201 temperature 1086°F
TE-201-A11B Line 201 temperature 1078°F
TE-201-C11B Line 201 temperature : 1083°F
TE-201-D11B Line 201 temperature _ 1075°F
TE-201-AS-A1B Line 201 penetration temperature 706°F
TE-201-AS-B1A Line 201 penetration temperature : , 772°F
TE-201-AS-C1B Line 201 penetration temperature 350°F
TE-201-AS-2A Line 201 penetration temperature 350°F
TdI-201A Radiator AT (salt) 59°F
Xpr 201 Radiator power 7.1 MW
FR-201 Golant salt flow 860 gpm
. TE=203-1 Line 203 temperature 870°F
TE-203-2 Line 203 temperature 107°F
TE-204-1A Line 204 temperature 1135°F
TE-204-2A Line 204 temperature 1155°F
TE-204-3A Line 204 temperature 1205°F
TE-204-4A Line 204 temperature 1200°F
TE-204-5A Line 204 temperature ‘ . 1193°F
TE-204-6A Line 204 temperature 1170°F
TE-204-A7B Line 204‘temperature 1178°F
TE-204-B7B Line 204 temperature 1170°F

TE-204-8B Line 204 temperature 1130°F
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Table 4.21 (continued)

Identification Description ?8735729
TE-206-1A Line 206 temperature 1073°F
TE-206-2A Line 206 temperature 1124°F
TE-206-3A Line 206 temperature 1147°F
TE-206-4A Line 206 temperature 1163°F
TE-206-5B Line 206 temperature 1150°F
TE-206~6A Line 206 temperature 1073°F

PI-407 Leak detector pressure 100 psig
RM-500 Cover-gas supply radiation 0.3 mr/hr
PI-500A Helium header pressure 223 psig
FIC-500A Helium flow rate 6 liters/min.
PI-500G2 Helium treating station pressure 250 psig
PI-500M Reduced helium pressure 35 psig
PI-501A Reduced helium header pressure 34,5 psig
PI-510A 0il tank No. 2 pressure ‘ 7.5 psig
PR-511D Coolant drain tank pressure 4.8 psig
TE-512-1 Line 512 temperature 96°F

FI-512A Coolant pump purge gas flow 0.6 liters/min
PI-513A 0il tank No. 1 pressure 8.psig
TE-516-1 Line 516 temperature 107°F

PR-516 Fuel pump pressure 5 psig

FI-516B Fuel pump purge gas flow 2.4 liters/min.
PR-522A Fuel pump pressure 5.2 psig
TE-524-2 Line 524 temperature 93°F

FI-524B Fuel pump upper off-gas flow rate 47%

LI-524C 0il catch tank No. 1 level 147

FI-526C Coolant pump upper off-gas flow rate 0.04 liters/min.
LI-526C 0il catch tank No. 2 level 18%

RM-528 Coolant gas supply radiation 1.5 mr/hr
PR-528A Coolant pump pressure 5.1 psig
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Table 4.21 (continued)

Identification Description .58723739
A 0,1 548 Helium oxygen content 0.4 ppm

A H,0 T 548 Helium moisture content 2 ppm
FI-548A Helium oxygen analyzer flow 100 cc/min
FI-548B Helium moisture analyzer flow 100 cc/min
PdI-556A Main charcoal bed AP 3.4 psi
RM-557 Charcoal beds off-gas radiation 0.1 mr/hr
RM~-565 Cell air radiation 1.5 mr/hr
FI-566 Reactor cell air oxygen analyzer flow 100 cc/min
A0, I 566 Reactor cell air oxygen content 2.7%
PR-572B Fuel drain tank No., 1 pressure 5.9 psig
PR-574B Fuel drain tank No. 2 pressure 5.5 psig
PR-576B Fuel flush tank pressure 5.0 psig
PI-589 Orerflow tank pressure 5.1 psig
FI-589 Overflow tank bubbler flow rate 27 psig
PI-592 Fuel pump pressure 5.4 psig
FI-592 Fuel pump bubbler flow rate 25 psig:
FI-593 Fuel pump bubbler flow rate 23 psig
LR-593C Fuel pump level 53%

FI-594 Coolant pump bubbler flow rate 24,8 psig
FI-595 Coolang pump bubbler flow rate 25.5 psig
LR-595C Coolant pump level 57%

FI-596 Fuel pump bubbler flow rate 25.2 psig
RM-596 Fuel pump gas supply radiation 0.1 mr/hr
FI-598 Coolant pump bubbler flow rate 24,0 psig
FI-599 Overflow tank bubbler flow rate 27.0 psig
LI-599B Overflow tank level 23%

FI-600 Overflow tank bubbler flow rate 26.5 psig
LI-600B Overflow tank level 247
PI-701A Fuel oil pump No. 1 pressure 10 psig
PI-702A Fuel oil pump No. 2 pressure 64 psig
TE-702-1A Line 702 temperature 135°F
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Table 4.21 (continued)

Identification Description ig?i;7§9
FI-703 Fuel pump lube o0il flow rate 3.8 gpm
FI-704 Fuel pump coolant oil flow rate 8.2 gpm
PI-751A Coolant oil pump No. 1 pressure 8 psig
PI-752A Coolant oil pump No. 2 pressure 56 psig
TE-752-1A Line 752 temperature 130°F
FI-753 Coolant pump lube o0il flow rate 4.0 gpm
FI-754 Coolant pump coolant oil flow rate 6.7 gpm
LI-806A Steam dome water level (FD-1) 0%
LI-807A Steam dome water level (FD-2) 0%
FI-810 Condenser water flow rate (FD-1) 40 gpm
FI-812 Condenser water flow rate (¥D-2) 40 gpm
FI-817 Offgas particle trap water flow rate 4 gpm
TI-820-1 OT-1 water outlet temperature 87°F
TI-821-1 0T-1 water inlet temperature 80°F
FI-821A OT-1 water flow rate 8.4 gpm
TI-822-1 0T-2 water outlet temperature 81°F
TI-823-1 0T-2 water inlet temperature 77°F
FI-823A 01T-2 water flow rate 8.6 gpm
TI-826 Treated water cooler (TW out) temperature 98°F
RM-827 Process water radiation 3 mr/hr
TI-829 Treated water cooler (TW in) temperature 108°F
PI-829A Treated water pump pressure 70 psig
FI-830 Fuel pump motor cooling water flow rate 4.6 gpm
FI-832 Coolant pump motor cooling water flow rate 4.8 gpm
FI-836A Drain tank cell 'space cooler water flow rate 63 gpm
FI-838A Reactor cell space cooler No. 1 water flow rate 53 gpm
FI-840A Reactor cell space cooler No. 2 water flow rate 59 gpm
FI-844A Thermal shield water flow rate 50 gpm
PI-851A Cooling tower water pump pressure 34 psig
FI-851C Cooling tower water to cooler flow rate 273 gpm
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Table 4.21  (continued)

Identification Description ?8732759
© TI-854 Treated water cooler (CTW out) temperature 84°F
TI-858 Cooling tower water temperature 80°F
FI-859 Thermal shield slide water flow rate 7 gpm
FI-862A Coolant cell space cooler (west) flow rate 20 gpm
FI-864A Coolant cell space cooler (east) flow rate 20 gpm
FI-873 CCP gas cooler water flow rate 15 gpm
FI-875 CCP No. 1 and 2 oil cooler water flow rate 6.3 gpm
TI-881-2A Air compresseflcooler outlet water temperature 86°F
TI-881-2B Air compresser head outlet water temperature 92°F
PAI-900A CCP AP 8 psi
PI-927A Ventilation filter suction 2,2 in. H,0
PdI-927B2 Ventilation stack filters AP 3.3 in. H.O0
PI-927C Ventilation stack fan suction 5.5 in. H;0
PdI-937A TR to 840 level AP 0.05 in. H20
PdI-938A SESA to TR AP 0.04 in. H20
RM-6000-1 Reactor cell radiation 50,000 R/hr
RM-6000-2 Reactor cell radiation 30,000 R/hr
RM-6000-3 Reactor cell radiation 50,000 R/hr
RM~-6000-4 Drain tank cell radiation 10 R/hr
RM~-6000-5 Drain tank cell radiation 60 R/hr
RM-6000-6 Drain tank cell radiation 500 R/hr
RM-6010 Coolant cell radiation 100 R/hr
RR-8100 Reactor power 8.5 MW
RR~-8200 Log reactor power 7 MW
FI-9000 Instrument air flow 20%
PIC-9006-1 Emergency N, setpoint 65 psig
FI-9006 Instrument air flow (emergency header) 447
PdI-AD2-A2 Radiator air pressure drop ' 67%
ZI-AD2 Bypass damper position 10%
FI-AD3A Radiator stack flow rate ° 707
TI-AD Radiator air inlet temperature 71°F
TI-AD3-8A Radiator air outlet temperature 190°F
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Table 4.21 (continued)

Identification , Description ?S?i§?§9
PI-AR-1 Instrument air receiver tank pressure 88 psig
TE-CC-1 Coolant cell ambient temperature 88°F
TE-CC-2 Coolant cell ambient temperature 90°F
TE-CC-3 Coolant cell ambient temperature 78°F
TE-CC-4 Coolant cell ambient temperature 80°F
TE-CC-5 Coolant cell ambient temperature 76°F
TE-CC-6 Coolant cell ambient temperature 115°F
TE-CC-7 Coolant cell ambient temperature 105°F
TE-CC-8 Coolant cell ambient temperature 103°F
TE-CDT-1A Coolant drain tank top temperature 1195°F
TE-CDT-3A Coolant drain tank top temperature 1182°F
TE-CDT-5A Coolant drain tank middle temperature 1200°F
WR-CDT-C1 Coolant drain tank weight 3%

EiI COP-1 Coolant o0il pump No. 1 current. 0 amps
Eil COP-2 Coolant oil pump No. 2 current 8.7 amps
TE-CP-1B . Coolant pump flange—néck temperature 245°F
TE-CP-B2A . Coolant pump bowl-neck temperature 786°F
TE-CP-C2A Coolant pump bowl-neck temperature 795°F
TE-CP-3B Coolant pump bowl. top temperature 957°F
TE-CP-4A Coolant pump bowl top temperature 965°F
TE-CP=5A Coolant .pump bowl top temperature 965°F
TE-CP-6A Coolant pump bowl bottom temperature 1042°F
TE-CP-7A Coolant .pump bowl bottom temperature 1020°F
TE-CP-8A Coolant pump bowl flange top temperature 107°F
TE-CPM-1B Coolant pump motor temperature 100°F
SI-CP Coolant pump speed 1780 rpm
EiI-CP Coolant pump current 51 amps
EwI-CP Coolant pump power 56.5 kW
LR-CPA Coolant pump level (float) 4.8 in.
TE-CPLE-A2 CP level element pot (lower) temperature 1140°F
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(continued)
Identification Description Reading
10/12/69

TE-CPLE-A4 CP level element pot (upper) temperature 1097°F
TE-CPLE-A5 CP level element pipe (top) temperature 1102°F
TE-CPLE-A6 CP level element sensor (lower) temperature 515°F
TE-CPLE-A7 CP level element sensor (upper) temperature 372°F
TE-CR-121 Coolant radiator inlet pipe temperature 1060°F
TE-CR-123 Flow venturi pipe temperature 1020°F
LI-DC Decontamination cell sump level 0 in.
LI-DTC Drain tank cell sump level 0 in.
TE-FD-1-2A Fuel drain tank No. 1 (upper) temperature 1115°F
TE-FD1-13A Fuel drain tank No. 1 (middle) temperature 1170°F
TE-FD1-16A Fuel drain tank No. 1 bayonet (top) temperature 1130°F
TE-FD1-17A Fuel drain tank No. 1 bayonet (upper) temperature 1146°F
TE-FD1-18B Fuel drain tank No. 1 bayonet (center) temperature 1158°F
TE-FD1-19A Fuel drain tank No. 1 bayonet (lower) temperature 1161°F
TE-FD1-20A Fuel drain tank No. 1 bayonet (bottom) temperature 1161°F
WR-FD1C Fuel drain tank No. 1 weight 07
TE-FD2-2A Fuel drain tank No. 2 (upper) temperature 1140°F
TE-FD2-13A Fuel drain tank No. 2 (middle) temperature 1150°F
TE-FD2-16A Fuel drain tank No. 2 bayonet (top) temperature 1115°F
TE-FD2-17A Fuel drain tank No. 2 bayonet (upper) temperature 1130°F
TE-FD2-18B Fuel drain tank No. 2 baypﬁet (center) temperature 1140°F
TE-FD2-19A Fuel dfain tank No. 2 bayonet (lower) temperature 1140°F
TE-FD2-20A Fuel drain tank No. 2 bayonet (bottom) temperature 1140°F
WR-FD2C Fuel drain tank No. 2 weight 5%
TE-FF-100-2 Freeze flange 100 center temperature- 885°F
TE-FF-102-2 Freeze flahge 102 center temperature 9746F
TE-FF-200-2 Freeze flange 200 center temperature 754°F
TE-FF-201~2 Freeze flange 201 center temperature 8066F
TE-FFT-5A Fuel flush tank'(top) temperature 1132°F

Fuel flush tank (middle) temperature 1174°F

TE-FFT~7B
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Identification . ‘ . Description ?872;?29
WR-FFT-C Fuel flush tank weight S 69.67%
PdI-FI-Al Vent. system'roughing filters AP 0.6 in. ﬁzo
PAI-FI-A2 Vent. system absolute filters AP 1.6 in. H;0
Eil FOP-1 Fuel oil pump.No. 1 current 0 amps

Eil FOP—é Fuel oil pumb No. 2 current 8.2 amps
TE~-FP-1B Fuel pump neck;flénge temperature 305°F
TE-FP-2B Fuel pump neck temperature 559°F
TE-FP-3B Fuel pump neck-bowl temperature 962°F
TE-FP-4B Fuel pump bowl fdp temperature 992°F
TE-FP-5B Fuel pump neck-bowl temperature 990°F
TE-FP-6A Fuel pump bowl top‘temperature 1030°F
TE;FP—9B Fuel pump.neck?bowl temperature 955°F
TE-FP-10B Fuel pump bowl top temperature - '. 1002°F
TE-FP-11B Fuel pump flange top temperature ” : 150°F
TE-FP-12B Fuel pump bowl center temperature 998°F
TE-FPM-1B Fuel pump motor temperature " | 120°F
SI-FP Fuel pﬁmp speed . | ' 1176 rpm
Ei-FP Fuel pump current 44.5 amps
Ew~FP Fuel pump power | 34 kW
LI-FSC Fuel storage cell sump level : 1.1 in.
FT-201A-1A Flow element 201A pipe temperature 1130°F
FT-201A-2A Flow element 201A top flange temperature 1210°F
FT-201A-3A Flow element 201A bottom flange temperature 1160°F
FT-201A-4A Flow element 201A pipe temperature 1130°F
FT-201A-5A Flow elemeﬁt 201A top flange temperature 1210°F.
FT-201A-6A Flow element 201A bottom flange temperature 1250°F
FT-201B-1A Flow element 201B pipe temperature 970°F
FT-201B-2A Flow element 201B top flange temperature 1180°F
FT-201B-3A Flow element 201B bottom flange temperature 1170°F

FT-201B-4A Flow element 201B pipe temperature 1130°F



73
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Identification Description ig?gé?gg
FI-201B-5A Flow elément 201B top flange temperature. - 1200°F
FT-201B-6A Flow element 201B bottom flange temperature 1130°F
TE-FV-103-1B Freeze valve 103 shoulder temperature 1000°F- -
TE-FV-103-2A Freeze valve 103 center temperature 390°F
TE-FV-103-3B Freeze valve 103 shoulder temperature - 540°F
TE-FV-104-3B Freeze valve 104 shoulder temperature 450°F
TE-FV-104-B4 Freeze valve 104 adjacent pipe temperature 450°F
TE-FV-104-5B Freeze valve 104 pot temperature | 590°F
TE-FV-104-6B Freeze valve 104 pipe temperature 650°F
TE-FV-105-2A Freeze. valve 105 center temperature 1250°F
TE-FV-105-A4A Freeze val&e 105 adjacent pipetemperature 1160°F
TE-FV-105-B4A Freeze valve 105 adjacent pipe temperature 1190°F
TE-FV-105-5B Freeze valve.lOS pot temperature 1080°F
TE-FV-105-6B Freeze valve 105 pipe temperature 1120°F
TE-FV-106-2A Freeze valve 106 center temperature 1215°F
TE-FV-106-A4A Freeze valve 106 adjacent pipe temperature 1140°F
TE-FV-106~B4A Freeze valve 106 adjacent pipe temperature 1190°F
TE~FV-106-5B Freeze valve 106 pot temperature 1120°F
TE-FV-107-1A Freeze valve 107 shoulder temperature 500°F -
TE-FV-107-3B Freeze valve 107 shoulder temperature 490°F
TE-FV-107-A4 Freeze valve 107 adjacent pipe temperature 530°F
TE-FV-107-5B Freeze valve 107 pot temperature 610°F
TE-FV-107-6A Freeze valve 107 pot temperature 540°F
TE-FV-108-3B Freeze valve 108 shoulder temperature 440°F
TE-FV-108-B4 Freeze valve 108 adjacent pipe temperature 450°F
TE-FV-108-5B Freeze valve 108 ﬁot.temperature 640°F
TE-FV-108-6A >Freeze valve 108 pot temperature 543°F
TE-FV-109-1B Freeze valve 109 shoulder temperature 470°F
TE-FV-109-6A Freeze valve 109 pot temperature . 595°F
TE-FV-204-1B Freeze valve 204 shoulder temperature 790°F
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Identification _ Description §g7i§7§9
TE-FV-204-2A Freeze valve 204 center temperature 235°F
TE-FV-204-3B Freeze valve 204 shoulder temperature 830°F
TE-FV-206-1B Freeze valve 206 shoulder temperature 710°F
TE~-FV-206-2A Freeze valve.206 center temperature ‘ 300°F
TE-FV-206-3B Freeze valve 206 shoulder temperature 830°F
TE-H 103 Heater 103 temperature 908°F
PI-HB-A High bay pressure -0.19 in. H,0
TE-HX-1A Heat exchahgér coolant out temperature 1060°F
TE-HX~4A Heat exchanger coolant in temperature 1180°F
TE-HX-7A Heat-exchénéér shell (center) temperature 1165°F
ZI-ID-A Inlet radiator door pesition 82.5%
TE-OFT-1 Overflow tank pipe temperature 934°F
TE-OFT-2B Overflow tank tep temperature 1202°F
TE-OFT-4 Overflow tank side temperature 1190°F
ZI-0D-A Qutlet radiator door position 79.5%
LI-OT1A3 Fuel o0il supply tank level 647
RM-0T1 Fuel oil supply tank radiatiom 1.7 mr/hr
LT-0T2A3 Coolant oll . supply tank level 58%
RM-0T2 Coolant oil supply tank radiatioen 0.1 mr/hr
TIC-0., R1-1 Helium oxygen removal Ne. 1 temperature 790°F

TIC 0, R2-1 Helium oxygen removal No. 2 temperature 1235°F
TIC O, R1-2 Helium oxygen removal No. 1 wall temperature 513°F

TIC 0, R2-2 Helium oxygen removal No. 2 wall temperature 860°F

TIC PH 1 Helium preheater No. 1 temperature 790°F

TIC PH 2 Helium preheater No. 2 temperature 800°F

TE PT-1 Particle trap temperature 360°F

TE PT-2 Particle trap temperature 360°F

TE PT-3 Particle trap temperature 360°F

TE R-5A Reactor top temperature 1206°F

TE R-6A Reactor top temperature ©1210°F .
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Waste tank céll level

Identification Description ig?i;?gg
TE R-7A Reactor neck temperature 799°F

TE R-8A Reactor neck temperature 680°F .

TE R-9 Reactor neck temperature 600°F

TE R-10 Reactor neck temperature 534°F

TE R-17 Reactor side temperature 1190°F

TE R-23A Reactor side temperature 1185°F

TE R-32A Reactor bottom temperature 1170°F

TE R-34 Reactor neck flange temperature 233°F

TE R-35 Reactor neck flange temperature 198°F

TE R-36A Reactor control rod No. 1 (upper) température 449°F

TE R-37A Reactor control rod No. 2 (upper) temperature 431°F

TE R-38A Reactor control rod No. 3 (upper) temperature 460°F

TE R-39A Reactor control rod No. 1 (lower) temperature 855°F

TE R-40A Reactor‘control rod No. 2 (lower) temperature 786°F

TE R-41A . Reactor control rod No. 3 (lower) temperature 689°F

TE R—4BB Reactor graphite tube (lower) temperature 1025°F

TE R-44A Reactor neck (bottom) temperature 1218°F

TE R-46A Reactor neck (upper) temperature 250°F

TE R-47 Reactor neck (upper) temperature 215°F

TE R-48 Reactor neck (upper) temperature 212°F

TE R-52 Reactor thermal well temperature 810°F

LI RC-C Reactor cell sump level 0 in.

PI RC-A Reactor cell pressure -2.5 psig
FI-S1 Containment stack flow 75%

RM-S1A Containment stack alpha 100 cpm
RM-S1B Containment stackibeta gamma 11 cpm
RM-S1C Containment stack iodine 530 cpm

LI SC-A Storage cell sump level 1.0 in. H,0
LI TC-A Spare cell sump level 0.4 in. H,0
PI VT-1 Vapor suppression tank pressure 0.4 psig

LI WT-A Waste tank level 107 in. H,0
LI WIC-A 2,6 in. H.O0
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Identification Deééription ?8333729
Main blower vibration <1 mil

OACOT Official average coolant outlet temperature lOll.5fF

OAFOQT Official average fuel outlet temperature 1208.3°F
Control rod No. 1 position 35.5 in.
Control rod No. 2 position 44 1in.
. Control rod No. 3 position 43.1 in.
Fission chamber No. 1 position 60 in.
Fission chamber No. 2 position 65.7 in.
Fission chamber No. 1 count rate 10“ cps
Fission chamber No. 2 count rate 10“cps
Coritrol rod No. 1 clutch current 143 ma
Control rod No. 2 clutch current 144 ma
Control rod No. 3 clutch current 147 ma
Motor generator 2 current 28 amps
Motor generator 3 current 32 amps
Motor generator 2 volfage 52 volts
Motor generator 3 voltage 52 volts
Battery voltage 50.5 volts
Motor generator No. 1 voltage 260 volts
Motor generator No. 1 current 130 amps
Inverter voltage 206 V
Inverter current 89 amps
Main blower No. 1 current 260 amps
Main blower No. 3. current 280 amps
Component coolant pump No. 1 current 0 amps
Component coolant pump No. 2 current 88 amps
Instrument air dryer purge rate

12 cfm
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Table 4.22. Tabulation of recorded.heater current on 10/12/69
(average of 3 phases)

Description §87§§7§9 Description §87i§7§9 Déscription ?87i§7§9
H-CR-1 15 . H203-2 0 RCH-5 12
H-CR-2 17 H204-1A 3 RCH-6 15
H-CR-3 23 LE~CP-1 4 RCH-7 8
H~CR-4 18 LE-CP-2 7 H102-2 .13
H-CR-5 18 FV204-1 2.5 R-1 18
H-CR-6 19 FV204-2 1 R-2 19
H-CR-7 15 FV206-1 2 R-3 19
H-CR-8 25 FV206-1A 1.5 HX-1 0
200-13 17 H204-1 15 HX-2 16
201-12 13 H206~-1 11 HX-3 16
202-2 14 CDT-1 15 FP-1 6
200-14 6 CDT-2 11 FP-2 6
200-15 10 CDT-3 12 RAN-1 -0
201-10 11 CP-1 13 RAN-2 0o .
201-11 6 CP-2 12 200-16 2
201-13 7 H200-1 10 201-14 1
202-1 7 H200-11 12 102-1 3
204-2 10 H200-12 14 522 0
205-1 7 H201-1 13 102-4 9
204-3 6 H201-2 10 102~5 1
FT201A1 5 H201-9 16 103 26
FT201A3 5 H100-1 2 FV-103 0
FT201A2 6 RCH-1 16 H-104-1
FT201Ar 4 RCH-2 13 FV-104-1A 4
FT-201B1 6 RCH-3 19 FV-105-1A 11
FT201B3 5 RCH-4 21 FFT-1 16
FT201B2 6 H100~2 18 FFT-2 15
FT201B4 6 H101~2 11 FD-1-1 18
H203-1 0 H101-3 13 FD-1-2 17
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Table 4.22 (continued)

Description §S7i§7§9 ~Description §87337§9 ' Description §g7§§?§9
FD-2-1 18 FV-104-3 11 FV-108-3 3
FD-2-2 13 FV-104-4 10 FV-108-1 1
FV-104-1 5 FV-105-2 6 FV-108-3 5
FV-104-3 7 FV-105~3 7 FV-109-1 3
H-104-5" 10 FV-104-7 13 FV-109-2 4
H-104-6 8 FV-106-2 8 FV-109-3 2
FV-105-1 12 FV-106-3 10 FV-109-1 1
FV-105-3 11 FV-110-2 0 FV-109-3 5
FV-105-1 7 Fv-110-3 -0 FV-110-1 0
FV-105-4 11 FV-107-1 2

FV-106-1 11 FV-107~-2 3

FV-106-3 FV-107-3 3

FV-106-1 6 FV-107-1 1

FV-106-4 3 FV-107-3 5

FV-106~1A 11 FV-108-1 3

FV-104-2 9 FV-108-2 5
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Table 4.23. Computer snapshot taken
at 0400 on 10/12/69

Scan
Identification Seq. Description Reading

No. 10/12/69
EWM=-CP-D 256 Coolant pump power 31.8 kW
EWM-FP-D 255 Fuel pump power 34.8 kW
FqI-569 349 Reactor cell evacuation flow 1.27 liter/min
FT-AD3-A 40  Radiator stack flow 195,000 cfm
FT-S1-A 242 Containment stack flow 20,200 cfm
FT-201-A 15 Coolant salt flow 849 gpm
FT-201-B 28 Coolant salt flow 840 gpm
FT-512-A. 236  Coolant pump purge gas flow 0.65 liter/min
FT-516-B 234  Fuel pump purge gas flow 2.39 liter/min
FT-524-B 235 Fuel pump upper offgas flow 133 cc/min
FT-526-C 237 Coolant pump upper offgas flow 83 cc/min
FT-703-A 238 Fuel pump lube oil flow 3.75 gpm
FT-704-A 239  Fuel pump coolant oil flow 8.04 gpm
FT-753-A 240 Coolant pump lube oil flow 3.87 gpm
FI-754-A 241  Coolant pump coolant oil flow 6.54 gpm
LE-CP-A 65 Coolant pump level 4.6 in. salt
LT-0T-1-A 248  Fuel oil tank level 12.4 in. oil
LT-0T-2-A 250 Coolant oil tank level 11.1 in. oil
LT-524-C 251 0il catch tank No. 1 level 11.3 in. oil
LT-526 252 0il catch tank No. 2 level 16.0 in. oil
LT-593-C 50 Fuel pump level 6.1 in. salt
LT-595-C 61 Coolant pump level 5.6 in. salt
LT-596-B 54  Fuel pump level 5.1 in. salt
LT-598-C 62 Coolant pump level 5.5 in. salt
LT-599-B 57 Overflow tank level 5.6 in., salt
LT-600-B 58 Overflow tank level 6.3 in, salt
PDT-AD2-A 24  Radiator air pressure drop 9.1 in. H,0
PDT-556-A 228 Main charcoal bed pressure drop 3.4 psi
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Table 4.23 (continued)

Scan

Identification Seq. Description ~ Reading

. No. 10/12/69
PDT-960~-A 230  Component coolant pump AP 8.0 psi
PT-HB-A 233  High bay pressure -.07 in. H,0
PT-RC-A 348 Reactor cell pressure -1.98 psig
PT-500-A 223 Helium header pressure 220 psig
PT-510 27 0il tank No. 2 pressure 6.8 psig
PT-511-C 225 Coolant drain tank pressure -- psig
PT-511-D 218 Coolant drain tank pressure 5.7 psig
PT-513-A 226 0il tank No. 1 pressure 7.7 psig
PT-516 347 Fuel pump pressure 5.0 psig
PT-517-A 224 Drain tank supply pressure 8.5 psig
PT-522-A 13 Fuel pump pressure 5.0 psig
PT-528 66 Coolant -pump pressure 4.6 psig
PT-572-B 219 Fuel drain tank No. 1 pressure 5.2 psig
PT-574-B 220  Fuel drain tank No. 2 pressure 5.1 psig
PT-576-B 221 Fuel flush tank pressure 5.3 psig
PT-589-A 53 Overflow tank pressure 7.2 psig
PT-592-B 33 Fuel pump pressure 5.6 psig
PT-608-B 222 Fuel storage tank pressure -1.2 psig
RE-NLC1-A 32 Reactor power 8.6 MW
RE-NLC2-A 36 Reactor power 8.6 MW
RE-0T-1-B 262 0il tank No. 1 radiation 1.8 mr/hr
RE-0T-2-B 263 0il tank No. 2 radiation 0.09 mr/hr
RE-SC1-Al 9 Reactor Power 8.5 MW
RE-S1A 277 Containment stack alpha 147 scale
RE-S1B 278 Containment stack beta-gamma 7% scale
RE-S1C 270 Containment stack iodine 21% scale
RE~-500-D 261 Cover gas supply radiation 0.3 mr/hr
RE-528-B 275  Coolant gas supply radiation 1.5 mr/hr
RE-528-C 276  Coolant gas supply radiation 2.1 mr/hr
RE-557-A 273 Offgas from charcoal beds radiation 0.1 mr/hr
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Table 4.23 (continued)

Scan
Identification Seq. Description Reading

No. 10/12/69
RE-557-B 274 Offgas from charcoal beds radiation 0.1 mr/hr
RE-565-B 271  Cell air radiation 1.0 mr/hr
RE-565~C 272, Cell air radiationm. 1.4 mr/hr
RE~-596-A 280  Fuel pump gas supply radiation 0.1 mr/hr
RE-596-B 282  Fuel pump gas supply radiation 0.1 mr/hr
RE-596-C 283  Fuel pump gas supply radiation 0.1 mr/hr
RE-675-A 284  Sampler cold offgas 1.1 mr/hr
RE-675-B 285  Sampler cold offgas 4.2 mr/hr
RE-678-C 286  Sampler hot offgas 2600 mr/hr
RE-678-D 287  Sampler hot offgas - 4000 mr/hr
RE-827-A 264  Process water radiation 25 mr/hr
RE-827-B 265 Process water radiation 26 mr/hr
RE-827-C 266 Process water radiation 34 mr/hr -
RM~NCC1-A6 259 Reactor count rate 10,000 cps
RM-NCC2-A6 260- Reactor count rate 10,000 cps
RM-NCC1-A7 41  Reactor power 9.6 MW - -
RM-NCC2-A7 42  Reactor power 9.2 MW
RM~NCC1~A9 44  Reactor period =300 sec
RM-NCC2-A9 45  Reactor period -150 sec
SE-CP-G1l-A 52 Coolant pump speed 1775 rpm
SE-FP-E1-A 11 Fuel pump speed 1190 rpm
TE-AD1~1A 184 Radiator inlet air temperature 67°F
TE-AD3-4 185 Radiator outlet duct wall temperature 107°F
TE-AD3-5A 186  Radiatcr outlet duct wall temperature 120°F
TE-AD3-6 187 Radiator outlet duct wall temperature 129°F
TE-AD3-7A 188 Radiator outlet duct wall temperature 173°F
TE-AD3-8A 190  Radiator outlet air temperature 178°F
TE-CDT-2A 181 Coolant drain tank bottom temperature . 1210°F
TE-CDT-8 182 Coolant drain tank middle temperature 1203°F
TE-CP-A2B 127 Coolant pump bowl-neck temperature 804°F
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Table 4.23 (continued)

Scan
Identification Seq. Description Reading

No. 10/12/69
TE-CP-1A 126 Coolant pump flange-neck temperature 247°F
TE-CP-3A 128 Coolant pump bowl top temperature 955°F
TE-CP-8B 125 Coolant pump flange top temperature 102°F
TE-CP-9A 129 Coolant .pump bowl middle temperature 1018°F
TE-CPM-1A 124 Cdolant'pump motor temperature 96°F
TE-CTS-D 90 Surveillance rig top zone temperature 1200°F
TE-CTS~E _ 88 Surveillance rig mid zone temperature 1230°F
TE-CTS-F 87 Surveillance rig bottom zone temperature 1220°F
TE-DH-1" 267 Diesel house ambient temperature v76°F
TE-DL-1 137 Computer room ambient temperature 71°F
TE-DL-2 138 Computér reference thermal plane temperature 69°F
TE-DTC-1 303 Drain.fank.cell'ambient temperature 148°F
TE-DTC-~2 304 Drain tank cell ambient temperature 144°F
TE-DTC-3 305 Drain tank cell ambient temperature 151°F
TE-DTC-4 306 Drain tank cell ambient temperature 145°F
TE-DTC-5 307 Drain tank .cell ambient temperature 149°F
TE-DTC-6 309 Drain tank.cell .ambient temperature 150°F
TE-FD1-1A 166 Fuel drain tank No. 1.top temperature 1073°F
TE-FD1-3A 163  Fuel drain tank No. 1 bottom temperature 1149°F
TE-FD1-12A 164  Fuel drain tank No. 1 middle temperature 1178°F
TE-FD1-18A 167 Fuel drain tank No. 1 bayonet temperature 1158°F
TE~-FD2-1A 171 Fuel drain tank No. 2 top temperature 1062°F
TE-FD2-3A 168 Fuel drain tank No. 2 bottom temperature 1130°F
TE-FD2-12A 169 Fuel drain tank No. 2 middle temperature 1159°F
TE-FD2-18A 172  Fuel drain tank No. 2 bayonet temperature 1138°F
TE-FF100-4 106 Freeze flange 100 inner temperature 904°F
TE-FF100-5 107  Freeze flange 100 middle temperature 648°F
TE-FF100-6 108 Freeze flange 100 outer temperature 559°F
TE-FF101-4 109 Freeze flange 101 inner temperature 824°F
TE-FF101-5 . 110 Freeze flange 101 middle temperature 585°F
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Table 4.23 (continued)

Scan '
Identification Segq. Description Reading

No. ' 10/12/69
TE-FF101-6 111 Freeze flange 101 outer temperature 454°F
TE~FF102-4 112  Freeze flange 102 inner temperature 868°F
TE~-FF-102-5 113 Freeze flange 102 middle temperafure 631°F
TE-FF-102-6 114  Freeze flange 102 outer temperature 541°F
TE~-FF200-4 115 Freeze flange 200 inner temperature 769°F
TE-FF200-5 116 Freeze flange 200 middle temperature 546°F
TE-FF200-6 117 Freeze flange 200 outer temperature 477°F
TE-FF201-4 118 Freeze flange 201 inner temperature 796°F
TE-FF201-5 120 Freeze flange 201 middle temperature 605°F
TE-FF201-6 121  Freeze flange 201 outer temperature 495°F
TE-FFT-1A 175 Fuel flush tank top temperature 1134°F
TE-FFT-2A 173 Fuel flush tank bottom temperature 1157°F
TE-FFT-10 174 Fuel flush tank middle temperature 1174°F
TE-~-FP-1A 92  Fuel pump neck-flange temperature 303°F
TE-FP-2A 93  Fuel pump neck temperature 518°F
TE~FP-3A 94 Fuel pump neck-bowl temperature 962°F
TE-FP-4A 98 Fuel pump bowl top temperature 1004°F
TE-FP-5A 95 Fuel pump neck-bowl temperature 984°F
TE~FP-7B 102 Fuel pump bowl lower temperature 1212°F
TE-FP-8B 103 Fuel pump bowl bottom temperature 1208°F
TE-FP-9A 96 Fuel pump neck-bowl temperature 950°F
TE~-FP-10A 97 Fuel pump bowl top temperature 992°F
TE-FP-11A 100  Fuel pump flange top temperature 146°F
TE-FPM-1A 104  Fuel pump motor temperature 117°F
TE-FST-10 217  Fuel storage tank temperature 81°F
TE-FV103-2B 39 Freeze valve 103 center temperature 407°F
TE-FV104-1B 30 - Freeze valve 104 shoulder temperature 462°F
TE-FV105-2B 47 Freeze valve 105 center temperature 1236°F
TE-FV106-2B 51 Freeze valve 106 center temperature 1214°F
TE-FV107-1B 144 Freeze valve 107 shoulder temperature 102°F
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Table 4.23 (continued)
. Scan
Identification Segq. Description Reading
No. 10/12/69
TE-FV107-2B 145 Freeze valve 107 center temperature 490°F
TE-FV107-3B 146  Freeze valve 107 shoulder temperature 90°F
TE-FV108-1B 147  Freeze valve 108 shoulder temperature 77°F
TE-FV108-2B 148  Freeze valve 108 center temperature 446°F
TE-FV108-3B 149 Freeze valve 108 shoulder temperature 76°F
TE-FV109-1B 150  Freeze valve 109 shoulder temperature 103°F
TE~FV109-28 151 Freeze valve 109 éenter temperature ' 478°F
TE-FV109-3B 152 ‘Fréeze valve 109 shoulder temperature 108°F
TE-FV110-1B 153 Freeze valve 110 shoulder temperature 106°F
TE-FV110-2B 154 Freeée valve 110 center temperature 77°F
TE-FV110-3B 155 Freeze valve 110 shoulder temperature 88°F
TE-FV111-1B 156 Freeze QAIVe 111 shoulder temperature 88°F
TE-FV111-2B 157 Freeze vélve 111 center temperature 80°F
TE-FV111-3B 158 Freeze valve 111 shoulder temperature 88°F
TE-FV112-1B 160 Freeze valve 112 shoulder temperature 89°F
TE-FV112-2B 161 Freeze valve 112 center temperature 83°F
TE-FV112-3B 162  Freeze valve 112 shoulder temperature 89°F
TE~-FV204-2B 17 Freeze valve 204 center temperature 254°F
TE-FV206-2B 43  Freeze valve 206 center temperature 303°F
TE-HB-1 176 High bay ambient temperature 83°F
TE-HX-2A 34 HX fuel outlet nozzle temperature 1170°F
TE-HX-3A 67 HX fuel inlet nozzle temperature 1207°F
TE-HX-9A 91 HX shell center temperature 1185°F
TE-MB1-1 134 Main blower No. 1 bearing temperature 86°F
TE-MB1-2 133 Main blower No. 1 bearing temperature 68°F
TE-MB3-1 132 Main blower No. 3 bearing temperature 93°F
TE-MB3-2 131 Main blower No. 3 bearing temperature 68°F
TE-NIP-2 345 Nuclear instrument penétration temperature 139°F
TE-OFT-6B 105 Overflow tank bottom temperature 1172°F
TE-PT2YM 183 Particle trap temperature 203°F ‘
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equipment room ambient temperature

Table 4.23 (continued)
Scan
Identification Seq. Description Reading
No. 10/12/69
TE-PT-2FM 165 Particle trap temperature 167°F
TE-PT-2FF 170 Particle trap temperature 94°F
TE-R-2 26 Reactor top temperature 1189°F
TE-R-4A 73  Reactor top temperature 1209°F
TE-R-15A 78 Reactor side temperature 1181°F
TE-R-18A 79 Reactor side'temperature 1196°F
TE-R-20A 80 Reactor side temperature 1182°F
TE-R-25A 82  Reactor side'temperéture 1178°F
TE-R-26A 55 Reactor bottom température 1182°F
TE-R-27A 83  Reactor bottom temperature 1182°F
TE-R-28A _ 84  Reactor bottdm temperature 1181°F
TE-R-29A 56 Reactor bottom temperature 1180°F
TE-R-30A 85 Reactor bottom temperature 1181°F
TE-R-31A 59 Reactor Bottom temperature 1180°F
TE-R-42A -77 Reactor graphite tube temperature 431°F
_TE—R—45A 76  Reactor neck upper temperature 282°F
i TE~-R-49 8 Reactor top temperature ' 1185°F
TE-R-50 10 Reactor top temperature 1191°F
TE-R-51 12  Reactor top temperature 1185°F
TE-RC-1 290  Reactor cell ambient temperature 139°F
TE-RC-2 291 Reactor cell ambient temperature 143°F
TE-RC-3 292 Reactor cell ambient temperature 149°F
TE-RC-4 294  Reactor cell aﬁbient temperature 135°F
TE-RC-5 295 Reactor cell ambient temperature 138°F
TE-RC-6 296- Reactor cell ambient tempefatﬁre 127°F
TE-RC-7 | 297 Reactor cell ambient temperaturél 142°F
TE-RC-8 298 Reactor cell ambient temperature 149°F
TE-RC-9 299 Reactor cell ambient temperature 139°F
TE-RC-10 301 Reactor cell ambient temperature 153°F
TE-SER-1 178 Special 101°F
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Table 4023' (continued)

Scan

Identification Seq. . Description ~ Reading,

" No, ' 10/12/69
TE-TRM-1 i77 Transmitter room ambient températuref - 81°F
TE-VH-1 180 Vent house ambient témperature ' 76°F
TE-VT-1 143  Vapor tank water temperature . 63°F
TE-VT-2 289 Vapor tank air temperature - 66°F
TE-100-Al 5 Line 100 temperature 1207°F
TE-100-A2 25 Line 100 temperature 1207°F
TE-100-A3 46 Line 100 temperature 1208°F
TE~100-1A 68 Line 100 temperature | | 1209°F
TE-100-3A 70 Line 100 temperature .  1208°F
TE-101-2A 60 Line 101 temperature : 1210°F
TE-102-A4A 72 Line 102 temperature | 1167°F
TE-102-1A 71 Line 102 temperature o 1165°F
TE-102-5D 6 Line 102 temperéture | ; 1167°F
TE-200-C7A 122  Line 200 temperaturé ' 1014°F
TE-200-20A 64 Line 200 teﬁpérature 1022°F
TE-201-A1B 22 Line 201 temperature | 1068°F
TE-201-A1C 20 Line 201 temperature 1068°F
TE-201-A2B 18 Line 202 temperature iOll°F»
TE-201-A2C 16 Line 202 temperature iOlO°F
TE-201-B11B 123 Line 201 temperature | | 1068°F
TE-201-1B 63 Line 201 temperature . ' iO72°F'
TE-202-A1 7 Line 202 (well) temperature - “' 997°F
TE-202-B1 27 Line 202 (well) temperature » 1007°F
TE-202-D1 48 Line 202 (well) temperature 1007°F
TE-522-1 135 Line 522 temperature 84°F
TE-524-1 - 136 Line 524 temperature : , 101°F
TE-556-1A 201 Line 556 temperature 94°F
TE-702-1B 192 Line 702 temperature 132°F
TE-705-1A 193 Line 705 temperature ' 142°F
TE-707-1A 194  Line 707 temperature a ' 140°F

TE-752-1B 195 Line 752 temperature | - 123°F |
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Table 4.23 (continued)

- Scan .

Identification Seq. Description _ ? . Reading
No. 10/12/69

TE-755-1A 196 Line 755 temperature S 126°F
TE—575flA 197 Line 575 temperature _ | 127°F
TE-791-1 140 Line 791 temperature : 102°F
TE-795-1 141 Line 795 temperature 146°F
TE-804-1 215 Line 804 temperature : 100°F
TE~-805-1 216 Line 805 temperature ' 104°F
TE-811-1 211 Line 811 temperature 81°F
TE-813-1 212 Line 813 temperature _ 79°F
TE-826-1 202 Line 826 temperature 99°F
TE-831-1 206 Line 831 temperature : 102°F
TE-833-1 213 Line 833 temperature 99°F
TE-837-1 203 Line 837 temperature 102°F
TE-841-1 205 Line 841 temperature 106°F
TE-845-1 207 Line 845 temperature 124°F
TE-846-1 204 Line 846 temperature 107°F
TE-851-1 210 Line 851 temperature , 79°F
TE-874-1 208 Line 874 temperature 118°F
TE-876-1 214 Line 876 temperature . 106°F
TE-916 200 Line 916 temperature - 335°F
TE-917 198 Line 917 temperature 124°F
TE-922 199 Line 922 temperature 118°F
WM-CDT 246  Coolant drain tank weight 152 1bs
WM-FD1 243  Fuel drain tank No. 1 weight 0 1bs
WM-FD2 244  Fuel drain tank No. 2 weight 468 1lbs
WM-FFT 245  Fuel flush tank weight 8800 1bs
WM-FST 247  Fuel storage tank weight 0 1bs
XPM-201 268 Reactor power. . 7.6 MW
ZM-FC1 257 Fission chamber No. 1 pesition 61 in.
ZM-FC2 258 Fission chamber No. 2 .positien 66 in.

ZM=-NCR1 19 Compensated ion chamber No. 1 position 36 in.
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Table 4.23 (continued)

Scan » _ ,
Idenpificatiqn Seq. ’ Description T I Reading

No. : - 10/12/69
ZM-NCR2 21  Compensated ion chamber No. 2 position E 44 in.
ZM-NCR3 © 23 Compensated ion chamber No. 3 position : 44 “in,
ZT-1ID 37 Radiator inlet door position 89 in.

ZT-0D 38 Radiator outlet door position 85 inf
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5. FUEL SYSTEM

. Crowley. C. H. Gabbard
Guymon J. XK. Franzreb

oY
et

5.1 - Descfiption

The fuél-éirculating loop consisted of a graphité—moderated reactor,
’a-centrifugal'tyﬁe fuel pump with an overflow tank, and a shell-and-tube

" heat exchanger, all connected by 5-inch HastelloY—N piping. The normal
prerating temperature was abQut 1200°F and fuel or flush salt was circulated
at 1200 gpmr When the reactor was not in operation, the salt was drained
to one or both of the fuel drain tanks or to the fuel flush tank. Inter-
connecting salt piping and freeze valves permit filling tﬁe reactor or
transferring salt between tanks by manipulating'valves in the helium sup-

ply and vent lines.

5.2 Purgihg Moisture .and Oxygen from the System

~ In the fall of 1964, before salt was charged into the drain tanks,
oxygen and moisture were ﬁﬁféed from:the fuel circulating:s&stem and the
drain tanks. This was accomplished by pressurizing the system with helium
to assure that it was leak-tight followed by avcombihation of evacuation
ahd purging with dry helium before and during_fhe heatup. Details of the
heatup are4given in Chaptér?lT. The helium was introduced at the fuel
- pump which was in operation to ?rovide circulation in the 1bbp. The system
was vented or evaéuated.atﬁthé normal fuel pump offgas line (518) or at the
salt transfer line (line 110) to the fuel processihg system. The latter
provided a longer flow path and thﬁs a more effective purge.

Figure 5-1 gives the sequence Qf operations used. Peaks of moisture
in the efflﬁent gas were observed at about 250°F and again at about,650°F.
The system was evacuated after eacﬁ’of these moisture peaks. K Further heat-
ing to 1130°F did not cause any significant éddf%ional moisture releases.
Later analysés of'Sait samples indicated that the purging'had been very

effective.
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5.3 Fuel—Circulating—System Volume Calibration

After the flush salt had been adde& to the drain tanks and transfers
made to fill the freeze valves (see Section 5.11), the fuel circulating
system was filled and  operated for 8 days. It was then drained and filled
several times to check the drain times and calibrate the system. The cali-
bration was done by increasing the drain tank pressure in increments and
recording the drain tank weight and the differential pressure - between the
drain tank and the fuel pump. This is plotted in Fig. 5-2. The system
was purposely overfilled to determine the position of the fuel-pump over-
flow line and to test the overflow-tank level indicaters. Overflow oc-
curred at readings oﬂ the two fuel-pump bubblers of 89.5 and 91%. A total
of 105 1b of éalt-franéferfed’to the overflow tank pfoducéd a reading on
the level instrument of 11.57% or 4.2 inches of salt,_iniacgeptable agree-

ment with the calculated response.

5.4 Drain Times

The temperature -distribution in the drain valve (FV-103) was con-
trolled so that it would thaw in 9 to 1l minutes after an emergency drain
signal, . (See Chapter 20.) Thé time required‘théreaftér for the salt to
drain from the loop depended on which valves were open in the salt and gas
lines. Normally the freeze valves to both drain tanks were kept thawed,
but for a while after a salt fill ome valvé would still be frozen. An
emergency drain signal acted to thaw the freeze valves and to open valves
in drain tank vent lines and in the equalizer lines between the gas in the
fuel . pump-and in the drain tanks, but it was considered possible that one
or more of these valves might not open. Tests wére conducted, therefore,
to measure drain times for various conceivable combinations.of valving.

On a normal emergency drain the loop drained completely in 9-11 min.
after FV-103 thawed. With the equalizer valves open but -one freeze valve
kept frozen, the drain time was about 30 minutes, regardless of whether or
not the vent valves were open. With the equalizers closed, one freeze

valve frozen and the vents open, the drain time was 41 min. These drain

" times were deemed acceptable.
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5.5 Mixing of Fuel and Flush Salts

During 235y fuel operation, the uranium_toncentration of the flush
salt increased an average of about 215 ppm each time it was  used after
fuel 'salt operation. During‘233U operation, with a lower uranium concen-
tration in the fuel, the corresponding increase should have been only
39 ppm. The actual increases during the three flushes after 233U fuel cir-
culation were 36, 42, and 39 ppm. Using these figures, approximately
40 1bs of fuel salt mixed with the flush salt during each flushing opera-
tion. (For more details on salt.analysis and interpretation of results,

see Reference 23.)

5.6 Primary System Leak

During operation the cell-air activity was continuously monitored
to detect any leaks from the primary system. No leaks were detected until
after the final fuel salt drain in December, 1969.. At this time the ecell-
air activity did increase which indicated a leak. Subsequent tests showed
that the leak was at or near oﬁe of the drain-tank freeze valves (FV-105).
The activity was mostly xencn with some iodine, krypton, and noble metals.
Four days after the first release, there was less than 25 curies of xenon
and less than 50 millicuries of iodine in the cell., Thisvwas released to
the atmosphere without exceeding the release rate permitted by the MSRE
safety limits.2"

The probability of the leak resulting from corrosion seems remote. A
review of the operation of the freeze valve does not indicate any excessive
thermal stresses. No abnormalities were found upon reviewing the construction
X-rays and other inspectioﬁ reports. It was noted, however, that the weld
between the air'shroud and the salt piping at the freeze valve was not
specified as a full penetration weld. This led to the suspicicn that the
leak may be a crack that started at this point and was propagated by stress
cycling. Determination of the exact location and nature of the leak will
be sttempted during the post-operation examinations. More information

on the preliminary evaluation of the leak is given in Reference 25.
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5.7 Operation

The operation of the fuel system was satisfactory. Difficulties en-
countered with the componeﬁts are described in the following sections. The
rate of transfer of salt to the overflow tank was higher than expected.
Details on this and the loop void fraction and xenon poisoning are given in

Reference 18.

5.8 Fuel Pump and Overflow Tank

5.8.1 Description

The fuel salt circulating pump was a centrifugal sump-type pump with
an overhung impeller, developed at ORNL expressly for circulating molten
fluoride salts of the type used at the MSRE.26 (See Fig. 5-3 and 5-k.)
At the normal operating speed of 1189 rpm, it had an output of ‘about 1250
gom at a 48.5-ft salt head. About 50 gpm of the pump output was circulated
internally to the pump bowl via a spray ring to promote the release of
 entrained or dissolved gaseous fission products. " The gas space in

thejpump bowl was purged with helium to sweep these to the offgas disposal
system. The helium was introduced just below. the shaft seal in the bearing
housing. Most of the gas flowed downward through the labyrinth between the
shaft and the shield block to prevent radiocactive gas and salt mist from
reaching the seal. The remainder flowed upward to prevent any oil which
leaked through the seal from getting into the pump bowl. 0il for lubfi—
cating‘the bearings and cooling the shield plug was recirculated by an
external pumping system. Helium bubbler type instruments were used to
measure the liquid level as a means of determining the inventory of salt
‘inbthe fuel system. ©Small capsules were lowered into the bowl to take
samples for analysis or to add fuel salt.

The maximum height of the liquid in the pump bowl was limited by the top
of an overflow line (5-1/2 in. above the center line of the volute) which
connected to a 5;57ft3 overflow tank located beneath the pump. Helium bub-
bler type instruments.Were also used for measuring the liquid level in the
overfldw'tank.' Since the overflow line extended to the bottom of the over-
flow fénk, closihéLa»valve in the overflow tank vent line forced the salt

back to the fuel pump.'




NN

NN\

DA

Js
t

ORNL - LR- DWG-56043-8

N

N7
S

Nl

N

DUINNIN

L2770 7 g el

P4

[ ] . L
| 1
C — I
. ————=.
SHAFT H ;;——::§>WATER
COUPLING ; PRl o) COOLED
Fo=3— __,‘__;5 MOTOR
:ﬁ
\SHAFT SEAL D
(See Inset) [ S — T g R~ | ¢
LEAK -
DETECTOR——={) LUBE OIL BREATHER 1
LUBE OIL IN z !
- BALL BEARINGS = )
{Face to Face) BEARING HOUSING
BALL BEARINGS GAS PURGE IN
(Back to Back ) /SHAFT SEAL (See Inset)
LUBE oIL ouT SHIELD COOLANT PASSAGES
In P i i
SEAL OIL LEAKAGE AR>>2 {in Parallel With Lube Oil)
DRAIN SHIELD PLUG
LEAK DETECTOR GAS PURGE OUT (See lInset)
SAMPLER ENRICHER MR GAS FILLED EXPANSION
{Out of Section) | \ SPACE
(See Inset) XENON STRIPPER
BUBBLE TYPE (Spray Ring)
LEVEL INDICATOR $— SPRAY
OPERATING == /:
LEVEL A" i —
/
To Overflow Tank
Fig. 5.3 MSRE Fuel Pump

7777777777727 7%

1aK

S6



SAMPLE
CAPSULE
CAGE
OVERFLOW
N "PIPE

ORNL—OWG 69- 10172

OFFGAS
LINE

///j/’ BUBBLER

100
80 <
60
40 i
20
o]
LSE\A/EIE RN B DISCHARGE
(%) : | AN
s T Al ', SALT
- < RADIOACTIVE GAS
SUCTION == CLEAN GAS

Flg 5.4 Cross Section of MSRE Fuel Pump Showing Flow Paths

96



97

5.8.2 Early Operation

The fuel pump had béen loop-tested with molten salt for 100 hrs at
1200°F before it was installed at the MSRE in Octobér, 196L4. After instal-
lation no significant difficulties were encountered during helium circﬁla—
tion while the fuel system was being purged, during early flush salt opera-
tion which started on January 12, 1965, or during the criticality experiments.
A continudus, but very slow, accumulation of salt in the overflow tank was

observed throughout the early. operation. (See 5.8.9.)

5.8.3 Examination of Fuel Pump after Criticality Experiment27

The fuel-pump rotary element was removed for inspection in Septembér 1965
at the end of Run 3. The pump had been used for circulating helium for 1k10
hours and it had been filled with-salt at the MSRE for 2120 hours, 1895 hours
of which the salt was belng circulated. » :

The pump WaS'generally.lnugood condltioﬁ and appeared ready to be used
for full-power operation.  The 6nly dimensional change was a 0.006-in. growth ‘
of the pump tank bore diameter where the upper O—rlng mated with the pump
tank. _ _ . v

The most significant discovery was evidence of a small oil leak through
the gasketed joint at the caich basin for the lower oil seal. This oil had
run down the surface of the shield plug, where it had become coked by the
higher temperatures near the bottom. Some of the o0il had reached the upper
O—ring groove at the bottom of the shield plug and had become coked in the
groove, but none appeared to have leaked past the O-ring during high-
tgmpergture opefation. Some fresh oil was observed below the ring after
the rotarylelement had been moVed to the decontamination cell, but it was
believed: ﬂhat this oil dripped -from the open lines during the transfer to
the’ cell

% _ _ . - ,
A1l during subsequent operations, considerable difficulty was en-

countered from plugging of the main offgas system, due largely to decom-
position products of oil that had leaked into the pump .bowl. (See

Chapter 8.) Because of this trouble, the gasketed joint was seal-welded
on the ‘spare rotary element. However, the spare never had to be installed
at the MSRE. ’



A layer of flush salt about 3/8-inch deep containing about 40 in.3
was trapped and frozen on top of theblabyrinth flange. Apparently the
salt had drained through the 1/8-inch diameter holes in the flange until
. surface tension effects balanced the hydrostatic head. - This layer can be
seen in.Fig. 5-5, which is a photograph taken during the inspection. This
photograph also shows the contrast between the surfaces exposed to the
salt, which 'were bright but not corroded, and those above the salt, which
were distinetly darker. There was a coating of fine salt mist particles
on the lower face of the shield plug and in an "O"-ring groove around the
shield plug there were small amounts of flush- and fuel salt that must have
been transported as mist.

The pump was reinstalled using remote maintenance techniques so that
these techniques could be evaluated. Four universal joints on the flange
bolts that had been found broken during the disassembly were repaired prior
to'the reinstallation of the rotary element. These failures resulted from
excessive bolt torque that had been used earlier to obtain an initial seal
on thg flange. (It turned out that .the jack screws had not been fully
backed off before the flange bolts were tightened.)

5.8.4  Pump and Pipe Support Problem

A problem related to the overall fuel-pump installation became evident
during the post-eriticality shutdown in the fall of 1965. The fuel pump
could move in the horizontal plane, but was fixed against vertical movement.
The heat exchanger could move pprizontally; the heat exchanger support frame
was fixed against vertical movement at the north end, but was mounted on
spring supports at the south end. The south end of the heat exéhanger was
coupled to the fuel-pump bowl by a short length of 5-in. Sched.-40 pipe.

The heat exchanger was supported from below, and the pump bowl was supported
froﬁ above. The connecting piping was supposed to move upward at the heat
exchanger and downward at the pump when the system was heated. | h

Because of the physical arrangement of the piping and equipment, stress
ranges in the piping due to thermal cycling were calculated to reach a
maximum of 20,000 psi, which is acceptable. Uncertainties existed in

critical parts of the heat exchanger, however, particularly in the nozzle .
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where estimates were as high as 125,000 psi during cycling from 150 and
1300°F. The end of the exchanger toward the pump bowl was therefore
mounted on springs. This should have reduced stresses in the nozzle to the
range of 20,000 to 70,000 psi. '

Careful observations during a heating cycle to 1200°F, showed that the
equipment did not mbve és expected, however. Because of the complex equip-
ment configuration and the inevitable uncertainty of the calculations, it
was decided to make strain gage measurements with the equipment cold and
moving the piping by mechanical means for measured distances with'measur—
able loads. The highest stresses were found to be in the fillet where the
nozzle was welded to the heat exchanger head when a spring force of 2000
pounds was exerted to raise the end of the heat exchanger 3/16 in. The
measured stress in the fillet was 13,000 psi and was a factor of about
5 greater than the stress in the nearby piping. Dye-check of the nozzlé
to the head of the heat exchanger showed no indication of cracks. .

The conclusion from these tests was that the mounting arrangemenf_was

adequate to allow the system to go through more than the 50 thermal cycles

required without a fatigue failure. The system was then put to use for

power operation.28

5.8.5 Effect of Bubbler Flow Rates on Indicated Fuel-Pump Level

The fuel-pump level was determined by bubbling helium through fhe salt
and measuring the differential pressure between this line and a reference
line which connected to the gas space of the pump (see Fig. 5-6). The end
of one of the bubbler dip tubes (596) was 1.874 in. lower than the other
(593). A common reference line (592) was used for the two bubblers. The
level readout instrument had a full scale (0-100%) range of 10 inches of
salt. The centerline of the volute was at 35%. Compensation was provided
in the instrumentation for changes of density between flush and fuel salt
and for differences in the lengths of the bubbler tubes.

Since the d/p cells used to indicate level were located outside the
reactor cell, there was some pressure drop in the lines between these and
the pump. The amount of pressure drop was dependent upon flows through the
lines. Tests were made early in 1965 to establish the relationship between .

these flow rates and the indicated levels.
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Data for the upper probe are presented in Fig. 5-7. The curves for .
the lower probe were similar. It can be seen that the indicated level de-
creased with increasing pump-bowl reference leg flow and that the indicated
level increased with increased flow into the dip tubes. The actual salt
level was not changed during the tests. Normal operating conditions were
set at 25-psig forepressure on all three of the bubbler flow elements,

5 psig in the fuel-pump cover gas.

5.8;6 Fuel-Pump Level Changes and Limitations

Based on the recommendatlons of the pump . development group at ORNL the
level alarm and interlocks were originally set as shown in Table 5-1.

The differences in the- level at which the fuel pump could be started
(6L%) and the level at which the pump would automatically stop (55%) was
necessary because the indicated level decreased 10 tofl2% immediately upon
starting the pump. This was due to fillihg the spray ring and fountain flow
chamber. »

The narrow differénces between the high and low élarm and control set-

points caused considerable operational difficulties. .Prior to starting the
pump after a fill, the average loop temperature could not be accurately
determined. Since the fuei—pump_level‘changed about 12.4% per 100°F change
in loop temperature, the selected fill point was not always satisfactory for
operation. In which case the freeze valve had to be thawed and the system
level adjusted. During operation the reactor outlet temperature was usually
held constant when the power was changed. Therefore, the bulk average tem-
perature changed with power changes and this cdaused changeS'in the fuel-pump
level. In addition to this, experiments Wére run which requiréd operation
at different reactor outlet temperatures. During load and rod scrams the
system cooled rapidly. Sometimes‘it was necessary to reheat the sYstem
before restarting the pump. The dperating levels were further restricted
when it appeared that the offgas plugged more rapidly when the salt level
was above 60 to 65% and gas entrainment in the fuel loop seemed to increase
below about 50%. The problem was further compounded by the changing pump-

bowl level due to salt transfer to the overflow tank,l8
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NOTES:

FI-592 and FI-593 flow rates were proportional to the difference between the
pressure upstream of the flow restrictors and the pressure in the fuel pump.
The fuel pump pressure was held constant at 5 psig during these tests.

LR-593C was read from the bottom of the inked space which was about 1.5% in
width.

Fig. 5.7 Effect of Bubbler Flow on Fuel Pump Level Indicators
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Table 5-1. Original FP Level Interlocks

.Level-

Action and Reason for Interlock
+78% Stops fill,.giveS‘a temperature setback and rod reverse to
- - prevent overfilling of the fuel pump (overflow point is
about 90%). - o S :
- 4T5% Annunciation
+Y64% Pump cannot be started below this level. This is to
prevent cavitation. : :
© ¥55% Annunciation
+53% Pump will stop below this level. Again, this is to

prevent cavitation.




Tests were therefore performed whereby the interlocks were bypassed and
the pump was started and operated at lower levels. Since there appeared to
be no cavitation or adverse effects on the pump, the interlocks given in
Table. 5-1 were changed to 78%, 75%, 55%, L40%, and 38% late in 1965.

Normal level during operation was still maintained between 50% and 60% due
to above considerations. However, recovery after a load and rod scram was

much easier.

5.8.7 Coolant Air to Fuel Pump

In the design of the MSRE, it was calculated that the upper portion of
the fuel-pump tank would be subject to substantial heating from fission
products in the gas space above the salt. Since the useful life of the
pump tank would be limited by thermal-stress considerations at the junction
of thelvolute support cylinder with the spherical top of the tank, close
control was at first maintained over the temperatures in this region.

Design studies had ihdicated that the maximum 1ifetime would result if

the junction temperature were kept about 100°F below the temperature on

the tank surface 6-in. out from the junction. Component cooling "air"

_(95% Nz) was provided to maintain this temperature distribution. A secondary
consideration in controlling the temperatures was a desire to keep as

much of the pump tank as poésible above the liquidus temperature of the

salt.

In operating the reactor, it would be ideal if a fixed flow rate of
air over the pump tank would provide a satisfactory temperature distribution
for all conditions. Early design calcuiafions,indicated that this condition
could be met with an air flow of 200 cfm. 29 However, temperature measure-
ments on the pump-test loop and during the initial heatup of the MSRE indi-
cated that only about 50 cfm would be required, and that the air would have
to be turned off when the pump tank was empty.

~ To minimize the temperature effects when the cooling air was turned on,
air flow during power operation was to have been set at the minimum that
would give the desired temperatures. It was found that an air flow of 30 cfm
gave a satisfactory temperature distribution at all power levelse"In order

to achieve and control this relatively low flow rate, a new valve, having
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a lower C, had to be substituted for the original valve. Figure 5-8

shows the temperatures in the two regions of interest as a function of re-
actor power level with that air flow. The variations in the individual
temperatures were caused by variations iﬁ the pump-bowl. level salt tem@era—
ture and air flow. Both the individuél temperatures and the temperature
differences increased linearly with poﬁer, as expected,‘ It was felt during
early MSRE operation that, although temperature differences would exceed
100°F ‘at full power, the feactor could be so operated with the 30-cfm air
flow withéut‘significantly reducing the life of the pump tank.

When the reactor was started up for Run 8 in September 1966, an unex—
plained shift downward in these temperaturés was noted. Later the cooling
air to the pump tank was turned off during the attempts to melt out the salt
plug in the 522 line, and although the temperatures on the pump-tank surface
were higher than with the cooling air, the temperature gradient was less.
Since the temperature distribution was as good or better than with the air

cooling, the use of air cooling was discontinued.

5.8.8 Salt Transfer to the Overflow Tank

Early operation of the reactor showed that by some unexplained mechér
nism, salt gradually accumulated in the fuel pump overflow tank even when
the salt level in the pump bowl was well below the overflow point. The
transfer rate depended on salt level, and the transfer ceased when the
level was about 3 in. below the overflow point. ‘This situation existed
until about April 1966, when transfer began tovbé observed at lower salt
levels. The rate appeared to increase gradually as time went on until
it ieveled off in June and July at 0.57 1b of salt per hour, independent
of salt level as far down as 4.7 in. below the overflow point. The change
occurred at the time of the stepwise increase in power, but no mechanism
connecting the two has been identified. This rate of transfer continuéd
through the 235U operation and required emptying the overflow tank about
three times per week.

Prior to operation with 233U fuel salt, the flush salt which had been
processed to remove the 235y was circulated for 42 hours. During this and

the first 16 hours of fuel carrier salt circulation, the transfer rate and
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loop void fraction appeared to be unchanged from the previous periods. Two
hours after the start of a 12-hour exposure of a beryllium rod in the pump A
bowl, the bubbie fraction in the system increased from the normal 0.1 vol %
to about 0.6 vol % and the rate of transfer to the overflow tank increased
from about 0.4 1b/hr to greater than 4 1b/hr.

During the femainder of the 233U operation the transfer rate was high
(up to 72 1b/hr) and variable. The results of the investigation of the
overflow rate, the changing bubble fraction, and subsequent power pertur-

bations are given in Reference 18.

5.8.9  Burps of the Overflow Tank

During eaily operation of the MSRE, when the éverflow rate was very low
and the need to push salt from the overflow tank back to the fuel-pump bowl
was infrequent, the practice was tq empty the overflow tank completely. The
sudden pressurization of the fuel pump at the end of the burp gave false
level indications and stopped the pump. ' Also when power operation was

started, it was noted that gaseous fission products were being pushed out

- the oil seal line (524) by the sudden pressurization. Therefore, the
ﬁrocedures were changed such that the overflow tank was not completely
emptied of salt duringﬂoperation.

In February 1969, the main offgas line plugged to the point where it
presented a 4-psi pressure drop to the normal 3.2 liter/m offgas flow.
- During a burp of the overflow tank, this plug blew out with the reactor at
full power resulting in a complete burp of the overflow tank. On at least
three other occasions when the overflow tank was being emptied, the offgas

plug blew out causing more salt to be transferred than planned.

5.8.10 Variable-Speed Drive for the Fuel Pump

Prior to February 1969 the fuel pump was always operated with the
normal 60-HZ power supply at ~ 1189 rpm. Then, in order to investigate the
effect of fuel circulation rate on system behavior (bubble ingestion, xXenon
stripping, transfer to overflow tank,-blips),l8 a variable-speed motor-
generator set was bfought to thékMSRE to supply. power to the fuel pump

during experiments. As described in Chap. 16, c¢onsiderable effort was
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expended in modifying and repairing the M-G set to obtain satisfactory
reliability. The pump itself, however, operated with no difficulty for
substantial periods at speeds between 50% and 105% of normal.

5.8.11 Flooding of the Pump Bowl with Flush Salt

At the end of Run 7 in July 1966, the fuel loop was filled with flush
salt to rinse out residual pockets of fuel salt and thus reduce the radi-
ation levels for the scheduled work in the reactor cell. - As the salt
was overflowing into the overflow tank to rinse it out, the level in the
flush tank was lowered too far which exposed the bottom of the dip tube.

A large bubble of helium gas at a pressure of about 30 psig entered the
-bottom of the loop. As the bubble rose, its volume increased due to the
decreased pressure and the fuel-pump level increased faster than it could
overflow to the overflow tank. Salt flooded the reference bubbler, the .
annulus around the shaft, the sampler tube, and the main offgas line.

Several factors contributed to the accident. -Interlocks normally pre-
vented filling to the overflow line. These had been bypassed to allow
flushing of the overflow tank. The flush-salt inventory was' marginal at
normal operating temperatures (1200°F). The flush-tank temperatures were
low (about 11L40°F) which made the salt more dense and thus there was an

insufficient volume.

5.8.12 Plugging of the Offgas Line at the Fuel Pump

"Intermittent prbblems'were’encountered with plugging of the 1/2-in.
Sched-40 main offgas line at a point just beyond where it left the top of
the fuel-pump bowl. In the early years of operatioﬂ, this either melted
itself free when the reactor was brought to power, or it-ﬁas periodically
reamed out when the reactor was shut down, through the‘use of a méchanical,
flexible rotating "snake". In July 1969, a specially built heétér”assembly
consisting of two 1000-w formed calrods was installed remotely around the
522 offgas - line between the top of the pump bowl and the’gasrcoolihg‘"shroud"
of the fuel pump. This, together with back-blowing with helium, was suc-
ceéssful in clearing the line. More details on the offgas plugging problems

are given in Chapter 8.
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5.8.13 Conclusions and Recommendations

The fuel pump was used to circulate salt for 21,788 hours at tempera-
tures near 1200°F with no perceptible change in performance and no failure.

Some plugging of the offgas line was encountered. This should be con-
sidered in future designs. Perhaps dual lines could be used with heaters to
melt out plugs if they develop. Leakage of oil (1 to 2 cc/day) into the
pump bowl contributed to the offgas plugging problem. This possibility was
eliminated in the replacement rotary element by seal-welding a gasketed
joint, but because the plugging problem was managéable, the spare element
was never installed. .

The transfer of salt to the overflow tank was an operating nuisance in
that it had to be periodically transferred back to the pump. The Mark-II
pump (which has operated for over 13,000 hours in a test loop) has more

height in the pump bowl, eliminating the need for an overflow tank.

5.9 Primary Heat Exchanger

The primary heat exchanger was a horizontal shell and U-tube type.
During early power operation the heat transfer capability was found to be
considerably lower than expected. A reevaluation of the physical properties
showed that the thermal conductivity of both the fuel and coolant salts was
sufficiently below the value used in design to account for the overestimate
of the overall coefficient of heat transfer. Table 5-2 shows a comparison
-of the physical property data used in the original design to the current
data. The heat transfer. coefficients calculated by the conventional design
procedures using these two sets of data are also shown.

The heat transfer did not ‘change during subsequent dperation of the
reactor and no other difficulties occurred. The measured overall heat trans-
fer coefficients ranged from 646 to 675 with an average of 656 Btu/ (hr-ft2-°F)
for 8 measurements. These measurements were made on the basis of nominal
full power at 8.0 Mw and a coolant salt flow of 850 gpm. If the actual
coolant flow rate were 770 gpm, which would be the flow consistent with a
power level of T.34 Mw, the measured overall coefficient would be 59h as
compared to a calculated value of 599 Btu/(hr-ft2-°F). The performance is

covered in detail in References 30 aﬁd 31.




Table 5-2. Physical Propertiés of Fuél.aﬁd Coolant Salts

Used in MSRE Heat Exchanger Design and Evaluation

Original ‘ " Current

Fuel  Coolant Fuel Coolant

Thermal Conductivity, Btu/(hr-ft-°F) 2.75 3.5 0.832 - 0.659

Viscosity, 1b/(ft-hr) 17.9 20.0 18.7 23.6

Density, 1b/ft3 » 154.3  120.0  1k1.2 123.1

Specific Heat, Btu/(1b-°F) = - 0.k46 0.57 - 0.4735 0.577.
~ Film Coefficient, Btu/(hr-ft2-°F) 3523 5643 1497 1989

Overall Coefficient, Btu/(hr-ft2-°F) 1186 - o 618
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5.10 Reactor Vessel and Reactor Access Nozzle

5.10.1 General Description

Reactor Vessel and Core — The reactor vessel was a 5-ft-diameter by

8-ft-high cylinder which contained a 55-in.-diameter graphite core. A
cutaway drawing of the reactor vessel and core is shown in Figure 5-9.

The vessel design pressure and temperature were 50 psig and 1300°F with an
allowable stress of 2750 psi. '

The fuel salt entered the flow distributor where it was directed down-
ward around the circumference of the vessel. It flowed in a spiral path
through a 1l-in. annulus between the vessel wall and the core can for cooling
purposes. Anti-swirl vanes in the lower head of the veséel straightened the
flow path before it entered the graphite moderator core. Flow passages,
formed by grooves in the sides of the graphite moderator bars, directed the
laminar salt flow to the upper head plenum. The salt flow then left the re—
actor vessel through the side outlet of the reactor access nozzle which 1is
described in the following section.

During operation the fuel salt was held in the circulating system by
a freeze valve (FV—103) attached to the lowér head of the reactor vessel.
The drain line aﬁd freeze valve was a 1-1/2 in. Sch.-40 pipe which was
_flattened for about 2 in. to give a flow cross section about 1/2-in. wide.
Cooling air in a shroud surrounding the flattened section maintained a frozen
salt plug for a "closed" valve. The 1-1/2 in. pipe extended 2-3/L in. into
the lower head of the vessel and was covered with a hood for protection
against sediments collecting on top of the frozen plug making it inoperative.
The 1-1/2 in. hooded drain thus would remove all but a small puddle of salt
from the lower head even if there had been heavy sedimentation. To provide
for drainage of the remaining puddle, a 1/2-in. tube was mounted through
the wall of the portion of the drain protruding inside the vessel and ex-
tended downward through the freeze valve below. This, in effect, formed
Pparallel freeze valves operated by the same controls.

The reactor core consisted of 617 full and fractional size graphite
elements 2 x 2 in. cross section and about 67 in. long. ‘Salt flow channels

were formed by machined half channels on each of four faces of each element.
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When not buoyed by being immersed in salt, the vertical graphite elements
were supported by a lattice of graphite blocks which in turn are supporfed
by a Hastelloy-N grid fastened to the bottom of the core can. The ‘core can
was thus free to expand downward relative to its top attachment to the re-
actor vessel while the graphite was free to expand upward relative to its
support at the lower end of the core can. The graphite moderator elehents
were restrained from floating out of the core by a Hastelloy-N rod through
holes in the dowel section at the bottomAdf each graphite element. 1In
addition a wire passing through the hpper graphite elements prerented the
upper portien of a brokehselement from floating out of the core.

To prevent possible overheating in an otherwise stagnant region, a
small portion of salt entering the reactor was diverted into the region
Just above the core can. support flange in the annulus“between the vessel and
the core can. . Vessel Wall temperatures in this region and also the lower
head were monltored durlng operation for - p0851ble deviations. _

At the center. of the core were located sample specimens, ‘three control
rod thimbles, and five removable graphite elements. The sample specimens
were located in one corner of a 4-in. square with the three control rods
occupylng the other fhree corners. The'five,removable*elements'then occupied
the remaining spaces between these four. positlohs. The controls rods are
described elsewhere in this report (Chapter 19). .

The sample.specimen assemblies mentloned above were made of various com-
binations and arrangements of graphite and metal. They were exposed to much
the same salt velocity, temperature, and nuclear flux as the core matrix.
These are described in general elsewhere in this section.

The reactor vessel was supportednfrom:the‘top removable cover of the
thermal shield by twelve hanger—rod assemblies These hanger—rod assemblles
were pinned to lugs welded to the reactor vessel just above the flow dis-
tributor. Themsupport arrangement was such that the reactor vessel could be
considered to be anchored at the support lugs. The portion of the vessel

below the lugs was free to expand downward with no restraint.

Reactor Access Nozzle (RAN) — Attached to the upper head of the reactor

vessel Was'a‘hojin. long 10-in.-diam nozzle. The nozzle had a 5-in.-diam

side outlet for the leaving salt located about 10 in. above the reactor
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vessel upper head. The remaining extension of the 10-in.-diam nozzle pro-
vided a pockét of trapped gas during the filling of the reactor. However,
most of the volume of this extension was occupied by the nozzle plug which
is a removable support for the three control rod thimbles, the 2-1/2 in,

graphite sample access pipe, and for the discharge screen. ' See Fig. 5-10.

Conventional leak—deteéted metal oval-ring-joint flanges were used on both

sample accéss'openings to provide the necessary'containment of the primary
system. The radial clearance between the removable nozzle plug and the
nozzle was 1/8-in. at the top and 1/L-in. at the bottom to pro#ide a tap-
ered annulns. It was intended that salt be frozen in this tapered annulus
providing a salt seal to prevent molten salt from contacting the metal seal-
ing surfaces. However, maintaining a frozen salt seal was found to be not
possible. This is discussed in more detail later, Cooling air was pro-
vided on both inside of the plug and outside of the‘lO—ino'nozzle but only
to the inside of the plug of the 2-1/2 in. graphite sample access. Heaters
were provided to thaw any frozen salt remaining in the 10-in. annulus after
a salt drain. For thawing the 2-1/2 in. annulus the cooling tnbe was re-
moved fron the plug as part of the sampling proceaure,and temporarily re-
placed with a metal sheathed heaterc‘ _

Some twenty thermocouples (not including spares) were installed at
various locations on the RAN to'monitor temperatures of the nozzle, both
plugs and control rod thimbles. A thermocouple well attached to the
graphite-sample access plug extended into the flowing salt stream to indi-
nate réactor outlet temperature.
. Strainers were provided at the reactor outlet to prevent passage of
~ graphite chips larger than 1/16 in. A strainer basket was attached to the
lower end of the 10-in. nozzle plug and extended downward into the upper
néad region of the reactor vessel. - The three control rod thimbles and the
graphite sample assembly paséed through the strainer basket. Since the
five graphite elements were not pinned as were the remaining moderator ele-
ments, a cross-shaped extension of thé basket assembly projected benéath
the basket to provide a hold-down. See Fig. 5-11.

The. core sample specimens were renoved and replaced only when the re-

actor was drained of salt and partially cooled. The specimens were removed
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through the smaller of the two access nozzles described earlier. A stain-
less steel standpipe was left attached to the small graphite-sample access
nozzle via a bellows. The upper end of the standpipe was bolted to a liner
set into the lower concrete roof plug. During normal operation the liner
opening was closed with a concrete plug. When samples were to be removed,
this plug was replaced with a work shield which contained openings for
tools, lights, etc. All joints were moderately leak-tight and the stand-
pipe was provided with a nitrogen purge and offgas connections. A Roots
blower located in the service tunnel provided a lightly negative standpipe
pressure to assure inward leakage.

Core samples were taken by removing the graphite sample access flange,
withdrawing the sample into the standpipe, placing the sample in a special
carrier, inserting a replacement sample specimen into the core, and re-

placing the access flange.

5.10.2 Heat Treatment of Reactor Vessel

After the reactor vessel was installed, tests of the particular heat

of Hastelloy-N used in the vessel showed that the closure weld between the
top head and the flow distributor ring could have poor mechanical proper-
ties in the as~welded condition. Therefore in the fall of 1965, the reac-
tor vessel was heat-treated in place, using installed heaters, for 90 hours

at 1L00°F.

5.10.3 Reactor Access Nozzle Freeze Tests and Effect of Circulating Bubbles

The main purpose for a frozen salt seal in the annuli of the 10-in. and
2-1/2-in. diam. RAN plugs was to prevent contact of the sealing surfaces
with salt. The freeze flanges used as piping disconnects have a similar
function. The main difference being that the freeze flanges incorporated
a radial freeze joint while the RAN employed a longitudinal freeze joint.

During development on the Engineering Test Loop freeze joint, it was
noted that a frozen salt seal could not be maintained reliably if in con-
tact with molten salt. It was intended to operate the MSRE RAN freeze
‘Joint with a ring of frozen salt above the normal molten-salt level. This
would be accomplished by pressurizing the fuel system above normal operat-

ing pressure soon after filling the reactor with salt. Cooling air on the : ‘

/
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RAN would freeze a ring of salt in the annuli before the pressure was low-
ered to its normal value, leaving a gas void between the frozen and liquid
salt. The gas trapped in the RAN annuli was thus the principal barrier
between the molten salt and the containment sealing flange. The ring of
frozen salt would then serve only as a backup protection against sudden
pressure increases forcing salt up into the annuli.

The first attempts to form this backup seal in this manner on the MSRE
RAN were unsucpessful due to insufficient cooling air although the availa-
ble flow met the requirements of the design calculations.%® The flow was
permanently increased from about 3 cfm to the range of 15 to 20 cfm by
modifying the control valve trim. Even with the increased air flow, there
was sufficient movement of salt in the annuli due to the turbulent flow
.below to prevent forming a good frozen-salt seal. However, gas trapped
above the molten salt kept the liquid level well below the flange. The
liquid gas interfacewchanged in height due to any changé in volume of the
gas pockets, During early operation, the interface was at least a foot
below the flange and the flange temperature was about 200°F. During later
operations, there were periods wheh the salt level waslhigher and the tem-
perature of the flange approached 300°F,

There were two mechanisms wﬁich caused gas to be transferred to and
from this pdékeﬁ} Gas was transferred from the pocket.as a solute and
added by entrapment of circulating bubbles from the salt stream below.

The equilibrium difference between these two trahsféf rates determined the
salt level in the‘annuli_and thus the temperature readiﬁgs of the wall.

Any change in reactor operating conditions whiéh'disturbed the balance
between these two' transfer mechanisms would thus change the height of salt
in the annuli. It was noted that the salt level in the RAN annuli would
be increased by any of the following changes in operating conditions:
lowering the system pressure (cover gas in the fuel pﬁmp), ihcreasing cir-
culating salt temperature, or decreasing the amount of circulating bubbles
(i.e. decreasing pump speed).

Examples of all three of these cauéés are shown in Figs. 5-12 and 5-13.

Please refer to Fig. 5-10 for location of the thermocouples used in these

two graphs.
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The effect of temperature and pressure can be seen in Fig. 5-12. At
_the beginning of the observed time period, the salt level in the RAN was
relatively low with the pump pressure higher than its normal 5 psig. After
a pressure drop on February 6, the salt level overcame the immédiate effects
of pressure and began to rise as indicated by the R-U43 thermocouple. Sev-
eral days later the reactor outlet temperature was changed in two small
steps of 30° and 15° yet note the very large effect of almost 600°F on the
R-T7 thermocouple due to the salt level increase. Later by raising the pump
pressure from 3 to 5 psig the salt level is again lowered in the RAN annulus.

The effect of a direct change in the amount of circulating bubbles can
be seen in Fig. 5-13." At the beginning of this period the fuel-pump speed
Vas-lower than normal- and it can be seen that the RAN salt level was very
high. Other indications such as the reactivity balance led to the conclu-
sion there™were no bubbles circulating at this condition. When the fuel-
pump speed was increased, with no other change in operating temperature or
pressure, the RAN salt level dropped very rapidiy. '(Note the abscissa in
Fig. 5-13 is now hours instead of days.)

Circulating bubbles were involved in more dramatic effects than tem-
-perature changes in the RAN, of course., Some more important variables were
involved such as the effects of circulating voids and xenon poisoning on
 the reactivity balance. The effects seen in the RAN temperatures only
helped explain the cause of some other events.

One phenomenom noted in which it is thought the RAN trapped gas had a
direct relationship is that of power perturbations in the MSRE in January,
1969. There was an unusually large amount of circulating bubbles at this
time as verified by several indications including low RAN temperatures.

It is thought some gas, clinging to the core, was suddently swept from the
core causing a momentary increase in reactivity. The triggering mechanism
for release of gas cliﬁging in the core was presumably a very small pertur-
bation in flow or pressure. An occasional release of a burst of gas from
the RAN which was suddenly compressed in the pump could have been the cause
of such perturbations. There were other indications to connect the RAN

trapped gas with the power perturbations.“’
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5.10.4 Core Specimen Installation and Removal

Throughout the operation of the MSRE with salt in the primary loop
there was a sample array of one kind or another in the core. The arrays
that were exposed between September, 1965 and June, 1969 were of the de-
sign shown in Fig. 5-14, The array that was in the core from the time of
construction until August, 1965 contained similar amounts of graphite and
INOR-8 (to have the same nuclear reactivity effect) but differed in inter-
nal configuration. In 1969, during the last five months of operation, a
different array, designed to study the effects of salt velocity on fission
product deposition, was exposed in the core.

A core specimen assembly of the type shown in Fig. 5-14 consisted of
three separable stringers (designated R, L, and S). Whenever an assembly
was removed from the core, it was taken to a hot cell, the stringers were
taken out of the basket, and a new assembly was prepared, usually including
one or two of the previously exposed stringers. Sometimes the old basket
was reused, sometimes not. The history of exposure of INOR-8 specimens in
this kind of array is outlined in Fig. 5-15. The numbers indicate the
heats of INOR-8 from which the rods in each stringer were made.

The following section describes the experience with installation and
removal of core specimen assemblies, with emphasis on the procedures, tools,
and systems involved. Descriptions of the materials that wefe exposed and
the results of their post-operation examinations are given in detail in

references 32—36.

Pre-Power Array — The specimen array that was in the core during the

prenuclear testing and nuclear startup experiments differed internally from
the later surveillance assemblies, but externally it was similar and its
installation and removal employed the equipment and procedures proposed for
later use. The original installation was in 1964, before salt had been cir-
culated, and, although done remotely, was closely observed to determine
needs for modifications in the tools and procedures. The assembly was re-
moved in August, 1965 by the remote procedure. (At that time the salt was
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slightly radioactive from the U startup experiments.) Only minor diffi-

culties were encountered with some of the tools and fixtures.
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While the core access was open for the sample removal, a visual in-
spection was made of the core with a 7/8-in.-diam. scope. The inspection
revealed that pieces were broken from the horizontal graphite bar at the
bottom of the core that was supposed to support the sample assembly; The
broken pieces were recovered, using a vacuum cleaner. To circumvent this
damage, the new sample assembly to be installed was modified to be sus-
pended from above, using a special fitting installed in the strainer bas-
ket above the core. This fitting (the '"basket lock" in Fig. 5-14) had
spring fingers that locked into the strainer screen when it was pushed
into place. The 1owér end of the sample basket was extended to reach the
hole in the lower horizontal graphite bar to provide lateral support.‘

Array 1. Installation of the basket lock and the first standard ar-
ary in the core in September, 1965 was uneventful. The array was removed
in July, 1966 after about 1087 equivalent full-power hours (EFPH) of opera-
tion. When the array was examined in the hot cell, portions of the string-
ers were found to have been damaged. Some obstruction’ (thought to be.salt
in the annulus) hadvbeen encountered in lifting the assembly through the
access nozzle. The damage was not caused by handling, however, but by con-
traction during cooldown. When the core was drained some salt was trapped
between the ends of graphite specimens where it froze and interfered with
the differential contraction of the parallel graphite and metal columns
during cooldown. As a result the graphite columns buckled.

Array 2. Because of the damage, none of the three stringers from the.
first array were included in the second. The new stringers were modified
to. prevent trapping of salt, but otherwise the array was like the first.
The second array was installed on Sept. 16, 1966, near the end of the 2-
month shutdown to replace the main blowers.

The second array was removed in May, 1967. By this time the reactor
had operated 4510 EFPH and the samples were removed sooner after the end
of power operation, so the salt was more highly radioactive than before,
resulting in troublesome contamination on the tools and in the standpipe.
This slowed the operation somewhat and it was necessary to install a char-
coal filter in the standpipe vent line to limit iodine release to the stack.
Difficulty was encountered in obtaining a satisfactory seal on the reactor
access flange, which required replacement of four bolts. Hot-cell examina-

tion of the array showed that the basket lock had pulled out of the strainer
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screen and was stuck on the basket. A new basket lock was therefore fabri-
cated and was installed in the screen.

Array 3. The third array consisted of one new striﬁger‘and two
stringers previously expoesed in Array 2, so it was highly fg&ioactive at
the time of installation. No particular difficulty was encountered in
handling the érray, however, since the equipment and procedure were de-
signed for this condition. A satisfactory seal on the core access flange
was not obtained on the first try, and inspection showed the O-ring gasket
was dented -and scratched. The bolt holes were cleaned and retapped.and a
new goldeplatedvgasket was installed. An acceptably tight joint was then
obtained. '

Array 3 was removed on April 2, 1968 after the conclusion of 233y
operation {9005 EFPH). Some inconvenience resulted when the closure on
the transport containment liner refused to operate properly, but the re-
mﬁval and transfer were safely acgomplished.withoutlthe liner. While the
array was out.of the core the flange was sealed with a rubber-gasketed
blind flange to avoid possible damage to the permanent sealing surfaces..

‘ Array 4. One of the old stringers and two new stringers made up
Array 4, which was installed uneventfully on April 18, 1968. This array
was removed in June 1969, at 11,555 EFPH. The removal was delayed for
several days . due to problems with the removable heater that was required
to melt the salt from the tapered annulus between the removable plug and
the 2-1/2-in. access nozzle. For the first time, flush salt was not cir-
cqlated just prior to the sample removal. The usual measures were taken
to control the radiation and contamination during the sample removal opera-
tion. There was some contamination of the immediate work area (mostly
noble-metal fission products) during removal of tools, which required
mopping. ' |

Special Array. The final array was all new and quite different in-
7

ternally from previous arrays.> Externally, however, it was practically
the same and standard tools and procedures were used in its installation

(July, 1969) and removal (December, 1969). Both operations were uneventful.
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5,10.5 Radiation Heatihg

Radiation-produced heat in the reactor vessel walls caused the outer
surfaces of the vessel to be hotter than the adjacent salt by an amount
that was proportioﬁal to the reacter power. Any deposition of solids
would cause even higher surface temperatures. There were two locations
in the reactor vessel where solids could tend to accumulate. These loca-
tions were‘the lower head and the 1ugsblocated just above the inlet volute
and which supported the core matrix. The differences between thetreactor
vessel temperatures and the salt inlet temperature were carefully moni-
tored during power operation so that this condition would be detected had
it occurred. ‘

There was -no indication of sedimentation during the operating life
of the reactor. The temperature difference did increase with use of #°3y
fuel; this was expected due to the higher neutron leakage associated with

this fuel,

5.10.6 Discussion and Recommendations

The reactor vessel and core satisfactorily performed all functions
for which it was designed. Originally the operating life of the fuel sys-
tem was to be:determined by the number of thermal cycles on the freeze
flanges. However, the design life of the freeze flanges was extended on
the basis of development tests. The stress-rupture life of the reactor
vessel was then reviewed to determine if the operation of the MSRE would
be limited by the possibility of stress-rupture cracking. The reevalua-
tion.indicated,the reactor could be operated at least another year longér
than its originally predicted 20,000 hours s&ress—rupture life,>®»%?

The reactor access nozzle also adequately performed all of its func-
tions. It was obvious, however, that some amount .of bubbles circulating
with the salt was necessary to replenish the gas inventory of the RAN an~-
nuli and keep the salt level down to the desirable level. The RAN design

was thus inadequate from the standpoint of providing a frozen salt seal

such as was the case with the freeze flanges., The inability to freeze a
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salt seal was the result of a larger than anticipated salt flow in the
RAN annuli which increased the heat load beyond the capability of the

cooling air. provided. Additional thermocouples in the area of the RAN
would have allowed better definition of the salt level.

If an access flange such as the RAN is to be used again in a molten
salt system, there are three possible methods of obtaining its main func-
tion — that of preventing contact of salt with sealing surfaces:

(1) Provide an external source of gas to the annulus. A salt level
determinationAwould also be necessary.

(2) Provide an internal source of gas in the form of circulating
bubbles which would constantly replenish the gas inventory in the annulus.
A trapped gas pocket at a higher pressure than the pump cover pressure
will not remain indefinitely.

(3) Reduce the access of flowing salt to the annulus by baffles,
labyrinth or such, so that a frozen salt seal can be maintained.

If bubbles are to be purposely injected into the fuel salt for the
removal of xenon and krypton, then item (2) appears to be the best solu-
tion. The joint could be designed to remain éssentially full of gas at

all times.

5.11 Fuel and Flush Salt Drain Tanks

5.11.1 Description

Two fuel salt drain tanks (FD-1 and FD-2) were installed in ‘the drain
tank cell for the safe storage of the fuel salt during shutdown periods.
A third tank (FFT), also located in the drain-tank cell, was provided for
storing the flush salt which was used for cleaning up the fuel circulating

system before and after maintenance.
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A fuel drain tank is shown in Figure 5-16. The INOR-8 tank was 50 in,
in diameter by 86 in. high, and had a volume of 80 ft3, sufficient to hold
in non-critical geometry all the salt from the fuel circulating system.

The tank was provided with a cooling system designed to remove 100 kW of
fission product decay heat. The cooling was accomplished by boiling water
in 32 double contained bayonet tubes and thimbles in each of the tanks.

The fuel flush tank was similar to the fuel drain tanks, except that
it had no cooling system. Since the flush salt did not contain fissile
material, the only decay heating was from the small quantity of fission
products that it removed from the fuel system during the flushing operations.

The weight of salt in each of the three tanks was indicated by forced
balance pneumatic weigh cells. The weights were recorded on strip charts
but ‘could be read more accurately from instéllea mercury manometers. Two-
conductivity type level probes (one near the.bottom of the tank and the
other near the top elevation of the salt) were provided for use as reference

points.

'5.11.2 Calibration of the Drain Tank Weigh Cells Using Lead Weights

During early testing in the fall of 196L the weigh cells were cali-
brated by loading the tank supporting rings with lead billets. The drain
tanks were at ambient temperature during this calibration. Drifts in indi-
cated weight of up to 39 lbs were noted when no changes were being made.
Repairs of air leaks in the instruments caused shifts of up to 65 1lbs. The
weigh cells were further calibrated during the addition of flush and 235y
fuel salt. (See below., )

5.11.3 Addition of Flush.Salt.and.Further.Calibration .of Weigh Cells

Later in 196k, thirty-six baéchés of flushAsalt.(@QBO lbs per batch)
were added from cans in a portable furnace directly into drain tank FD—2
through a heated line and. flanged dip tube attached at -the inspéction
. flapge on the tank. Each batch of salt. added was weighed on accurately
calibrated scales and the tare weight of the container was checked to ob-
tain the net weight of salt added. All temperatures were maintained as

near 1200°F as possible, During additions some difficulty was encountered

with salt freezing in sections of the addition line. On one occasion the .
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drain-tank vent line plugged. To locate and remové the plug, the vent line
was heated with a torch, starting at the tank and working down the pipe
until gas could be blown through the line into the drain tank. The plug
blew loose while heating the line several feet from the tank. The plug
location, the relative low temperature.required to remove the plug and some
0il found in the nozzle to the inspection flange on the tank led to the
conclusion that the restriction was caused by an oil residue.

During the addition of the first two batches of salt, weigh cell read-
ings were taken every five minutes to determine when the probe light came
on. Then this salt was transferred through the transfer lines to FFT and
FD-1 and back to FD-2 through the reactor fill lines. This operation left
salt in all freeze valves which were then frozen to isolate the tanks for
the first time. '

While the salt was in the FFT, two more cans of flush salt were added
to FD-2 to recheck the location of the lower probe. In the two checks the
probe light came on when 469.6 and 492 1bs had been added to the tank.
These figures corresponded to weigh cell readings of 419 and 316 1lbs. Af-
ter all of the flush salt (9230 1lbs) had been added to FD-2, it was trans-

ferred between the three drain tanks. By using fhe weigh cells on both
tanks involved during each transfer, the weigh cells on FD-1 and FFT were
calibrated. The indicated weight at the upper and lower probes on FD-1
and FD-2 were also noted. The lower probe of FFT was not functioning (See
2hk,15), The weight between the probes was 7353 + 176 1bs for FD-1 and
T545 + 191 1bs for FD-2.

From the above data and subsequent operation, it was concluded that
the weigh cells are inadequate for precise inventory work. In general,
the longer the time required for a given operation, the larger the error
introduced. Transfers of small quantities of salt over short time inter-
vals appeared to give fairly good data. Using the tank weight at the lower
probe light as a fixed reference was useful in preventing the transfer of
too much salt to the fuel system and as an indication of the amount of salt
remaining in the tank after a fill. The implication is not that the weigh
cells were at fault. Pipe loading on the tanks caused by temperature
changes of the tanks and adjoining pipes probably caused the variations. .

Errors as high as 200 to 300 lbs have been noted during transfers.
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5.11.4 U-235 Fuel Salt Addition

The carrier salt and larger additions of 235y enriching salt were ad-
ded by the same general method used for adding the flush salt. Details of

these additions and the 235U criticaiity experiment are given in Ref. L0,

5.11.5 Salt Transfers .

Salt is transferred between drain tanks by pressurizing the supply
tank and venting the receiver tank., Originally transfers were made only
through the 1/2-in. transfer lines (107—110). In the event of a drain to
both drain tanks followed immediately by a refill of the circulating loop,
. considerable time was spent freezing the fill freeze valves (105 and 106),
thawing the transfer freeze valves (108 and 109), refreezing them after the
transfer and then rethawing the fill freeze valves (105 and 106).  After
careful"cohsideration, procedures were modified to permit jumpering inter-
locks and transferring through the fill lines. No difficulties were en-
countered, however, all of salt could not be transferred this way since

the fill lines did not go completely to the bottom of the tanks.

5.11.6 After Heat Removal.

On 2/17/64 and 2/24/64, tests were made of the heat-removal capacity
of the steam domes. Flush salt was put into FD-2 and the sélt was heated
to V1200°F. With L0 gallons of water in the feedwater tank (FWI-2), a
sﬁpply valve (LCV-807) was opened to admit this water to all 32 of the
bayonet cooling tubes. The water was refluxed for approximately two hours
with cooling tower water flow to the drain-tank condenser kept constant at
4o gal/min° The inlet and exit temperatures of the cooling tower water
were monitored, as were the drain tank temperatures and feedwater tank
levels. At equilibrium conditions, FD-2 temperatures dropped linearly at
a rate of 86°F/hr. The heat-removal rate calculated from condenser cooling
water flows and temperatures was 139 kW/hr. The heat-removal rate calcu-
lated from the temperature-decay rate of FD-2 and the heat capacity of FD-2
was 132 kW/hr,

A second simllar test was made by opening the other supply valve
(ESV-80T7) and keeping LCV-807 closed. The flow through this valve was
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marginal, the level in the FWT decreased slowly and‘the heat-removal rate
was only 110 kW/hr based on a water heat balance and 98 kW/hr from the salt
temperature decay rate. |

These data showed that the bayonet cooling tubes were more tﬁan ade-
quate to remove the design decay heat rate of 100 kW/hr (for lO-MW opera-—
tion). Since the reactor was run at onl& approximately 8 MW, the margin
of safety was enhanced.

Because of leaks through the seats.of the water supply -valves, the
reactor was operated some of the time with the feedwater tanks empty and
procedures were written to manually valve water to these tanks if neces-—
sary to remove afterheat, When the salt was divided about equally between
the two drain.tanks, as would occur on an emergency drain, no heat removal
was necessary. Turning off the drain tank heaters was sufficient to prevent
exceésive temperature increases. For instance, on November 2, 1970, the
reactor was drained while operating at full power. L380 1bs of salt drained
to FD-1 and 5130 lbs drained to FD-2., With the drain tank heaters turned
off, FD-1 temperature increased from 1060 to 1155°F in about 6-1/2 hours
and then stafted decreasing. FD-2 temperatures increased from 1075 to

1195°F in about ‘9-1/2 hours and then started decreasing.

5011}7 - Pluggingrof HeliumMLinesuaiﬁtheVTQp“of”the“EuelgDrainaTanks

The helium supply,. Ment“and,equalizer lines enter the top of the fuel
drain tanks via a common 1/2-in. Schedule-40 pipe. In June 1969, this line
on FD-2 became almost totally plugged. The plug first appeared when the
main L.2-1liter/min He offgas flow was routed past the drain tanks due to
plugging in the regular offgas routes. The plug was at least partially
cleared by first heating the tank to ®l275°F overnight and then backblowing
with helium at 42 psig. This technique was not successful when FD-1 line
plugged in August 1969. Due to this plug, fuel drained preferentially to
FD-2 during a planned drain on November 2, 1969. During the last drain on
December 12, 1969, the fuel was made to drain more equally by.deliberately
closing the vent froﬁ FD—é for part of the time during the draining period.
The result was that the total-salg'weights in FD-1 and FD-2 were within 5%
of each other after the drain had been completed.
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5.11.8 Loading 233U into FD-2

After the fuel salt had been processed to remove the 235U, the re-
maining carrier salt was transferred from the fuel storage tank to the fiel
drain tanks. The method of adding 233y enrichment salt was different than
that. used for adding the flush salt and 235U fﬁel.salto The loading equip-
ment as shown in Fig. 5-17 was attachéd to the access;flanée of FD—é. Cans
containing n T kg of uranium were lowered into FD-2 which contained half of
the molten carrier salt. When the salt had melted out of the,can,:it was
withdrawn into the shield. Mixing was accomplished by transferring the
salt.between the two drain tanks. The 233y addition and criticality ex-

periment is described in detail in Ref. 41.

5.11.9 Heatup and Cooldown Rates

These are described under heaters in Section 17.

5.11.10 Discussion and Recommendations

The fuel and flush salt drain tanks have functioned very satisfac-
torily. They were very sluggish thermally and therefore easy to control
during operation. The afterheat removal system functioned satisfactorily
when needed.

The weigh cells were not completely satisfactory for inventory pur-
poses. Piping stresses should be eliminated or other type instruments
provided. _

As with other offgas lines, thekposéibility of plugging should be con-
sidered. Perhaps two lines could be used with heaters attached to melt out

any plug which might develop.



PURGE GAS
SUPPLY

s

Vs

g

MAINTENANCE ~SHIELD#<

7

Fig. 5.17 Arrangement for Adding

~ TURNTABLE AND
X\ STORAGE WELLS

CONTAINMENT ENCLOSURE
AND STANDPIPE ASSEMBLY

136

ORNL-DWG 68-967

———TURF CARRIER

GRAPHITE SAMPLING
SHIELD

e

< T00L EXTENSION
SEALS

7

FDT ACCESS FLANGE

FDT

233

U Enriching Salt to Fuel Drain Tank




137

6. COOLANT SYSTEM

C. H. Gabbard J. K. Franzreb
- M. Richardson

6.1 Description

The coolant circulating system consisted of a centrifugal-type coolant
pump and an air-cooled fadiator which were connected to the fuel heat ex-
changer by 5-inch INOR-8 piping. The normal operating temperature was 1000
to 1100°F at full power. The coolant salt was circulated at 850 gpm. Dur-
ing shutdowns the salt was drained to the coolant drain tank. The piping
had low points on each side of the radiator. Therefore, two drain lines
and freeze valves were required. The circulating system was filled by

pressurizing the coolant -drain tank with helium and venting the coolant

bump.

6.2 . Purging. Moisture -and Oxygen from the System -

Before salt-was-charged into-the coolant drain.tank, oxygen and mols-
ture were purged from the coolant circulating system and the drain tank.
This was accomplished by first pressurizing the system to assure that it
was leak-tight, then evacuating,“and purging with.heliumbduring the heatup.
Details of the heatup are given in Section 17. The helium was introduéed
at the coolant pump and coolant drain tank and evacuated or vented through
the offgas system. The coolant pump was operated to provide circulation
in the loop.  Purging continued until the system was at 1200°F and essenti-
ally no more moisture was being releaséd. Later analysis of coolant salt

samples indicated that the purging had been very effective.

6.3 Coolant-CirculatingrSystem_Calibratibnuanchrain Time

After the coolant salt had been added to the coolant drain fank (see
Section 6.1) the coolant circulating system was filled and operated for
11 days. A test of the drain time indicated that complete draining could
be accomplished in approximately 12 minutes after the freeze valves thawed.
During the following fill the circulating system was calibrated. The drain
tank was pressurized in increments and the drain tank weight and the dif-
ferential pressure betweeh the drain tank and the coolant pump were re-’

corded. The system calibration curve is shown in Fig. 6-1.
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6.4  Operation

Other than the difficulties with the radiator described later, the
coolant system operated satisfactorily. No salt leaks were detected at

any time.

6.5 Coolant Salt Circulating Pump

6.5.1 Description

The coolant pump used to circulate the LiF-BeF; coolant salt was simi-
lar to the fuel pump. It did not have a spray ring siﬁce fission product
gés-removal was not required. No overflow tank pr cooling shroud was in-
stalled. At the operating speed of 1750 rpm, it had an output of 850 gpm
at a T8-ft salt head. A small helium purge was introduced just below the
shaft seal in the bearing housing. Most of the gas flowed .downward through
the labyrinth between the shaft and the shield block to prevent salt mist
from reaching the seal. The remainder flowed upward to prevent any oil
which leaked through the seal from getting into the pump bowl. 0il for
lubricating the bearings and cooling the shield plug was recirculated by
an external pumping system. Helium bubblers and a float-type level instru-
ment were used to measure the liquid level. (A float-type instrument was
not installed on.the fuel pump.) The.coolant pump was located outside thé

reactor cell and could be directly maintained shortly after shutdown.

6.5.2 Operation

The coolant pump ran very well throughout the operation of the reactor.
As with the fuel pump, the narrow range of operating levels caused opera-
tionél difficulties. Prior to starting the pump after a fill, the average
loop temperature could not be accurately determined. Since the coolant-
pump level changed about T% per 100°F change in loop temperature, the se-
lected fill point was not always satisfactory for operation. In which case
the freeze valves had to be thawed and the system level adjusted. The nor-
mal operating level was about 55% at full power (the level instrument had

a span of 10 inches for 100% and centerline of the volute was at 35%) .
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When the pump was first started after a fill, the level would drop about ‘
9% due to a gas pocket in the loop and about 4% due to the pump fountain
flow.

During load and rod scrams, thé system cooled rapidly which decreased
the level below the interlocks required for starting the bUmpu Without
circulation there was a possibility of freezing the rédiator° An emergency
start switch was installed whichvenabled the operator to bypass all inter-
locks and start the pump if freezing of the radiator appeared eminent.

Based on the oil found in the coolant pump offgas lines, there was a
small oil leak into the pump bowl. The offgas line at the pump bowl be-
came plugged occasionally and in November 1968, a clamshell heater was in-
stalled. This was used once and cleared the line sufficiéntly to permit
operation until shutdown December 12, 1969, | |

The float level indicator was not used for operation.

6.5.3 Conclusions and Recommendations. .

_ The coolant pump was used to circulate salt for 26,026 hours at tem-
peratures between 1000° and .1200°F.

Some plugéing of the offgas line was encountered. This should be con-
sidered in future design. Leakage of oil into the pump bowl could be elimi-
nated by -seal-welding a gasketed joint as described for the fuellpump
(Section 6.1),

6.6 Radiator

6.6.1 Description

The ﬁuéléar power generated by the reactor was finally dissipated by
a cooiant salt-to-air radiator. Salt flowed through the_l20'radiator tubes
at 850 gpm where it was cooled from about 1075 to 1015°F at full power,
Approximately 200,000 cfm of air from the two stack fans flowed perpen-
dicular to the tubes and out the coolant stack. .In passing through the
radiator, the air was heated about 100°F above the ambient inletftempera—
ture. The heat removal was adjusted to match the nuclear power produced
by raising or lowering the two radiator doors, adjusting the bypass damper,

or starting and stopping the main blowers.
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The radiator tubes were 0.75 in. OD x 0.072 in. wall x 30 ft long,
zee-shaped to fit into the insulated radiator enclosure. The body of the
enclosure supported the tubes and the electric heaters. Two hundred
twenty-five kW of heat were provided to prevent freezing of salt in the
tubes in case of a sudden loss of nuclear power (see Fig. 6.2).

The upstream and downstream faces of the radiator enclosure were
equipped with doors that could move up and down in a "U" shaped track. As
the doors moved downward into the fully closed position, camming devices
operated by the weight of the door forced them against the seals located
on the face of the radiator. The doors were raised and lowered by means
of cables driven by a single motor. Magnetic clutches and brakes permitted
independent operation of either door. 1In case of a load scram request or
an electrical power outage, the brakes and clutches were deenergized and
the doors fell closed at a rate which was limited by the inertia of fly-
wheels attached to the ends of the drive shafts through overrunning

clutches (~T ft/sec).

6.6.2 Early Tests and Difficulties.

Preliminary heatup and checkout of the radiator began in October 1964,
The main difficulties were due to insufficient insulation and warping of
the doors. As a result, the doors jammed and would not operate properly
and there was too much heat loss to reach operating temperatures. The tem-
perature distribution was poor and overheating of thermocouple and electri-
cal leads was encountered.

After unsuccessful attempts to correct these difficulties, the doors
were temporarily sealed to allow completion of the criticality tests while
new doors were being designed and built.

During the last half of 1965, extensive changes, tests, and remodifi-
cations were made on the radiator assembly. New doors were installed which
provided more insulation facing the heat source and additional expansion
joints to prevent warpage. The "soft" seal gaskets were removed from the
doors and relocated on the radiator enclosure. They were increased from

3/4 in. to 1-1/2 in. wide for better sealing. A modified "hard" seal was

installed on the doors. The door guide channels were repositioned to
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provide more clearance. Four cams were installed on each door to provide
more positive seals when they were closed.

Sheet metal door hoods were installed above the radiator to reduce the
air leakage into the penthouse. The synchro indicating device on the drive
shaft had not proved reliable since it was possible for the door to Jam and
the shaft to continue to run in.the downward direction. End rollers were
positioned to prevent side motion from jamming the doors. Additional upper
limit switches and mechanical stops were added to prevent lifting the doors
in the event of'a limit switch failure. Lifting motor overload switches
were installed in conjunction with the stops.

The new doors weighed about 2700 pounds each which required the ad-
dition of two 20,000-pound capacity, L4-in. stroke shock absorbers on each
door. Although it was recognized that with the additional weight, operation
of the existing brakes and clutches was marginal, no changes were made in
the lifting mechanism. Adjustmeht of the door-lifting cables so that the
doors hung straight did much to ease their operation in the slides.,

The above modifications improved the heat distribution of the radiator
system. Two major difficulties were then encountered; one was the exces-
sive temperature rise in the pent house just above the radiator, the other
was maintaining a negative pressure in the pent house with réspect to the
high-bay pressure. This was needed for beryllium containment.

Efforts to correct these problems included relocating the heater lead
junction boxes, pulling the thermoplastic wire (194°F) from the junction
boxes to the heater leads coming from the fadiator, spreading out the bead-
ed heéter leads to improve the cooling air circulation through the wiring,
and, modifying the exhaust ducting to direct the sweep of cool air across
the wire troughs (&500 efm). These efforts were successful in reducing
the temperature to about 100°F just above the insulation on top of the
radiator. Heat leakage around the door hoods and radiator enclosure was
reduced by welding up cracks, adding insulation, and installing boots
around the dodr—lifting cable openings in the door hoods. A 1-ft2 cross-
overduct was installed between the door hoods to relieve the pressure on
the inlet hood. The pent hou;e pressure with respect to the high bay was
aided by the addition of a duct from the pent house to the inlet side of
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the south annulus blower. This reduced the pent house pressure to -0.1L
to -0.28 -inches of water without the main blowers. With both blowers in

operation, the pressure became slightly positive.

6.6.3 Subsequent Operation and Modifications

The systems were heated and_theAépproach to full power was started
early in 1966. The radiator functioned satisfactorily, however, due to
heat losses through the door seals;rit was difficult to heat the émpty
radiator to an acceptable temperature- distribution prior to a fill.

The heat transfer capability was found to be.about 20% less than cal-
culated. The cause for this discrepancy has not been definitely established
but may be due to the large surface-to-air temperature difference which
existed. This is described in detail in References 20 and 36.

Coolant salt was frozen in the radiator tubes on two occasions., _The
first occurred on May 19, 1966 when a building power failure'céused a load
scram and loss of all electrical equipment. Two tubes of the radiator were
partially frozen as indicated by the temperétures reading aboﬁﬁ T5°F low.
These temperatures recovered a few minutes after the coolant flow_was re-
established indicating that the plugs had thawed. _

7 The second incident occurred on June 27, 1966 when again ﬁhe electri-
cal system failed, this time causiﬁg a coolant salt drain because of low
radiator outlet temperature. The coolant salt Weigh cells iﬁdicated that
about 200 1lbs of salt were held up in the coolant system. Since it was’
probable that -the salt was frozen in the radiator which had cooled below

the freezing point, the radiator was reheated and the system refilled. When
the pump started, the temperature scanners indicated that 5 tubes were fro-
zen and not circulating. These tubes thawed after several minutes of salt
circulation without damage to the tubes. .

To reduce the possibility of this happening again, the control system
was révised so that a rod scram woﬁld also cause a load scrém, The low-
temperature setpoint for a load scram was increased from 900°F, which is
only 60°F above the liquidus temperature, to 990°F. Other revisions were
made so that the coolant pump would not be turned off unless absolutely

necessary. A radiator door scram test was conducted from full power, and
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these revisions were adequate to prevent freezing of the radiator as long
as the coolant pump remained running. The average temperature of the fuel
and coolant leveled out at about 1120°F.

On July 17, 1966, a sudden loss in power indicated that a main blower
had been lost. Main blower No. 1 had failed catastrophically and pieces
of the aluminum rotor hub and blading had gone into the radiator duct. Af-
ter the radiator had cooled, examination revealed that pieces of aluminum
had passed through the radiator tube bundle, several dented tubes were
found, and several pieces of aluminum were stuck to tubes. Metallographic
examination determined there were no punctures in the tubing and the radi-
ator was safe to operate after each tube was thoroughly cleaned, The exact
cause of the blower failure was never specifically determined but examina-
tion of numerous "o0ld" cracks in the blades and hub would indicate that
these were the probable point of origin. Flying debris caused some damage
to the heater lead wires, wire trays, etc.. |

It was apparent from inspection of the "hard" sealing surface, which
was mounted on the hot side of the radiator door, that a modification would
be required. The continuous strip metal seal was badly buckled and frac-
tured due to exposure to the radiator heat. The roughness of this surface
damaged the "soft" seal (two widths of 3/L-in. Johns-Mansville Thermocore
#C-19T7 square asbestos packing strips mounted on the face of the radiator)
so as to render this seal ineffective.

A short evaluation program of six types of "hard" seals resulted in
the selection of a seal made up of 2-1/4-in. long overlapping steel seg-
ments spaced 1/32-in. apart which was installed on the new doors. The test
further indicated that the "T" bar, to which the segments were plug-welded,
bowed as much as 3/16 in. on the 3-ft-long test section. The "T" bars in
the new doors were provided with expansion slots plus a tension bar mounted
on the cold side of the door which was used for straightening the doors
after heating.

Performance of the radiator enclosure and door was without incident
after the above modifications were completed for the balance of the MSRE
operating period. Heat losses and mechanical operation were adequate.
Programmed maintenance on the lifting mechanism was performed when the op-

portunity presented itself. Miscellaneous small items, such as replacement
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of the "soft" iﬁsulation along the top of the outlet door, replacement of
broken ceramic insulators on the heater leads within the enclosure, repair
of grounded heaters, etc., was the extent of the maintenance required. The
door on -the inlet side of the radiator retained its shape and sealed reason-
ably ﬁell, the seal along the top and sides of the outlet door retained its
seal except for replacement of burned-out tape along the top. The bottom
‘of the Qutlet'door continued to distort and, even after being straightened
the soft seal on the radiator face. As long as the side and top seals were
intact, there was no chimney effect and the heat losses were within usable

limits.

6.6.4 Automatic Load Control

The heat removal rate at the MSRE was dependent .upon the positions of
the radiator doors and bypass damper and on the operation of the main blow-
ers. These could be manually manipulated as desired. .Instrumentation was

also provided to automatically sequence the operation of these components

so that the operator could use one switch for increasing or decreasing
heat removal rate. An intermediate radiator door setting with one blower
in operation and 1 MW of heat removed was to be used as the starting point.
Since it was found that the heat removal with the doors at their minimum
setting of 12-in. was about 1.9 MW, the automatic system did not function
properly. The rest of the sequencing functioned properly during a test.
However, in view of the sbove and since manually adjusting the heat load
was ndt a disadvantqge, the automatic. load control was never used in the

operation of the reactor.

6.6.5 Comments and Recommendations

Assessment of the radiator containment, doors, and door-lifting mech-
anism is complicated by the many changes, large and small, which were re-
quired before acceptable performance was achieved.

The radiator enclosure difficulties can be attributed principally to
details of installation such as gross air leakage into and around the en-

closure as a result of cracks, unsealed openings, insufficient insulation,

lack of a sufficient number of expansion joints,_etc; The principal radi-
: . _

ator enclosure support "H'" beam members were not vertical and therefore
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the adjustable "U" shapped door guides located within these members had
to be remachined to prevent the doors from binding.

The lifting mechanism was unduly complex. A substantial increase in
both reliability and control would have been achieved by providing each
door with its own motor-gear reducer unit with a built-in brake on the mo-
tor rotor shaft. A small, fast—acting brake in the high-speed end of the
drive would have reduced the number of electromechanical devices and re-
duced or eliminated the problem of coordinating time constants between
clutches, brakes, and motor. The ability to operate the doors indepen-
dently was probably unnecessary.

The unrealistic close tolerances between.the doors and the radiator
enclosure and distortions produced by thermal gradients, primarily in the
doors, required a massive effort to correct in order to provide the re-
quired seal. These factors should be given careful consideration in any

future design.

6.7 Performance of Main Blowers, MB-1 and MB-3

6.7.1 Description

The two main blowers are a part of the heat rejection equipment where
the heat generated by the reactor is dissipated to the atmosphere. The
blowers were manufactured by the Joy Manufacturing Co. and are the "Axivane"
type Model AR-600-360D-1225. The blowers are direct-connected to 250-hp,
1750-rpm motors by a short drive shaft with a flexible shim coupling on
each end.

. Although the blowers had been originally purchased for another program,
they were essentially unused at the beginning of the MSRE program. The
blowers were each originally rated at 82,500 cfm at 15 inches -of water or
llh,OOO cfm of free air delivery. The MSRE radiator design requirement of
100,000 cfm from each blower at 9 inches of water was within the normal
operating range of the blowers. Had new blowers been procured for the

MSRE, this same type of equipment woﬁld have been considéred é satis-

factory choice.
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6.7.2 Preoperational Testing

Tﬁe ﬁreoperational testing of the blowers consisted of aboﬁtA25 hours
of total dperationn When the blowers were first delivered and installed,
they“werg operated a short time (less than 10 hours) to provide the elec-
trical}load'fof testing the diesel generators. The blowers were also oper-
ated for a short period of time prior to power operation of the MSRE to
check the radiator tubes for self-excited vibrations, to permit a calibra-
tion of the stack air flow instrumentatidn,‘ahd to determine if control
circuitry was necessary to avoid certain abnormal operating conditions.

During the abnormal operation testing, the blade pitch was found to be
less than the specified 20 degrees. The pitch was set correctly and the
test program was repeated. The tests indicated that the blowers would
operate satisfactorily at all the normal conditions, but that a "surge"
condition would occur if the bypass damper were partially closed when the
radiator doors were also closed. The manufacturer had stated during dis-
cussions of the test program that the "surge" condition could be expected
but that no damage would occur other than overloading the drive motors.

The blowers were.shut down immediately after the "surge" condition was en-
countered and administrative control was used to prevent further operation
under surge conditions. A second pitch change was made to 22-1/2 degrees
immediately after the first full-power operation. This 22-1/2 degree pitch
gave the maximum blower performance within the power rating of the drive

motors.

6.7.3 Operating History

The aerodynamic performance of the blowers was satisfactory throﬁgh—
out the operating life of the reactor. However, there were several me-
chanical failures which are listed in Table 6.1 and which are discussed
below. This table also shows the effect of tne failure oh‘the«operation
of the reactor. V

MB-1 Coupling Failure — After about 550 hours of cperation, the flexi-

ble coupling con the motor end of the floating drive shaft failed during
operation ,of MB-1. The motor end of the shaft .was then supported only by

the coupling guard, and the shaft whip that occurred as the blower rotor




Table 6.1 Summary of Main Blower Failures

Date ‘Failure Effect .on Reactor Operation
6/14/66 Coupling Failure MB-~1 Zero-Power Operation for 14 hours
7/17/66 Hub and Blade Failure MB-1 Premature Shutdown from Run No, 7

Partial Power Operation During Run No. 8
3/6/67 Bearing Failure MB-3 Zero-Power Operation for 3 days
1/16/68 Bearing Failures MB-1 MB-3 Partial Power Operation for 6 days
Maintenance Performed During Scheduled
Zero-Power Operation ’
8/31/68 Bearing Replacement MB-3 Completed During Scheduled Maintenance
Period ‘
9/17/69 Bearing and Mount Replacement MB-1 Zero-Power Operation for 2 days
9/19/69 Faulty Bearing Replacement MB-1 Partial Power Operation 3 days

Zero-Power Operation for 3 days

6%1
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coasted down destroyed the guard and also the coupling on the end of the
shaft near the blower. The shaft came to rest embedded in the sheet-metal
nose with the blower end of the coupling near, but completely severed from,
its mating flange on the rotor. The motor end of the shaft .extended radi-
ally acress the blewer inlet at about the L4 o'clock position.

Scratches and:dents on the blades indicated that some of the debris
from the failed couplings had gone through the blower into the radiator
duct. However, the damage, except to the couplings, appeared to be super-
ficial and of 1little conéequence° No additional inspection of the blower
was made. | '

The primary cause of the failure, we believe, was a fatigue failure of
the flexible shims. The exact cause of the shim failure is unknown. Some
home-made washers were found in the drbris that were not rounded as they
should have been., High stresses at the corners of these washers could have
started the fallure, or the coupling could have been runnlng with excessive
mlsallgnment_ The blower rotor and drive shaft assembly had been rotated

by hand when the final blade pitch change was made about 216 operating -

hours before the failure. There may have been some cracked shims in the
coupling at that time, but the shims were still supporting the shaft.

The couplings were rebuilt with new bolts, washers, and shims. The
shaft was realigned, and the blower was returned to service. The couplings
on MB-3 were also disassembled and new shims were installed.  The original
shims in these couplings were not in bad condition. “

MB-1 Hub and Blade Failure.— After about 650 hours of additional op-

eration, there was a second failure of MB-1 This was a catastrophic fail-
ure of the blading and the hub of MB-1. The outer periphery of the rotor
hub disintegrated and all of the blading was destroyed. Most of the frag-
ments were contained in the blower casing, but numerous pieces of the cast
aluminum-alloy hub and blades entered the radiator duct ahd some of these
actually passed through but did not seriously damage the radiator tube
bundle. Figure 6.3 shows the failed hub and typical pieces of the blading.
An inspection of the broken pieces of MB-1 revealed numerous "old" ,
cracks in the blades and in the hub as evidénced by darkened or dirty areas

on the fractured surfaces. One blade in particular had failed along a
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large "01d@" crack. The hub had contained short, 1-1/2 to 2-inch, circum-
ferential cracks at the base of 8 of the 16 blade sockets and the failure
generally followed these cracks. Figure 6.4 is a piece of the hub showing
the darkened areas that indicated previous cracking at the base of the
blade sockets. ©Similar cracking was found in the hub of the spare blower '
that had been in storage and a continuous crack extending about 35% of the
circumference as well as some of the shorter cracks were found in the MB-3
hub. DNo cracking was found in the blading of MB-3 or the spare blower.
The exact cause of the MB-1 failure is uncertain, but a blade failure at
one of the existing cracks seems to be the most probable first event.

A1l three of the blowers were rebuilt by the manufacturer with new re-
designed hubs and lighter magnesium-alloy blading. The hubs were rein-
forced with radial ribs to reduce the bending moments in the areas where
the cracking had been observed. There have been no further cracking prob-
lems in either of the rebuilt units in about 11,000 - 12,000 hours of op-
eration. A more complete discussion of the failures and of the corrective

action that was taken is given in References 42 and L3.

Thrust Bearing Failures — There were a total of six failures assoc-

iated with the main thrust bearing or its mounting. Main blower MB-3 was
taken out of service on March 6, 1967 for a bearing replacement after the
vibrations had increased from a normal value of about .8 to 2.5 mils. The
bearing contained an excessive quantity of very old appearing grease, and
the bearing surfaces were severely worn and pitted. This bearing was ap-
parently from the replacement blower that had been in storage, and the
bearing apparently had not been cleaned and relubricated when the rebuilt
rotor was assembled. Improper lubrication was judged to be the cause of
failure. The bearing had operated about 1800 hours.

Main blower MB-3 was shut down a second time for a bearing replacement
on January 16, 1968, because of an increase in bearing vibration. Although
the vibration and temperature had been normal, the MB-1 bearing was also
found to be defective and was replaced at the same time. The MB-1 bearing
had one pitted ball, but the MB-3 bearing was severely damaged and one ball
had actually fractured. Figure 6.5 is a photograph of these two balls.

Since improper lubrication did not seem to be the cause of these two .

failures and since three bearings had failed in relatively short operating
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times, the expected life of these bearings was calculated from an estimated
set of load conditions. The predicted life was 5000 hours as compared to
operating times of 6630 and 4800 hours respectively for MB-1 and MB-3. As
& result of this evaluation, the original radial-type ball bearings were
replaced with an angular-contact type having identical mounting dimensions.
The angular contact bearing had a greater thrust load capacity.

The angular contact bearings were apparently capable of satisfactory
life, but additional difficulty was experienced with the self-aligning
mount. The MB-3 bearing was replaced during a scheduled maintenance period
because of a thumping noise that was heard when the blower was turned by
hand. The bearing was found to be in good condition, but the wear pattern
indicated that the outer race had been misaligned with the shaft. The mis-
alignment plus the high radial clearance in this type bearing caused the
noise. No further difficulty was experienced with MB-3.

Blower MB-1 was shut down on September 17, 1969 because of an increase
in vibration. The vibration increase had been caused by excessive wear in
the spherical surfaces of the self-aligning mount. The replacement of the
mount also required replacement of the béaring. The new bearing failed by
overheating during its test run because of insufficient clearnaces in the
phenolic ball retainer. This bearing was then replaced with a bearing of
the original radial type that was on hand. This bearing was,satisfactory
for the remaining operation of the feactor. The defective bearing was re-

turned to the wvendor.

6.7.4 Surveillance of Blower Operation

Following the hub and blade failure of MB-1, a surveillance program
for monitoring the operation of the blowers was initiated. Vibration pick- '
ups were mounted horizontally on each bearing of the blowers and drive
motors and thermocouples were installed in each of the blower bearings.

A vibration meter with four input channels was provided for each blower,
and the vibration of. each bearing was recorded in peak-to-peak displacement
once per shift by the operatihg personnel, The thermocouples were moni-
tored by the computer and initially an alarm would be given if the tempera-

ture exceeded a preselected limit. This was revised later to alarm if the
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temperature rise above ambient exceeded a limit. . This permitted much
tighter operating limits because the ambient fluotuated with the outside
alr temperature, | ,

In addltlon to the dlsplacement readings taken from the v1brat10n
meters, an output was also available to display the v1brat10n trace on an
osc1lloscope or other high-~speed recorder. Oscilloscope photographs were
taken for reference on new bearings and when the vibration meters indicated
an increase. Figure 6.6 showsva comparison of vibration traces from a nor-
mal bearing and from the bearing containing the fractured ball

A complete inspection of the blowers including a dye-penetrant examina-

tion of the hubs and blading was completed annually during shutdown periods.

6.7.5 Discussion and Conclusions

Following the major,rebuilding of the main blowers in 1966, the oper-
ation has been generally satisfactory even though there have been several
power reductions caused by bearing problems. The total lost operatlng time

caused by the various bearing failures was 8 days of zero-power operatlon

and 9 days of partial-power operation. A better thrust bearing arrangement
could have been required.

The surveillance program to monitor the mechanical performance of the
blowers has been very effective. All the bearing problems except the MB-1
pitted ball in January 1968 have been found by an increase in vibration.
When the ball fractured in the MB-3 bearing,- a temperature increase had
preceded the vibration increase by several days. However, this tempera-
ture increase had gone unnoticed because the bearing temperature was well
below the limit-that had been set. The computer program was therefore re-
vised to alarm on -the temperature rise above ambient, and much tighter
limits were selected based onbthe previous operating experience. This‘
alarm system was effectlve in detecting the defective new bearlng on Sep-
tember 19, 1969,

The operating experience»with the vibration monitoring system has
clearly shown that the displacement'meter alone is not adequate to monitor
the condition of the bearings. Some system of maintaining a history of

the frequency spectrum is also required. We used photographs of the oscil-

loscope trace to document the normal operating vibrations, and additional .
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photographs were taken for comparison when an increased vibration was indi-
cated by the displacement meters. A modification to the computer to in-
crease its sampling rate would have permitted the frequency spectra to be
generated By the computer. This would have provided a more convenient and
more precise spectrum, but some degree of background experience would still
be required for proper interpretation of the speétra in either case because
there can be several normal frequencies. There were several instances of
abnormal vibrations when the bearings were not at fault. The final de-
cision to replace a bearing was made in each case by the sound and feel of

the blower during a coastdown from operating speed.

6.7.6 Recommendations

The main blowers were conventional commercial equipment which would
normally be expected to operate with a minimum of attention or maintenance.
The instrumentation of all rotating equipment is probably impractical in
regard to both cost and manpower. However, certain classes of equipment

should be instrumented and monitored on a routine basis. The equipment

should be selected on the basis of:

1. ©Size and cost

2. The accessibility during operation

3. The effect of shutdown on overall plant operation

4. The potential for self-destruction
Ideally the monitoring should be computerized but this is not actually
required.

Each type and piece of equipment will have its own operating characte-
ristics in regard to vibration or temperature, and these characteristics
may vary with the installation or operating conditions. Preliminary limits
may be obtained from the manufacturer or from Reference 4l, but the final
operating limits should be selected from a background of normal operating
experience,

The experiences with the cracked hubs and with the original thrust
bearing design are indications that the Quality Assurance Program should
extend into the design phase as well as the fabrication phase of major or

critical items of equipment.




6.8 Coolant Drain Tank

6.8.1 Description

The coolant drain tank was similar to but smaller than the fuel flush
tank. It was 40 in. in diameter by 78-in. high and had a volume of 50 ft3.
As there was essentially no afterheat in theée coolant salt, cooling was not
provided. Two salt lines (204 and 206) and their associated freeze valves
were used for filling and draining the coolant circulating loop.

The weight of sélt was indicated by forced balance weigh cells. The
weights were recorded on.strip charts but could be read more accurately
from installed mercury manometers. Two conductivity typeﬁprobes (one near
the bottom and the other near the top elevation of the salt) were provided

for use as reference points.

6.8.2 Calibration of the Weigh Cells Using Lead.Weights. -

The weigh cells were calibrated by loading the drain tank with lead
billets. The drain tank was at ambient temperature during the calibration.
There was good agreement between the manometer readings and the actual
weight added.. Difficulty was encountered with air and mercury leaks in
the readout system. The weigh cells were further calibrated during the

addition of coolant salt.

6.8.3 Addition of Coolant Salt

Twenty-two batches of coolant salt (5,756 1bs) were added from cans in
a portable furnace directly to the coolant drain tank through a heated line
attached to the top of the tank. After the addition was complete, this
line was cut off and welded shut. A good linear plot of the manometer
readings vs actual weight was obtained except for a 150-1b step in the
curve which occurred when a broken fitting in the weigh cell tubing was
repaired. The relationship between the weigh cell readings and the loca-
tions of the probe lights was established.

The weighing system on the coolant drain tank proved to be considerably
more stable than on the fuel drain tanks. With 5756 1b of salt in the tank
at about 1200°F, the extreme spread of 40 indicated weights, taken over a

period of a week, was * 22 1lb.
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6.8.4 Heatup and Cooldown Rates

These are described under heaters in Section 17.

6.8.5 Diécussion and Recommendations

No unusual difficulties were encountered with the coolant drain tank.
The weigh cells functioned satisfactorily, however, the trouble with the
fuel drain tank weigh system emphasizes the need for careful consideration

of -piping stresses or the use of other type instruments.




T. COVER-GAS SYSTEM

P, H. Harley

The MSRE cover-gas system consisted of a helium trailer for normal sup-
ply, two banks of three helium cylipders for emergency use, two parallel
treating stations for removing moisture and oxygen to a nominal 1 ppm by
volume, a treated helium surge tank, and two headers, 35 psig and 250 psig,
which éuﬁﬁiied cover gas to the various systems. ZEach of the treating sta-
tions consisted of a dryer (molecular sieve), preheater, and an oxygen-
removal unit (heated titanium sponge). Moisture and oxygen analyzers could

be valved in to monitor the treated or untreated helium as desired,

T.1 Initial Testing

The components of the treating station were developed and designed
.by the Reactor Division Development Section. ‘The performance of the sys-
tem was tesfed by measuring oxygen and moisture content of the cover gas
upstream and downstream of the treating station to insure proper opera-
tion. Other testing at the MSRE consisted of leak-testing the system and
checking flow control and temperature'controls.‘ Thermal expansion of the
0, removal beds during the initial heatup caused the 3-in. ring joint
flanged heads to leak., After retightening the flanges, the units were kept
hot to prevent thermal cycling the flanges. o

Late tests indicated that the Fisher Model 6T7-H pressure regulator
which was installed to reduce helium frdm trailer pressure to 250 psig was
susceptible to moisture diffusion through the diaphram. These tests indi-

cated Victor Model VTS-201 and Grove Model RBX-204-15 were better from
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this standpoint. The Victor model was less complicated and therefore was
installed in the MSRE. '

The low-pressure cover-gas header was initiallj a U0-psi header which
was protected by a 4B-psig rupture disc. During initial testing, this rup-
ture disc failed on’ séveral occasions without apparent cause. The header
pressure was subsequently lowered to 35 psig which was sufficient for all
normal operating requirements and did alleviate the problem. The safety
1limits29 (Lo He>éupply pressure) had to be lowered from 30 to 28 psig to
provide a margin from the normal operating pressure.

Four helium control valves failed in the first month of operation,
Some galling of the close fitting trim (17-4 PH plug and Stellite seat)
was apparently caused by the extremely clean, non-lubricating dry helium.
Other valves in the system, including the four replacements have operated

satisfactorily.

T.2 Normal Operation'

Since putting the cover-gas system in operation in the fall of 196L,
sixteen trailers of helium have been used. About. 21,800 ft3 of the
29,000 ft3 in each trailer was used before returning the trailer to be re-
filled. A trailer lasted about 4 months on. the average or an average usage
of approximately 180 cubic feet per day. Normal usage when the reactor was
operating was 260 cubic feet per day. Larger amounts were used during pur-
ging and filling procedures and very little was used during maintenance
periods. '

Although helium was the normal éover‘gas, during maintenance periods
fhe reactor system was purgéd-with argon. Argon was also used during a
special 'study of circulating gas in the fuel. Bottles of‘afgoﬁ containing
<l-ppm moisture were placed on one of the emergency cover-gas headers and
then fed through the heating station into the regular cover-gas distribu-
tion system. '

The cover gas was changed from one treating station to the other only
once in the five years of operation. This was done in February 1967 when

trouble was encountered in the power supply control circuit to the opera-

ting' unit. Although the dryer which had been in operation prior to the ) ‘
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change was regenerated,-there has been no indication that the capacity of
any dryer or Og~-removal unit has been exceeded.

Spectrographic analysis of the heliumireceived averagéed 2 ppm oxygen
and 4,6-ppm moisture. After passing through the treéting station, the
‘helium contained n 0.2-ppm Op. and from 0.5 to 10-ppm moﬁ§ture. The wvari-
ation in moisture analysislappeared to follow the ambient temperature of
the helium trailer and treating station.  During hot :weather the analyses
were high and.during cold weather the results Weré low. Fluctuations could
be seen from day to ﬁight temperature changes of several ppm moisture.

This fluctuation of moisture analysis was decreased by better heating of
the sample station location in the winter and better Ventilation;of the
area during the summer months, _ }

While investigating the moisture analysis_problém,-another dryer was
installed in the main helium header between.the norﬁglftreating station and
the line to the analyzers. Whether this second dryihg stépfhelped is doubt-
ful but -it did give assurance that the helium was as dry as possible.

The electrolytic cell in the moisture analyzer cauéed considerable
difficulty during early operation. The cell was replaced four times be-
tween June and October 1965, onée in June 1966, and in January 1967. No
cell replacements have been necessary -since then. Apparently the quality
of the cells was improved. Only one electrolytic cell has failed in the
oxygen analyzer and that was in June 1965.

To check the final performance of the treating station in October 1969,
a cylinder of He containing moisture was connected to the analyzers. . The
analyzers read 20-ppm moisture.and 0.6-ppm O,. After the gas was run
through the treating station it analyzed 0.9-ppm moisture and 0.2-ppm Oj.

There has only been one failure of the L48-psig rupture disc since the
initial testing. This was caused by improper installation. Each time the
60-psig fuel system pressure test was run, pressure was put on the back
side of this rupture disc to prevent it from breaking. In August 1969,
when the backpressure was increased, the ruptﬁre disc started leaking.
During replacement, the vacuum support waé found to be on the wrong side
of the disc. Repeated flexing, when backpressure had been applied, was
the apparent cause of the failure. More importantly, the faulty installa-
tion had nullified the safety function of the disc.
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7.3 Conclusions and Recommendations

The cover-gas system performed quite satisfactorily with a minimum
amount of maintenance or operator time. Since the moisture and oxygen in
the helium as received was very low, it is doubtful that the treating sta-
tions were really necessary. By obtaining analysis of the cover gas before
usage and having an on-line analyzer, the treating station could probably
be elimiqated. In larger reactors, the treating station might be needed
to dry the early recycle gas. The MSRE charcoal beds remained "wet" for
a long period during early operation.

We have had considerable fluctuation in the indicated moisture. If
the treating station and analyzers were located in an area which had a con-
stant temperature, the analyzers would be more consistent. If no treating
station is used, the helium supply should be kept at a constant tempera-
ture. Rising temperature drives moisture out of the container walls and

decreasing temperature causes the walls to absorb moisture.
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8. OFFGAS SYSTEM
A. I. Krakoviak

8.1 Description

The offgas systems were comprised of those lines, filters, charcoal
beds, and valves through which cover—gas flowed from the salt systems to
the environment. The'off;gaé systems for the coolant salt and for the
fuel salt were similar in many respects, but the coolant off-gas systém
was simpler because it did not have to deal with the intensely radioactive

fission products found in the fuel off-gas during power operation.

8.1.1 Coolant Off-gas System

Figure 8.1 is the flowsheet for the coolant off-gas system (simplified
by the omission of elements which are not pertinent to the presentation '
of operating experience in this report). Gas entered the coolant pump bowl
through bubbler level indicators and 'as a purge to the pump shaft annulus.
The shaft purge flow was split, with some flowing downward into the pump
bowl and the rest upwards and out through line 526. The upflow was to
prevent oil fumes from coming down the annulus into the pump bowl. How-
ever, some oil (about 0.5 - 1.0 cc/day) did get into the pump bowl by a
ieakage path around the shield plug. This o0il was thermally decomposed
into vapors and soot that left with the off-gas through line 528.

Gas flows into and out of the pumb bowl were continuous. Gas was
admitted at.a fixed rate and the pump bowl pressure Was controlled by
throttling PCV-528 in the off-gas system. The driving forée for the
upper gas flow (line 526) was the pressure differential across PCV-528.

Gas was normally vented from the coolant drain tank only after a fill of
the circulating loop, which was done by pressurizing the tank.

All piping in the coolant off-gas system was i/Z—inch Sch-40 stain-
less steel pipe. The valves, filters, and traps are described in the sec-
tion on experience; The system was'iocéte& in the coolant drain cell,

which could be safely entered whenever the reactor power was shut down.
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8.1.2 Fuel Off-gas System

As seen in Fig. 8.2, the flowsheet for the fuel salt off-gas was
basically similar to that for the coolant off-gas, but was more compléx.
Thfee drain tanks were required in the fuel system (two for fuel, one for
flush salt) and an overflow tank was required for the fuel pump bowl. A
major difference was that all fuel system off-gas was sent through charcoal
beds for fission product absorption before release to the stack. The gas
hold-up and cooler consisted of a 68-ft length of 4-inch Sch-40 stainless
steel pipe. The remainder of the off-gas piping with the exception of the
flexible jumper line near the pump bowl and the line in the vicinity of
the particle trap and line 557 was 1/2-in. Sch-40 stainless steel pipe.
Therefore, at the normal off-gas flow rate of 4.1 liters per minute, the
fission gases were at least 45 minutes old onbarrival at the particle trap
and approximately 100 minutes old on arrival at the main charcoal bed.

An auxiliary charcoal bed was provided to accommodate large venting
rates (for short intervals) such as were required during filling and
draining the reactor or during salt transfers. A sampling system was also
provided to study the concentrations of fission products and oil decompo-
sition products in the fuel off-gas.

The fuel off-gas system was contained and shielded and therefore re-
quired remote maintenance techniques for work on any portion upstream of

the charcoal beds.

8.2 Experience with Coolant Salt Off-gas System

A summary of the difficulties encountered with the coolant off-gas
system is given in Table 8.1. A description of these is given in the

following sections.

8.2.1 Filter and Valve Difficulties

During early checkout of the coolant system, the original pressure
control valve (PCV-528) which throttled the off-gas from the coolant pump
was too small (CQ = 0.003) for adequate pressure relief and was replaced

by a valve having larger flow coefficient (G, = 0.02).
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Table 8.1. Summary of Difficulties with the Cbolant Off-gas System

Date Description

Jan. 1965 Installed larger control valve (PCV-528) (C 0.032
to 0.02) | M

Jan. 1965 Added a 25p filter ahead of the control valve

Jan. 1965 Replaced the 25up filter (1.4 sq in.)

Feb. 1965 Installed a larger 25u filter (50 sq in.)

June 1965 Control valve plugged — cleaned this and installed
a 1y filter (50 sq in.)

Jan. 1966 Replaced 1lu filter

Feb. 1966 " " "

Feb. 1967 " " "

Feb. 1967 " " "

June 1967 " " "

Sept 1967 " " "

Jan. 1968 " " "

Sept 1968 " " "

Sept 1968 Restriction at coolant pump — cleared by backblowing

Nov. 1968 Restriction at coolant pump — cleared by heating
with a torch. Installed heaters on the line.
Cleaned off gas lines and replaced lp filter.

Feb. 1969 Restriction at coolant pump — cleared by heating
with electrical heaters.

June 1969 Control valve, 1lu filter and check valve cleaned

Sept

1969

and back-diffusion preventer removed.

Replaced 1luy filter.
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A sintered metal filter (tubular cartridge one-inch long by 1/2-inch
diameter) capable of stopping particles greater than 25u was installed in
the off-gas line to protect the pressure control valve. It was necessary
to replace this filter (because of excessive pressure drop) after only 24
days of service with salt in the coolant loop. Inspection showed that
the plugged filter was covered with amorphous carbon containing traces of
the coolant salt and INOR-8. A second identical cartridge plugged afﬁer
20 days of service and at the completion of Run 1, (see Table 3-2 for dates
of runs) it was replaced with one having 35 times the surface area. Cool-
ant salt was not circulated again for 3-1/2 months and then for only 118
hr. During circulation, pressure control again became erratic which indi-
cated an obstruction of either fhe filter or the valve. Both were removed
for inspection, and although there was no deposit on the filter, the valve
was partially obstructed by a black, granular material. Rinsing with ace-
tone restored the original flow characteristics of the valve, and it was
reinstalled for the next run. The filter was replaced with a similar one
but capable of removing particles greater than luy in diameter. The smaller
pore size was chosen because the black granular material was determined to
be a mixture of glassy spheroids of coolant salt approximately lu in di-
ameter and carbon or carbonaceous material.® It is not known whether
these materials were carried into the line continuously or were swept out
of the pump bowl by sudden venting. The valve was relatively trouble-free
after the installation of the luy filter. The filter, however, experienced
gradual plugging and was changed or cleaned twice in 1966, three times in
1967, three times in 1968, and twice in 1969. The filters, when removed
from the system, showed no evidence of foreign matter other than a light
film of o0il in the filter housing and a light film of o0il was transferred
from the porous metal filter onto the plastic bag used in removing the
filter.

Flow tests on the plugged filters showed pressure drops of less than
0.1 psi at flow rates two and three times greater than the normal MSRE rate
(essentially the same results were obtained on a test of the fuel off-gas
filter). Plugging in these filters was attributed to the liquefaction of
oil in the pores of the filter. The fact that the pressure drop (at nor-

mal -MSRE flow rates) changed from V10 psi before removal to essentially
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zero when tested after removal was attributed to the removal of some of
the oil from the pores onto the plastic bag and rubber gloves during
removal and insertion of the filter in the flow test rig. The filters
were rinsed in acetone before.reuse.

On several occasions when the filter became restricted and could not
be replaced during power operations, the output from the pressure céntroller
was switched from PCV-528 to HCV-536. The coolant pump pressure was then
controlled with this large by-pass valve (CV = 3,5). Although the valve
was operated at essentially its fully open or fully closed position, ade-
quate pressure control was achieved because the check valve and back-
'diffusion preventer offered an appreciable resistance to large flows.
During the May 1967 shutdown, the off—gas piping downstream of HCV-536 was
changed to join line 528 downstream of PCV-528 rather than line 560. This
change routed the gas by the coolant system radiation monitor so that the
coolant off-gas could be monitored when it became nécessary to use HCV-536
to control the system pressure. ‘

On one occasion late in reactor'operétions (September 1969) when the
filter becaue restricted, the coolant system pressure was allowed to reach
10 psig before remedial action was taken. During this test the pfessure
in the system meandered back and forth between 10 and <5 psig for approxi-
mately one month before exceeding 10 psi and - thus requiring pressure con-
trol with the vent valve (HCV-536). This pressure drop is in agreement
"with the gas pressure required to enlarge or burst a film of oil from a
one-micron pore if one assumes that the bubble radius is the same as that

of the pore:. The equilibrium equation for a spherical bubble is

where ¢ = surface tension = 16 dynes/cm for oil in the coolant system, and
r = bubble radius = pore radius = 0.5 x 10~“ cm.

This calculation indicates that any pore in the sintered metal filter
smaller than lu, once plugged with condensed o0il vapors, would remain
plugged at pressure differentials of less than 9.3 psi. The slow pressure
oscillation experienced could be attributed to a near equilbrium condition

of condensation and evaporation of oil at the pores of the filter.



172

8.2.2 Restriction at the Pump Bowl ‘ ‘ .
In September of 1968 approximately one month after the start of Run

15, in addition to a restriction at the filter, a restriction deQeloped

in the off-gas line at the exit of the coolant pump bowl This restriction
was blown clear once by closing the pump of f-gas and equalizer valves - and
allowing the pump pressure to increase to 15 psig before suddenly venting
the pump to tHe drain -tank which was at atmospheric pressufe. The reactor
was shut déwn in November of 1968 when this restriction reappeared and a
similar restriction developed in the fuel off-gas system.

During the shutdown, line 528 was cut approximately 3 feet downstream
of the pump bowl and a clean-~out tool which was inserted toward the pump
bowl camelout covered with black, heavy grease. A browﬁ vapor (hydro- '
carbons) was collécted when this section of line was heated with a torch.
The restriq;ion was not cleared, however, until tHe juncﬁion of the off-
gas line and the pump bowl was heated to red heat. There was pracfically
no evolution of vapor from the line at that time, suggesting that ﬁhe re—-
striction was primarily salt or a combination of salt and hydrocafbons.

A heater was installed on the line at the exit from the pump bowl;

also a trap which was packed with stainless-steel mesh was installed in
the line approximately six feet from the pump bowl in an effort to con-
dense 0il vapors at this location and thus prevent or minimize oil'tréns—
port downstream to the filters and valves. .

Also during this shutdown all coolant off-gas valves in the coolant
drain cell were dismantled and cleaned. The valves and interconnecting
lines and filter housing were found to have a lighf layer of oil on the
inner surface, and approximately 10 to 20 cc of o0il was cleaned from low
pockets in the interconnecting lines.

Approximately six weeks after resumption of operations, the line at
the pump bowl again showed evidence of a restriction. The heater was
enefgized and the restriction cleared when the temperature of the pipe
under the heater (normally at 485°C) increased to 620°C. No further off-
gas problems were encountered at this location. However, about six months
later restrictions appeared in the pressure control valve, check valve,
and the back-diffusion preventer. During the June 1969 shutdown, the fil-

ter, control valve, and nearby check valve were cleaned and reinstalled; .
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the back-diffusion preventer was removed completely. Although all four
components were coated with o0il -which impeded off-gas flow, it is believed
that the back-diffusion preventer was the major restriction.

With the éxception of the restriction in the sintered metal filter. in
September 1969, no further coolant off-gas problems were encountered before
final shutdown. |

In summary, the restrictions in the coolant off-gas lines were pri-
marily related to oil leakage into the pump bowl. In retrospect, a filter
of an intermediate pore size (say 2-4p may have been a better choice. The
restriction at the pump exit was probably more of a salt mist carryover
phenomenon rather than hydrocarbon related. The plugging at the coolant
pump bowl exit, although occurring less frequently, seems to be similar

to that experienced at the fuel pump which will be discussed later.

8.3 Experience with the Fuel Off-gas System

A summary of the fuel off-gas experience is given in Fig. 8.3. The
salt circulating times and power operations are shown and the type diffi-
culties encountered are tabulated. These are discussed in the following

sections.

8.3.1 Experience with Fuel System Off-gas System Prior to Power Operation

The problems encountered with the fuel off?gas system during the pre-
critical and low-power operations (<25 kW) were somewhat similar to those
in the coolant system.

8.3.1.1 Filter and valve difficulties. After about two months of

flush salt circulation during the precritical testing, the fuel system
pressure control became erratic. During the shutdown at the end of Run 1
the filter and valve were removed. The filter (pore diameter of ~25p)
appeared clean but the valve was partially plugged. The obstruction was
blown out with gas and the valve was washed with acetone, reassembled, and

both filter and valve reinstalled. Approximately a week after the start

- of the mext run, the valve again became partially plugged. This time it

was replaced with one having a larger C, (0.077 instead of 0.022). The
smaller valve was then cut open and a black deposit of amorphous carbon

and glassy beads was found partially covering the tapered stem: The acetone
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PCV—522 plugged (C, = 0.022)
Cleaned PCV—~522 — 25y filter appears OK.

PCV—522 plugged — replaced with larger valve
{c, = 0.077).

522 filter replaced with a 1y x 0.34 sq. ft. surface
area filter.

o

Plugs at PCV—522, FE-521, CV-533, and inlets to
MCB’s. Unplugged PCV—522 by operating it several
times.

Replaced PCV—522 with a large hand valve, replaced
522 filter with a 50u x 0.34 sq. in, surface area.
Removed FE—521 and CV—-533 and did not replace.
MCB inlet plugs disappeared.

Plugging at HV—522 B and at MCB and ACB inlets.
Blew out off—gaslines, removed 522 fitter and
installed the first (Mark I} particle trap and a .
charcoal trap. Installed a targer PCV—522 (C, = 0.865)
and replaced MCB inlet valves with larger valves.

o

@~

Poppet from one of the drain tank vent CV's in MCB—1
inlet plugged the line. Checks indicated that none of
the CV*s will close.

10. MCB inlet plugged — cleared by forward- and back—

blowing.

MCB and ACB inlet plugging — unplugging about

weekly by back—blowing. The particle trap plugged.

FP pressure increased from 3 to 12 psig and seemed

to be power dependent. Rerouted Line 524 during

this period. V—557B now used to contro! FP pressure.

12. Particle trap AP decreased to ~1 psi at zero power
and remained low during later power operation,

13. Particle trap plugging. FP pressure increased to 8.7
Psig.

14. FP pressure decreased to normal when power was
reduced.

13 15. Flush salt overfil.

14 16. Cleaned up off~gas fines from overfill. Replaced
particle trap with another identical one {i.e. Mark 1}.
Installed heater on ACB inlet.

17. For 26 days the offgas system had not plugged.
Then 2 days after raising power, 522 plugged at the
fuel pump. Back—blowing was unsuccessful. MCB
started plugging and all 4 beds were put on—stream.
The particle trap plugged periodically.

18. Unplugged 522 at FP by heating and back—blowing.

Line 522 at FP plugged and particle trap AP increased.

20. Reamed out 522 at FP and replaced jumper. Installed
heaters on MCB 1A and 1B inlets. Heating for B hours

19 removed the plugs.

21. Particle trap plugging — rerouted off—gas through
20 DT's which allowed enough caoling to eliminate
plugging.

22. Replaced particte trap with two Mark 11 particle
traps {one in service and one valved out). Removed
PCV—522 and charcoal trap and did not reinstall

22 either.

23. MCB 1A and 1B — AP had increased to 7 psi from
~2 psi at the start of Run 11, Therefore changed
to MCB 2A and 2B.

24. MCB—2A AP increased from 2.6 to 9 psi in 10 days.

2 Heating remaved plugs from MCB 1A and 18 and
back—blowing removed the plugs from MCB 2A

2 and 28.

25 25. Installed heaters on MC8 2A and 2B inlets.

Fig. 8.3 Summary
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26. MCB's plugging — unplugged using electrical heaters.

27. Line 522 a1 FP starting to plug. Cleared by forward blowing.

28. Starting November 25, 1967, operated for 130 days on MCB—1A
to test holdup capacity. 522 restriction at FP appeared and then
cleared itself.

29. Line 522 at FP starting to plug.

30. Line plug in 522 at FP disappeared.

3.

Line 522 at FP starting to plug.

32. Mechanically reamed out Line 522 at FP,

33. Line 522 at FP plugging.

34. Mechanically reamed out Line 522 at FD,

35. Line 522 at FP starting to plug. MCB's plugging - unplugged
using heaters and back-blowing. Intet handle on MC8-2A
inlet valve broke with valve in closed position.

36. Plugin Line 522 at FP blew out while emptying OFT.

- 37. ACB inlet partially plugged. Back—blew to clear.

38. Line 522 at 533 plugged 5 times. Back-blowing cleared the
plug. Off-gas was vented through the drain tanks ~1 day.

9.
40.

@

Line 522 at FP plugged.
Particle trap pluaging — valved in spare particle trap. ACB
inlet partially plugged. Forward—blew to clear.

41. OFT vent (523) plugged.
42. FD-2 vent plugged.

=

43,

@

Installed heater on Line 522 at FP. Heated line to unplug.
Replaced Line 523. Heated and back-blew FD~2 vent to
remave plug.

44. FD-1vent partially plugged. Back~blowing did not remove
plug.

45. MCB infets ptugged twice and were cleared by back—blowing
and heating.

46. Restriction in valve upstream of PT No. 2. Cieared by
operating valve.

47.

~

Line 522 at FP starting to plug.
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rinse from the first cleaning (Run 1) and the deposit removed from the
valve during Run 2 contained 1- to 5-u glassy beads which proved to have
the composition of flush salt. The salt beads in the off-gas lines were
probably frozen droplets of mist produced by the stripper spray in the
fuel pump. Just as in the coolant system, it is not known whether the
mist was transported continuously or was swept out by sudden venting.

The performance of the fuel off-gas system was‘satisfactory for the
remainder of Run 2 and the zero-power experiments (Run 3). During the
shutdown following Run 3, larger sintered metal filters (filter areé =
0.34 ft?) capable of removing particles greater than 1y in diameter were
installed ahead of the pressure control valves in both the fuel and coolant
off-gas lines.

8.3.1.2 Check valve malfunctions. The check valves in the off-gas

system are spring-loaded poppet—type valves and were designed for low
pressure drops. During precritical checkout of the system when a bit of
debris caused one such valve to remain open, all the other similar valves
were removed for inspection, cleaning, and pressure drop checks before
reinstallation. Those which did not open with a forward pressure of at
least 5-in. H;0 and reclose with a forward pressure differential of ~n2-in.
H,0 were replaced with new valves meeting these c¢riteria.

The next indication of a check valve malfunction was in January 1966
when a restriction developed in the check valve downstream of HCV-533. The
blockage occurred after the fuel system pressure was vented for a short
period of time through this valve to the auxiliary charcoal bed. Although
some foreign material, shown in Fig. 8.4, was found in the poppet of the
check valve, it was judged not sufficient to stop the gas flow (the plug
may have been dislodged during disassembly). The soft O-ring (which makes
the seal) and the cone of the poppet were covered with an amber varnish-
like material which was identified as a hydrocarbon.® The check valve was
not replaced and administrative control of HCV-533 was used to prevent a
backflow of gas into the fuel-pump gas space during venting of the drain
tanks.

In April 1966, difficulty in venting through the auxiliary charcoal
bed was found to be due to a check valve poppet which had become lodged in

the inlet line to the bed. Apparently the poppet had vibrated loose from
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a check valve at one of the drain tank lines and had been carried down-
stream during venting operations. The inability of the check valves to
prevent reverse flow in the exit lines of all three drain tanks implies

that any and all of these valve poppets may have vibrated loose.

8.4. Difficulties with the Fuel Off-gas System

During Power Ascension

The fuel system off-gas problems became somewhat more complex during
power ascension than those encountered earlier because of fission fragment
production in the reactor and subsequent transport of the fission gases and
some solid decay daughters in the off-gas lines. Some of the lubricating
0oil which-leaked into the pump bowl (0.5 to 1.5 g/day), was polymerized to
a varnish-like substance by the high radiation field in the off-gas lines
and components. This material, amorphous carbon from the cracking process,
and solid decay daughters of the fission gases were trapped in the various
components of the off-gas system such as filters, check valves, capillaries,
valves, traps, and presumably in the charcoal beds. The difficulties ex-

perienced during this period are reported by run numbers or major shutdowns.

8.4.1 Run 4

The fifst indication qf this type of restriction occurred when the
‘ pbwer level was raised to 0.5 Mwﬁon January 23, 1966 after only 3 MWhrs of
total integrated power. At that time, system pressure began to rise sidwly
because of a restrictibn in the vicinity of PCV-522. Shortly after the
start of this pfeésure transient, the response of the drain-tank pressurés
indicated an abnormal restriction at a capillary flow restrictor in line
521, the.fuel—lobp—to—drain—tank equalizing line. The excess pressure in
the fuel systém was relieved by venting gas through HCV-533 to the auxili-
ary charcoal bed until the restriction at PCV-522 was cleared by operating
the valve séveral times through its full stroke. These operations also
revéalédéat least a partial restriction in the line to the auxiliary char-
céal bed, apparently at HCV-533. The reactor was made subcritical after
4—1/2Fhr'opéfation at 500 kW.
) Satisfactory pressure control was maintained for about 24 hr, but the

plugging at PCV-522 recurred shortly after the reactor power was raised to
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1 MW. Again, the operation of this wvalve through its full stroke was ef- ‘
fective in relieving at least part of the restriction. Also on this oc-

casion, evidence of restrictions at the‘charcoél—bed inlets began.tb appear.

These restrictions were bypassed by putting the two spare charcoal-bed sec-

tions (2A and 2B) in service and closing the inlet valves to the two that

were restricted {lA énd 1B). Within about 6 hr the inlets of beds 2A and

2B also plugged. When the previously plugged beds were checked, at least

one was found to be clear and off-gas flow was reestablished through bed

1B.

The combination of difficulties in the off-gas system resulted in a
reactor shutdown to correct these cbnditions. The restrictions in the
equalizing line (521) and the auxiliary vent line (533) were relieved by
removing the capillary {(FE-521) and a check valve (CV-533, reported earlier).
The throttle valve and filter assembly, and a second valve that had been
tried briefly, were removed from line 522. A large, relatively coarse (50u)
filter and a large, open hand valve were installed at the PCV-522 location.-

This arrangement eliminated the small, easily plugged passages associated

with PCV-522, and it -appeared that the filter would still remove any parti-
cles large enough to plug valve 522B, which was to be used for system pres-
sure control. The original valve, filter (pore diam. &lu), and the flow
element were subsequently examined at the High Radiation Level Examination
Laboratory (HRLEL).

Although nothing was done to clear the charcoal beds other than re-
alignment of the operating mechanisms to the valves, successive pressure
drop measurements showed that the restrictions in the beds had decreased
significantly and before the start of Run 5, flows through the beds were
back to normal. Flow measurements through'the auxiliary bed showed that
the bed had also returned to normal.

Examination of FE-521 — The flow restrictor consisted of a short length

of 0.08-in. ID tubing welded into line 521 at one end and coiled to fit

inside a 3-in. ID container. The other end of the capillary was left free
in the container. When the container was cut open, the entrance region was
found to be clean, and only a small deposit was found on the container wall

near the end of the discharge region as shown in Fig. 8.5. These isotropic

particles were characterized as partly coalesced amber globules with a






180

refractive index of 1.520. Spectrochemical analyses indicated microgram .
quantities of lithium, beryllium, and zirconium. The restrictor was not
completely plugged when examined in the hot cell.

Examination of PCV-522 — The stem of the control valve shown in Fig.

8.6A, was covered with an amber oil-like coating and there was an accumu-
lation of oil in the recess formed by the bellows-to-stem adapter. The
tapered flat (flow area) on the stem had small accumulations of solids;
the body was coated with a similar material and had a semisolid mass of
material on the surface near the seat port as shown in Fig. 8.6B. A gamma
scan® of this material indicated the presence of ®%sr, '*°Ba, and *“°La.

Examination of the Filter Preceding PCV-522 — Filter-522 was a l-in.

diameter by 15-in. long cylindrical type-316 stainless-steel sintered metal
element enclosed by a 1-1/2-in. schedule-40 pipe. The pore diameter of this
particular filter was “1p and the element thickness was 1/16 in. The filter
area was 0.34 ft? and the flow was from the oﬁtside in. The filter assem-
bly was removed on February 8, 1966 and examined at HRLEL on the following

day. The upper third of the element was steel gray in appearance; the

lower two-thirds had a frosty white appearance. At no place was there any
evidence of buildup or cake. A day later the frosty white areas had be-
come darker and tended toward the steel gray appearance. The index of re-

fraction of some of the material scraped from the sides of the element was

140 140
B L

1.524 and a gamma scan® of the sample indicated the presence of

103 137
Ru, and Cs.

b s

The filter was then reassembled for flow tests. The data indicate
that for a given pressure drop the filter was passing only 5% of the corre-
sponding flow of a clean filter.® However, extrapolation of the data to
the normal MSRE off-gas flow indicates that even though 957% plugged, the
contribution of the filter (0.075 psi measured at the hot cell) to the total
pressure drop (>5 psi during Run 4) was negligible. Exposure to atmosphere
could have opened some of the pores in the filter; however, a more likely
explanation is that handling and sampliﬁg opened enough pores in the ele-

ment to produce these results.
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8.4.2 Run 5

Satisfactory manual pressure control by throttling V-522B was demon-
strated during the preceding shutdown; however, at the beginning of Run 5
after only 2-1/2 hours of power operation (1 MW), this valve showed evi-
dence of rapid plugging and required constant adjustment until it was in
the fully-open position five hours later. 'During one such adjustment,
rapid plugging of the charcoal beds occurred. At the conclusion of salt
circulation (terminated by a space-cooler motor failure), the restriction
at the inlet to charcoal bed 1B could not be cleared; therefore, the inlet
valve (HV-621) was removed for examination at the HRLEL. With the valve
out, the pressure drop across the bed was much lower but it was still higher
than for a normal unrestricted bed. An excess of helium (forward blow) was
forced through the bed and the pressure drop suddenly decreased to normal.

The cone of the inlet valve to this bed (shown in Fig. 8.7) was shiny
as though wet with an oil~like material. The small metallic chips near the
large end of the cone were a result of the sawing operation. There was
some white amorphous powder on the tapered section of the valve trim and
appeared to be adhered fairly strongly to the metal surface. A similar
material was found in the valve body. The material removed from the stem
was described as an isotropic, faintly colored material, varnishlike in
appearance with a pebbly surface. The predominant isotope in the material

1327e. The refractive index of the varnishlike material was 1.526 com-

was
pared with 1.50 for a distilled fraction of the lubricating oil used in the

fuel pump.°®

8.4.3 Experiments and Alterations During the March-1966 Shutdown

Off-gas samples taken while the reactor was shut down showed an in-
creasing hydrocarbon content in the gas as the reactor cell temperature was
increased, lending support to the hypothesis that there was a reservoir of
hydrocarbons in the holdup-volume portion of the off-gas line. It was not
practicable to clean the 68-ft-long, 4-in.-diam pipe, so the off-gas line
was disconnected at the fuel pump and in the vent house; large quantities
of helium were blown through the line in the forward and reverse directions

at velocities up to 20 times normal.®s’ Very little visible material was
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collected on filters at the ends of the line, but there were fission prod- .
ucts, and the amount doubled when the cell was heated from 50 to 80°C.
Visual observation showed that the head end of the holdup volume was clean
except for a barely perceptible dustlike film. A thermocouple was attached
to the holdup pipe near the head end for monitoring temperatures during
power operation. {(When the power was subsequently raised, the temperature
indeed rose from cell air temperature of about 55°C at zero power to about
113°C at 7.5 MW. The temperature increase occurred with a time constant of
about 30 min which was not inconsistent with buiidup of gaseous fission
products in the line.)

As a result of extensive labofatory tests on organic vapor traf)s,7
the filter-valve assembly was replaced with a particle trap and an organic
vapor trap in series and upstream of the pressure control valve (PCV—522)
whose flow coefficient was increased to 0.865. The Mark I particle trap,’
shown in Fig. 8.8 was designed to remove particulates and mist. Gas from
the fuel-pump bowl entered at the bottom of the unit through a central pipe,

reversed flow in the Yorkmesh, and passed in succession through two con-

centric cylinders of porous metal (felt metal) and a bed of inorganic fibers.
The first felt metal filter was capable of stopping 96.7% of particles
greater than 0.8y and the second — 99.4% particles greater than 0.3u.

The organic vapor trap’ consisted of 13 feet of l-in. sch.-40 stainless-
steel pipe, arranged in three hairpin sections of approximately equal lengths.
The vapor trap was loaded with 1092 gm of Pittsburgh PCB charcoal and instru-
mented with thermocouples at 5, 12, 51, 59, 105, and 113 inches, respectively,
from the bed inlet.

As a result of the experience with and examination of HV-621 and other
off-gas components, the inlet valves to the main and auxiliary charcoal beds

and V-522A were replaced with ones having larger flow coefficients.

8.4.4 Runs 6 and 7

At the start of Run 6, the pressure drops {(at normal flow rate) across
the particle trap, organic vapor trap, and charcoal beds (sections 1A and
1B in parallel service) was <0,05, 0.7, and 1.6 psi respectively. The off-
gas system performance was satisfactory during the first ten days of Run 6

with the reactor operating at 1 MW or less. However, when the power was .




ORNL-DWG 66-11444R

FINE METALLIC FILTER

FIBERFRAX »
COARSE METALLIC FILTER (LONG FIBER)- ‘ THERMOCOUPLE (TYP)
LOWER WELD~ SAMPLE 9 --A--._x g
1 @) |
/- S —
| |
IS I — T R ) "__ B ——e . 7o -
T N —— = -
WaH _J' l_ L " "
~— SAMPLES ' A"=—- LsamPLE 3A —-B
5B AND 6
STAINLESS STEEL MESH NICKEL BAFFLE (8)

Fig. 8.8 Line 522 Particle Trap (Mark I) and Location of Sampling
Points During Subsequent Examination

8T



186

increased to 2.5 MW, the pressure drop across the charcoal beds also in- ‘
creased. Pressurization and equalization experiments established that the
restrictions were at the inlets to thé'beds, probably at the packing of
steel wool above the charcoal. It was found that the pressure drop could
be reduced, usually to near the normal 1.5 psi, by blowing helium at 35
psig either forward or backward through the bed; back-blowing seemed to be
more effective. Back-blowing of the beds was done whenever the pressure
drop of two sections in parallel approached 3 psi._ Later, higher pressure
drops were tolerated before back-blowing was initiated. Plugging occurred
when the power was raised during the approach to full power with section 1B
plugging more often than the others. Plugging became less frequent later,
but at the end of Run 6, it was still necéssary to back-blow the beds about
once a week.

Particle Trap Performance. After approximately 10 days of operation

at the 5-MW level, the pressure drop across the particle trap started to
increase and reached 6 psi approximately a week later. When the power was

increased to 7.5 MW, the pump pressure increased to 9 psi in less than 12

hours at full power. Since the pressure drop across the organic vapor trap ‘
was less than 0.5 psi and that across the charcoal bed was kept below 3 psi
by periodic back-blowing, the variation in pump-bowl pressure was inter-
preted as a corresponding restriction in the particle trap. About three
hours after an unscheduled power interruption, the fuel-pump pressure de-
creased to 6.5 psig and the following day it decreased to 4.3 psig. How-
ever, a few hours after the reactor power was again raised to 7.5 MW, the
pump pressure increased to 8 psig indicating a restriction in the particle
trap. At this time the helium purge to the pump shaft was decreased from
2.4 to 1.9 liters per minute in an effort to reduce the fuel-system pres-—
sure. The reactor was then taken subecritical for two days. When the power
was again increased to 5 MW, the pump pressure increased from 3 psig at
zero power to 8 psig and eventually to 12 psig at full power. The pump
pressure gradually returned to the 6 to 8 psig range after approximately

a week at full power. After Run 6 was terminated by a component coolihg
pump failure on May 28, 1966, the particle trap pressure drop decreased to

less than 1 psi and it remained relatively unrestricted for a month after

full-power operation was restored in Run 7. The pump pressure then gradu-

ally increased to 8.7 psig before another power reduction (MB-1 failure)
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océurred ending Run 7. A few hours after the power reduction,.the pump
pressure returned to a normal value of 3 psig and remaihed at this pressure
for approximately a month of zero-power operation before the restriction
gradually returned. | |

In summary, pump pressure increases (restrictions in the particle
traps) were usually associated with periods of pbwer increases. Pressure
decreases were sometimes unexplained‘but usually were associated with power
decreases or with deliberate attempts to clear the trap such as reverse-
blowing with helium.

Rerouting of Line 524. Helium, at a rate of 2.4 %/min, was introduced

through line 516 into the fuel-pump shaft annulus just below the lower shaft
oil seal. The larger part of this flow goes down the shaft into the pump
bowl thus preventing fission gases and salt mist from entering this radi-
ation sensitive region of the pump. The smaller portion of this flow

(<0.1 &/min) goes up the shaft to prevent oil vapors from migrating to the
fuel salt; it also aids in transporting any oil seal leakage to the oil
catch tank. The driving force for the smaller flow (line 524) is the pres-—
sure difference between the fuel pump and line 522 downstream of the fuel
system pressure control valve (PCV-522). ' However, when PCV-522 was opened
fully (because of reétrictioné in - the charcoal beds), line 524 had no pres-
sure differential and consequently no gas flow; therefore, it was rerouted
to -enter the off-gas line at V-560A downstream of the main charcoal bed and
V-557B. V-557B was then throttled to control system pressure. On two oc-
casions in Run 6, sudden increases in pump pressure (at the completion of
salt recovery from the overflow tank) caused a gas flow reversal at the

pump shaft and gaseous activity was carried into line 524. Since this line
bypassed the charcoal bed, the gas flow had very little decay time. As a
consequence, ‘gaseous activity triggered the closure of the radiation block
valve on the main off-gas line. Therefore in June of 1966, a small charcoal
bed” was added to line 524 to hold up krypton and xenon for 2-1/2 and 30
days, respectively. The bed consisted of 9 ft of 3-in. sched.-10 stainless-
steel pipe loaded with 15.8 1b of Pittsburgh PCB charcoal. On at least four
occasions in the subsequent run, fission produc; activity was blown or dif-
fused up the bump shaft annulus. Although the activity level in the oil
catch tank and line 524 increased, there was essentially no activity re-

lease, thus proving the effectiveness of the added charcoal bed. However,
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‘the last two releases from the pump bowl caused the flow element in line .

524 to plug partially and then completely. The plug was found to be in
the sintered stainless-steel disc at the inlet to the matrix-type flow ele-

ment. The element was replaced with a capillary'tube.

8.4.5 Experiments and Alteration During the June-September Shutdown (1966)

At the conclusion of Run 7, it was decided to flush out the residual
fuel in the overflow tank and to check the indicated level at which over-
flow occurred. Because of an insufficiency of salt in the drain tank, pres-
surizing gas from the drain tank entered the reactor and flooded the pump
bowl with salt, thus binding the pump shaft with frozen salt and pushing
salt in the gas lines at the top of the pump bowl.

The frozen salt was cleared from the reference bubbler line with the
‘use of remotely-applied external heaters; salt in the sampler line was
melted by the same technique but it ran down and refroze at the junction
with the pump bowl. This obstruction and the frozen salt in the annulus
around the pump shaft were cleared when the pump bowl was refilled and

heated to 650°C. Although some salt entered the main off-gas line as indi-

cated by a temporary rise in temperature at TE-522-2 (Fig. 8.9), pressure
drop measurements showed no significant difference from the clean condition.
This was attributed to the blast of compressed helium from the drain tank
that was released backward through the off-gas line, before the salt had
time to freeze completely, when the overfill triggered an automatic .drain.®
Therefore the only work done on the main off-gas line (522) during this
shutdown was to replace the short; flexible "jumper'" section of the line,
where the convolutions would be expected to hold some salt.

The particle trap was also removed from line 522 and sent to HRLEL for
detailed examination. An identical replacement (Mark I) was installed to
permit operation while the original was examined and a new one designed and
constructed.

Also during this shutdown, a remotely replaceable heater was designed

and installed on the inlet section of the auxiliary charcoal bed (ACB).

8.4.6 Runs 8, 9, and 10

With the resumption of operations the off-gas flowed freely, with no

unusual pressure drop for 26 days of circulating helium, flush salt, and"
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fuel salt at low power. Then, two days after power operation was resumed ‘
at 5.8 MW, a plug developed in line 522 somewhere between the pump bowl
and the junction of the overflow tank vent with the 4-in. holdup line. The
first indication was a decrease over a few hours from 107°C to 71°C at TE-
522-2, as the plug caused the off-gas to bypass through the overflow tank
(OFT). The presence of the plug was confirmed when HCV-523 was closed to
build up pressure in the OFT to return salt from the tank to the pump bowl;
pressure in the pump bowl also built up. Efforts to remove the restriction
by applying a 10-psi differential either forward or backward were unsuc-
cessful. ' i

The bypassing of off-gas through the OFT. did not hinder operations
except for one specific job: recovery of salt from the overflow tank.
Salt slowiy but continuously accumulated in the tank during the entire
operating life of the MSRE, and it was therefore essential to return salt
to the pump bowl two or three times a week iﬁ order to maintain proper
levels. With a plug in the off-gas line of the pump bowl, it was necessary

to greatly reduce helium flows into the pump so that the overflow tank

pressure could be increased faster than that in the pump bowl to maké the
salt transfer. Through the remainder of Run 8, salt was returned (burped)
from the OFT six times, and on at least four of these occasions some fission
product activity was blown or diffused up the pump shaft annulus into the
oil collection sp;cé. This was a cohsequence of the reduced helium purge
down the shaft annulus and the unévoidable, sudden pressurization of the
pump bowl that occurred at times in the procedure.

After Run 8 was terminated, steps were.taken to clear the plug from
the off-gas line so that the normal salt recovery procedure could be used.
Frozen salt was suspected as the cause of the plug, so the fuel loop was
flushed to reduce radiation levels, the reactor cell was opened, and speci-
ally built electrical heaters were applied to the line between the pump
bowl and the first flange. Heating alone did not clear the plug, but when,
with the line hot, 10 psi was applied backward across the plug, it blew
through. The pressure drop came down as more helium was blown through un-
til it became indistinguishable from the normal drop in a clean pipe.

In Run 9, the power operation was begun 8 hr after fuel circulation

had commenced, but TE-522-2 came up to only 66°C, indicating that the line
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was again plugged. While tools and procedures were being devised, the re-
actor was kept in operation, but great care was taken to avoid getting fis-
sion products or salt spray up the pump shaft annulus again. This entailed
lowering the power to 10 kW, 24 hr before the overflow tank was to be emp-
tied, then stopping the pump 4 hr beforehand to let the salt mist settle.
During the salt transfer, the fuel pump was vented through the sampler and
auxiliary charcoal bed. After three cycles of this, the reactor was drained
and flushed again in preparation for working on the off-gas line.

This time heat was appliedAto the short section of line between the
second flange and the top of the 4-in. decay pipe. When heating to about
600°C did not open. the line, the flexible jumper was disconnected to permit
clearing the obstruction mechanically. In the flange above the 4-in. line,
the 1/2-in. bore was completely blocked, but the weight of a chisel tool
broke through what appeared to be only a thin crust of salt. Borescope
inspection showed that the rest of the vertical line was practically clean,
and there was only a thin layer of salt in the bottom of the horizontal run
of the 4-in. pipe. Helium was blown through the line at five times the
normal flow, and the pressure drop indicated no restriction. The flange
near the pump bowl contained a similar plug which was easily broken. A
1/4-in. flexible tool was then inserted all the way into the pump bowl to
prove that a good-sized passage existed. A new jumper line was installed
and operation was resumed.

Because obtaining samples remotely without spreading contamination
would have been most difficult, no analyses were made of the material in
the flanges. But it appeared that salt had frozen in the line, almost com-
pletely blocking it, during the overfill of July 1966. Material in thg
off-gas stream during subsequent operation then plugged the small passages.
During the July cleanout, the heaters apparently melted the salt out of the
pipe, but left behind a thin bridge of salt in the cooler flanges. After
the flanges were mechanically cleaned and reassembled, this part of the
off-gas system operated satisfactorily during Run 10.

8.4.7 MK-I Particle Trap

The second particle trap served through Runs 8, 9, and 10. This unit
‘behaved in Runs 8 and 9 much as had the first trap; the pressure drop oc-

casionally built up to 5 to 10 psi, beginning two days after power operations
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started in Run 8. Back-blowing with helium was effective in reducing the - ‘
pressure drop to 2 to 4 psi; however, in Run 10, after the first week of
power operation, back-blowing became ineffective. Various tactics® were
used to get fission gas to the particle trap with as little delay as possi-
ble, to see if increasing the fission product heating in the trap would
drive off the material at the restriction. After this proved to be inef-
fective and recognizing that heating caused the central inlet tube to ex-
pand farther into the Yorkmesh filter in the trap, the opposite approach
was used. Eight hours of delay was obtained by routing the gas through an
equalizing line to the empty drain tank, through the tank and salt fill
lines to the other tank where it bubbled through several inches of salt
heel, then out through the drain-tank vent line to the particle trap. The
pressure drop across the trap was 16 psi when the gas was first rerouted,
but within a few hours it was below 2 psi. When the original route was
again tried, the restriction began to build up almost immediately; there-
fore, the delayed route was used until the end of Run 10 which was termi-

nated for in-cell repairs and also because a newly constructed particle

trap (Mark II) based on the Hot Cell examination of the first trap was
ready for installation.

Examination of MK-I Particle Trap.® Flow tests on the first trap (in

service from April through July of 1966) indicated that (1) the pressure
drop after service was about 20 times the '"clean" pressure drop. Assuming
orifice type flow, this would represent a reduction in flow area of about
80%. (2) The bulk of the pressure -drop occurred in the Yorkmesh and Felt-
metal sections of the filter. The Fiberfrax section was essentially clean.

The area of . the Yorkmesh which had been immediately below the inlet
pipe was covered with a blue-gray to black mat which had completely filled
the space between the wires of the mesh (Fig. 8.10). The shape of the mat
corresponded to the bottom of the inlet pipe, and it is likely that this
material was the major restriction to gas flow while in service.

Since the inlet pipe temperature probably increased several hundred
degrees during power operation of the reactor, it is believed that this
restriction behaved similar te a thermal valve. This could account for the

unexpected increase in pressure drop while at power and the decrease in

pressure drop when the power was reduced or when the off-gas was delayed .

via the drain tank.
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A radiation survey made around the outside surface of the lower section ‘
of the trap gave readings ranging from 6900 to 8000 R/hr. The probe indi-
cated 11,400 R/hr when inserted into the position formerly occupied by the
inlet pipe. The radiation level dropped off to 4100 R/hr at the bottom of
the trap. The bottom of the inlet pipe had a deposit of blackish material
which corresponded to that in the Yorkmesh. The inside of the inlet pipe
at the upper end of the bellows appeared clean and free of deposit. The
exterior of the bellows had some of the light-yellow powdery material on
a background of dark brown.

When the Yorkmesh was rembved, it was found that the surface of the
outer wiresﬂof the mesh bundle was covered‘with a thin layer of amber-
colored organic maferial. Much of this material evaporated from the heat
of the floodlamp used to make the photographs. As the bundle was unrolled,
the color of the film on the wire changed from amber to brown to black near
the center. The black material was thicker than the wire by a factor of 2
or 3. This material was brittle,.as was the wire, and much of it came

loose as the wire was flexed. Samples of this material, designated Nos.

5B and 6 (Fig.v8.8) were taken for examination and chemical analysis. Met-
allographic exémination of a piece of the wire covered with the black ma-
terial showed that the wire was heavily carburized with a continuous net-
work-of carbide in the grain boundaries. There was no evidence of melting
of the wire; however, the grain growth and other changes indicated oper-
ating temperatures of at least 650°C. The nonmetallic deposit observed on
the wire mesh was apparently of a carbonaceous nature and appeared to have

"growth rings'" were probably the result

been deposited in layers. These
of off-gas temperature, reactor power, and gés flow-rate changes.

The perforated plate of the coarse filter section and the lower flange
of the filter assembly were covered with a stratified scale (view A-A,
Fig. 8.8). The colors varied from a very light yellow to orange. One
stratum in the lower flange area appeared gray, almost black. A sample
(No. 9) was taken of the light-colored material, including some of the
black material. The perforated plate of the fine filter section was covered
with a thin, dark-brown coating, which seemed to be evenly distributed over

the surface of the plate. The inner surface of the outer wall of the trap

was covered with a light-amber coating, which was also evenly distributed. ‘
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. It is believed that these coatings were deposited by condensation and sput-
tering of the o0il from the adjacent filter and that the dark brown color
indicates that the porous metal screen had operated at a much higher tem-
perature than had the outer wall (during operation the trap was immersed
'in a tank of water fof'cooling by natural convection). The lower surface
4bf'the upper fiange (view B-B, Fig. 8.8) contained a deposiﬁ:which had the
Aéppearance of organic residue. The'deposit was aﬁber colored, and the frac-
fured edge (Fig. 8.11) gave the impressioﬁ that the matgrial was brittle.
There is as yet no expianation for formation of this deposit or how it came
to be formed in this particular location, The radiation level on the out-
side of this section of the filter‘wés 200 to 360 R/hr.

' The material at the:entrance of the Fiberfrax section showed an oil-
like discoloration, buﬁ there was no evidence of any significant accumula-
tion of material. Comparison of the weights of the different layers with
the weights of the material originally loaded indicated changes of less
than 0.2 g. An interesting observation relates to the very low radioac-
tivity level of the Fiberfrax at the entrance section which is separated

. only by the Feltmetal filter from an area containing material with activity
levels of thousands of R/hr. The only detectable activity (above the exami-
nation cell background of 4.2 R/hr) was at the discharge end of the Fiber-
frax section. It is probable that this activity resulted from back-blowing
the trap or from pressure transients which could have carried gaseous decay
products from the vapor trap back upstream and into the particle trap.

Even so, the activity level was only 1,8 R/hr above background.

Analytical Results.® A total of four samples from three different lo-

cations (Fig. 8.8) were subjected to a variety of analytical tests. The

samples were identified as follows:

Samgle No. Taken from
3A Coarse section of porous metal filter
9 Scale on lower flange of porous metal section
5B Mat at inlet to Yorkmesh section
6 Mat at inlet to Yorkmesh section

For sections of sample 3A it was found that about the same weight loss
(0.2% of. sample weight) resulted from heating to 600°C in helium as from
. dipping in a trichlorethylene bath. The material removed by heating was
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cold trapped and found to be effectively decontaminated; however, the tri-
chlorethylene wash was contaminated with fission products.

Samples 5B and 9 were compared for low-temperature volatiles; at 150°C,
No. 9 lost 5% and No. 5B lost none. When raised to 600°C, the weight losses
were 35% for sample 5B and 32% for sample 9. Analysis of the carbon content
gave none for sample 9 and 9% for sample 5B. This indicates that sample 9
had not reached as high a temperature as had sample 5B.

The mass spectrographic analysis of sample 6 indicated that there was
a very high fraction of fission products. These are estimated to be 20
wt %2 Ba, 15 wt % Sr, and 0.2 wt % Y. In the same analysis the salt con-
stituents Be and Zr were estimated to be 0.0l and 0.05 wt % respectively.

In addition the material in samples 5B and 6 contained small quanti-
ties of Cr, Fe, and Ni, while sample 9 did not. The reliability of these
values was compromised by difficulties caused by the presence of organlcs
and small sections of wire in the sample.

The gamma-ray spectrographic work indicated the presence of the fol-

103 110 95 140
u, MAg, °°Nb, and La.

89 106
137CS, R

lowing isotopes: Sr, Ru or

All three samples were chemically analyzed for Be, and the level was
below the detectable limit of 0.1%. Attempts to analyze for Zr were com-
plicated by the presence of large quantities of Sr.

The fraction of soluble hydrocarbons was determined using CS2, and
the values were 5B, 607%; 6, 73%Z; and 9, 80%. The extract solutions from
samples 5B and 6 were allowed to evaporate, and a few milligrams of the
residue was mounted between salt crystals for infrared analysis. The sam~
ples were identical and were characteristic of long-chain hydrocarbons.
There was no evidence of any functional groups other than those involving
carbon and hydrogen. Nor was there any evidence suggesting double or triple
bonds. There was an indication of a possible mild cross-linkage. It is
likely that there is more cross-linkage of the organic in the gas stream
than appeared in these samples, and the low indication could be due to the
inselubility of the cross-linked organic and the high operating temperatures

of the wire mesh, which would cause breakdown of the organic into elemental

carbon and volatiles.
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8.4.8 MK-II Particle Trap

As a result of the operating experience with and detailed examination
of the first particle trap, the MK-II trap,® (shown in Fig. 8.12) was de-
signed with the following features:

~ 1. The trap housing was increased from 4 to 6-in. ID, resulting in
an increase in cross-sectional area of 2257 in both the Yorkmesh and Fiber-
frax sections. _

2. The unit was in effect turned upside down so that the Yorkmesh
section is at the top of the unit and the Fiberfrax section is at the bot-
tom. This change permits heating of the Yorkmesh section (using beta decay
heat -and lowering the water level) while still maintaining cooling on the
_other two sections.

3. The dispesition of the Yorkmesh was modified to provide increased
frontal area in the direction normal- te the flow.

4. Since the first trap had shown very little loading in the fine
Feltmetal section, only the coarse Feltmetal was used.

5. . The total filter area was increased from 22 in? for the original
to 288 in® for the new trap.

6. The depth of the Fiberfrax was reduced by 50%.

R

7. The pressure'drop at 15 2/m was less than 1.in. H,0 and the trap

efficiency was 99.9% for particles greater than 0.8u.

8.4.9 Organic Vapor Trap

It was expected that accumulation of orgénic material in the charcoal
trap immediately downstream of - the particle trap would result in progressive
poisoning along the 1ength:of the trap. Such poisoning would shift the lo-
cation of maximum fission product adsorption and produce a shift in the
temperature profile of the trap. Except for the upward shift due to in~-
Ereased power level, the basic shape of the temperature profile did not
change, indicating that no significant poisening by organics occurred.

Since the pressure control valve (PCV-522) was operated in the fully-
opened position and it appeared that nothing would be lost by eliminating
the charcoeal . trap, both were removed to make room for twe new MK-II parti-

cle traps which were installed in parallel'iﬁ‘Janqggy 1967.




ORNL-DWG 67-4766

INCHES -

YORKMESH _
//T,E /FELTM_ETAL TE -—\FIBERFRAX TE.
17 A AlVA 7 7 7 7 7 ] 7 7 7 7 7 d
= I ]/
L=
o . ! ' - ! N N
\ AN 4 § 4
-
JE—. 3 el ULy /
e CANAYE 3 ] ol X e = = =
-~ ~ ~
- s a1t | R R
7 "',?<:‘ . 4 ) ] !
//4 oy T 7z 77 7z Y4
4 NICKEL BAFFLES
+ 0 1 2

Fig. 8.12 Line 522 Particle Trap Mark II, Particle Trap Subassembly

66T



200

8.4.10 Charcoal Bed Performance

After the removal of the check valve poppet in April 1966, venting
through the auxiliary charcoal bed was uneventful through the approach to
power operation. However, an intermittent restriction was noted early in
July. During the fill and drain after the July 17 shutdown, the restric-
tion became continuous and more:severe and was not amenable to back-blowing.
A remotely placeable assembly of electric heaters was designed and placed
around the junction of the inlet pipe and steel.wooi.section of the auxili-
ary charcoal -bed. In the brief shutdown between Runs 8 and 9 the level in
the pit was lowered below the bed inlets and the heater was energized.
Some: improvement was observed when the heater temperature reached 385°C.
After the temperature was raised to 670°C and then cooled, the pressure
drop was downby a factor of 5, to a satisfactory level. The auxiliary bed
operated relatively trouble-free until it became partially restricted in
March 1969 and again about 'two months later. Back-blowing cleared the bed
in March; a forward-blb@ in May was adequate but not as effective. No fur-
ther operatienal probl;ms wi;h the auxiliary bed were reported.

Sections 1A and 1B of the main charcoal bed had been used almost ex-
clusively during earlier runs, and they were on-line when Run 8 started.
The pressure drop at the inlet of these sections began to increase a few
hours after the power was raised and when the pressure drop reached 7 psi,
sections 2A .and 2B were also brought -on line. Since back-blowing had be-
come progressively less effective and in light- of thejsuccess with heaters
on the inlet of the auxiliary bed, an attempt was madé to clear the re-
_striction in - section 1B by heating the inlet with a torch (electric heaters
to fit this bed were not then available). Although the bed temperature
reached 465°C, there was no improvement and all four sections of the main
bed were operated in parallel for Run 9. After this run, electric heaters
were installed on the inlets of sections 1A and 1B. Heating to 400°C for

8 hours brought the pressure drop back to the normal range for clean beds.
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8.5 Subsequent Operating Experience with Fuel Off-gas System

~ With the major part of the MSRE operating time yet to come, the off-gas
problemé during this period while still present were somewhat ameliorated by
more efficient particle traps and methods of clearing these restrictions.
Some new restrictions appeared but basically they were similar to those
already described. Remote maintenance methods were used to cope with some

of these.

8.5.1 Particle Trap

The MK-II trap (Unit No. 1) was in service from January 1967 to May
of 1969 with no noticeable restriction; however, during the first week in
May, the pressure drop across the trap increased to 0.4 psi. A week later
when this restriction increased to 0.75 psi, the reserve unit, which had
been valved out -up to this time, was put in parallel service. This lowered
the pressure drop to 0.1 psi or less. Also temperatures. in the trap re-
flecting fission-gas heating indicated that nearly all of the gas was flow-
ing through the fresh bed. In October 1969, pressure drop measurements on
the off-gas system indicated a restriction of 0.3 psi across trap No. 2}
however, cycling the inlet valve, V-522C, between its closed and open po-
sitions cleared the restriction; this indicated a restriction in the valve
rather than the trap. Three days later the restriction reappeared and was
cleared by the same method. No further problems in this area were en-— ‘

countered.

8.5.2 Introduction of Oxygen into Fuel Drain Tank No. 1

In the event of a salt spill into the reactor cell, provisions had
‘been made to vent the reactor cell to the auxiliary charcoal bed through
a line equipped with two bleck valves. In January 1967, these valves,
V-571 A and B, were inadvertently opened while the réactor cell was being
pressure-tested prior to Run 11. Reactor cell air entered the auxiliary
charcoal bed which at the time was being used to vent the empty but hot
reactor via FD-1. The slow leakage of cell air into the ACB resulted in
an increase in fuel system pressure and was incorrectly diagnosed as plug-
ging in the auxiliary charcoal bed. To clear -the bed, it was pressurized
to 50 psig with helium and released into FD-1 (V-571A was discovered to bg

about 1/2 turn open during the back<blowing operation).
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It was estimated that a maximum of 1.25 g-moles of Oz could have been .
back-blown into FD-1 which contained approximately 2 cu ft of molten fuel

salt.®?

It is believed that the oxygen was-later purged out of the drain
tank .without appreciable mixing with the fuel system piping.
Subsequently, line 571 which jeined the two systems was cut and boeth

ends were cap-welded.

8.5.3 Charcoal Beds

The restrictions at the inlet sections of the main charceal bed con-

tinued to exhibit chrenic plugging throughout the remainder of MSRE power
operations. Sections 1A and 1B began to plug slowly after the two weeks of
power  operation in Run-11. After 4 weeks of operation the pressure drop
increased from 2.5 te 5 psi and reached 7 psi two months affér_the start:of
the run. When sections 2A and 2B were put in service, the pressure drop in-
creased froﬁ 2;6 to 9 psi in only ten -days. Sections 2A and.2B were-cleared
by forward-blowiﬁg with helium and sections 1A and 1B were cleared with the
previously installed heaters. These operations-did not.requife a reduction

in reactor power but only a tempoerary lowering of the water :level -in :the .

charcoal ‘bed pit te allow the heaters to functien. Approximately one month
later this operation had te.be:'repeated.

Owing to the success of the heaters on the auxiliary bed and 'sectiens.
1A and 1B of the main bed, simiiar heaters were installed at the inlets of
sections . 2A and 2B during the shutdown .between Runs 11 and 12.

Approximately one month-after the .start of Run 12, it was again neces=
sary to clear all four sections.

During MSRE-startup, injections of ®°Kr indicated that the charceal
bed hold-up time was 5-1/2 days.for krypton with two sections in parallel
service; the equivalent xenon held-up time was calculated te be 88 days.
Thermocouples are located at the entrance regions of the 1-1/2—, 3-, and
6~inch diameter sections of the charceal beds. Thesé sections contain 4.75,
27.4 and 67.85 percent, respectively, of the toetal charceal in the beds.

On the basis of a. 5.5 day held-up time for krypton, the lag in-temperature
response to fissien gas adsorption between the 1-1/2— and 3-inch diameter
sections should be .6.3 hoeurs (4.75% of 5.5 days) when two beds are.in ser-’

vice and 3.1 hours when ene.bed is in service. During full-power operation .
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on September 15, 1967, the temperature response interval for beds 1A and

1B was 11-1/2 hours. During a similar startup on September 21, 1967, the
response interval was- 9-1/2 hours for bed 1A and 11-1/2 hours for bed 1B
indicating that bed 1B had developed more of a restriction than bed 1A.
During the startup of November 25, 1967 with beds 2A and 2B in service, the
response interval was 8-1/2 hours for bed 2A and no response in bed 2B in-
dicating an appreciable restriction in bed 2B. Beds 2A and 2B were then
valved off and bed 1A was put.in service; the temperature response interval
was 6-1/2 hours. Bed 1A remained in service for the remainder of Run 14
(130 days) with the exception of a 10-day period in the middle of February
when two sections were put in service to achieve the loﬁ fuel-pump pressure
required for a reactivity test. The maximum pressure drop across the single
section during Run 14 -was 4.9 psi. No discernible increase in effluent
activity was detected by the radiation monitors downstream of the charcoal
trép during the single bed test. -

No plugging in the bed was experienced during the preéritical-and low
power (<25 kW) operation using *°°U fuel (Runs 15 and-16). However, during
the next runs, gradual pluéging recurred after the first 12 days of power
operation (5 MW). The electric heaters, previously insfalled on the inlet
section, were used to clear the beds, although two of the three heater ele-
ments installed on sections 1A and 1B and one element on 2B failed. This
procedure along with a back-blew at the end of the 8-hour heating cycle was
required to clear the beds approximately three months later. Unfortunately,
during the valving operations involved, the stem or stem extension on the
inlet valve to section 2A broke with the valve in the -closed position. Re-
pairs were not attempted because of the high radiation lgvei at the valve
and the sufficiency of the other three sections. ‘

During portions of the next run (19) argon was substituted as a cover
gas to study its effect on core void fraction and reactivity changes. No
unusual off-gas problems associated with argon were manifest other than
interpretation of flow and pressure drops through the system during the
several switchovers from one gas to the other. A barely perceptible in-
crease in the effluent stéck iodine indicator (attributed to neutron acti-
vation of argon in the reactor) was noticed. During this run, it was neces-

sary. to clear the charcoal beds twice, using the inlet heater and a
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forward-blow with helium at 25 psig. No further problems were encountered ‘
with the bed during the last run.

8.5.4 Restriction at the Pump Bowl

The restriction in the off-gas line at the pump bqwl reappeared in
November 1967, one year since the line was last cleared with a fléxible
reamer. The restriction became noticeable approximately 2-1/2 days after
the reactor power was reduced to 10 kW to repair the sampler-enricher.
During this period the operational and maintenance valves were open, and
a 0.6-liter/min helium purge was maintained down the sampler tube to the
pump bowl to prevent contamination of the sampler by fission gases. The
restriction was evidenced by an increase (0.5 psig) in the fuel-pump bowl
pressure when the overflow tank vent valve was closed during a routine
return of salt from the overflow tank to the pump bowl. After the sémpler
was repaired, the restriction was relieved by pressurizing the pump bowl to
6.0 psig and suddenly venting the gas into a drain tank which was at 3 psig.
The pressure drop then appeared notmal (<0.1 psi), but after three more

days of low-power operation, an abnormal pressure rise (0.2 psi) was again

observed when salt was being returned from the overflow tank. Repetition
of the mild blow-through to the drain tank had little or no effect this
time. The line was not completely blocked, however, and full-power opera-
tion was resumed. At first, temperatures on the overflow tank and the off-
gas line (responding to fission product heating) clearly indicated that
there was enough pressure drop at the pump-bowl outlet to cause much of the
off~-gas to bubble through the overflow tank and out its vent line. Then,
after 15 hr at full power, the bypass flow stopped, indicating that the re-
striction had decreased significantly; it remained below the limits of -de-
tection throughout the next nine weeks while the reactor was operating at
7.2 MW or 5 MW. After two days at 10 kW, the pressure drop again became
detectable and continued to increase over the next six days at very low
power. When power operation was resumed at 5 MW, temperatures indicated
that there was again bypass flow through the overflow tank. The resﬁric-
tion increased during two weeks of operation at 5 MW, but the line never
became completely plugged. Four days after the resumption of full-power

operation in February 1968 while the overflow. .tank was being emptied, the ‘
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restriction partially blew out, bringing_the pressure drop again below the
limit-of detection. The pressure drop remained just at or below the limit
until the March-1968 shutdown for fuel processing.

The behavior was quite unlike the plugging that occurred earlier in
the same section of line as a result of the overfill with flush salt, main-
ly in that it never‘comple;ely plugged and there was a suggestion of some
effect of power level.

After the fuel was drained, the flexible section of off-gas line was
removed, and a felxible tool was run through the 28-in. of line back to the
pump bowl. The toois, a 1/4-in. cable with a diamond drill tip, encountered
some resistance at first and -came out with a considerable amount of solids
on it. Althdugh the flexible jumper and the line downstream were not re-
stricted, the jumpef line along with the flexible reaming tools were sent
to the High—Radiation—Lével-Examination Laboratory for cut-up and exami-
nation. .

Tﬁe replacemént jumper line was equipped with four thermocouples to
provide more information during power operation. A slender basket contain-
ing devices of metal and graphite to collect material from the off-gas
stream was suspended in the entrance of the 4-in. off-gas hold-~up pipe.

The restriction at the pump bowl reappeared after apﬁroximately one
month of operatioh with the new fuel in September 1968. The restriction
was blown clear once during pressure-drop measurements, but reappeared a
week later and could not be dislodged by back-~blowing helium from the drain
tank to the pump bowl. The pressure drop across the restriction had in-
creased to 4 psi by the last week in November 1968, when the fuel and cool-
ant systems were drained to clean out the off-gas lines of both systems and
also to mix the fuel before the start of full-power operation.

The flange at the fuel-pump bowl was ag&in disconnected, and a flexi-
ble cable assembly, connected to a filter and a vacuum pump, ﬁas used to
ream out the off-gas line to the fuel pump and also to collect a sample of
the restricting material. Only a very small amount of blackish dust was
recovered on fhe filter papér and from the flexible tubing. .The flange
was reconnected and the reactor was refilled; however, after about three
weeks of operation, the reétrigtion reappeared in mid-January and gradually

increased to a AP of 5.5 psi. Because the rapid recurrence of the restriction
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at the pump-bowl exit threatened to become a serioué nuisance, a compact
2-kW heater unit was designed for installation on this line at the first
opportunity; however, in the last week in February duriﬁg a routine trans-
fer of fuel from the overflow tank to the fuel pump, the restriction was
blown clear, resulting in a complete transfer of fuél from the ovérflow
tank to the pump bowl. The pressure drop in this section of line was then
below the limit of detection (about 0.1 psi).

On five other occasions in the next 9 weeks the pressure drop became
noticeable, but each time it blew out when the overflow tank was burped.
On May 1 it reappeared and remained detectable through the June-1969 shut-
down. The restriction caused most of the pump-bowl purge gas flow to bub-
ble through the overflow tank except when the overflow tank was being pres-
surized to'push accumulated salt back to the pump bowl. As a consequence,
on May 25, the off~gas line from the overflow tank became almost completely
plugged and it became necessary to turn off the overflow tank bubbler flow
most of the time. Thereafter all the pump purge gas was forced out through

the off-gas line from the pump bowl. This situation caused some inconveni-

ence during the burping operation, but by reducing purge flow to the pump
bowl at these times, salt could be transferred back to the fuel pump with-
out exceeding 15 psig in the pump bowl.

During the June shutdown, the 2~kW heater that had been built earlier
was installed remotely on the pipe as near to the pump as possible and con-
nected to spare power and thermocouple leads in the reactor cell. The pump—
tank furnace heaters and the new heater were turned up to bring the section
of off-gas line to near 650°C, then gas pressure was applied to blow the
restricting material back toward the pump bowl. The heater was subsequent-—
ly turned off but left connected so that it could be used again without re-
opening the reactor cell.

The set of specimens exposed in the off-gas hold-up volume siﬁce July
1968 was also removed during the June shutdown.

Although the restriction did not reappear during Run 19, the pressure
modifier and recorder which was installed on the fuel-pump pressure trans-
mitter to detect high frequency pressure noise in the reactor core indi-

cated that a restriction at the pump exit was again in its formative stage.'®
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The restriction did not become evident (by previous standards) until ap-
proximately two weeks after the fuel fill of Run 20. In the three days
before final reactor shutdown, the restriction increased from 1.3 to 2.2
psi as measured with the procedure for salt recovery from the overflow tank.
Because of the proximity of the reactor shutdown date and the desirability
of not interrupting the experiment in progress, the heater which had previ-
ously been installed and successfully used to clear a similar restriction,
was not used.

Examination of the 522 Jumper Line Removed March 1968.'' An 8-mg sam-

ple of what appeared to be soot was collected from the upstream flange of
the flexible jumper line; a 15-mg sample of a similar material was collected
from the downstream flange. The 8-mg sample indicated about 80 R/hr and the
15-mg sample indicated about 200 R/hr at "contact." Each of the flanges and
the convolutions of the flexible hose appeared to have femaining on them a
thin dull-black film. A one-inch section cut from the upstream end of the
jumper line indicated 150 R/hr; a similar section from the,ddwnstream end
indicated 350 R/hr. |

The reaming tools used in clearing the restriction at the pump bowl
were covered with blackish, pasty, granular material which was identified
by x-ray as fuel salt particles. The relatively high values of lithium
and beryllium found in this sample may indicate pickup of some residual °
LiFz2~BeF2 flush salt which had entered the off-gas line as a result of the
pump overfill in 1966.

Electron photomicrographs of the upstream dust showed relatively solid
particles of 1y surrounded by a material of lighter and different structure
which appeared to be amorphous carbon. Chemical analyses of the dust sam-
ples showed 12 to 16% carbon, 28 to 54% fuel salf, and 47 structural metals.
Based on activity data, fission products could have amounted to 2 to 3% of
the sample weight. The unaccountability of the remainder is attributable
to the small amount of sample available.

From the dust collected from line 522 onto a filter during the December-
1968 shutdown, the following conclusions*? were reached: (1) the isotopes
233y, '4%Ba, '““ce, and ?*Zr were transported only as salt constituentsy

(2) the isotopes ®°Sr, ®'Y, and '®’Cs, which have noble gas precursors, were
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present in significantly greater proportions consistent with a mode of
transport other than salt particles; (3) the isotopes *SNb, °°Mo, 166Ru,
and '??*MTe ywere present in even greater proportioms, indicating that they
were transported more vigorously than fuel salt.

A more complete discussion of these findings and the results of exami-
nation of the sample specimens removed from the 4-in. hold-up volume will
be covered in a report to be issued by Compere and Bohlmann entitled "Fis-
sion Product Behavior in the MSRE During **®Uranium Operation" (ORNL-TM—

 2753).

_ 8.5.5 Other Restrictions in Line 522

' On five Qccasions during Runs 17 and 18, compléte flow blockage oc-
curred in the main off-gas line somewhere between the 4-in.-diam hold-up
pipe and the junction of Line 522 and the auxiliary charcoal bed line, 533.
Although the plug could have occurred at the inlet port of V-522A, it is
unlikely that the plug formed in the valve itself because manipulating the

valve stem to its full travel in both directions did not break the plug

loose. 1In each case the fuel system pressure was vented for short periods
of time through the equalizer and drain tank vent lines to the auxiliary
charcoal bed until line 522 was unplugged by back-flowing helium from line
571, through lines 561, 533, and 522 to the hold-up volume. It seems that
each plug became successively more difficult to dislodge. To dislodge the
last plug, it was neceésary to vent the fuel system to 2 psig, pressurize
line 533 to 60 psig, and quickly open V-522A. The last effort apparently
;esforéd the line to near its original condition because plngging at this
location had not recurred at the end of reactor Qperations. Because of the
remoteness and inaccessiblity of this line, no further effort was made to

locate the exact position or characterize the nature of the plug.

8.5.6 Restriction in the Overflow Tank Exit Line

The fuel pump was provided with an overflow pipe (shown in Fig. 8.9)
-and a catch tank (5.4 ft®) to prevent salt from becoming high enough to al-
low it to enter the gas and lubricating passages of the pump as a result
of unusually high gas entrainment in the circulating salt or possibly as a

result of a high-temperature excursion while operating. The overflow pipe

from the pump dips to within less than 1/2-in. of the bottom and into a .
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1/2-in.-deep dimple pressed in the lower tank head to permit more complete
retrieval of its contents. During operations, salt spray and/or bubbles
slowly spilled into the overflow tank (OFT); the salt was periodically re-
turned to the pump bowl by closing the OFT gas discharge valve and allowing
helium from the bubble-type level indicators to build up the required‘pres—
sure (V3.5 psi > pump bowl pressure) to force the salt back to the pump bowl.
When the OFT discharge is opened, the salt remaining in the tank and that
remaining in the pipe is sufficient to provide a seal at the bottom of the
tank and thus prevent fission product gases from entering the overflow tank.
However, when the main off-gas line, 522, became restricted near the pump
bowl, practically all of the pump purge gas and gaseous fission products
were bubbled through the salt heel in the OFT and out through line 523 to
join the main off-gas line downstream of TE-522-2. From TE-522-2 data and
pressure measurements during salt recovery operations, it was estimated
that fission product gases were first diverted through the OFT on October 15,
1966. Since the fuel~pump overfill on July 24, 1966, it is estimated that
most of the fuel-pump gases were forced through the overflow tank for ap-
proximately 28 days in 1966; 6 days in 1967, 76 days in 1968, and 68 days
in 1969, before the overflow tank gas exit line (523) became plugged on

May 25. Thereafter, all of the pump purge gas was forced out through the
restriction in the off~gas line at the exit of fhe pump bowl. This situ-
ation caused some inconvenience during the salt recovery operation, but by
reducing purge flow to the pump at these times, the operation could be done
without exceeding 15 psig in-the pump bowl.

During thé shutdown in June 1969, when the overflow tank vent line was
scanned with the remote gamma spectrometer, an unusually strong source was
observed at the air-operated valve (HCV-523), about 33 ft downstream from
the overflow tank., Flanges were 6pened and pressure observations showed
that the restriction was in the flanged section containing both the air-
operated valve and a hand valve. This section was removed to a hot cell
where polymerized hydrocarbons and fission prodﬁcts were found to be block-
ing the hand valve inlet port. A replacement sectionrcontaining an air-
operated valve but no hand valve was installed. Although the restriction
at the exit of the pump bowl reappeared during the last week of MSRE opera-

tion, the OFT discharge line functioned normally.
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8.5.7 Restrictions at Exits of Drain Tanks

During the reactor drain in June of 1969, pressure measurements indi-
cated that a restriction had developed in the gas line somewhere between
Fuel Drain Tank No. 2 (FD-2) and the junction of the inlet liﬁe (574) and
the exit line (575). The first half of the drain appeared normal at a drain
rate of V2 cu ft of salt per minute after which it tapered off to %0;25 cu
ft per minute when the trapped gas in the drain tank balanced the salt in
" the fuel system. Two and a half hours were required for the drain as op-
posed to a normal drain time of less than 40 minutes when drained into one
tank. The restriction was later cleared by heating the tank to 680°C aﬁd
applying a pressure differential of 60 psig across the plug via line 561.

A similar but lesser restriction in the gas line at the other fuel drain
tank was partially cleared during the fuel system pressure test in Augu§t
1969 by heating the tank to 680°C and flowing helium from FD-2 (at 50 psig)
to FD-1 (at 2 psig).

Restrictions in these lines were most probably deposited (but not to
the point of detection) during December of 1966 and January of 1967 when
the reactor off-gas was routed to FD-1, through FV-106 and FV-105, through
the salt heel in FD-2, and out through line 575 (Sect. 5.6.1). Fission gas
decay heating, during this time, was appreciable in the drain tanks and re-
quired downward adjustments to the drain tank heaters. The off-gas flow
through the drain tanks was reversed after the first week in an effort to
minimize plugging.

The off-gas flow was again routed through drain tank No. 2 gas lines
for a day when line 522 plugged in May of 1969. |

In October of 1969 during a pressure release test when the fuel-pump
gas was released into FD-1, it was discovered that the gas line was again
restricted near the drain tank. Two attempts were made to clear this line
by back-blowing helium, first at 30 psig and then at 50 psig, from line 561
through HCV-573 and into FD-1. Although only marginal improvement was ob-
tained, the gas flow through this line was judged adequate for any emer-
gency drain situation. ,

During the subsequent drain in November 1969, approximately 4300 1b of
salt drained into FD-1 and 5100 1bs drained into FD-2 indicating that a

slight restriction existed in the exit gas line of FD-1. During the
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December drain, the exit gas valve from FD-2 was closed during part of the
drain to compensate for the partial restriction in FD-1 gas line; however,
overcompensation resulted and 5400 1lbs drained into FD-1 and 4100 1lbs

drained into FD-2. The drain times for both drains were less than 20 min-

utes which is normal for a drain when both tanks are used.

8.5.8 Restrictions at the Off-gas Sampler

A system to permit the analysis of the reactor off-gas stream was in-
stalled downstream of the particle trap as shown in Fig. 8.2. The sampler
contained two thermal-conductivity cells, a copper oxide converter, and two
molecular sieves, one operating at liquid nitrogen temperature and the other
at room temperature.® Since the sampler was an integral part of primary
containment during sampling operations, and since some coﬁponents of the
sampler did not meet the requirements of primary containment, solenoid
block valves were installed -in the inlet and outlet lines which connect
the sampler to the reactor system. Two fail-closed valQes in series were
installed in each line and were instrumented to close on high sampler ac-
tivity, high reactor cell pressure, and high fuel-pump pressure.

Although located downstream of the particle trap, the inlet line to
the off-gas sampler periodically developed a restriction in the vicinity
of the safety block valves. The block valves have 3/32-in.-diam ports and
the inlet piping is 0.083 in ID autoclave:tubing. The restriction was éuc-
cessfully cleared each time by back-blowing with helium. As encountered
in other parts of the off-gas system, successively higher pressures were
required toAclear the restriction each time. During the latter part of
Run.18, the inlet block valves would not shut off tightly and were replaced
in July of 1969. Visual inspection of the faulty inlet valves did not re-
veal the reason for the leaking valves nor the nature of the restriction
(the restriction had been blown-clear before the valves were replaced).
During the August startup, it was again necessary to blow out the restric-

tion at the inlet to the sampler.b
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8.6 Discussion and Conclusions

The periodic plugging in the coolant system off-gas filter and also
in the fuel system filter during the precritical and low-power (<25 kW)
operation can be attributed primarily to the accumulation of oil - in the
0.7 to 1y diameter pores of the sintered metal filters (2 to 4u pores might
have been a better choice). However, subsequent filters in the fuel system
were constructed of felt metal (Huyck Nos. FM-225 and FM-204) which was not
only efficient at stopping solid fission products but also was apparently
immune to plugging by hydrocarbons. Virtually all of the solid decay daugh-
ters were stopped.by the Yorkmesh and filter before reaching the Fiberfrax
section of the particle trap.

0il vapor in the_off—gas stream condensed on various parts of the off-
gas system components and apparently enhanced the adsorptioh or trapping of
particulate matter, particularly on the Yorkmesh portion of the particle
trap. ‘

The fact that such large amounts of solid decay daughters were‘trapped
in the particle trap indicates that most of these solids tend to remain in
the gas phase until trapped onto a surface wetted by hydrocarbons. It is
not clear whether the solid decay daughters agglomerate in the hold-up vol-
ume and if so whether they agglomerate with others of their own species,
with other species, with hydrocarbons, or possibly combine chemically to
form both volatile and non-volatile compounds. A large fraction of the
noble gas fission products decay in the 4-inch-diameter hold-up volume and
their decay daughters apparently plate out or are adsorbed onto the first
flow channel restriction where the gas flow changes direction and/or is
close to a relatively cold surface such as valves and flow restrictors.

The high hydrocarbon content (>60%) of the material collected on the
Yorkmesh is inconsistent with the high temperéture (&650°C) in this region

during power operation; hydrocarbons are vaporized and cracked at this tem-

.perature. One must assume, then, that the hydrocarbons were collected

sometime after power operation had ceased and after the fission product de-
cay heat became negligible. The growth rings on the Yorkmesh were probably

caused by alternate periods of power and zero-power operation.
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Since spectrographic analysis did not show any of the alkali metals,
cesium or rubidium, on the Yorkmesh, they were apparently boiled off also
by fissien product decay heating in this region. If this be the case, ap-
preciable quantities of these materials would be expected to be collected
in the charcoal beds. On the other hand, large quantities of barium and
strontium were reported on the Yorkmesh; this would argue for effective
trapping of their precursors, cesium and ribidium. However, to be trapped
on Yorkmesh at 650°C, the alkali metals would necessarily have to be chemi-
cally combined (as halides for instance) rather than in the elemental form,
otherwise they would boil off and be carried downstream. _

Although none of the solid decay daughters in the 4-in.-diam pipe got
past the particle trap, another batch (though somewhat smaller number) of
solid decay daughters are born (and presumably remain in the gas phase) in
the larger hold-up volume ahead of the main charcoal beds. These fission
products along with hydrocarbons are probably the source of the plugging
experienced at the entrance region of the beds.

After examination of the MK-I particle trap, it is understandable why
the entrance region of the charcoal beds plugged periodically; the entrance
pipe (1/4-in. sched-40) enters the bed normal to the section where the
stainless steel wool is packed, thus the cross-sectional flow area (trap-
ping area) at the entrance to the stainless steel wool is only 0.1 sq. in.

Although a particle trap was not installed between the second hold-up
volume and the charcoal bed, it was considered and was definitely needed.
Also the entrance section of future beds should be redesigned such that gas
enters the empty chamber above the steel wool and thus offer a larger cross
section of stainless steel wool to gas flow as in the MK-II trap.

Another argument that fission products, as well as hydrocarbons, are
involved in the plugging mechanism at the charcoal bed entrance, is the fact
that the beds remained free of plugging until power operations were begun.
For a better understanding of the plugging mechanism, the MK-II particle
trap and the entrance section to one of the charcoal beds would need to be
examined. Also at least one bed could be examined along its length to de-
termine the fission product adsorption characteristics of the bed.

The probable reason that the overflow tank exit line remained clear

for such a long time was the fact that pressure differentials (3.5 psi)
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were periodically released through the line each time salt was returned to
the pump bowl. The pressure pulses probably cleared any incipient plug
which may have been in its formative stage.

. The restriction at the fuel pump bowl does not seem to be related to
fission products since the plug seems to form as readily if not more so
while subcritical and at low power as it does at full power. The gas exit
line from the pump bowl should be modified to eliminate mist or liquid car-
ryover into the off-gas stream. A heated cyclone-type separator'? or a
large well baffled and cooled region which could be later heated to melt
down any salt formation are two possibilities.

If hydrocarbons had not been present in the pump bowl, fission gas be-
havior in the MSRE might have been somewhat different from that experienced.
Some speculations on probable results are (1) less serious overall plugging
because there would be no semisolid varnish-like buildup due to hydrocar-
bons, 72) the York mesh would probably be less efficient at trapping the
solid decay daughters and more of this material would then be trapped on
the.felt metal filter, (3) the fission product ''cake" would probably be
loosely packed on the filter and more easily disrupted by backflow since

it would not contain a "binder" or paste material (hydrocarbons).
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9. FUEL AND COOLANT PUMP LUBE OIL SYSTEMS
J. K. Franzreb

9.1 Description

Two identical oil systems served to:lubricate and cool the fuel and
coolant pump bearings and.to cool the shield plugs located between the
bearings and the bowls of the pumps. Each was a closed loop designed to
meet containment requirements. The oil used was Gulf-Spin 35.

Each system consisted of two 5-hp, 60-gpm at 160-ft head, 3500-rpm
Allis Chalmers Electri-Cand pumps, (one normally in operation with the other
in standby), an in-line Cuno EFS oil filter, and an oil tank of 22-gal op-
erating capacity having "brazed on'" water coils capable of removing 41,000
Btu/hr. | -

The oil flow to the bearings of each of the salt pumps was about 4 gpm
with about 8 gpm to each shiéld plug. The remaining h8ﬁgpm was recycled
through the o0il tank to aid in cooling. A scavenging jet was installed in
the 0il lines near the salt pump so that the shield plug oil flow aided the
return of the bearing o0il to the storage tank.

Lubricating oil seeping past the lower shaft seal of the salt pump was
piped fo the o0il catch tank for measuring the rate of leakage.

The pumps, sforage tank, filter and much of the instrumentation and
valving for each system were mounted in an angle iron frame to facilitate
moving to the site. This was commonly referred to as a lube-oil package.
The two packages were interconnected so that either could be used in an

emergency to supply both salt pumps.

9.2. Installation and Early Problems

Before installation at the MSRE, both lube-oil packages were operated
in a test stand. Heat load and pressure drop data wére obtained and the
performance of the systems was checked. A problem of gas entrainment was
found which affected the priming of the standby pumps. Approximately
30 seconds were required to_pfime a spare pump if it had not been operated

for several hours. Priming time was reduced to 5 sec by installing gas
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vents from the pump volute casing and the pump discharge line to the gas
space in the oil tank. This experience led to a modus operendi of starting
the spare pump of each package once per shift and running it for about
15 min.

The packages were installed at the MSRE in 1964, Initial operation
was hampered by failure of the stator insulation in one of the pump motors -
and by low resistance to ground in stators of others. Since moisture was
suspected, a potting compound (Dow Corning Silastic RTV-T731) was used to
seal the motor housing joints and a moisture resistant coating of paint
(Sherwin Williams epoxy white B69W6) was applied to the exterior surfaces
of all four operating motors, plus two spares.

The loss of prime of the standby pumps continued to be a problem until
' the scavenging jets used to return oil to the reservoirs from the salt pumps
were replaced with jets of lower capacity to reduce the entrainment of gas
in the return oil streams. These replacements were done in September 1965,
After modifications, it was possible to reduce the frequency of priming of
the standby pumps to once a week.

Because of the lowered capacity of the new return jets, it was found
necessary to limit the flow of o0il to the fuel-pump motor to L4 gpm, as a
flow of 5 gpm would result in a buildup of o0il in the salt pump motor cavity.

v

9.3 Addition of Syphon Tanks to the 0il Catch Tanks

The oil catch tanks were fabricated of a h6—l/2;in,-long section of
2-in. pipe topped by a 20-in.-long section of 8-in. pipe. The lower sec-
tion allowed accurate measurement of the o0il accumulation rate whereas the
upper portion provided sufficiént volume to handle possible gross leakage.
The catch tanks were drained periodically to keep the level in the lower
section. Radiation would not permit doing this during power operation and
since the volume of the lower section was around 2500 cc and the allowable.
seal leak rate was 100 éc/day, it was possible that the reactor would have
to be shut down to drain the o0il catch tanks during extended runs. There-
fore, in October 1965, equipment was installed to automatically siphon the

0il from the catch tanks when they became full.




After installation, tests were run on these and they performed well.
However, they failed to function properly at the low oil leakage rates that
actually occurred during operation. The oil flowed over the high point of
the syphon tubes, as over a weir, without bridging the tube to form a sy-
phon. We therefore reverted to manual draining during shutdowns. Fortu-
nately the leak rates did not get high enough to interfere with operation

of the_reactor.

9.4 0il Leakage

Continuous records of oil tank and oil catch tank levels were main-
tained during all of the MSRE'dperating life to determine what losses were
taking place. Samples removed from the sysfems were carefully measured,
.as were additions. The oil storage tanks ﬁere large and therefore small
changes in level indication caused.large errors in inventory. Successive
- log readings could vary by 500 to 600 cc. Fairly accurate indication of *“
the leakage through the rotating oil seals of the salt pumps to the oil
seals of the salt pumps to the oil catch tanks were possible over one month
or longer periods. The leak rates during operation varied from a few cc
-per day for either salt pump to around 25 cc/day. The seals seemed to get
worse or improve for no apparent reason.

For the 2k-month period through August 1969, inventories showed unac-

counted for losses from the fuel pump oil'system of 5.4 ié'g liters; from
the coolant.oil'system-of 5.6 :é'g liters or average daily losses of 7.5 cc

(5.25 gms), and 7.8 cc (5.4 gms) respectively. Analyses indicated that
there were approximately 1 to 2 gms of oil products per day in the fuel
_pump off-gas stream. - Some oil may -have been held up in the lines, 6-rt3
:holdup volume, and particle traps that were upstream of this sampling point.
In conclusion, the best estimates showed an oil loss of 5+ gms/day,
of whiéh only 1 - 2 gms could be found as hydrocarbons in samples of off-
gas from the primary system, leaving approximately 3 gmé/day unaccounted

for,
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9.5 Change-0Out of 0il Pumps

After the initial trouble with the electrical insulation due to mois-
ture, the pumps gave very satisfactory service. Two pumps ﬁere'remoVed
from service, one because of excessive vibration and the other because of
an electrical short in the motor winding. This was done‘during the six-
month period ending August 31, 1967. ‘

The pump with excessive vibration had one of the two baiancing disks
loose on the shaft. This loose disk was reattached, and the shaft assembly
was dynamically balanced. The pﬁmp was reassembled, tested under operating
conditions and made ready for service. The pump with the shorted winding

was rewound and put back into service.

9.6 Test Check of One 0il System
Supplying Both the Fuel and Coolant Salt Pumps

On March 20, 1966, the two oil systems were valved so that the fuel
0il package (FOP-2 running) supplied o0il to both salt pumps. This was done

to check_calculations; and to be sure that this could indeed be done in

some future emergency. The coolant pump was circulating salt at 1200°F;
the fuel pump was idle and at a temperature of 125°F. Adequate flows to
both salt pumps were maintained (3.35 gpm to the bearings and 6.5 and 7.3
‘gpm to the coolant and fuel pump shield plugs). ‘Under these conditions the
0il supply temperature equilibrated at 127°F. When the fuel pump oil flow
was stopped, the oil supply temperature increased v T°F, indicating that
thé fuél pump was removing part of the heat load of the o0il system.
Although this test did not prove conclusively that-one oil cooling
system was adequate for an emergency wherein one package would be used to
supply both_operating salt pumps, subsequent heat exchanger tests and cal-

culations indicated that one oil cooling system would be. adequate.

‘9.7 0il Temperature Problems

The total oil flow from one lube oil pump was normally 60 gpm. Of
this, 8 gpm was directed to the shield plug of the salt pump in the par-
ticular system, 4 gpm to the salt pump bearings, and the balance was by-

passed back into the oil tanks and caused to flow down "‘the outer tank walls, .
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This amount plus the warm oil from the shield and bearings was cooled by
means of water flow through coils brazed to the outsidé of the carbon steel
tanks, _

As the system was subjected to extended service, scale built up on the
inside surfaces of these coils, causing a drop in the cooling capacity.
This in turn caused the temperature of the supply oil to climb from . its
normal 134°F to 140°F. This higher témperéture was reached during March
of 1966. : :

Both of the lube oil tanks coils wére flushed with a 15-wgt % solution
of acetic acid. Considerable material was removed; and the oil tempera-
tures, upon restarting, were reduced T7°F in the case of the coolant pump
oil system, and 3°F in the case of the fuel-pump oil system.

During subsequent operation the temperature of the fuel pump oil grad-
ually rose, and in August 1966; this acetic acidvtreafment was again given
both coolers. '

This problem of gradual fouling of the water side of the cooling coils
recurred throughout subsequent operations, and by December 1967, the tem-
perature of the oil supplied to the pumps was up to 150°F. The water sup-
ply was changed from‘tower water to cooler untreated "proceés water" which
in the case of the MSRE was taken directly from the potable water system
via a backflow preventer, The system was left on process water for two
months and the heat transfer improved enough, probably by.phyéical flushing
out of the scale, so that tower water could again be used and afford satis-
factory cooling of the oil. This sﬁitching had to be.done at least twice
more before the reaétor was finally shut down in December 1969. A semi-
permanent hose and piping system was provided so this could be done expe-

ditiously.

9.8 Increase in Radiation Level at the Lube .0il Packages

At the beginning of power.operation in August 1969, a radiation moni-
tor at the reservoir of the fuel pump oil system indicated radiation from
the upper part of the tank was increasing and decreésing with reactor power.
Using the on-site gamma spectrometer, it was determined that the activity

was “IArgon. This was apparently produced by activation of the blanket gas
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in the upper'part of the fuel pump motor cavity. Prior to this time only
helium had been used during power operation, and no gas acti&ation had oc-
curred. Argon was being used at this time to investigate bubbles in the
fuel loopa Since radiation levels did not exceed 2 mﬁ/hr and decreased
when the cover gas was changed back to helium, this was not a serious

problem,

9.9 Analysis of 0il

Samples were taken of each new supply.drum>and from the two lube oil
systems aftér cirqulating fof a,shoft time. Analyseé of these were used as
controls, to.compare with periodic samples taken from the systems during
Qperation. _Thé main concern was that the oil, especially in the fuel pump
'system, might undergo some changes due to long-time circulation through the
high flux fiéld in the pump or that there might be some thermal decompo-
sition. v ‘

Table‘9;l is a compilation of some typical oil analyses performed
during the life of the MSRE. The only significant or even minor changes
that were found were that the OH radical increased somewhat and some C=0
was fdrmed, probably indicating some small degree of oxidation. - Tritium
buildup was .insignificant. _

The o0il which leaked through the seals to the o0il catch tanks, al-_
though dark in color, showed no significant chemical or physical changes.

An addition fractional distillétion test analysis was run on a sample

of new Gﬁlfspin-35 0il on September 2, 1964, This wasldistil;ed under re-

duced pressure (3—% mm Hg) -in an 18-in. reflux column. As indicated below,

most of the distillation occurred between 148 and 178°C.

9.10 Replacement of Oil

The first charge of Gulfspin-35 oil was added in September 1964 as the

0il tanks were calibrated. Each tank took about 35 gallons. Periodic ad-

ditions were made to compensate for losses.
As indicated previously; no significant phys&cal o& chemical changes
occurred which would indicate that the oil should be replaced. Various oil

companies were contacted and they did not have any suggestions as to other
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®
Table 2.1 MSRE GULFSPIN 35 LUBE OIL -- TYPICAL ANALYSIS «
. ' !
i
!
Viscosity Viscosity Viscosity H,0 X
Date Centistokes SsU SSU Carbon Sulphur Bromine Flash Sediment SPECTROGRAPHIC ANALYSES -~ Micrograms/ML ;
Sampled Description At 25°C At 100°F At 210°F % % Number Point % vlv Al Be Ca Ce Cr Cu Fe La Mg Mo Ni P Pb Sn Sr Ti V Zn Zr Comments and Miscellaneous
5 ea 55-zal drums 15844 83552 1;26 3i§ Fow 04 (all) ANALYZED AS ESSENTIALLY THE SAME AS LO-6 and LO-7
&' .
8/25/65 new Gulfspin-35 15.99 - - 86.43 1.95 325°F
2/18/66 FOP-CONTROL NOT ANALYZETD <1 <0.02 124 <10 0.3 <0.4 0.2 <2 0.1 <0.4 <2 74 <20 <20 0.5 <0.6 <2 96 <0.6
2/18/66 COP-CONTROL NOT ANALYZED <1 <0.02 352 <10 0.5 <0.4 1.9 <2 0.2 <0.4 <2 250 <20 <20 2.5 <0.6 <2 136 <0.6
’ Mn
H,0-ppm I ..
8/8/66  New 0il for FOP 9.94 2.64 86.88 0.012 1.26 3°F 160 <1 <0.01 <200 <20 <0.5 <0.2 ~l  -=  <0.1 <0.5 <4 30 --- <20 n20 <0u5 <l 100 <0.5 ysed oil stiowed an increase in the free
Mn OH band at V3630 cw™', and an increase
8/13/66 New 0il for COP 313°F <1 <0.,01 <200 <20 <0.5 <0.2 ~1 - <0.1 <0.5 <.4 ~50 - >20 ~20 <0.5 <1 ~100 <0.5 in C=0 ’
2/13/67 From COP 9.94 2.64 86.21 0.10 1.9 322°F H28-§6 3.9 -~ 648 -——~ = <2 3 - <6 -- == 108 --- - 4.6 - - 2.0 -- Interfacial tension 15.4 (normal = 18)
. . . . . . :
- H20-7% i _— - — facial tension 16.0 (normal = 18)
o <1 - 520 === @ —-= <2 <2 - <6 -~ 24— 76 --- - 3.4 130 Interfacial tension .
2/13/67 From FOP 10.26 2.67 86.6 0.07 1.7 326°F 0.09 Ag L1 K Mn N'a s1 roo o
1 <l1.0 ~200 1.0 10 5.0 10 1.0 0.5 20 Tr <5 1.0 -— -— - — ark appearance
*k
5/16/68 NOT ANALYZED Ag Li K Mo Ta s1
5/16/68 *kk NOT ANALYZED 0.2 <1.0 ~200 1.0 10 5.0 10 1.0 0.5 10 Tr 5.0 1.0 -— - -= 200 -- Dark appearance
i K Na S1 X
5/19/69 From FOP 8011220_ pen 9.94 2.58 78.0 0.012 1.29 326°F Higappm 50 <0.5 "2 A5 <0,5 5 1 ~100 ~ Had C=0 band indication some oxidation
’ ) ’ ’ ’ K Na s1 _ :
5/19/69 From COP 180 10.52 2.67 76.7 0.05 1.55 333°F H;gappm 50 ~l 2 "5 .5 3 10 ~100 Had no C=0 band increase over new oil
—

le Log for Water, Helium, Miscellaneous; and MSRE Data File — Section 6E-1 (Lube 0Oil Analyses).

'20/67 to 5/16/68 — Collected in the Waste 0il Receiver from the fuel pump oil catch tank.

'20/67 to 5/16/68 — Collected in the Waste Oil Receiver from the coolant pump oil catch tank.
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means of checking for damage. However, as protection against undetected

changes, the oil was replaced in August 1966 and again in May 1967.

9.11 Discussion and Recommendations

Except for the priming difficulties with the pumps and the moisture
troubles with the motors, the systems operated very satisfactorily.

No noticeable change occurred in the lubricating oil. However, more
information is needed as to what chemical analysis or physical tests should
be made to detect undesirable changes. A more realistic sampling schedule
needs to be established. | '

Improvements in future heat exchangers for this service should be made.
Excess capacity should be provided to compensate for fouling of the heat

transfer surfaces or better cooling water inhibitors should be used.

()
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10.  COMPONENT COOLING SYSTEMS
o P. H. Harley o

The primary and secondary component coolant systems consisted of com-
pressors and associated equipment required to-‘gas-cool various components
in the fuel and coolant systems. Although they performed similar functions,

the two were coméletely independent and are therefore described separately.

~10:1 Primary System

10.1.1 Description

Cell atmosphere gas (95% N,, 5% 0,), commonly called "eell air" was
recirculated by one of two T5-hp belt-driven positivevdisplacement pumps
(component coolant pumps). The other pump was a spare which could be manu-~
ally started if needed. Each pump was located in a containment enclosure
or dome which could be opened for maintenance. After compression by the
component coolant pump, the cell air passed through a water-cooled shell;
and-tube heat exchanger and then to the reactor and drain tank cells for
distribution to the freeze valves, control rods, reactor neck, and fuel-
-pump cooling shroud. A side stream was circulated past a radiation moni-
for to indicate cell-air activity and could be exhausted to the containment

stack for evacuating the cells.

10.1.2 Initial Testing

The initial testing was primarily a check of the system design. Flows
to equipment were measured and interdependence of flows was checked. The
system was leak-tested and the heat transfer coefficient of the gas cooler
was measured. .

Permanent flowmeters were not installed since most of the flows were
set initially and then not changed. During installation of piping, various
flows were measured with temporarily installed rotameters. Since air flow
to the fuel-pump shroud needed to be varied, a permaneht orifice was in-
stalled when tests indicated that air loading on the control valve was not
an -adequate indication of air flow.

Initial flows were adequate except for cooling the control rods. Suf-

ficient flow was obtained by removing a discharge block valve. This block
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valve was intended to close on high cell-air activity to prevent gross con-
tamination of the cell in case a control rod thimble ruptured. In lieu of
the block valve, the discharge air was routed through a 55-gallon stain-
less steel drum-located in the reactor .cell to retain any salt which leaked
due to the rupture. _

The measured flows are given in Table 10.1 Tests indicated that chang-
ing one flow had nc effect on the other flows even when the cell was being
evacuated at about 200 scfm. The pressure control valve (PCV-960) which
discharges excess air back to the cell adequately compensated for the vary-

ing flows and maintained a constant discharge pressure.

10.1.3 Blower Capacity

Design of in-cell MSRE components initially required a gas-cooling

. capacity of 885 scfm. BHowever, development tests indicated that cooling
-air would not be required on the freeze flanges. Therefore, the blower

capacity was lowered to &617 scfm by installing a smaller sheave on the:
drive motor.

After about two-years operation, more circulation was deemed necessary
between drain tank cell and reactor cell. This was to give a more rapid
responée on the cell air activity monitors in case -of a leak into the drain
tank cell. A larger diameter drive sheave was installed to give a blower
capacity of TLO scfm and a 2-in. line was installed from the freeze valve
supply header to the drain tank cell. This gas (200 séfm) flowed from the
drain tank cell into the reactor cell and back to the component coolant
pump suction. This TLO scfm was uéed for all subsequent operation. huring
rapid evacuation of the céll, it was necessary to close a hand valve in

this line in order to maintain an adequate flow to other components.
10,1.4 Gas Cooler

. The heat removal by the gas cooler was adequate throughout the opera-
tion. The initial heat transfer coefficient calculated to be 36.5 Btu/hr
ft2 °F with a flow rate of 885 scfm. After two years of operation and at
a flow rate of T4O scfm, it was 28 Btu/hr ft2 °F and has remained at ap-
proximately this same value. No inspection has been made to determine how
much oil and/or belt dust is deposited on the gas side (shell side) of the

tubes,
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Table 10.1 Flow Distribution of
- Primary Component Cooling System

Measured
Flow
Equipment. Supplied scfm Design

No. 1 Control Red Motor 1.33 5
No. 1:Control Rod . 3.8

No. 2 Control Rod Motor “1.45 5
No. 2 Control Rod 3.9

No. 3 Control Rod Motor 1.4 5
No. 3 Control Rod 3.9

Reactor Neck Outside 18 15
Reactor Neck Inside © 18 15
Graphite Sampler : ‘ 16.2 ' 15
FV-10k4 ' 75
FV-10L4 26.6 15
Fv-105 27.7 15
FV-106 24.8 15
Fv-10T7 15
FV-108 15
FV-109 ' 15
Cell Air Radiation Monitor (RE-565) 100
L-952" ‘ 260

* % :
Fuel Pump 30 100

%%
PdcV-960

*
L-952 was installed in September 1966 to increase circu-

lation between reactor and drain tank cells.
*¥ :
Initial design of 200 scfm was lowered to 100 scfm.

Initial normal use was 30 scfm but later no flow was required.

* .
PCV-960 discharged excess capacity to maintain a con-
stant discharge pressure. -
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10.1.5 CCP Drive Units

Originally the component coolant pumps were driven by five matched
belts using a 15,9-inf driye sheave and a 21-in. drive sheave. When the
blower capacity was reduced by changing to a 10.9-in. drive sheave, belt
difficulties developed. The first set of belts failed after 1450 hours of
operation and the second set only 11 hours later. The smaller diameter
drive sheave increased the bending stresses .to values in excess of the belt
ratings. To correct this, in February 1966, the drive and drive sheave dia-
meters were increased to 12.5 and 24 in. respectively. To obtain a beﬁter
belt loading, the initial matched belt sets were replaced by a poly-V-belt.
Then in August 1966, the drive sheave was increased to 15-in. diameter to
increase blower capacity. This further reduced bending stresses on the
belt.

The original belts were rated at 200°F whereas the poly-V-belts were
only rated at 130°F. This caused difficulty since the ambient temperature
in the domes was about 1T70°F due to motor heat and leakage of 320°F gas
from the discharge relief valves. Rupture discs were installed to prevent
leakage but they would not withstand the shock received when the blowers
were started. Baffles were then installed which deflected the cooler in-
coming gas across the belts and thus lowered the ambient temperature to
around 150°F,

To magnify the drive belt difficulties, the motor support was not sat-
isfactory. The motor could slip on its support plate and flexing of the
motor support legs caused a pulsating load on the drive belts. Small blocks
were welded to the support bracket to keep the motor from slipping and heavy
bracing of the stand minimized the vibration. Since the largest strain oc-
curred on the drive belts when the blower was started, one blower was oper-
ated continuously during a ‘run instead of alternating the blowers twice a
month as was done initially. This increased the belt life to more than
8000 hours and uninterrupted runs of over 3000 hours were made without belt

adjustments.

10.1.6 '0il System

One of the component coolant pumps (CCP-1) had to be stopped during

Run 10 in January 1967 because of low oil pressure, and CCP-2 was used for
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the remainder of the run. After Run 10, a cracked copper fitting in the
oil system was repaired, and 2 gallon of oil was added to bring the oil |
level back to normal. Drains were also installed to return any oil'seal
leakage back to the oil reservoir.

More trouble was encountered in the CCP-1 oil ci}culating s&stem during
Run 12, First, a loose tubing connection caused the loss of 2 gal. of oil.
This was repaired -in August 1967. When the blower was restarted, intermit=
tent low oil-pressure alarms again occurred. An investigation indicated
no significant loss of o0il, but a slow oil-pressure response was .observed
when the blower was started. The suspected oil pump and pressure-relief
valve were replaced with spare units to correct the trouble. Later inspec-
tion indicated that the oil pump was not damaged but the pressure-relief
valve was relieving before the normal oil pressure developed. In spite of
this difficulty, adequate lubrication had been maintained and there was no
damage to the blower. The oil pressure relief valve on CCP-2 was inspected
and also found to relieve at too low a pressure and was readjusted.

In September 1967, after six days.of flush-salt circulation and two
days of nuclear operation, CCP-2 was shut down by low oil pressure. Since
the discharge valve would not close leak-tight, the run was terminated.
Repairs consisted of repairing the leaking discharge valve, capping a leak-
ing drain line and tightening several packing nuts and fittings. The other
blower, CCP-1, was used for 873 hours into November 1967. At this time a
serious oil leak was indicated by low oil pressure and accumulation of about
2 gal., of oil in the condensate collection tank connected to the blower
containment. The standby unit, CCP-2, was immediately started up and oper-
ated without.further difficulties throughout the remainder of the run,
3,036 hours.

In -July 1968, the brazed tubing oil system oﬂ.both blowers was re-
placed by welded pipe and flexible hose. This eliminated most of the pro-
blems with the oil system. A leaky shaft oil seal had to be replaced in
December 1969,

10.1.7 Strainer

In August 1966, a temporary strainer with a 1/16-in., screen was in-

stalled in the component-cooling-pump discharge line to collect rubber dust
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" from the drive belts, and prevent blowing this material onto the hot metal
components being cooled. Although the temporary strainer worked satisfac-~
torily a new strainer made of 100-mesh screen, which had been on order-for
a year, was installed in the line in May 1967. Over an eight-month period,
the temporary strainer had accumulated 30 to 50 g of black, dry powdery ma-
terial that appeared to be dust from abrasion of the drive belts. After

" being decontaminated, the strainer was examined and was found to be in very
good condition. The surface was slightly etched, but no more than would
be caused by the decontamination process.

" The new strainer developed excessive pressure drop in September 1967
and the screen was replaced. In 1,800 hours of operatidn the 100-mesh screen
had become partially plugged with rubber dust from the drive bélts° It was
damaged in removal and a replacement basket was made using l6-mesh, 0.023-
in, wire screen. This showed no pressure buildup over the subsequent 2

years of operation,

10.1.8 Condensate Collection

After a reactor cell space cooler began to leak water into the cell in
March 1966, condensate accumulated in the 10-in. suction line to the com-
ponent coolant pumps at a rate of 1 to 2 gpd. The water was vaporizing in
the reactor cell and condensing on cold surfaces at the component coolant
pumps. Simple drains were installed, but these could be used only when the
reactor was subcritical due to radiation in the coolant drain tank cell.
Handling of the drained water was complicated by the tritium (up to 915
up/mz produced from the 6Ii in the treated-water corrosion inhibitor or
from diffusion through primary piping. During the shutdown in August 1966,
piping was installed to permit draining the domes during power operation
to a tank in the sump room. It was periodically pumped from this tank to

the liquid waste tank.,
© 10.1.9 Electrical

In June 1966, the wiring to CCP-1 drive motor shorted out in the pene-
tration into the containment enclosure. The short tripped the main breaker
to generator bus No. 3 as well as the component coolant pump breaker. The

pump and other equipment on bus No. 3 stopped. Emergency diesel power was
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started immediately, but because of g misinterpretation of the problem, the
reactor drained before cooling was restored to the freeze valves by switc-
hing to CCP-2. The short occurred in an epoxy seal on the end of the
copper-sheathed mineral insulatéd~cable and was caused either by moisture
from in-cell leakage or a breakdown of the epoxy potting compound.

Wiring changes were made to both component cooling drive motors to
prevent a reoccurrence. Each phase of the three phase circuits was brought
through a separate penetration and the epoxy was omitted from the end seals.

No further difficulties were encountered.

10.1.10 - Valve Problems

Isolation valves were provided on each component coolant pump to per—
mit repairing one while the other was in operation. These large valves
(10 in. on the inlet and 6 in. on the outlét) had back-seating stems on tef-
lon seats to prevent leakage when the valves were open. These proved to
be very satisfactory. After about 3-years service, one of the 6-in. iso-
lation valves -leaked in excess of 100 cfd. An inspection revealed several
large pits in the seating surface of. the valve which had been.filled with
epoxy during manufacture, These were repaired by filling with weld metal
and then refinishing the seating surface. When reassembled, the leakage
through the wvalve wasﬂﬁo.S cfd which was considered to be satisfactory.
_; Check valves were installed on the discharge of the blowers to prevent
ﬁackflow through the stand-by unit. These were 6-in, butterfly-type valves
with silicone rubber hinges helding two flappers in place. In January 1966,
after 1640 hours of service, the hinge on the CCP-2 valve broke allowing
one: flapper to fall off, No spares were available so flappers and hingers
were made at ORNL.'-This-had not . failed after 1800 hours but was replaced
by factory-built parts. In November 1966, the butterfly check valve from
CCP-1 was found to be inoperative and was repaired. The failure also oc-
curred at the silicone rubber hinge which supports the two wings of the
check valve, ‘

On one occasion during the period when belt problems were causing loss
of blower capacity, the stem of the in-cell preésure control valve (PdCV-
960) froze in a partially open position and failed to close when the valve

operator air loading increased. This was the only failure of an in-cell
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component in this system. The valve was removed remotely and repacked.

The stem was polished and lightly lubricated before reinstallation. To
prevent the valve from remaining in one throttled position for an extended
time, the pressure controller was subsequently cycled periodically to be
sure the valve was functioning. Moisture in the circulating air probably
contributed to the valve failure, and the periodic draining of the collected

moisture has helped prevent a reoccurrence.

10.1.11 Conclusions and Recommendations

Although many difficulties have been encountered with equipment, only
two reactor drains have been caused directly by component cooling system
failures. One was loss of one blower while the other was isolated for main-
tenance and the second was a failure of electrical cable to the motor of
one compressor (CCP-1). One run was restarted after repairing an oil leak
which developed early in the run.

Better design specifications would have assured more serviceable items.,
For instance, the pressure relief valves had a specified capacity at 15
psig, however, they discharged a small amount of gas continuously at nor-
mal operating pressure.- This caused excess heating of the equipment in the
containment domes. Combining overpressure protection with an unloading
valve and controls would have permitted blower startup without load and
caused less wear on the drive belts. A more durable hinge would have pre-
vented the check valve failures°

More instrumentation on gas flows and on the oil system would have
given earlier indication of pending difficulties. Oil sump.level and dis-
charge pressure with indicators outside the containment would have helped
here. »

Although sufficient capacity was available, only minimum capacities
were available for cooling at some locations because of limiting pressure
drops of piping and control valves, More design consideration should have
been given to the possibility of needing additional cooling. After cor-
recting blower drive problems .during the first two years of operation, sev-
eral reactor runs were made in excess of 3000 hours with only preventative

maintenance between runs.,
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10.2 Secondary System

10.2.1 Description

Ambient air for cooling out-of-cell components was supplied by either
a 60-scfm positive displacement pump (CCP-3) or a piston-type air com-
pressor (AC-3). The air was distributed to the coolant system draln freeze

valves and to the chemlcal processing plant freeze valves.

10.2.2 Operating Experience

Early testing revealed that the flow to FV-204 and FV-206 was insuf-
ficient to establish good plugs’ in the freeze valves. The air-operated
control valve trim was enlarged to reduce the pressure.drop and the blower
discharge pressure was increased from 8 to 9.25 psig. With these changes,
adequate air capacity, 25 scfm, was obtained to each freeze valve.

In April 1967, the drivé shaft of the rotary blower, CCP-3, seized. in
the brass sleeve bearing of the blower housing and did extensive damage to
the drive shaft. Operation was continued using the service air compressor,
AC-3, which was the standby supply to keep FV-204 and FV-206 frozen. A
second bearing failure occurred in CCP-3 after only 200 hours of operation
following the first failure. Since that time, AC-3 has been used as the
normal cooling air supply with CCP-3 as a standby unit. CCP-3 was used
during programmed maintenance on AC-3 and while freezing FV-204 and FV-206
when more air was required than the air regulator .from AC-3 would supply.

A brass swinging gate check valve which prevented backflow through
CCP-3 when -the service air compressor was used, failed because of wear
caused by .pulsating flow when CCP-3 was in service. This check wvalve was
replaced by a hand valve. Then, when the air compressor was changed to the
normally operated supply, a new check valve was installed so the blower
could be restarted remetely if a low header pressure alarm occurred. The
hand valve was left installed so the .blower could be isolated if the check

valve failed again.
10.2.3 Conclusionsh

The positive displacement pump.(CCP—3)vwhich was intended as the prime
air mover functioned poorly. . However, the service air compressor (AC-1)
was very reliable and thus little or no operating time was lost due to this

system,
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11. VENTILATION SYSTEM
P. H. Harley

11.1 Description

The purpose of the ventilation system was to exhaust air from areas
where theré was a potential danger of release of radioactivity; The air
flowed through a network of ducts to the filter pit which contained 3 paral-
lel banks of roughing filters .and absolute filters. It was pulled through
the filter pit by one of the two stack fans and was then discharged up a
100-ft stack to the atmosphere. The stack was continuously monitqred to
assure that the radiocactivity released was within acceptable limits. Sen-
sitive differential pressure gages were installed to indicate the direction

of air flow between the various areas.

11.2 Operating Experience

After installation of the ventilation system was complete, a series of
tests was run to insure that the criteria would be met. Several minor
changes were made in the ducting, cell blocks were caulked, and leaks re-
paired. The biggest problem encountered was sealing the hi-bay. Gaskets
were. installed 6n the doors, all Jjoints in the lining were taped, and a
number of large holes were plugged. The leakage into the hi-bay was meas-
- ured as follows. The dampers in the ventilation ducts from all other areas
were closed, All inlet vents and doors to the hi:bay were closed. The
dampers between the hi-bay and the stack fans were throttled until the hi-
bay pressure was —0.3 inches of water. The in-leakage (stack flow) was
“found to be 4250 ft3/min. Although this was above the design value of
1000 ft3/min, it was accepted.

The pitot tube stack gas flow meter was calibrated using a hot wire
anemometer. Several traverses were made under various flow conditions.

The flow under normal operating conditions was found . to be around 23,000
cfm, The stack calibration curve and details of the calibration are given
in MSRE Test Memo and Test Report 2.3.15.

Tests indicated that adequate ventilation could be maintained with 2

of the 3 parallel filter banks in service. Therefore, it was possible to

replace one bank of filters without interrupting operations.
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After installation, the absolute filters_did not pass the standard
ORNL-DOP smoke test.“5 (99.95% efficieﬁcy is required.) Visual inspection
indicated leakage around the frames which required considerable caulking
and some minor revisions. On:ll/lh/64 all three banks passed the DOP test
(East = 99.970%; Center = 99.972%; and West = 99.967% efficient). The next
test in May of 1965-indicated that all three banks had dropped to less than
99.90%.efficient. Therefore, .they wefe removed and extensive recaulking
and revisions were made to improve their efficiency and assure that they
could be replaced remotely. The results of-subsequent DOP tests are shown
in Table 11.1, |

It ‘has not been necessary to replace the absolute filters since 1965.
The pressure drop through them had changed very little during the 4 years
of operation which indicates that the roughing filters performed well and
removed most of the particulates.

The roughing filters were changed when the pressure drop across them
" reached 5 to 6 inches of water at which time the stack flow would be down
tO'ﬁlB;OOO.cfm. During earlier operation while considerable maintenance
and construction was still being done, these plugged rather rapidly. Small
easily changed fiberglass filters installed on éeveral of the inlet ducts
reduced the plugging rate. Subsequent filter changes are shown in Table
11.2. The last set of roughing filters read 500 mR/hr at 3 inches after
they were removed.

Some difficulty was encountered in early operation with stack fan No.
1 (SF-1) bearings. The bearings were initially grease-lubricated and there
was difficulty in maintaining proper lubrication. The normal bearing 1life
was about four months. In 1966, an oil-lubricating system was installed
and the subsequent bearing life has been about 18 months. SF-1 was run
continuously except when hecessary to do maintenance on it., ©SF-2 served
as a standby unit. '

Sensitive differential pressure gages (full scale = 2 inches of water)
were provided to indicate direction of air flow. These were recorded each
shift -on the building log and dampers were adjusted as necessary. Venti-
lation flow was from the less hazardous to the more hazardous area except
in the coolant cell during power operation. When the main radiator blowers

were operating, considerable air leaked from the radiator and pressurized
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Table 11.1 Results of DOP Tests of Absolute Filters

Efficiency
Bank 10/65 - 3/66 6/67 9/68 - 8/69
East 99.999% 99.998% 99.979% 99.994% 99.993%
Center 99.994 99.995 99.998 99.996 99.995
West 99.99k 99.997 99.994 99.99k 99.985

Table 11.2 Roughing Filter Changes

East Center West
October 196k X x X
October 1966 . X X X
August 1967 X X
September 1968 ‘ Cox

August 1969 X X X
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the coolant cell. ‘In an effort to correct this, the inlet to one of the
radiator auxiliary blowers (MB~2) was connected to the coolant cell. This
reduced the pressure below atmospheric but it was still above the hi-bay
pressure., Since the only hazard-was frem beryllium and since the ccolant
stack was continuocusly meonitored for beryllium, this was considered ac-.
ceptable, ‘ -

During maintenance, containment is provided by the flow of air into
the cells. The system has adequately supplied this need for all mainte-
nance operations. -

There has been very little activity released to the atmosphere except
during maintenance periods. Even then, the releases have been below the
. ORNL permissible limits. The permissible release rate from the 5 ORNL
stacks is @l curie per week, Table 11.3 is a tabulation of the amount of
activity released from the MSRE stack. The maximum released in any week
at the MSRE was 568 mCi during the week ending December 21, 1969. This
was mainly from_the core specimen removal plus about 50 mCi from the pri-
mary system leak which occurred during the final shutdown.,2?

Due to a galled bolt, the core specimen hold-down flange could not be
reinstalled and was left hanging in the standpipe. Another flange was in-
stalled to close the system. Salt on the hold-down assembly probably con-
tributed to the larger than usual release. The standpipe vacuum was also

.inadvertently left off on two occasions when it should have been on.

11.3 Conclusions and Recommendations

The ventilation system has functioned satisfactorily during operation
and maintenance. The installtion of éasily removable filters at inletslfo
the ventilation ducts prolonged the life of the roughing filters and should
be considered in future designs.

The stack monitoring system could be improved. The recorders used
were very difficult to make notes on. This, together with the range chang-
ing feature of the system, made later interpretation of the charts very
difficult. In addition to this, the monitors were never calibrated., This
should have been done and limits on their readings should have been es-

tablished before starting operation.
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Table 11.3 Semiannual Stack Release

Dates Particulate Gaseous
From- To mCi mCi Main Source of Activity
3/66 8/66 0 , 97 Miscellaneous maintenance
9/66 2/67 9 206 Off-gas line maintenance
3/6T  8/6T  <0.3 ko |
9/67 2/68  <0.3 2.3
3/68 8/68 <0.3 343 Off-gas line maintenance
9/68 2/69 <0.3 0.L
3/69 | 8/69 <0.3 12.5 OFT vent maintenance _
9/69 1/70 <0.3 8.2 Removal of core specimens and

primary system leak
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12.  WATER SYSTEMS
P. H. Harley

Water for various typesZOf\usage was supplied at the MSRE by the fol-
lowing systems: (1) the potéble water system distributed ORNL water for
fire protection, general building services, and was the supply for the pro-
' cess water system, (2) the process water system distributed water (potable
water which had gone.through a backflow preventer to provide isolation) for
process usage, such as dilution of the liquid waste, for temporary or emer-
gency cooling and for makeup to the cooling tower, (3) the cooling tower
water system recirculated treated process water through various out-of-cell
components and provided cooling for the treated water, (4) the treated wa-
ter system recirculated treated steam condensate in a contained loop to
provide cooling for all in-cell or contained components, (5) the steam con-
densate system condensed ORNL steam to produce pure condensate which was .
used in the drain tank afterheat removal system and for treated water sys-
tem makeup, and (6) the nuclear instrument thimble water system recircula-
téd»preated steam condensate to provide cooling for the nuclear instruments
and biological shielding from the reactor vessel.

The operating experience, difficulties encountered, and recommenda-

tions are given separately .for each sub-system.

.~ 12,1 Potable Water System

Two six-inch cast iron lines supply water to the MSRE area from the
supply main., One line supplies water to the firé sprinkler system and
general building services and the other supplies makeup to the process wa-
ter system.

The underground supply line to the fire sprinkler system and building
services ruptured in the fall of 1967. Repairs required shutting off both
potable water supplies to the area so process water makeup was supplied by
a fire hose from a vent line on the valley water main. - Fire protection was
provided by &l/h mile of fire hose from the Nuclear Safety Pilot Plant and
posting of a fire watch at the local fire alarm box in the building. Iso-
lation valVés Whére the lines teed off the water main would have simplified
the repairs. - In December 1969, the other 6-in. supply line ruptured under-

~ground. Process water was supplied from the other 6-in. main through a
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temporary backflow preventer dufing repairs. In both cases, repairs were
made using a stainless steel Adams clamp.

Although no serious malfunctions have occurred in the automatic fire
sprinkler system, a better designed system could have been provided. -The
- MSRE system was installed from national fire protection specifications-
without regard to area services. In some areas containing electrical equip-
ment, more Hanger existed from possible water damage than from the possi-
bility of fire. In these areas the sprinklers were disconnected or iso-
lated with manual valves. Portable extinguishers suitable for electrical

fires have been provided in areas containing electrical equipment.

12.2 Process Water System

This system has performed very well. On a few occasions, process wa-
ter was used for cooling critical equipment when repairs necessitated shut-
" ting down theé cooling tower water system. Process water which was “20°F
cooler than the cooling tower water was effective in cooling the fuel pump

and coolant pump oil tanks when the coils became' fouled with scale. The

use of process water tended.to flush the coils so that adequate cooling
could be obtained using cooling tower water. »

The process water system was supplied by ORNL potable water through
one backflow preventer. Another backflow preventer was installed in series
with this in the process water supply to the liquid waste tank. These
backflow preventers were scheduled to be tested semiannually. Actual test-
int occurred at intérvals of 3 to 14 months. The main backflow preventer
never required any repairs. The one in the line to the waste tank réquired
minor repairs onﬁtwo occasions. Valving was provided to install a second
unit in parallel if repairs of the main operating backflow preventer were
required. HoweVer, the second unit was never installed. Instead the pro-
cess water flow was shut off to make the periodic tests. For a more com-

. plex water system, two backflow preventers should be installed.
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12.3 Cooling Tower Water System

Standard centrifugal pumps were used to circulate the cooling tower
water, Flow was adequate and no pump performance tests were made. The
cooling tower was a packaged commercial unit and provided adequate cooling.
Very adequate temperature control was obtained using a temperatyre con-
trolled valve which :allowed part of the water to bypass‘the coqling tower.
One major pipe leak occurred which required shutfing the eﬁtire system down.
This leak was in the underground six-inch return line to the cooling tower.

Nalco-360 balls, a mixture of sodium and potassium chromate containing
some phosphates, were used as a corrosion inhibitor.

In the summertime, a one-pound ball of Nalco-21S, an algae inhibitor,
was added daily and was satisfactory in preventing algae fbrmation on the
cooling tower. Hardness was controlled by bleeding off about 2 gal. per
minute‘of cooling tower water. This water plus about 8 galions per minute
of process water was used to cool the charcoal beds.

Over 1500 samples of cooling tower water were taken and analyzed.

Most of these were analyzed at the site to assure adequate treatment. Peri-
odically the sampleé were sent to the laboratory for iron anélysis° This
remained less thén 1 ppm throughout the operation. Due to the continual
makeup and bleedqff from the system, good corrosion rate figures are not
available, however, no.leak has occurred which could be attributed to cor-
rosion, o ‘ »

A considerable amount of calcium phosphate scale coated the rotameter
tubes and cooling.coils and left sludge in the cooling tower basin and low
velocity areas of the treated water cooler. Equipment was installed to me-
ter a solution of potassium dichromate and zinc-sulfate inhibitor into the
cooling tower water by a proportioning pump powered by the cooling tower
makeup watgr flow. When this pump failed to operate propertly, the change
‘in inhibitor was abandoned. Lights were installed behind the rotameters

to facilitate reading and minimize frequency of cleaning.
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12.4 Treated Water Systems

12.4,1 Initial Fill and Operation

The treated water system was filled by adding steam condensate and
corrosion inhibitor batchwise. The total volume was about 4000 gallons

with about 2300 gallons in the thermal shield.

12,4,2 Circulating Pumps

Standafd centrifugal pumps were used to circulate the treated water
in a closed loop. The capacity was adequate and no pump performance tests
were made. The pumps have operated satisfactorily with little maintenance
other than repairing the rotating seals. Leakage from thése was collected

in plastic bottles due to the induced activity in the water,

12.4,3 Thermal Shield

Initial testing indicated that excessive pressure would exist in the
thermal . shield Qnd that thé flow was not adequate'to the thermal shield
slides (sectionsrof the sides which could be removed for replacing the re-
actor vessel). Piping changes were made to lower the back pressure and to
provide a separate supply line and pump to assure adequate flow in the
slides. During early operation, several rupture discs in the thermal
shield discharge lines were ruptured due to the supply aﬁd discharge valve
closing simultaneously. To prevent this, the supply valve was modified so
that it would close before the discharge valve closed. ‘

The water level was noted to increase in the surge tank when the re-
actor power was increased and the level decreased when the reactor was sub-
critical. Decompoéition of the water was producing ~2 cubic feet per hour
of Hy gas at full power and about 8 ft3 of this gas collected in one of the
TS slides in which it is postuiated the water piﬁing was reversed, i.e.,
water entering the toﬁ and leaving from a dip leg near the bottom. A small
deaerating tank installéd in the water supply to the TS slide permitted
¥2 ft3 of gas to redissolve when the system réached equilibrium. Later a
large degasing tank was_installed to deaerate the water leaving the TS to
permit more Hy; to be dissolved° This reduced the accumulate gas to ¥3 £t3,

Initially a purge of N, and later air was introduced into the surge tank
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and degasing tank to flush the gas space and-dilute the H, to below the
explosive limit. No further difficulties were encountered, however,

n3/b-gal., of water/day was lost by evaporation in the purge gas.

12.4.4 Reactor and Drain Tank Cell Space Coolers

Two space coolers were installed in the reactor cell and one in the
drain tank cell to keep the cell air temperatures below 150°F, The meds—
ured capacity was only 40 to 60 kW compared to the design value of 75 kW,
However, the cell temperatures normally ran at about 14L0°F for the reactor
cell and 130°F for the drain tank cell,

The 3-hp fan motors originally installed on the space coolers, were
adequate for the normal operating pressure of =2 psig but were too small
for higher pressures such as could be encountered in the event of an acci-
dent. They were, therefore replaced with 10-hp motors,. One of these on
the drain tank cell cooler failed after 2900 hours of operation due to the
rotor slipping on the shaft., Since the trouble appeared to be caused by
faulty construction rather than poor design, it was replaced by an identi-
cal motor.

Before the cells were sealed, a reactor cell cooler (RCC-2) developed
a leak at a header-to-tube brazed fitting. Repairs proved to be difficult
because heat required for brazing one leak would cause an adjacent tube to
start leaking. After the cell was sealed, a 1-1/2 gallon per day water
leak was traced to another brazed fitting leak on RCC-1. This was re-
paired. In July 1967, RCC-2 again started leaking and was replaced by one
of three newly obtained units in which the coppér tubes were heliarc-welded.

(instead of brazed) to the main header.

12.4,5 In-Cell Water Leaks

In-cell water leaks have persisted throughout the reactor operation.
Before the cells were sealed, components could be checked visually but af-
ter power operation, locating treated water leaks required hydrostatic
testing of in-cell components. Although all known leaks such as at .the
space coolers were repaired, we continued to have a leak into the cell of
1/2 to 1 gallons per day: Water from this small leak did.not collect in
the cell sump but evaporated in the 130 to 1L40°F cell gas and then con-

densed in a colder portion of the containment, the suction lines and gas
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cooler of the component cooling system. This condensate was found to con-
tain considerable amounts of tritium. Drains were installed to peérmit
draining the condensate to a meésuring tank in the sump room from which it
could be pumped to the liquid waste storage. _

The nuclear instrument pénétrétion was one ofithe suspééted sources
of the leak. Since it could not be.hydrostatically tested, 12 kg Qf D570
was added as a tracer. This increased the deuterium conéentraﬁion to ‘about
seven times the normal water concentration. Since the deuterium cqncentra-
tion did not increase in samples of the cell condensate, a leak from the

nuclear instrument penetration was discounted.

12.4.6 Treated Water Heat Exchanger

The heat exchanger installed to transfer thé heat from the treated wa-
ter to the cooling tower water was a surplus tube-and-shell unit. During
. preoperational tests the tubes had to be rerolled and tube sheet gasket re-
placed to eliminate intermixing of treated water and cooling tower water.

After a year of operation, 17 tubes which had developed cracks where the

tubes were rolled into the tube sheet were plugged. This was probably”
caused by the earlier tube repairs. When leaks again developed in the TW
cooler, more tubes were plugged but when attempts to seal the flanged tube
sheet were uﬁsuccessful, the heat exchanger was replaced with another sur-
plus unit which was smaller but still had adequate cooling capacity.  Af-
ter replacing the heat exchanger, sodium from the cooling tower system had
to be removed from the treated water by dilution with steam condensate and
new inhibitor was added. The activation of the 1.6-ppm of sodium left in
the treated water after the dilution raised the radiation level of the Sys-
tem to 80 mR/hr at surge tank and 260 mR/hr at the filter but did not -seri-

ously affect reactor operation.
l2oho7 Valves

Containment of the treated water system depended upon air-operated
block valves and check valves. None of the block valves leaked during the
annual containment checks. However, several of the piston-type check- valves
leaked excessively. Foreign material. and scale caused some of the valves

to bind in the open position due to the close clearance between the valve .
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body and the plug. The valves were mounted in horizontal pipes which
probably magﬁified the problem._

Pressure relief valves were installed to prevent damage to in-cell
components in case the block valves cliosed° These discharged to the liquid
waste tank. Leakage from these occurred several times. The first indi--. .
cation was usually an increasevin'rate of condensate makeup. Pinpointing
the leak involved disconnecting piping from each relief valve. Power re-

duction was necessary to‘accom.plish-thié°

12.4,8 Corrosion Inhibitor

The-treated water system was first filled with condensate containing
2000 ppm of ‘& T5-25% mixture of potassium nitrite-potassiﬁrﬁftetra—borate°

Induced. activity 42K at low feactor power was extrapolated to radia-
tion lévels of 400'mR/hr at the surge tank in the water room and filter in
the diesel house when the reactor was at full power. To prevent this radi-

"ation, the potassium inhibitor was changed to lithiﬁm° Lithium-T7 was used
to minimize the production of tritium which would be formed in the thermal
shield. The potassium was removed by dilution with demineralized water
from ORNL but_had'to be repeated using steam condensate because the demin-
eralized water which contained-1 ppm. of sodium became radioactive during
the next run.. The new inhibitor was composed -of lithium nitrite, boric
acid, and.lithium hydroxide.

During early power operation, the treated water lost active inhibitor..
Samples indicated that 300—500 ppm Hy0, was being produced by radiation
damage which oxidized LiNO, to LiNO3. Additional LiNO, was added . until
equilibrium‘of'-N02—7N03 was reached with ~700 ppm of _NO3 in the water.

Approximately 365 samples of the treated water were taken, Most of
these were analyzed at the site to assure that adeguate.treatment was be-

ing maintained,
:l2oh.9 Corrosion

Corrosien in.the treated water system has not been significant. Dur-
ing mest of the operation, samples were analyzed monthly for loss of in-
hibiter, pH and iron. In 1969, chromium and nickel analyses were added

to further check for corrosion on the in-cell stainless steel., The iron
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analysis has remained near the lower detectable limit of the analysis indi-
cating no corrosion and the Cr on Ni analysis also indicates no significant
corrosion. Although the chromium and nickel analyses haven't been followed
continuously, any corrosion would have caused an increase in the amount
present. The present chromium analysis of .4t ppm is equivalent to 0.05
pounds of stainless ;;teel°

One factor which clouds the interpretation of the corrosion results
has been the continual leakage from the system which has required periodic
makeup. The decrease in concentration of inhibitor of 25% in two years
agrees reasonably with the known leakage. An increase of the iron, chrom-
ium, and nickel by the same amount would still indicate a negligible amount
- of corrosion. If corrosion products precipitated as oxides, they would be
caught on the treated water filter. This filter, located in the diesel
house, built up excessive pressure and was cleaned twice during precritical

testing but has not required further cleaning in the past four years.

12.4,10 Recommendations

The biggest problem in the treated water system was the result of the
low design pressure of the thermal shield (20—30 psi). Care should be ta-
ken in future designs that all components withstand the dead-head pressure
of the circulating pump. The piping changes required for protection of the
thermal shield resulted in other parallel flow paths having marginal ca-
pacity.

Consideration should be given to the design of a system which is com-
pletely contained. This would eliminate the need for so many block valves.
Check valves, of the type installed at the MSRE, should not be relied on as
containment block valves., If similar valves are used, they should be in
vertical piping and have sufficient clearances to insure that they will
close when needed,

A corrosion inhibitor should be selected to minimize induced activity.
Provisions for handling gaseous activity such as tritium and radiolytic
hydrogen should be provided. Large components should be shielded or lo-

cated so as to minimize personnel exposure to the induced activity.
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12.5 (Condensate System

Building steam condensate has been a very satisfactory supply of de-
mineralized water. The steam is condensed in a stainless steel tube-and-
shell heat exchanger and stored in two stainless steel tanks.

Initially condensate makeup was added by .gravity feed through an auto-
matic level centroel valve to maintain a constant level in the treated water
vsurge tank. To obtain better treated water inventory data, this was
changed to periodic manual additions when -the -surge tank level decreased
below 50 gal.

Condensate.is used to fill feedwater tanks which supply cooling water
for recirculating evaporative coOliﬁg of the fuel drain tanks. A corrosion
inhibitor in this service would plate out during boiling.  The system has
worked well except for 2 occasions when leaking valves between the. feedwater
tanks and. steam dome caused accidental addition of water to a steam dome.
At one time the high drain tank temperature (1300°F) interlocks actuated
the supply valves to FD-2 steam dome following a normal drain. This could
have been prevented by turning off electric heaters to the drain tank
shortly after the drain. Due to refluxing, all of the water could not be
removed from the steam dome when cooling was no longer required. To cor-
rect this, a pump and storage drum were installed in the north electric

service area to permit complete drainage of the steam domes when required.

12.6 Nuclear.Instrument Penetration

Instruments for monitoring nuclear. characteristics of the system were
located in a 36-in.-diameter shaft which extended from the high-bay floor
to the inner edge of the thermal shield. This was originally filled with
about 1700 gallons of demineralized water to which a 75—25% mixture of po-
tassium nitrite and potassium tetraborate was added to a concentration of
2000 ppm. As with the treated water system, the inhibitor was changed to
lithijum nitrite-lithium tetraborate to lower the induced activity. Cooling
was initially by natural cirbulation but gamma heating when the reactor was
taken to full power increased the water temperature V70°F. This decreased

the neutron attenuatioen causing a divergence between the indicated nuclear
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power and the heat balance power. A cooling system using a 5-gpm pump and
a small available heat exchanger were installed which reduced the increase
in water temperature to V18°F and kept the nuclear power measurements and
heat balance calculations within V5%,

Initially treated water was used for makeup to the nuclear instrument
. penetration. Since the main losses were by evaporation, this caused the
inhibitor concentration to increase. Steam condensate was then used for
water makeup.

Approximately 215 samples were taken of the nuclear instrument pene-
tration water. Most of these were analyzed at the site to assure that ade-
quate treatment was maintained. As in the treated water system, the iron
analysis of samples sent to the laboratory remained near the lower detect-
able.limit.and the chromium content never exceeded 0.4 ppm indicating very

little corrosion.

12.7 General Water Systems Conclusions

The water systems were quite adequate and as a whole presented very
few problems. The biggest problems resulted from the marginal pressure
rating of the fhermal shield and piping error to one of the thermal shield
slides which resulted in the formation of a large gas pocket. The piping
changeé required to prevent over-pressurizing the TS and additional equip-
ment needed for gas stripping weakened the performance of the treated water
system.

Corrosion inhibitors in both cooling tower water and treated water
systems proved to be excellent inhibitors but they had undesirable side
effects — the scale and sludge in the CTW system and induced activity and
tritium formation in the TW system.

Equipment and instrumentation performance was very good. The only
equipment troubles were the treated water heat exchanger and brazed tubing
in the cell space coolers. The in-cell water leakage (presumably from the
space cooler brazed fittings), was annoying, but after installation of the
condensate drainage system, did not.interfere with performance of the re-

actor,
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13. LIQUID WASTE SYSTEM
h P. H. Harley

13.1 Description

The liquid waste system consisted of equipment which handled the aque-
ous wastes from the area. Non-hazardous wasts were pumped to small catch
basins ‘and then to a drainage field west of the area. . This water was from
building foundation drains and various floor drains in the building, over-
flow from the charcoal bed cell, etc. Hazardous wastes, primarily the
leakage into the reactor cells, and auxiliary cells were pumped or jetted
to a waste storage tank for sampling and treatmeht and then transferred to
the Melton Valley Waste Disposal System.

The waste system design included a component decontamination facility'
and a water-shielded cell in which maintenance of radiocactive components
could be performed. Some of the equipment was installed but as an eéénomy

measure, this section of the system was not completed,

13.2 Preliminary Testing

Piping and tanks:were leak-tested while running performance tests on
the pumps and. jet ejectors used to transfef ligquids. The liquid waste
‘storage tank and cell sumps which have bubbler-type level indicators were
calibrated and the ejectoré were then tested to remove the water.

No difficulties were encountered with the steam-operated ejectors in
the auxiliary cells but the capacity of the air-power jets in the reactor
and drain-tank cell was exceedingly low. Attempts were made to improve the
performanée of the ejectors by changing the venturi diameter but no sig-
nificant improvement was noted. Back pressure of the long discharge line
limited the jet capacity. Modifying piping in the waste cell helped some
but to obtain more capacity, a steam supply was piped to the jet supply
lines at the penetration to the drain-tank cell. Provisions were made to
use either air or steam (60 psi) for the jet supply. Water capacity of the
jets using air was 250—350 cc/min and using steam 8.5 gpm. To keep mois-
ture out of the cell, air remained the preferred supply.

Although the decontamination facility was not completed, the waste

filter for clarifying shielding water was installed and tested. Filtering
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required pumping 30 gpm through the filter using the waste pump but back-
flushing the filter required ~140 gpm. Process wéter was used for this
operation and the flow was calibrated versus the process water pressure
required (15 psi = 140 gpm).

Initial testing of the waste pump for circulating (mixing) waste tank
contents and transferring was tested satisfactorily but the pump had a ten-
dency to gas bind at low tank levels and process water was required for
priming. .

These initial tests were used to check and improve operating proce-

dures as well as test the equipment.

13.3 Operating Experience

The primary aqueous activity found in the MSRE waste has been SH, A
*
continuing water leak into the cell since early power operation has been
drained into a condensate collection tank and transferred to the waste tank

at least once a week. The water from the in-cell leak did not collect in

the cell sump. The water evaporated in the 135°F gas in the cell and then
condensed out after being compressed to 6 psig from —2 psig and cooled to
5110°F in the component cooling system gas cooler. This water contained
up to 6 curies/gal. Most of the water in the waste tank was from rain wa-
ter which drained from the ventilation stack and filtered into a collection
tank and was pumped to the waste tank. Although this water could have been
contaminated from material on the filters, very little activity was de-
tected. Other sources of contaminated water in the liquid waste were from
the caustic scrubber during fuel processing and wash water from cleaning
the hi-bay floor and auxiliary cells following reactor maintenance periods.
‘ | Table 13.1 shows the calculated activity of material transferred to
the Melton Valley Waste Disposal System. The 3 activity correlates to
reactor power fairly well as being one curie of 3H for every 45 Mwh of
power operation,

The equipment in the liquid waste system worked quite well., Some

difficulties were encountered in keeping the building sump level switches

*
See Section 12 on Water System.
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Table 13,1 Liquid Wasté Tank Transfers
' And Total Contaminants

Date L Tritium I FP Vol

Curies Curies Gal.
2/5/66 —_— 0.092 5030
7/18/66 1k _— 1800
10/23/66 10 0o 8850
9/3/6T" LsT -_— 5060
3/31/68 868 — 7000
6/2L/68 - — 0.031 5020 -
1/10/69 71 0.005 Thko
T7/30/69 488 0.0002 6500
10/8/69 126 6400

aligned. These were operated by floats with ~5 feet vertical tube which
actuates an ON-OFF switch. Misalignment usually caused the float to "hang"
and the pump would fail to shut off on low water level.

On several occasions, the water level in the charcoal bed cell was
lowered so the inlets to the beds could be heated. This was accomplished
by draining_ﬂlSOO gal. of water .into the sump and allowing the two sump
pumps to pump the water to the catch basin.

During the reactor construction, there was only one building sump pump
and it failed causing the coolant drain cell to flood through a floor drain.
(The CD cell and sump room floor are at the same elevation, 820 ft.) A .
small sump was cut into the coolant drain cell floor and a float-operated
alarm and steam jet were installedaﬁvThe system was maintained to warn of
failure of both sump pumps and provide the steam jet to keep the sump level
down during a possible electrical power failure.

A second sump pump was ordered to replace the unit which was left from

earlier building operations. Before receiving the new pump, the original
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one was overhauled and the new pump was installed to provide an operating
spare. The tritium transferred through this system was ~10% of the dis-
charge from ORNL and no effort was made to limit the rate of discharge.
However, for a large breeder reactor where larger quantities of 3H would
be involved, some control of the tritium release would be required.

If air-operated sump Jets are required in other reactors, care should

be used to insure that the ejectors have sufficient capacity.
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1L, HELIUM LEAK DETECTOR SYSTEM

J. K. Franzreb

14,1 Description and Method of Operation

A leak detector system was used to monitor all flanges in the MSRE
system which could permit-the-escape of radioactive materials. In addition,
all flanges which had to be maintained by remotely-operated tooling were
provided with leak-detected type joints to serve as an indication of satis-
factory reassembly. The 119 leak-detected flanges were pressurized with
helium by 65 lines from 8 headers. As shown on Fig. 1h-1, some leak-
detector lines were used for more than one flange. The principles of con-
struction éf a typical leak-detected flange closure is shown on Fig. 1lL-2,

In normal operation, the entire system was interconnected and the
helium supply was valved off. Periodic repressurization was necessary to
keep the pressure within the limits of 90 to 100 psig. In the event of a
leak, helium flowed into the affected systems'and the resultant loss in
pressure in the leak detector headers actuated an alarm in the control room.
If the records indicated that the rate of pressure decrease was greater
than the 0.66-psi/hr arbitrary limit, the headers were isolated to narrow
down the location of the leaking flange. - The leak-detector lines were then
valved off individually or.in groups until the location of the leak was de-
términed. A reference volume and a differential pressure transmitter was
provided to aid in isolating leaks and for determining leak rates. The al-
lowable leak rate from each flange or group of flanges was set at 1 x 10-3

ce/sec,
14,2 Calibration

The volumes in the leak detector system were determined by pressuriz-
ing various parts and then equalizing these unknown quantities of gas with
an accurately calibrated known volume. The unknown system volumes were
calculated by using the formula PyV; + P,V, = P3(V; + V,). Leak rates were
calculated using these volumes and the rate of pressure decay from these
sections of the system. The volumes of various parts of the system are

given in Table 1L-1,
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Table 14,1 Volumes in Leak Detector System

Volume of Line 400 = 184 cc
Volume of High Pressure side of DP cell = T30 cc

Volume of Header 40l = 156 cc Volume of Header L05 = 1Lk
Line 410 = 24k Line 450 = OPEN
Line 411 = 216 Line 451 = 113
Line k412 = 224 Line 452 = 108
Line 413 = 14k ‘ Line 453 = 106
Line L1k = 65 Line L5k = 109
Line 415 = OPEN Line 455 = 104
Line 416 = OPEN Line L56 = 109
Line k17 = 88 Line 457 = 102
Line 418 = OPEN Line 458 = 99
Line 419 = OPEN 4 Line 459 = 98

Header L02 = 1h1 ec Header 406 = 148
Line 420 = 130 ’ Line 460 = 15L
Line 421 = OPEN Line 461 = 99
Line bk22 = 111 Line L462 = 148
Line 423 = 125 Line 463 = 99
Line L2k = 120 Line L6k = 107
Line 425 =115 Line 465 = 108
Line L26 = 115 Line 466 = OPEN
Line k27 = 115 Line 467 = OPEN
Line 428 = 138 : Line 468 = OPEN
Line 429 = 135 Line 469 = OPEN .

Header 403 = 149 cc , Header 40T = 150
Line 430 = Line L70 = OPEN
Line 431 = Line 471 = 291
Line 432 = Line 472 = 235
Line 433 = . Line 473 = 518
Line L3k = 117 , Line L7L = 1143
Line 435 = 117 Line 475 = 135
Line 436 = 108 Line 476 = 138
Line 437 = 106 Line 477 = 109
Line 438 = 66 Line 478 = 305
Line 439 = 63 Line 479 = L66

Header LOL - 1L43. Header 408 = 147
Line -Lk0o = 123 Line 480 = 1Lk
Line L4kl = 122 - Line 481 = 159
Line Li2 = 122 Line 482 = 123
Line 4k43.= 195 " Line 483 = 123
Line bhk-= 193 Line 484 = 310
Line L45 = 189 Line 485 = 210
Line 446 = 178 Line 486 = SPARE
Line 447 = 122 L{ne 487 = SPARE
Line ‘448 = 108 Line 488 = SPARE

.............. Line L4k9 = =

SPARE

Line 489"

NOTE: The "B" valves in the leak detector lines remained open during
all tests.
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14.3 Operating Experience

During construction and pre-operating leak testing, some difficulty
was encountered in attaining acceptable leak rates on some flanges, par-
ticularly the very large salt freeze flanges. During this and subsequent
maintenance periods, the leak detector system proved very valuable in
checking the progress and degree of tightness of all flanges.

Operating experience showed that once a fiange was made tight, it
stayed tight during service. During the entire life of the MSRE, no leak
ever developed that was serious\enough to cause a shutdown of the reactor.

» Some problem was posed by a freeze flange (FF-201) located near the
point wheré the coolant salt left the heat exchanger in the reactor cell.
It leaked more than the maximum allowable rate of 1 x 10-3 cc/sec when salt
was not in the piping and the coolant system had been cooled down. This
leak was measured at about 0.2 cc/sec on August 2, 1966 while the system
was drained and cold. The flange alwéys became acceptably sealed when the
system was heated prior to putting molten salt into the piping and remained
so when the reactor was at power. The sealing action was probably due to
the thermal expansion of the internals of the flange being greater than
that of the external clamp. This would cause an increase in bearing pres-
sure on the seating surfaces of the metal "O" ring.

During normal operation with the entire system interconnected, the ~
pressure decreased ét about 1 psi per day, thus requiring répressurizing
at intervals of one to two weeks. In a 52~day pericd of system operation
at temperature in October and November 1968, the pressure decay rate was
1.24 psi/day. In a 60-day period of power operation in September and Oc-
tober 1969, the decay rate was 0.97 psi/day. During a system cooldown on
November 30, 1968, the leak rate did increase to 2.15 psi/hr. Differential
thermal expansion combined with thermal pressure decay probably caused the
high indicated leak rate.

When an abnormal lesak rate occu;red, it would take about 4 to 8 hours
to perform an entire survey which consisted of isolating each header and
then each line of the header found to be leaking. Determining the leak
rate of an individual line took about an hour or two, however, a rough

check to guide maintenance personnel could be obtained in about 10 minutes.



256

The individual lines, which monitored more than one flange, gave an
interpretation problem. It was not possible to tell at the outset if all
the leak was through one flange or apportioned between multiple flanges on
the same line. When this situation arose; the practice became that of al-
ternately tightening one flange, then the other, incrementally; and running
a combined leak rate on the line between these operations. B& observing
when improvement was made, the apportionmenﬁ of the leak between flenges
could be estimated. ‘

It was necessary to exceed the maximum recommended torque in some in-
stances. The technique was used to overforque where necessary to seat the
sealing faces, then to loosen the bolts and retorque them to the nominal
or, if necessary, to the maximum value listed in Table 14.2. In a few ex-
ceptional cases, it was necessary to exceed this maximum. Some_of the
metal O-rings had to be replaced with gold-plated O-rings in order to ob-
tain acceptable leak rates. Some of the 1/2-in. bolts.in small flanges
vere torqued as high as 150 ft-1lbs and operated at about 80 ft-1lbs. The

maximum recommended torque was T0 ft-1bs.

The record of measurements of system and flange ieak rates was kept
in a "Leak Detector Log Book" at the LKD control cabinet. Flange leak
rates, plus a record of all work done involving any of these flanges, was
logged in the "MSRE Flange Log'" notebook. This latter log gave details on
each flange on a separate page. Information given was Flange No., leak de-
tector Valve No., size of bolts (or in the case of freeze flanges, the
force exerted by the removable clip in tons), ring size, the maximum per-
missible and recommended torque in ft-lbs., the location of the leak de-
tected Jjoint, plus the date of action, the reason for the action, actual

torque applied, and any general comments.

14.4 Discussion and Recommendations

The leak detector system functioned satisfactorily as designed. Due
to the two sealing surfaces on the "O" rings, primary containment was main-
tained as long as the leak detector’systemvoverpressure was greater than
any possible pressure that could develop in the primary system. Therefore,
leak rate limitations were set based on convenience in maintaining an ade-

quate overpressure.
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Table 14,2 MSRE Flange Bolt Torque Chart

Bolt Threads Nominal Maximum Wrench

Diameter . Per inch Torque (ft-1b.) Torque (ft-1b.) Size
/2" 13 LT 70 - 3/4"
5/8" 11 90 135 7/8"
3/4" - 10 ' 150 225 1-1/8"
T/8" 9 2ko 360 1-5/16"
1-1/8" 7 533 800 1-1/2"
6 900 1200 2-3/8"

1-1/2"

Tightening Procedure:

1. Torque bolts to nominal torque value following a crisscross
sequence. Approach final value in successive increments of 10 to
20 ft-1b. :

2. If leak exist, torque bolts to maximum torque value, back off
and retorque to nominal value per step 1.

3. Repeat step 2 as required, increasing nominal value by 10% each
successive step. NEVER EXCEED MAXIMUM VALUES without permission of the
MSRE Operations or Maintenance Chief.
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Remote welding or brazing techniques should be used where maintenance
is infrequent. This should be more economical and would reduce the number
of details to be handled by the operating personnel.

When opening primary system flanges, it is desirable to have the leak
detector vented to atmospheric pressure to minimize the spread of activity.
Each header should have a line which is connected to the cell to facilitate

doing this since the gas in the line could be contaminated.
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15. INSTRUMENT AIR SYSTEM
T. L. Hudson,

15.1 Description

The instrument air system supplied clean, dry, compressed air for

pneumatic instruments and other special uses. Two Joy compressors, AC-1

and AC-2, were used to compress the air, which then passed through an after-
cooler and- entrainment separator to a common line supplying two parallel
receiving tanks. From the receiving tanks, the air paSsed through one of
two parallel drying stations containing Trinity heatless dryers. The dry
air was distributed through headers to locally mounted filter and reducing
stations. Thg service air compressor, AC-3, could be valved into the in-

strument air system upstream of the receiver tanks if required.

15.2 Operating Experience

The capacity of the instrument air system with one air compressor in
operation was adequate at all times. Normal air usage was about TO scfm.
Of this amount, 18 scfm was used for purging the instrument air dryers,

12 scfm for supplying noncritical instruments, and 40 scfm for supplying
the critical instruments. The critical instruments were supplied by the
emergency instrument air supply, which consisted of two banks of six ni-
trogen cylinders, when the normal instrument air supply was lost. '

The capacity of the emergency instrument air supply was tested during
normal operation with flush salt to assure an orderly shutdown of the re-
actor in case of loss of both instrument air compressors (see MSRE Test
Report 2.3.11.3). With an emergency air usage of 40 scfm and one bank of
cylinders at their lowest operating, 1500 psig (initial low-pressure alarm
point) and the other bank full (2000 psig) at the time both air compressors
stop would -provide the following times:

(1) Air in the compressor surge tank would last ~U min,

(2) First bank of nitrogen cylinder (if used to TOO psig — at this
pressure the control valve stopped controlling) would last ~13 min.

(3) Subsequent full banks of nitrogen cylinder (if used to TOO psig)

would last ~20 min.
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From the test it was concluded that the emergency instrument air system
was adequate. It would have been necessary to install a larger control
valve to more fully utilize the nitrogen cylinders.

Leaks in the emergency nitrogen headers were repaired several times
and the control valve was repaired once. On'the average one bank of nitro-
gen was changed out every two weeks to keepAthe cylinders above the initial

alarm pressure of 1500 psig.
15.3 Conclusions

The operation of the normal instrument air system was very satis-
factory. At no. time was it necessary to use the emergency nitrogen system
during operation of the reactor. One instrument air compressor was oper-
ated with the other in standby except for during repairs or maintenance.
Evgn with a complete power outage, it was possible fd'staft one air‘dbm—

" pressor on diesel power before the receiver tank pressure dropped enough
to cause a transfer to the emergency system. Although some extensive main-
tenance was done on the air compressors, only one was ever’inoperative at

a time.
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16. ELECTRICAL SYSTEM- - -
T, L. Hudson.

16.1 Description

The- MSRE electrical power was supplied from the ORNL substation by
éithér of -two 13.8=kV TVA lines, a preferred line or an alternate. These
wéré séparated by two interlecked pole-mounted motor-operated line switches.
aj~Automatic transfer was porvided from the preferred line to the alternate
line. Both transfer switches could be manually operated remotely from the
auxiliary control room.

The ac power entered the MSRE building through two transformer sub-
stations. A 1500-kVa, 480-V, 3-phase substation served the process equip-
mént, and a 750-kVa, 480-V, 3-phase auxiliary station was initially for
building services, such as lighting, ventilation, etc. After the process
substation became overloaded, bus 5 which supplies electrical heaters was
donnécted to the auxiliary system. Three diesel-generators were installed
for emergency ac use.

There'were two separaté area dc systems, a 48-V system and a 250-V
systém; These were normally operated by ac-dc motor-generator sets and
had battery'supplies for emergency use. A

The 48-V dc system provided power for electrical controls and one
channel of the reactor safety systems. The system consists of two 3-kW
motor-generator sets (each rated at 53 ampere at 56 V) and a bank of L8-v
batteries (600 amp-hr). The two generators normally supplied the dc power
and charged the batteries. 1In -an emergency, when no ac power was available
to run the motor-generators, U48-V dc power was supplied directly from the
batteries. ’

The 250-V dc system provided power to the reliable power system, pro-
cess breakers trip power, 13.8-kV transfer control power, and emergency
lighting. The system consisted of one 125-kW motor-generator set and a
bank of 240-V batteries (364 amp-hr). .

The reliable power system provided power to.certain important process
equipment and one channel of the safety syétems. Initially, the power was

supplied from a 25-kW dc-ac motor-generator set. The dc motor was supplied
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from the 250-V dc system and the generator supplied the 120/2L40-V ac re-
liable power system. The operation of the MG set was unreliable because
of failures in electrical control components and was replaced with a static
inverter (see 16.4), .

The MSRE electrical installation made extensive use of the electrical
facilities that were installed for the ARE and ART operations in the 7503
area, -Many modifications were made to the existing equipment, but only a

limited amount of supplemental equipment was'required.

16.2 Alternating Current System

The operation of the ac electrical system was very satisfactory. There
were elevep important failures, ten of which caused unscheduled interrup-
tions in the power operation of the reactor:. five were.caused by electrical
storms, one by a cable failure at a component-cooling pump, one by an over-
load of the main process~power breaker, one by an arc between a 13.8-kV line
and an activator rod to the line fuse, one by a failure of the main trans-
formér primary fuse, one by a failure of the auxiliary transformer .primary
fuse, and oﬁe by a failure of the drain-tank space cooler motor. These
interruptions varied in. length from a few minutes to several days. In all
cases the necessary repairs or modifications were made, and no damage to
reactor equipment was incurred. These are discussed in more detail below;

On two occasions while the reactor was operating at power, momentary
electrical outages during storms caused control-rod scrams by range-
switching the nuclear power safety channels becau§e of dips in the fuel-
pump-motor current. In both these cases the nuclear power was quickly re-
stored to the value that existed just prior to the outage. Since the
safety analysis indicated that low range of the safety channels was needed
ohly while filling the reactor (when the fuel pump was off), rapid response
~ of the range-switching was not required. Therefore, time-delay.relays were
‘subsequently incorporated in these circuits to prevent their. activation on
momentary power dips.

Another storm-induced failure occurred when lightning struck the main
ORNL power substation and parted one wire of the normal MSRE feeder. In

this case the electrical load was.automatically transferred to.an alternate




feeder, and all essential equipment was restarted in time to prevent drain-
ing either the fuel or coolant system. However, operatioh at high nuclear
power could not be resumed until service was restored on the main feeder.
The entire 13.8-kV supply system was subsequently feviewéd and improved to
make it less susceptible to damage by storms.

During a thunderstorm in June 1967, the reactor operation was inter-
rupted by the loss of both feeders. The reactor period safety system func-
tioned properly and scrammed the reactor but two amplifiers were damaged.
Approximately 32 hours later, the reactor wés returned to critical operation
after the period safety amplifiers had been repaired.

In July 1967, an interruption was caused by the loss of the preferred
feeder during another thunderstorm. Emergency power from the diesel gener-
ators was 'in service within 2 min, and low-power nuclear operation was re-
sumed in about 13 min. After repairs had been completed on the preferred
feeder, full-power operation was resumed in approximately 6 hr.

The short in the component-cooling pump cable seal is described in
Sect. 10 entitled "Component Cooling System." When this short occurred,
there was a massive flow of current and the breaker supplying the entire
bus tripped before the individual breaker for the motor.

During the initial full-power operation of the reactor, the main
process-power breaker (breaker R) was loaded to near its setpoint value.
When the load on the coolant-radiator main-blower motors was increased by
increasing the pitch on the blower fan blades, the increased load on
breaker R caused it to trip on overcurrent, This condition was relieved
by transferring bus 5 (~v200 kW) from the main prdcess-transformer to the
auxiliary power transformer. The load transfer decreased the current
through breaker R from about 1700 amp/phaée to about 1550.

A building power failure occurred on a foggy morning in October 1967,
when an arc developed between a 13.8-kV line to the main transformer for
the building and parallel metal activator rod to the 13.8-kV line fuse.

The cause of the arc is unexplained. Although'the weather was foggy, it
was not unusually wet. This fault caused the operation of the preferred
feeder overcurrent ground relay located at the ORNL substation, which
tripped the feeder breaker before the line overcurrent relay located at the

MSRE could operate to prevent an automatic transfer to the alternate feeder.
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When the MSRE was transferred, the alternate feeder overcurrent ground re-
lay operated and the alternate feeder breaker also tripped. (Td ﬁrevenf
an automatic transfer to the alternate feeder on a similar fault, an over-
current ground relay was later installed at the MSRE.) After an interrup-
tion of 37 min, low-power nuclear operation was resumed on emergency elec-
trical power from the diesel generators. The damage was repaired, the
spacing between the line and the activator rod was increased, and normal
service was restored after an interruption of 2 hr. ' '

In April 1969, there was a failure of a fuse on the primary side of

the MSRE main power transformer. This resulted in the loss of voltage on

-one of the transformer windings. The power supply was changed from a three-

' phase to a single-phase supply. This caused a drop in secondary voltage
across two windings and increase -in voltage across the other winding. The
motor-operated equipment continued to operate until the individual breakers
were tripped by the high current in two of the lines. All breakers did not
trip at the same time which made it difficult to locate the trouble im-
mediately. The reactor was scramméd from full power and the diesel gener-
ators-were started, but both the fuel and coolant systems were drained

before cooling air could be restored to the freeze valves. No apparent

_. cause for the fuse failure was found other than possible overheating from

poor electrical contacts.

About the middle of February 1966, a ground developed in the drain-tank
cell space cooler 10-hp motor after about 2900 hr of operation. An iso-
lation transformer was installed to isolate the ground from the electrical
system. After. a few hours of operation, the motor stopped and. couldn't be
restarted. The reactor was taken subcritical and the fuel system was
drained. The drain-tank cell was opened to provide cell cooling. -The
cooler and motor were removed, and examination showed that the rotor had
slipped along the shaft until the rotor fan blades rubbed, causing the
stator windings to be destroyed. The failure appeared to be due to im-
proper manufacture and not a design weakness. Therefore, the damaged motor
was replaced with one practically.identical.

On one occasion the auxiliary power system was out of service for
about 2 hrs due to a failure of the auxiliary power transformer.primary

fuse. During the fuse replacement the operation of the reactor continued
. ’ ’ .
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at power with bus 5 supplied from diesel-generator 5. The fuse failure
apparently was caused by ovefheating from poor electrical contact. Due to
low resistance readings, the three auxiliary power transfers were replaced

in 1968.

16.3 250~V dc System

The operation of this system has been very satisfactory. There have
been some tube failures in the automatic voltage control system for the
generator, but each time the unit was operated on manual control until the
tubes in the automatic controls could be replaced. ‘

ane a month the charging voltage‘was increased to 275 V for 24 hrs to
give the batteries an équalizing‘charge..

' The batteries were given a 3-hr life test under full load. The vol-
tage dropped to 215 volts over the three-hour period. Extrapolating the
voltage curve indicated that the lower limit of 210~V would have been
reached in 53.5 hours which is well above the 2-hr life upon which the de-

sign was based.

16.4 Reliable Power System

The 120-V ac reliable power system was originally supplied by an MG
set. In early operation, this MG set (originally installed for the ARE)
proved very unreliable due to failures in the electrical control components.
To improve the reliability and increase the capacity, the motor generator
was replaced with a new 62-kVa three-phase static inverter. The total load
on the reliable power supply, including the on-line computer, which has
some three-phase load, was MOVkVa. The étatic inverter offered a number
of advantages over.the old rotary inverter, including higher efficiency

(increased 35%), smaller size, no moving parts, quiet operation, and ex-

cellent voltage and frequency regulation. Prior to the installation of

this equipment, both the capacity and voltage regulation of the reliable

povwer supply were inadequate for the operation of the on-line computer.
During the checkout and testing of the static inverter in April 1966

after the installation had been completed, trouble occasionally developed
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that blew the load fuses. Two times the manufacturer'S‘field engineér made
exhaustive tests and could not find any trouble, but all stptoms'indiéEted
that the trouble was in the low-voltage logic power supply, which supplies
24-V dc control power. On April 25, the inverter failed again while thé
reactor was operating at low power. Apparently the transfer caused a tran-
-sient on the ac system, thus also dropping out the rod scram relay supplied
from the ac system, causing a control rod scram. The inverter load was
automatically transferred to the normal ac power supply. After this_failure
a new power-supply module was installed. . |

The inverter output voltage regulation waé 208 + 1/2 V, and the output
frequency better than 6O4cps + 0.01%. The inverter was tested for 2-1/4 hr
operating from the 250-V battery system without the dc generator operating.
Although the input to the inverter varied 20 v, thé output varied only
0.5 V. |

There have been thréé other failures associated with the static in-
verter that‘Have'automatically transferred the normal inverter load to TVA

supply. The first was caused by failure of load fuses which resultéd in an

unscheduled control-rod scram. The second was caused by a failure of a
thyrister in the inverter logic circuit. The third was caused by a momen-
tary ground during maintenance on the computer.

When a transfer occurred, many alarms were received in the control
room. Some were caused by loss of'opérétipg equipment, and others were
due to the momentary loss of confrol‘voltage to certain monitors. These
had to be reset to stop the alarm and control action. After the second
inverter failure, all.operating equipment was restarted, but an emergency
fuel drain occurred before the reactor-cell air activity monitors were re-
set, No drain or other serious condition résulted from the other inverter

failures.

16.5 U8-V dc System

The 48-V.dc system was very reliable. The only maintenance on the
system was caused by excessive arcing of the generator brushes., Initially
one generator was operated near rated capacity to supply the load. Filters

and viewing windows were installed on the generators and both generators '
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were operated in parallel to reduce the individual generator current after
the load slightly exceeded the capacity of one generator. These changes
greatly reduced the generator brush problemsf

Once a month, the charging voltage was increased to 54 volts for &8'hr
to give the batteries an equalizing charge..

The batteries were given a 6-hr life test. The first 3.5 hr was at
7.5 amps and the last 2.5 hr ét 19.5 ainps° The batteries expended 215
amp-hour of the 600 amp-hour life with essentially no voltage drop.

16.6 Diesel Generators

The three diesel-power generators, each with.a capacity of 300 kW,
supplied emergency ac power to motors and heaters in the MSRE. They proved
to be quite reliable. They were started and operated unloaded for about an
hour each week. Once a month they were tested under load. They never
failed to start when required during a power outage. Under emergency con-
ditions, they were usually running within 2 min after a failure of the nor-
mal power supply.

In February 1966, a crack was foﬁnd in the block of DG-3 at one of
the bolt holes. Attémpts at repairs were not successful, but the unit was
operable. Later DG-3 was replaced with a surplus diesel generator from
another facility. The replacement unit was similar to the original except

that it was started by compressed air instead of by an electric starter.

16.7 100-kVa Variable Frequency Motor-Generator Set

A temporary installation of a used variable frequency MG set was made
at the MSRE to supply the fuel-pump motor during special tests. The fuel-
pump motor was operated from 610 rpm to 1165 rpm (maximum speed with MG
set) over a period of several weeks. v

The automatic controls for the variable speed and generator voltage
did not ﬁork properly during the initial checkout using a dummy resistance
load. After replacement of some defective components in the control cir-
cuits, the fuel pump was operated from the MG set. The operation of the

automatic controls were still not completely satisfactory and some manual
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adjustments were required. Frequently the fuel-pump motor was stopped be-
cause of over adjustment of the manual controls. Also during the lower-
speed operation, the speed of the fuel pump was not constaﬁé enough to make
the desired tests. Therefore, the automatic controls were bypassed and
manual controls of speed and voltage were installed. Satisfactory opera=
tion with manual controls was not obtained until the fuel pump was operated
at about 35 V above rated voltage, assuming the fuel-pump motor voltage. is

directly proportional to speed.

16.8 Conclusion

Considering the age and the number of modifications made to the exist-
ing electrical system within the MSRE building, the performance has been
very satisfactory. The main weakness of the entire electrical system was
with the 13.8-kV feeders and transformers supplying the MSRE. Most of the
equipment was over 15 years old. - During 1966, there were three momentary
interruptipns of the power to the MSRE caused by thunderstorms. The entire
13.8-kV supply system was reviewed and improved to make it less susceptible
‘to damage by storms. Since the improvements were made, there have been

only two interruptions due tlo storms in the last three years of operation.

i
!
i

-




17. HEATERS
T. L. Hudson

17.1 Description

Electrical heaters were provided for all parts of the salt system to
permit preheating of the circulating loops and to maintain the temperature
of the salt at 1200°F during zero~power 6peration. (In practice the
heaters were kept energized during power operation as well.) The total in-
stalled capacity was &900 kW; the actuallpower requirement was less than
half this amount. It was possible to supply all heaters essential to an
orderly shutdown, including enough to keep thy salt molten in the drain
tanks, from a 300-kW diesel-driven generator. A summary of the heaters
and insulation on the salt systems is given in Table 17.1.

The type of installation was determined by the location. In the re-
actor and drain-tank cells, radiation from long-lived fission products pre-
cluded direct maintenance after start of power operation. There, the heat-
ers were designed for removal and replacement using long-handled tools in-
serted through the cell roof. In the coolant cell, the piping could be
approached within a few minutes after a shutdown, and the heaters and insu-
lation were the conventional type used in component test facilities. -

Removable heater units in the reactor and drain-tank cells were of two
types. On the piping and heat exchanger, the heaters were nichrome ele-
meénts in ceramic plates, located on the inner surfaces of the removable
units that also insulated the sides and top of the equipment. On the re-
actor vessel,‘fuel pump, and drain tanks, the removable heaters were in-
serted into penetrations in permanently mounted insulation. All electrical
insulation was ceramic type, because of the high gamma-radiation fields (up
to 10° R/h in the reactor cell during operation).

Thermal insulation in the removable heater-insulation units was of the
metallic, multiple-layer, reflective type, which could withstand handling
without dusting. The permanently mounted insulation was low-conductivity,
high temperature low sullfur contént, ceramic fiber of expanded silica,

with a thin metal sheet between the insulation and the pipe surfaces (see

ORNL Drawing E-MM-B-516T6).



Table 17.1 Heaters and Thermal Insulation

Type Number Number
Type Thermal Heater Heater d Number Power
Location System Heaters Insulation Units  Elements Type Heater Elements Controls  Supply
Reactor Cell Reactor Removable Permanenta 9 9 1135 ft of 3/8-in. by 0.035-in. wall 3 N
Inconel tubing. Each removable
unit consists of T U-tubes.
Fuel Pump Removable Permanent® 5 1k 3/b-in.-diam, stainless steel sheath 2 N
5-ft long with ceramic insulation
and nichrome elements.
5-in.-diam Piping Removable Removableb 31 177 Ceramic plate with nichrome elements. 23 N
Permanent Permanenta 3 8 Tubular 0.315-in. OD Inconel sheath 3 N
with nichrome elements.
Heat Exchanger Removable Removableb 3 2k Ceramic plate with nichrome elements. 3 1
Freeze Valve Removeble Removable? 1 1 Tubular 0,315-in. OD. Inconel sheath 1 1
with nichrome elements.
Reactor Neck Permanent Permanenta 2 2 Tubular 0.315-in. OD. Inconel sheath 2 N
with nichrome elements.
Drain Cell Drain Tanks Removable Permanenta 23 156 Ceramic plates with nichrome elements 6 N&E
1-1/2-in.-=diam Removable Removableb 13 T5 Ceramic plates with nichrome elements 15 N&E
Piping (Fill
Lines)
%Ceramic fiber of expanded silica.
bMetallic, multiple-layer.
dCeramic plates — maximum install wattage —— 30 watts/in? of surface. Tubular 0.315-in. OD — normal rating 500 watts/ft of heater.
e

N — normal power supply; E — emergency power supply.

0L¢



Table 17.1 (Continued)

Type Number Number
Type Thermal Heater Heater o v d Number Power
Location System Heaters Insulation Units Elements Type Heater Elements Controls Supply
Freeze Valves Removable Removableb 3 27 Ceramic plates with nichrome elements 9 N&E
(Fill Lines)
, Fill Line See Note ¢ Permanenta 1 1 Direct resistance heating of 1-1/2-in. 1 N&E
by 0.195-in. wall INOR-8 pipe 65 £t
long.
Drain Cell 1/2-in.-diam Permanent Permanenta 12 32 Tubular 0.315-in. OD Inconel sheath 12 N&E
Piping (Transfer with nichrome elements
lines) -
Freeze Valves Permanent Permanent? 3 32 Ceramic plates with nichrome elements 6 N&E
(Transfer lines)
Coolant Cell Coolant Pump Permanent Permanent® 2 1k Ceramic plates with nichrome elements 2 N
5-in.-diem Piping Permanent Permanenta 10 87 Ceraemic plates and tubular 0.315-in. 10 N
OD Inconel sheath with nichrome
elements.
Radiator Permanent Permanent® 8- 162 Ceramic plates and tubular 0.315-in. 8 N&E
OD Inconel sheath with nichrome
elements.
Drain Tank Permanent Permanent® 3 24 Ceramic¢ plates and tubular 0.315-in. 3 N&E

Ceramic fiber of expanded silica.

Metallic, multiple-layer.

o R

®The £ill line was heated by passing current through the wall of the pipe.
dCeramdc plates — maximum install wattage — 30 watts/in? of surface.
e

N — normal power supply; E — emergenéy power supply.

OD Inconel sheath with nichrome
elements.

The pipe was removable.

Tubular 0.315-in. OD — normal rating 500 watts/ft of heater.

|44



Table 17.1 (Continued)

Type Number Number .
Type Thermal Heater Heater d Number Power
Location System Heaters Insulation Units Elements Type Heater Elements Controls Supply
Coolant .Cell Freeze Valves Permanent Permanent® 2 8 Ceramic plates with nichrome elements. N N&E
(continued)
Fill Lines Permanent Permanent? 6 30 Ceramic pletes and tubular 0.315-in. 6 N&E
OD Inconel sheath with nichrome
elements.
Flow Transmitters Permanent Permanent® L "8 Tubular 0.315-in. 0D Inconel sheath 8 N
with nichrome elements.
Level Element Permanent Permanent? 1 L Tubular 0.315-in. OD. Inconel sheath 2 N
' with nichrome elements ’
aCera.mic fiber of expanded.silica.
Ceramic plates — maximum install wattage — 30 v.ws.tts/:‘.n2 of surface. Tubular 0.315-in. OD — normal rating 500 watts/ft of heater.

eN — normal power supply; E — emergency power supply.

(444



Maintenance requirements were minimized by designing the heaters with
excess capacity and operating them at reduced voltage. If some of the
heater elements failed, the other elements could be operated at a higher
voltage or the power could be increased to the adjacent heaters. Heater
units that were less accessible had sparé heater elements installed and .
connected, ready for use with only minor, out-of-cell wiring changes.

Control of the electrical input to the heaters was entirely manual, in
response tc system temperatures displayed on either a multipoint tempera-
ture recorder or a cathode-ray tube by a multipoint scanner. At least one
thermocouple was attached to the piping or equipment under each heater unit,

with additional couples at potential cold spots.

17.2 Preoperational Checkout

L

To assure that the heaters would perform properly and to provide ref-
erence data for future trouble-shooting, a number of tests were done before
and after installation. A visual examination of the heaters and the wiring
in the Jjunction boxes was made and all obvious errors were corrected. Con-
tinuity checks were completed and measurements of the heater circuit re-
sistances and resistances to ground were recorded. Each heater circuit was
then energized individually to assure that the proper thermocouple or ther-
mocouples responded.

The effective resistance of each heater circuit was calculated and
these were compared with measured resistance of the heaters before and af-
ter being installed in the cell. Several of the resistance measurements
were made using a volt-ohm-meter but the accuracy of these readings was usu-
ally not good enough. The final resistance measurements were made with a
wheatstone bridge and were recorded to the nearest one-hundredth ohm.

Table 17.2 is a summary of repairs made to the heaters during the pre-

operational checkout.

17.3 System Heatup

The heatup of the coolant, fuel, and drain tank systems was started as
soon as construction and checkout of the systems were completed. During

the first heatup, all heaters operated satisfactorily and there were no
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Table 17.2 Summary of Préoperational Heater Checkout

Repair or Replacement
Of Heaters )

Reactor Cell

Drain Cell Coolant Cell

Corrected wiring
Replaced open heater element

Replaced broken ceramic beaas
on removable unit- |

Modified removable heater’

" box to eliminate possible
short circuit in ceramic
bead insulated leads

Modified heat box to permit
remote maintenance

Replaced broke MI cable end
seal

Replaced;MI cable

4

- 3
1 3
7 -
16 *
I %
2 %
1 *

*
Does not apply to coolant cell,
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heater failures, but there were a few areas where the temperature was low
because of air leakage and lack of thermal insulation. These areas were
the inlet tolthe fuel-pump furnace, north end of heat exchanger, transfer
line entrance to the drain-tank furnace, and the coolant radiator. After
the air leakage was reduced and thermal insulation installed, satisfactory
temperatures were obtained with the heaters as installed. The voltage set-
ting required for each heater was determined during the startup testing and
stops were set to limit the controls to hold the system temperatures to
1300°F orvbeiow,_ The general heatup of the systems and the difficulties
are discussed in the following three sections.

17.3.1 Coolant and Coolant Drain.Tank Systems Heatup. .

The initial heatup of the coolant system in. the coolant cell and - cool-
ant ‘drain cell . was started on.October 13, 196L4. The coolant pump was run
during the heatﬁp with normal helium purge and the heaters were adjusted
to limit the héaﬁup rate to about 100°F/hr. Heaters located in the cell
penetration sleeves on lines 200 and 201 were operated at a reduced set-
ting to provide a temperature gradient until‘the heatup of the reactor cell
was started so as to reduce the thermal stresses at the anchor point, '

Heater and thermocouple leads on top of the radiator enclosure were
6bserVed to be overheating as the system was being leveled at a reference
temperature of 350°F. The radiator was cooled to ambient temperature and
a séction of the top of the radiator was found that had not been insulated.
The insulation was installed andfa second heating of the radiator was
started. Some of the radiator heaters were disconnected in an unsuccessful
effort to achieve a satisfactdry temperature distribution. The radiator
was 1073 to 1245°F and the outlet tubes were 620 to 1000°F. This condition
was reached nine days after.the heatup was started. During this time the
remainder of the coolant system in the coolant cell was heated to 1047 to
1259°F except on liné 202 between the radiator and the coolant pump. There
was 4O0°F difference among températures along this section of line under sa
single heater control? The spread was reduced to about 175°F by replacing
part of the permanent insulation.near.the radiator outlet to reduce inleak-
age. The coolant drain tank ﬁas heated to about 1200°F without any diffi-
culty with a temperature differeqce of 30°F between the highest and lowest

thermocouple readinga
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The radiator was cooled to room temperature for inspection and to re-
pair the doors and seals. After repairs were made, the radiator was égain
heated. With the best temperature distrifution obtained, there was about
a 500°F spread on the radiator outlet tubes. This indicated that a réla=
tively large heat leak existed. An inspection was made of the radiator
enclosure near the outlet heater and six compartments in the enclosure wall
were found to be without insulation, After the proper inéulation washin=
stalled and gaps in the vicinity of thé outlet piping were caulked, satis=
factory temperatures were obtained WithAall heaters in service aé origi-
nally designed. Localized overheating in the areas above the radiator en-
closure was again observed. The heat’leaks weré primarily at openings
' through which the qeramic—beaded insulated electrical leads entered the
enclosure. ©Some minor insulation damage was sustained on the wiring inside
the junction boxes mounted about 12 inches above the fop of the radiator
enclosure. .

During the following shutdown, late in 1965, radiator doors of im-

proved design were installed.” Heat losses due to air leaskage around the
doors continued to present a problem. ~To obtain an-aéceptable feﬁpérature
distributidn9 it was necessary to shim the gaskets and disconnect some of
the heaters, so as to give a non-uniform heat input over'fhé;féce_of the
radiatoro When the main bloweré.were operated to test the doors, other
difficulties became apparent. One of these was leakage .of hot air into the
region just above the radiator énclosure which caused overheating of elec-
trical insulation on the numerous thermocouples and heater leads in junction
boxes located in this vicinity; It was necessary to relocaté jﬁnction Boxes
‘in coolér locations along the cell wall and install higher tempéfature elec-
trical insulation on the thermocouple and heater leads over the enclosure.
During the approach to full'reactor pover, heafihg the empty radiator
to an acceptable temperature distribution prior to a £i11 héd become in-
creasingly difficult9 and on the last fill, some of the tubes could not be
heated above the pelting point of salt until the radiator was filled aﬁd
circulation was started. After the shutdown in July 1966, the radiator
door seals were modified. The electrical heat required to heat the empty

radiator was reduced from 108 kW to 62 kW by the door seal modification. ‘
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The four flow transmitters located in the enclosure above the radiator
required a higher heater setting when either or both blowers were on be-
cause of air leakage past the transmitter.

17.3.2 Fuel System Heatup

The initial heatup of the fuel system and the coolant piping in the
reactor cell was started November 1, 1964, At this time the coolant system
in the coolant cell had already been heated.

About nine days were spent on the first heatup and leveling of the
temperatures. The heatup rate was limited by the heatup rate of the re-
actor because there is about 8000 pounds of INOR and 8000 pounds of graph-
ite tO be heated. To aid in heating up the graphite and to help purge out
any remaining oxygen, the fuel pump was run during the heatup with normal
helium purge. Also the fuel system piping and heat exchanger were operated
‘about 150°F higher to help heat up the reactor.

The system temperatures were brought up to an acceptable range (1000
to 1250°F) with a few exceptions. Temperature at the freeze flanges and
on the coolant lines at the cell penetrations were, as expected, beidw the
liquidus temperature of the salt, but only over short sections. Thermo-
couples under the heater located between freeze flange 100 and the fuel-
pump furnace could be heated only to 700 to 900° until heat losses were
reduced by closing gaps in the heater base. There was about 300°F spread
between the coolant inlet nozzle and the fuel outlet nozzle on the heat
exchanger. The spread was reduced by closing gaps between the heat-exchanger
base and adjacent héatera The time required to heat up the reactor and fuel
system after the initial heatup was about three days.

17.3.3 Fuel Drain Tank System Heatup

The initial heatup of the drain-tank cell was started November 12,
'196L4. This heatup included drain tanks, FD-1, FD-2, FFT, and lines 103,
10k, 105, 106, 107, 108, 109, and 110. This was the last of the systems
heated.

The helium purge was set up from the fuel system through line 103 to
the drain-tank system and then exhausted at line 110,

The heaters were adjusted to limit the heatﬁp rate to less than

100°F/hr. All of the system was heated to an acceptable range (1000 to
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1250°F) except where lines (lines 10T, 108, and 109) penetrated the tank ‘
furnaces. On line 107, the temperature was brought up to 950°F, but only .

by operating the heaters in the penetration at 220% of their rating. The

other two line penetrations were somewhat better, but stili unsatisfacf%’ryo

The insulation on these lines near thé penetratidns was removed, Then the

heaters were tied cléser to the ﬁipes and additional insulation was insert-

ed between the heaters and the furnace walls. Temperétures at these pene-

trations then reached 1200°F with the heaters at less than theif rated

capacity.

17.4 Heater Performance

The system was operated at high temperature for about 10 months before
the prepower shutdown. During the first 1500 hr of operation, only two
heater elements failed. Both of these were in removable heater units on
the main fuel circulating lines and had spare elements in the ceramic heat-

er plates. The spare elements were put into service by out—offgell wiring

changes. A summary of the heater failures and repairs are included in
Tables 17.3, 170_1+9 and 17.5, Sik additional heater-element failures and
an electrical ground at a disconnect weré discovered during the chectkout
for Run 2. 1In four of the heaters, the failures occurred at the junction
of the extension lead and the heater element inside the céramicAplatec
These elements and the electrical ground were repaired before étartup9 and
the other two elements were left out of service for Runs 2 and 3.

During subsequent operation, one in-cell heater failure &és noted, and
one failure occurred at a heater power supply. '(The.iafter was repaired _
immediately. ) ‘It may be noted that a number of heater failures could occur
without significantly-affecting the operation of the reactor system.

Three more heater-element failures were found during the prepower shut-
down. In addition, a number of minér'defects (grounds, damaged connectors)
were found. All the defects,‘including those left from earlier operations,
were corrected. '

An important cause of ceramic heater-element failure has been separa-
tion of the extension lead from the heater element. This is apparently

due to a combination of a design weakness and excessive flexing during




Table 17.3 Summary of Heater Failure